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The Impact of Local Heat Extremes on the 

Performance of Dairy Processing Firms in 

Europe 

 
Abstract 
 
We estimate the impact of local temperature-humidity (THI) shocks, which are known to affect 

dairy production at the farm-level, on dairy processors’ profits in Europe. We hypothesize that 

especially smaller dairy processors have little market power and are unable to shift heat related 

cost increases in their raw milk supply downstream. We use data on 1’606 firms in the ORBIS 

database from 2011-2019 (12’643 total observations). Along various robustness checks, we 

consistently find that local heat extremes have no significant effect on the profits of dairy 

processing firms. Our findings suggest that heat induced losses remain at the farm level, which 

provides important implications for policy makers, the dairy industry, and farmers on who is 

(not) affected by extreme weather. 

Keywords: heat; risk; temperature-humidity index; profitability; dairy   
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1 Introduction 

With increasing average earth surface temperature the magnitude and frequency of heat 

extremes is expected to increase (IPCC, 2014). In Europe, the rate of warming is even 

beyond the global average, and Europe has been one of the regions that experienced the 

strongest heat extremes since the 1950s in recent years (European Environment Agency, 

2020; Suarez-Gutierrez et al., 2018). Earlier research shows that dairy farming is particularly 

vulnerable to hot weather (Qi et al., 2015; Finger et al., 2018). Heat stress can increase the 

incidence of cow diseases and influence cows’ reproduction, thus affecting milk production 

(Bohmanova et al., 2007; M. Rhoads et al., 2009). These impacts can result in fluctuations of 

farm profits (St-Pierre et al., 2003). Moreover, the profit shock at the farm level likely affects 

dairy processors’ profits through increasing raw milk prices, decreasing milk quality, and 

shifts in consumer demand. In Europe, the dairy industry is one of the most important food 

industries and represents more than 12% of the total agricultural output (Augere-Granier, 

2018). Thus, understanding the potential impact of heat on the dairy economy in Europe is 

crucial. Although the economic impact of weather extremes on livestock farms has been well 

documented (Lane et al., 2019; Mayer et al., 1999), little research has focused on the impact 

on the dairy processing industry. 

In this paper we quantify the impact of local heat shocks on dairy processors’ profits in 

Europe, so as to provide decision support for this industry and a climate vulnerability 

assessment for policy makers. We put a particular emphasis on the impact of heat shocks on 

the profits of smaller dairy processors. Particularly, smaller dairy processors are hypothesized 

to not have sufficient market power to shift heat related cost increases to food retailers. A 

better understanding of climatic vulnerability provides crucial decision support for dairy 

firms to avoid profit losses. Moreover, knowing these effects helps dairy processors adapt to 
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climate change and policy maker to identify where climate change will hit the food 

production system.  

We use fixed effects panel regression to study the impact of random and exogenous heat 

shocks on the profits of dairy processing firms in Europe. Our model specification allows to 

estimate causal effects of a heat shock, which is a deviation from the average heat exposure 

of a dairy processor with respect to the average exposure at the production location over the 

years and to the average exposure of all other firms in a given year. We thus control for all 

time-invariant confounding variables and all systemic factors (Firebaugh et al., 2013, Blanc 

& Schlenker, 2017). In line with earlier research focusing on heat extremes in livestock, this 

paper applies the Temperature-Humidity Index (THI) to measure heat stress (Dash et al., 

2016; St-Pierre et al., 2003). Heat extremes are denoted by the number of days that daily 

maximum THI at a firm’s production location is higher than THIthreshold for each firm in each 

year during the study period. THIthreshold is a threshold value of THI above which heat 

extremes are expected to be harmful for dairy cows. To put a particular emphasis on extreme 

conditions, this paper chooses 80 as the THI threshold value, which, for instance, could be a 

combination of temperature of 30 degrees Celsius and relative humidity of 61%. In various 

robustness checks, we systematically change the specification of our regression model along 

firm size and regional subsamples, the definition of heat, and the definition of profits. We use 

panel data on dairy processors’ profits and firm characteristics as provided by the ORBIS 

database, which is a comprehensive data resource on private companies worldwide (Orbis, 

2021). The data is collected from 1’606 European firms observed from 2011 to 2019, 

resulting in 12’643 observations in total. To complement the economic data with weather 

conditions, we excluded those firms from the sample that did not provide spatial coordinates 

of their production location. Using the spatial location we matched the economic data with 
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historical weather records from two climate databases, Agri4Cast Resources Portal and 

European Climate Assessment & Dataset (Agri4cast, 2021; ECA&D, 2020).  

In contrast to our hypothesis, we find no significant impact of heat extremes on the 

profitability of dairy processing firms in Europe, indicating that the profit shock at the farm 

level is not transmitted from farms to dairy processors. The results remain robust to different 

profit proxies (turnover, ROE), THIthreshold values (75, 80, 85), firm sizes (micro, small, 

medium, large), and geographic regions (east, west, north, south). This implies that even 

small dairy processing companies have sufficient market power to avoid sharing farmers’ 

heat risk. This delivers important implications for climate change adaptation, since losses 

occur mainly at the farm level.   

The remainder of this paper are structured as follows. First, we provide background 

information on the livestock physiological consequences of heat stress in dairy cows. Based 

on this we develop our hypotheses how dairy processors can be affected by local heat 

extremes. Next, we describe the economic and weather data as well as our regression model 

and identification strategy. After that, we present our results and end the paper with a 

discussion and conclusion with implications for policy makers, dairy processors and future 

research. 

 

 

2 Background 

2.1 Impact of heat extremes on dairy production 
It has been found that heat extremes have significant impacts on dairy cows in multiple 

studies. These impacts can be categorized as (1) the impacts on cow health (2) the impacts on 

cow reproduction (3) the impacts on milk production. And all of these effects can thus lead to 
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changes in various dairy products in terms of quantity and quality (Cowley et al., 2015). 

Impacts on cow health 

The impacts of heat extremes on cow health can be both direct and indirect. Heat extremes 

can directly affect the cow’s physiology, metabolism, hormonal, immune, and endocrine 

system, leading to temperature-related illness and death (Das et al., 2016). Specifically, high 

temperature affects the physiological mechanisms of cows’ rumen, increasing the risks of 

metabolic disorders (Nardone et al., 2010). Plus, heat stress also causes hypothyroidism and 

affects the animal’s metabolic pattern (Helal et al., 2010). Besides, in the hot environment, 

animals tend to increase their respiration rate and sweating, which leads to the loss of body 

fluids and may cause respiratory alkalosis (Benjamin, 1961). In addition, Giesecke (1985) 

finds that the incidence of new udder infections and mastitis will increase due to insufficient 

breast defense mechanisms in hot weather. Moreover, heat stress decreases the cow’s blood 

glucose and does harm to the immune system, resulting in the incidence of health problems 

such as liver lipidosis and impaired liver function (Basiricò et al., 2009). 

The indirect impacts of heat waves on cow health are mainly conducted through feeding 

behavior. For one thing, the rise in ambient temperature has a negative influence on the 

appetite center of the hypothalamus, thereby reducing feed intake (Baile & Forbes, 1974; R. 

P. Rhoads et al., 2013). For another, the heat gain of feed is an important source of heat 

production for ruminants, so cows usually reduce feed intake to reduce heat production in a 

warm environment (Kadzere et al., 2002). According to the research from Lacetera et al. 

(1996), the risk of subclinical or clinical ketosis in high-yielding cows in summer can 

increase due to the reduced feed intake. Plus, increasing intake of concentrates and 

decreasing forage intake can exacerbate acidosis, resulting in the occurrence of lameness in 

cows (Lacetera et al., 1996). Besides the changes in feeding behavior, high temperature and 
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humidity give a good living environment for microorganisms and parasites, which may cause 

some zoonotic diseases and foodborne infections (van der Spiegel et al., 2012). 

 

Impacts on cow reproduction 

One of the most important effects of the heat extremes for dairy farmers is reproduction 

impairment. Generally, heat stress reduces the intensity and length of cows’ estrus behavior, 

leading to a decrease in reproductive performance (Hansen et al., 2001; Salah & Mogawer, 

1990). For female cattle, heat stress affects the development of follicles and embryos 

(Campen et al., 2018). Sakatani et al. (2014) estimates the influence of heat stress on 

fertilization by an in vitro model and find that heatwaves cause oxidative stress, hindering the 

further development of the zygote. Besides, in the hot atmosphere, the fetus is malnourished, 

which eventually leads to fetal growth retardation (Tao & Dahl, 2013). For male cattle, heat 

stress harms sperm quality and DNA integrity (Malama et al., 2016). 

 

Impacts on milk production 

Research on the impact of high temperature and humidity exposure on dairy production 

shows a consistently negative effect on milk quality and quantity. For instance, Bouraoui et 

al. (2002) quantify the impacts of heat stress (using the temperature-humidty-inde THI) and 

find that the correlation coefficient between daily THI and milk yield is -0.76. The milk yield 

decreases by 21% when the THI value increases from 68 to 78. Moreover, St-Pierre et al. 

(2003) estimate the annual milk yield loss caused by heat stress and show that reduction in 

milk production varied in different regions in the United States, ranging from 86 to 2072 

kilograms per cow per year. In addition, Gaafar et al. (2011) report that total milk yield 

declines by 39% when THI value increases from 59.82 to 78.53.  

 



 6 

There are several reasons for the decline in milk production due to heat extremes, two of 

which are the above-mentioned negative effects on cow health and reproduction. Besides 

them, declined feed intake is also an important factor in reducing milk yield (Baumgard & 

Rhoads, 2013). For every 1°C increase in temperature above a cow’s thermoneutral zone 

(TNZ), dry matter intake (DMI) will be reduced by 0.85 kilograms, and this reduction in 

intake accounts for around 35% of the decline in milk production (M. Rhoads et al., 2009; 

West, 2003). High-yielding dairy cows are particularly vulnerable to heat extremes because 

the higher yield, the stronger the negative relationship between heat and feed intake (Lane et 

al., 2019). 

 

Heat extremes affect not only milk yield but also milk quality. For one thing, the milk 

composition can be affected (West, 2003). For example, heat stress can reduce protein, fat, 

and casein content (Cowley et al., 2015; Kadzere et al., 2002). For another, in climate 

change, the feedstuffs have a high probability to be polluted by aflatoxin which can be 

transferred to milk (Paterson & Lima, 2010; Prandini et al., 2009). 

 

Economic impacts on the dairy farms 

Research on the economic impacts of heat extremes on the dairy sector is so far entirely 

focused on the farm level.. The negative effects on cow health, reproduction, and milk 

production impact dairy farms economic performance in different ways. Overall, these effects 

increase profit fluctuations of dairy farms (Alan Rotz et al., 2016). Mayer et al. (1999) use a 

find that losses of an example dairy farm in Australia can vary from $6838 to $11986 per 

year. St-Pierre et al. (2003) calculate capital and operation costs for the dairy industry under 

four intensities of heat abatement, which are minimum, moderate, high, and intensive 

respectively. They find that without heat abatement, heat stress could result in $897 to $1500 
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million loss for the dairy industry across the United States per year. Finger et al. (2018) find 

that heat induced losses of German dairy farmers can exceed 25,000 EUR per farm. In 

addition, Key and Sneeringer (2014) find that heat extremes reduce the technical efficiency 

of dairy farms. In order to mitigate thermal stress, farmers can apply risk management 

practices and install cooling systems for cows, which tend to increase operation costs (Key & 

Sneeringer, 2014).  

 

Although the economic impacts of heat extremes on dairy farms have been discussed a lot, 

there is no research on the impact of heat extremes on the profits of dairy processors so far to 

the best of our knowledge. 

 

2.2 How heat extremes can affect dairy processors  

Local heat extremes at the production location can affect profits of dairy processors through 

three channels (mechanisms). First, heat extremes can cause production shocks at the dairy 

farm level, causing local shortages of raw milk supply. Depending on the market integration 

of the production region the resulting change in the market equilibrium between farms and 

dairy processors might increase the input price (for raw milk) for the dairy processors (Key & 

Sneeringer, 2014). Thus, the profit shock of the dairy processor depends on how much price 

change can be transmitted from the farm to the firm. Thereby, the profits of both dairy farms 

and processors would probably be affected due to the milk production shocks. Second, heat 

exposure affects milk quality components at the farm level such as fat and protein content of 

the milk. In addition to volumetric raw milk shortages this can cause an additional lack of 

supply in high quality milk, which itself can affect the quality of processed dairy products. 

Third, local heat extremes might affect consumer demand for dairy products. Although we 
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hypothesize the demand channel to affect how local heat shocks translate into profit shocks 

of dairy processors, we are not aware of any literature in this direction.  

The characteristic of the dairy industry also sets the stage for such mechanisms between heat 

extremes and the profits of dairy processors. To be specific, the collection and transportation 

of milk are costly, often accounting for over 30% of milk processing costs (FAO, 2021). 

Dairy processors tend to shorten the transportation distance to save costs because the total 

expense has a positive correlation with the transportation distance (Thirupathi et al., 2020). 

Therefore, the activities between dairy farms and dairy processing firms are usually limited in 

a very regional market as a result of cost minimization. This makes the dairy processors 

potentially sensitive to the local weather conditions. Therefore, we expect these mechanisms 

to be particularly important for smaller processing companies that tend to purchase their raw 

milk and sell their processed products more closely to their production location. We use the 

European Commission’s firm-size classification into micro-, small-, medium-, and   

large-sized firms according to their number of employees (see section 3.2 Data for more 

info). Moreover, we assume that smaller dairy processors, who purchase their raw milk 

locally, possess sufficient market power to shift heat related cost increases downstream to 

food retailers.  

 

3 Methods and data 

Although we expect the channels described in section 2 to be the key mechanisms between 

heat shocks and dairy processors’ profits, we are unable to observe them. We therefore 

estimate a reduced form model to quantify the impact of local heat shocks at the production 

location on dairy processors’ profits. The reduced form model does not assume any theory-

based structural relationships among variables, instead, it can directly show the relationship 

among variables based on historical data (Kolstad & Moore, 2020). We use unit and time 
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fixed effects to identify causal links between local heat shocks and dairy processors’ profit 

shocks based on historical weather and profit data.  

3.1 Regression analysis 

Fixed effects models have been widely used to quantify the effects of random and exogenous 

weather shocks on agricultural production (e.g. Dalhaus et al., 2020; Hirvonen, 2016). The 

typical advantage of fixed effects models in this context is that they can alleviate omitted-

variable bias because fixed effects allow controlling for unobserved time-invariant factors 

and market wide factors (Firebaugh et al., 2013; Kolstad & Moore, 2020). More specifically, 

we model local heat shocks as deviation from the average heat exposure at the firm location 

and from the average heat exposure of all other firms in a given year. Similarly, our fixed 

effects specification allows to look at profit shocks which are again deviations from the 

single firms average profits and the average of all other firms in a given year. Therefore, we 

can estimate the causal effect of heat extremes on dairy processors’ profits in Europe. We 

thus estimate the following model: 

 

                                  log(𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖) = 𝛽𝛽 𝑇𝑇𝐻𝐻𝐻𝐻𝑖𝑖𝑖𝑖 + 𝑐𝑐𝑖𝑖 + 𝛾𝛾𝑡𝑡 + 𝜀𝜀𝑖𝑖𝑖𝑖      (1) 

 

where log (𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖) is the turnover of firm i in year t, which we use as a proxy for profits. 

𝛽𝛽 gives the marginal impact of a shock in the temperature humidity exposure 𝑇𝑇𝐻𝐻𝐻𝐻𝑖𝑖𝑖𝑖 at firm i 

in year t (See next section on an explanation of the THI). Additionally, we proxy profits 

using the return on equity (ROE) as a robustness check. 𝑐𝑐𝑖𝑖 and 𝛾𝛾𝑡𝑡 capture firm fixed effects 

and time fixed effects respectively. More specifically, 𝑐𝑐𝑖𝑖 capture all unobserved time-

invariant firm characteristics such as the abilities of the firms’ managers, or location specific 

factors. 𝑇𝑇𝑡𝑡 absorb systemic time effects that are constant for all firms such as the European-

wide market price of dairy products. 𝜀𝜀𝑖𝑖𝑖𝑖 is the error term. To allow for heteroscedasticity and 
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spatial and temporal correlation of the errors, standard errors are heteroscedasticity robust 

and double clustered by firm and year  

We provide all data and code at (XXX github link will be added after publication) to fully 

replicate our results.  

3.2 Data  

Firm profit data 

The panel data of profits of dairy processing firms in Europe from the year 2011 to 2019 are 

gathered from the ORBIS database which is a powerful global data resource. The ORBIS 

database captures a wide variety of firm performance data and firm characteristics, of which 

we use the turnover and ROE and subset for firms in Europe that operate in the dairy 

processing industry, as defined by NACE code C1050 (“Manufacture of dairy products”). 

Many studies have used the ORBIS database to find, analyze, and compare the profitability 

performance of different companies (e.g. Luptak et al., 2015; Ribeiro et al., 2010). In this 

paper, we use the turnover and Return on Equity (ROE) as proxy for a firm’s profit. For 

matching the economic data with weather variables, we need the firms location information 

as spatial coordinates. Therefore, we removed the firm observations that did not include 

coordinate information, which results in 1’606 dairy processing firms. The locations of these 

firms cover 28N-68N and 16W-60E, which can be seen in Figure 1. Black dots are the 

locations of the 1’606 dairy processing firms, which are mainly concentrated in western and 

eastern Europe. Unfortunately, removing those firms that did not provide spatial coordinates 

systematically removes central European countries from the sample. We tried to recover the 

location information for these firms based on their firm address, which howeder led to 

unreasonable spatial coordinates. We therefore included only those firms and countries for 

which we had spatial coordinates and clearly indicate this as a potential limitation of our 

study.  
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Figure 1: The locations of the dairy processing firms included in panel regression 

Since we expect different results for differently sized companies, we additionally obtained 

the number of employees from the ORBIS database and classified the firms into four 

different size classes based on the European Commission standard procedure (European 

Commision, 2016). Firms with 1-9 employed are micro-sized firms, which are denoted by 

size 1 in this study; Firms with 10-49 persons employed are small-sized firms, which are 

denoted by size 2; Firms with 50-249 persons employed are medium-sized firms, which are 

denoted by size 3; Firms with 250 and above persons employed are large-sized firms, which 

are denoted by size 4. Figure 2 gives an overview of the number of observations in each size 

class.  
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Figure 2: Histogram of company size classes according to the number of employees 

Weather data 

The most widely used index for heat-related animal stress is the Temperature-Humidity Index 

(THI) (Deng et al., 2007; Gaughan et al., 1999; Ingraham et al., 1974). THI comprehensively 

considers the combined effects of dry-bulb temperature, wet-bulb temperature, and relative 

humidity. A number of models have been developed to formulate THI (Dikmen & Hansen, 

2009). The use of THIs varies according to the different climate conditions. In humid 

climates, THI with a greater weight for humidity is more appropriate, while the indices with a 

greater weight for ambient temperature work best under semiarid climates (Dash et al., 2016). 

From Bohmanova et al. (2007), we use a THI designed to represent the heat stress for 

outdoor cows and which is applicable to the majority of European production locations and 

which is calculated as follows: 
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𝑇𝑇𝑇𝑇𝑇𝑇 =(1.8𝑇𝑇𝑑𝑑𝑑𝑑+32)−(0.55 − 0.0055𝑅𝑅𝑅𝑅) ∗ (1.8𝑇𝑇𝑑𝑑𝑑𝑑 − 26)   (2) 

 

where 𝑇𝑇𝑑𝑑𝑑𝑑 denotes dry bulb temperature (in degrees Celsius) and RH represents relative 

humidity (in percentage). 

 

Data of daily maximum temperature and daily mean relative humidity at the firm location are 

needed to calculate THI. Historical data of daily temperature are collected from Agri4Cast 

Resources Portal which is a meteorological dataset from European Commission (Agri4cast, 

2021). Relative humidity can be calculated from vapor pressure and mean temperature (Stull, 

2020). The formulas are as follows. 

 

𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 ℎ𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 = 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝/𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ∗ 100   (3)  

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝑒𝑒0 ∗ [𝐿𝐿/𝑅𝑅𝑣𝑣 ∗ (1/𝑇𝑇0 − 1/𝑇𝑇)]                                               (4) 

 

where 𝑒𝑒0 is the saturation vapor pressure at 0 degrees Celsius; L is the latent heat of 

vaporization which equals 2.5x106 J·kg–1 here; Rv is the water-vapor gas constant and equals 

to 461 J·K–1·kg–1; T0 is 0 degrees Celsius and T is the mean temperature we obtained. 

 

Heat extremes are then denoted by the number of days that daily maximum THI at a firm’s 

production location is higher than THIthreshold for each firm in each year during the study 

period. THIthreshold is a threshold value of THI above which heat extremes are expected to be 

harmful for dairy cows. We use a THIthreshold of 80 in our main specification and a THIthreshold 

of 75 and 85 as robustness checks.  
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Historical data of daily water vapor pressure are collected from Agri4Cast Resources Portal 

as well. All these weather data match the locations of each dairy processing firm in this 

study, and we get 12’643 observations for panel regression in total. See descriptive statistics 

in Table 1. 

 

Table 1: Descriptive statistics 

Variables Minimum Median Mean SD Maximum 

Turnover [kEUR] 0 3’391 43’516 419’751.3 15’778’283 

ROE -927 3.45 4.19 49.27 868.49 

THI days (75) 0 93 82.65 39.22 186 

THI days (80) 0 36 37.41 27.98 139 

THI days (85) 0 2 6.68 10.43 73 

No. of employees 1 14 51.76 101.58 824 

 

4 Results 

In figure 3 we show coefficient plots of the marginal impact of a one-day THI exposure 

according to our main specification of THI 80 and two robustness checks using THI 75 and 

THI 85 on the turnover of dairy processing firms. In contrast to our hypothesis, we do not 

find any impact of temperature-humidity shocks on turnover shocks in the European dairy 

industry that is significantly different from zero. Moreover, figure 4 shows a similar pattern 

for the impact of temperature-humidity shocks on return on equity (ROE) shocks. Full 

regression results with diagnostics of all models included in figures 3 and 4 can be found in 

the online appendix.  
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Figure 3: Coefficient plot of the impact of the exposure to one additional day with a daily 
maximum THI larger than 80 (blue, main specification), 75, and 85 (grey robustness checks) 
on log(Turnover) based on individual regressions. 99% confidence intervals are based on 
double clustered standard errors. Full regression results including model diagnostics are 
available in the online appendix 

 
 
 

 

Figure 4: Coefficient plot of the impact of the exposure to one additional day with a daily 
maximum THI larger than 80 (blue, main specification), 75, and 85 (grey robustness checks) 
on ROE based on individual regressions. 99% confidence intervals are based on double 
clustered standard errors. Full regression results including model diagnostics are available in 
the online appendix 
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We follow Schlenker and Roberts (2009) and conduct a robustness check by dividing the 

sample into four spatial subsamples based on median coordinates and running subsample 

models. Specifically, we choose the mean longitude (10.3 E) of all the dairy processors as the 

dividing line between western and eastern Europe; and similarly, we choose the mean latitude 

(44.5 N) as the dividing line between northern and southern Europe. Then we run the same 

regression model again on turnover and ROE for all three different THIthreshold values. As 

shown in the coefficient plot figures 5 and 6, the estimates across spatial sub-samples are 

consistently found to be not significantly different from zero at the 99% confidence level. 

Therefore, we do not find that a particular spatial subset is driving the overall results. Instead 

the impact of heat shocks is consistently not significantly different from zero over the whole 

study region.  

 

 
 
Figure 5: Coefficient plot of the impact of the exposure to one additional day with a daily 
maximum THI larger than 80 (blue, main specification), 75, and 85 (grey robustness checks) 
on log(Turnover) based on individual regression models. 99% confidence intervals are based 
on double clustered standard errors. Different point shapes indicate spatial subsamples (● = 
south, ■ = north, ▲ = west, ♦ = east). Full regression results are available in the online 
appendix.  
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Figure 6: Coefficient plot of the impact of the exposure to one additional day with a daily 
maximum THI larger than 80 (blue, main specification), 75, and 85 (grey robustness checks) 
on log(Turnover) based on individual regression models. 99% confidence intervals are based 
on double clustered standard errors. Different point shapes indicate spatial subsamples (● = 
south, ■ = north, ▲ = west, ♦ = east). Full regression results including model diagnostics are 
available in the online appendix.  

 
 
 
According to our hypothesis of smaller dairy processors being stronger affected by local heat 

shocks that affect their local suppliers, we run our regression analysis for different size class 

sub samples (proxied by the number of employees) both using turnover and ROE as 

dependent variables separately. As shown in figures 7 and 8, we do not find any significant 

impact of heat shock on dairy processors’ performance shocks at the 99% confidence level.  
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Figure 7: Coefficient plot of the impact of the exposure to one additional day with a daily 
maximum THI larger than 80 (blue, main specification), 75, and 85 (grey robustness checks) 
on log(Turnover) based on individual regression models. 99% confidence intervals are based 
on double clustered standard errors. Different point shapes indicate firm size sub samples (● 
= large, ■ = medium, ▲ = small, ♦ = micro). Full regression results are available in the 
online appendix. 

 

 
 
Figure 1: Coefficient plot of the impact of the exposure to one additional day with a daily 
maximum THI larger than 80 (blue, main specification), 75, and 85 (grey robustness checks) 
on ROE based on individual regression results. 99% confidence intervals are based on double 
clustered standard errors. Different point shapes indicate firm size sub samples (● = large, ■ 
= medium, ▲ = small, ♦ = micro). Full regression results are available from the appendix. 
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Summing up our results, we consistently find that local heat extremes have no significant 

impact on the profits of dairy processing firms, which is not in line with our hypothesis. The 

results are robust to the changes in the profit indicator, THIthreshold, spatial sub-samples, and 

firm sizes.  

 

5 Discussion 

Previous research has well documented the economic losses of heat extremes on dairy farms 

(e.g. Rotz et al., 2016; St-Pierre et al., 2003). However, it was unclear how local heat shocks 

affect dairy processing firms, which closely rely on local farmers’ raw milk supply. This 

study fills this knowledge gap by estimating the impacts of heat extremes on dairy 

processors’ profits in Europe using a rich sample of dairy processors’ economic performance 

data, environmental conditions on temperature and humidity exposure and regression 

analysis. 

 

Our regression results robustly show that local heat shocks have no significant impact on the 

profits of dairy processing firms, regardless of the size of the firm and the spatial location 

within Europe, the definition of heat extremes, and the proxy for profit. These null results 

suggest that the economic losses caused by local heat extremes at the farm level are not 

transmitted from dairy farms to processing stages in Europe. In other words, dairy processors 

tend to be better able to cope with climatic shocks than farmers. Although we are unable to 

observe dairy processors’ management, literature suggests that a reason for this could be that 

dairy processors have a more professional business system and better risk management 

abilities (Schaper et al., 2009). To be specific, business experts in dairy firms can improve 

firm performance by adjusting sales and marketing strategies in crisis times (Panagopoulos & 

Avlonitis, 2010). For example, when the sales of dairy products decrease, dairy processors 
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can post advertisements or provide discounts to increase consumption and profits (Akaichi et 

al., 2015; Malik et al., 2013). Besides, dairy processing firms have the ability to develop 

diverse innovative products (such as new flavor ice-cream in summer) to increase revenues 

(Gilbert et al., 2016). However, dairy farms have a limited abilities to alter production 

practices, which increases the risks of income losses when the cows are impacted by heat 

extremes (Geiger, 2018; St-Pierre et al., 2003). Although dairy farms have the possibilities to 

manage weather risks by, for instance, installing shading systems and air cooling machines 

(Fournel et al., 2017), dairy processors seem to have better opportunities to reduce climatic 

risks. Additionally, dairy processors can have more time to react to weather risks as farms are 

the first ones in this supply chain directly affected by weather extremes. When the weather 

extremes affect the production of dairy farms, the processors can observe that in time and 

take pre-actions to avoid losses (Cropp & Zijlstra, 2007). Finally, while heat extremes can 

affect the raw milk quality in terms of fat and protein content dairy processors can buffer this 

risk with pricing mechanisms that reward high and punish low contents of valuable 

constituents. The resulting cost savings can be spent on heat related management (such as 

marketing). In the milk market, dairy farmers are price takers while processors are (at least 

partly) price makers (Chrisman, 2019). Dairy processors have the right to pay less for the 

lower quality milk (Watters & Zurakowski, 2018, FrieslandCampina, 2021).  

 

Although our regression model is well established in the literature on weather shock impacts 

and we use rich datasets on weather and economic performance, we would like to point 

towards three possible limitations of our work. First, the dataset covers only parts of Europe. 

More specifically, we had to exclude those dairy processing firms that did not provide spatial 

coordinates of their production sites, which systematically excluded key players in the 

European dairy market. For example, we do not have information on German dairy 
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processing firms, while Germany is the largest dairy producer in Europe and processes about 

one-fifth of the dairy products in Europe (Eurostat, 2021). If data becomes available, future 

research is advised include the large dairy-producing countries in central Europe. Second, we 

proxy heat extremes by the number of days that daily maximum THI is above a specific 

threshold. This could be extended by applying the idea of  “degree days” to calculate how 

long and how much THI exceeds the threshold value (Christenson et al., 2006; Dalhaus et al., 

2020), allowing for estimating the impact of a hourly exposure to different THI levels. 

However, since we do not find any significant impact of the here used THI proxy we do not 

expect our results to change. Third, this study applies a reduced-form model to directly show 

the relationship between weather extremes and firm profits. We obtain the result that heat 

shocks have no significant effect on profit shocks. We are unfortunately unable to observe the 

exact mechanisms between weather and firm profits, including any adaptive practices such as 

increased marketing or product adjustments. Therefore, the null effect between weather 

extremes and dairy processors’ profits estimated here, might be caused either by excellent 

management of these risks or by heat extremes having no economic impact on dairy 

processors’ profits. If data becomes available future research should study these mechanisms 

more closely to analyze management behaviors of dairy firms during climatic shocks. 

  



 22 

6 Conclusion 

This study applies fixed effects panel regression to estimate the impact of temperature 

humidity shocks on the profits of dairy processing firms in Europe. The data is obtained from 

1’403 dairy processing firms over 9 years (2011-2019) resulting in 12’473 observations in 

total. Based on various robustness checks using different proxies for profits (turnover and 

return on equity), different proxies for heat (using different extreme temperature and 

humidity thresholds), spatial sub-samples, and sub samples by firm size we consistently show 

that local heat extremes have no significant impact on the performance of dairy processors in 

Europe, which is in contrast to our hypothesis. We discuss that risks of heat extremes in the 

dairy system are mainly borne by farms rather than processors.  

 

For policy makers our results imply that supporting efforts to cope with climatic extremes 

should focus on the dairy farm level rather than the dairy processing industry. Market 

mechanisms seem to not allow shifting losses from the farm level along the value chain to the 

processing industry. In case of an increasing heat exposure under climate change, it is crucial 

for farmers to develop efficient and effective farm level risk management strategies.  

 

Although our reduced form model shows that heat extremes do not affect dairy processors’ 

profits, we are unable to observe if there are any management mechanisms between weather 

extremes and firm profits, such as adjustments in marketing or the composition of processed 

products. Therefore, future research should more closely look at how managerial practices of 

dairy processors are affect by climatic shocks to better understand how to cope with weather 

extremes. 

 

 



 23 

References 

[dataset] Agri4cast. (2021). Gridded Agro-Meteorological Data in Europe. Retrieved from: 
https://agri4cast.jrc.ec.europa.eu/DataPortal/Index.aspx 

Akaichi, F., et al. (2015). Effect of Price-discount Distribution in Multi-unit Price Promotions 
on Consumers’ Willingness to Pay, Sales Value, and Retailers’ Revenue. Agribusiness, 
31(1), 14-32. doi:https://doi.org/10.1002/agr.21389 

Alan Rotz, C., et al. (2016). Evaluating Greenhouse Gas Mitigation and Climate Change 
Adaptation in Dairy Production Using Farm Simulation. Transactions of the ASABE, 
59(6), 1771-1781. doi:https://doi.org/10.13031/trans.59.11594 

Alexander, L. V. (2016). Global observed long-term changes in temperature and 
precipitation extremes: A review of progress and limitations in IPCC assessments and 
beyond. Weather and Climate Extremes, 11, 4-16. 
doi:https://doi.org/10.1016/j.wace.2015.10.007 

Augere-Granier, M.-L. (2018). The EU dairy sector Main features, challenges and prospects. 
Retrieved from 
https://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_BRI
(2018)630345 

Baile, C. A., & Forbes, J. M. (1974). Control of feed intake and regulation of energy balance 
in ruminants. Physiological Reviews, 54(1), 160-214. 
doi:https://doi.org/10.1152/physrev.1974.54.1.160 

Barlow, K. M., et al. (2015). Simulating the impact of extreme heat and frost events on 
wheat crop production: A review. Field Crops Research, 171, 109-119. 
doi:https://doi.org/10.1016/j.fcr.2014.11.010 

Basiricò, L., et al. (2009). Gene expression and protein secretion of apolipoprotein B100 
(ApoB100) in transition dairy cows under hot or thermoneutral environments. Italian 
Journal of Animal Science, 8(sup2), 492-594. 
doi:http://doi.org/10.4081/ijas.2009.s2.592 

Baumgard, L. H., & Rhoads, R. P. (2013). Effects of Heat Stress on Postabsorptive 
Metabolism and Energetics. Annual review of animal biosciences, 1(1), 311-337. 
doi:http://doi.org/10.1146/annurev-animal-031412-103644 

Belasco, E. J., et al. (2015). The Impact of Extreme Weather on Cattle Feeding Profits. 
Journal of Agricultural and Resource Economics, 40(2), 285-305. 
doi:http://doi.org/10.22004/ag.econ.206597 

Benjamin, M. M. (1961). Outline of Veterinary Clinical Pathology: Iowa State University 
Press. 

Blanc, E., & Schlenker, W. (2017). The use of panel models in assessments of climate 
impacts on agriculture. Review of Environmental Economics and Policy, 11(2), 258-
279. 

Bohmanova, J., et al. (2007). Temperature-Humidity Indices as Indicators of Milk Production 
Losses due to Heat Stress. Journal of Dairy Science, 90(4), 1947-1956. 
doi:https://doi.org/10.3168/jds.2006-513 

Bouraoui, R., et al. (2002). The relationship of temperature-humidity index with milk 
production of dairy cows in a Mediterranean climate. Animal Research - ANIM RES, 
51, 479-491. doi:http://doi.org/10.1051/animres:2002036 

https://agri4cast.jrc.ec.europa.eu/DataPortal/Index.aspx
https://doi.org/10.1002/agr.21389
https://doi.org/10.13031/trans.59.11594
https://doi.org/10.1016/j.wace.2015.10.007
https://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_BRI(2018)630345
https://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_BRI(2018)630345
https://doi.org/10.1152/physrev.1974.54.1.160
https://doi.org/10.1016/j.fcr.2014.11.010
http://doi.org/10.4081/ijas.2009.s2.592
http://doi.org/10.1146/annurev-animal-031412-103644
http://doi.org/10.22004/ag.econ.206597
https://doi.org/10.3168/jds.2006-513
http://doi.org/10.1051/animres:2002036


 24 

Buffington, D. E., et al. (1981). Black Globe-Humidity Index (BGHI) as Comfort Equation for 
Dairy Cows. Transactions of the ASABE, 24, 711-0714. 
doi:http://doi.org/10.13031/2013.34325 

Campen, K. A., et al. (2018). Heat stress impairs gap junction communication and cumulus 
function of bovine oocytes. The Journal of reproduction and development, 64(5), 
385-392. doi:http://doi.org/10.1262/jrd.2018-029 

Chen, J., et al. (2020). Global socioeconomic exposure of heat extremes under climate 
change. Journal of Cleaner Production, 277, 123275. 
doi:https://doi.org/10.1016/j.jclepro.2020.123275 

Chrisman, S. (2019). The FoodPrint of Dairy—A FoodPrint Dairy.   Retrieved from 
https://foodprint.org/reports/the-foodprint-of-dairy/ 

Christenson, M., et al. (2006). Climate warming impact on degree-days and building energy 
demand in Switzerland. Energy Conversion and Management, 47(6), 671-686. 
doi:https://doi.org/10.1016/j.enconman.2005.06.009 

Cowley, F., et al. (2015). Immediate and residual effects of heat stress and restricted intake 
on milk protein and casein composition and energy metabolism. Journal of Dairy 
Science, 98. doi:http://doi.org/10.3168/jds.2014-8442 

Cropp, B., & Zijlstra, J. (2007). Factors causing fluctuations in all milk price received by U.S. 
farmers. Retrieved from Lelystad: http://library.wur.nl/WebQuery/wurpubs/367388 

Dalhaus, T., et al. (2020). The Effects of Extreme Weather on Apple Quality. Scientific 
Reports, 10(1), 7919. doi:http://doi.org/10.1038/s41598-020-64806-7 

Das, R., et al. (2016). Impact of heat stress on health and performance of dairy animals: A 
review. Veterinary world, 9, 260-268. 
doi:http://doi.org/10.14202/vetworld.2016.260-268 

Dash, S., et al. (2016). Effect of heat stress on reproductive performances of dairy cattle and 
buffaloes: A review. Veterinary world, 9(3), 235-244. 
doi:http://doi.org/10.14202/vetworld.2016.235-244 

Deng, X., et al. (2007). Hedging dairy production losses using weather-based index 
insurance. Agricultural Economics, 36(2), 271-280. 
doi:http://doi.org/10.1111/j.1574-0862.2007.00204.x 

Dikmen, S., & Hansen, P. J. (2009). Is the temperature-humidity index the best indicator of 
heat stress in lactating dairy cows in a subtropical environment? Journal of Dairy 
Science, 92(1), 109-116. doi:https://doi.org/10.3168/jds.2008-1370 

ECA&D. (2020). E-OBS data access. Retrieved from: https://www.ecad.eu 
EPA. (2016). Climate Change and Extreme Heat. Retrieved from 

www.epa.gov/climatechange/extreme-heat-guidebook 
European Commision. (2016). User Guide to the SME Definition. Retrieved from 

Luxembourg: doi: http://doi.org/10.2873/620234 
European Environment Agency. (2020). Global and European temperatures.   Retrieved from 

https://www.eea.europa.eu/data-and-maps/indicators/global-and-european-
temperature-10/assessment 

Eurostat. (2021). Milk and Milk Product Statistics.   Retrieved from 
https://ec.europa.eu/eurostat/statistics-explained/ 

FAO. (2021). Gateway to Dairy Prodution and Products.   Retrieved from 
http://www.fao.org/dairy-production-products/processing/collection-and-
transport/en/ 

http://doi.org/10.13031/2013.34325
http://doi.org/10.1262/jrd.2018-029
https://doi.org/10.1016/j.jclepro.2020.123275
https://foodprint.org/reports/the-foodprint-of-dairy/
https://doi.org/10.1016/j.enconman.2005.06.009
http://doi.org/10.3168/jds.2014-8442
http://library.wur.nl/WebQuery/wurpubs/367388
http://doi.org/10.1038/s41598-020-64806-7
http://doi.org/10.14202/vetworld.2016.260-268
http://doi.org/10.14202/vetworld.2016.235-244
http://doi.org/10.1111/j.1574-0862.2007.00204.x
https://doi.org/10.3168/jds.2008-1370
https://www.ecad.eu/
https://wageningenur4-my.sharepoint.com/personal/tobias_dalhaus_wur_nl/Documents/paper/Dairy%20processors/Agribusiness/www.epa.gov/climatechange/extreme-heat-guidebook
http://doi.org/10.2873/620234
https://www.eea.europa.eu/data-and-maps/indicators/global-and-european-temperature-10/assessment
https://www.eea.europa.eu/data-and-maps/indicators/global-and-european-temperature-10/assessment
https://ec.europa.eu/eurostat/statistics-explained/
http://www.fao.org/dairy-production-products/processing/collection-and-transport/en/
http://www.fao.org/dairy-production-products/processing/collection-and-transport/en/


 25 

Finger, R., Dalhaus, T., Allendorf, J., & Hirsch, S. (2018). Determinants of downside risk 
exposure of dairy farms. European Review of Agricultural Economics, 45(4), 641-674. 

Firebaugh, G., et al. (2013). Fixed Effects, Random Effects, and Hybrid Models for Causal 
Analysis. In S. L. Morgan (Ed.), Handbook of Causal Analysis for Social Research (pp. 
113-132). Dordrecht: Springer Netherlands. 

Fournel, S., et al. (2017). Practices for Alleviating Heat Stress of Dairy Cows in Humid 
Continental Climates: A Literature Review. Animals, 7(5), 37. 
doi:http://doi.org/10.3390/ani7050037 

FrieslandCampina. (2021). Milk Price System.   Retrieved from 
https://www.frieslandcampina.com/our-farmers/owned-by-farmers/milk-price-
system/ 

Gaafar, H., et al. (2011). Effect of heat stress on performance of dairy Friesian cow’s milk 
production and composition. Researcher, 3(5), 85-93.  

Gaughan, J., et al. (1999). Heat tolerance of Boran and Tuli crossbred steers. Journal of 
animal science, 77, 2398-2405. doi:http://doi.org/10.2527/1999.7792398x 

Geiger, C. (2018). A few Dairy Farmers Are Still Making Money.   Retrieved from 
https://hoards.com/article-23927-a-few-dairy-farmers-are-still-making-money.html 

Giesecke, W. (1985). The effect of stress on udder health of dairy cows. Onderstepoort J Vet 
Res, 1985 Sep;52(3), 175-193.  

Gilbert, M., et al. (2016). Four Strategies for Creating and Sustaining Value in Dairy Retrieved 
from https://www.bcg.com/publications/2016/consumer-products-four-strategies-
creating-sustaining-value-dairy 

Hansen, P. J., et al. (2001). Adverse impact of heat stress on embryo production: causes and 
strategies for mitigation. Theriogenology, 55(1), 91-103. 
doi:http://doi.org/10.1016/s0093-691x(00)00448-9 

Haqiqi, I., et al. (2021). Quantifying the impacts of compound extremes on agriculture. 
Hydrol. Earth Syst. Sci., 25(2), 551-564. doi:http://doi.org/10.5194/hess-25-551-2021 

Helal, A., et al. (2010). Effect of heat stress on coat characteristics and physiological 
responses of Balady and Damascus goats in Sinai, Egypt. American-Eurasian Journal 
of Agricultural and Environmental Science, 7, 60-69.  

Hirvonen, K. (2016). Temperature changes, household consumption, and internal migration: 
Evidence from tanzania. American Journal of Agricultural Economics, 98(4), 1230-
1249. doi:http://doi.org/10.1093/ajae/aaw042 

Ingraham, R. H., et al. (1974). Relationship of Temperature and Humidity to Conception Rate 
of Holstein Cows in Subtropical Climate1. Journal of Dairy Science, 57(4), 476-481. 
doi:https://doi.org/10.3168/jds.S0022-0302(74)84917-9 

IPCC. (2014). Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II 
and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate 
Change [Core Writing Team, R.K. Pachauri and L.A. Meyer (eds.)]. Retrieved from 
Geneva, Switzerland: https://www.ipcc.ch/report/ar5/syr/ 

IPCC. (2018). Annex I: Glossary [Matthews, J.B.R. (ed.)]. In: Global Warming of 1.5°C. An IPCC 
Special Report on the impacts of global warming of 1.5°C above pre-industrial levels 
and related global greenhouse gas emission pathways, in the context of 
strengthening the global response to the threat of climate change, sustainable 
development, and efforts to eradicate poverty [Masson-Delmotte, V., P. Zhai, H.-O. 
Pörtner, D. Roberts, J. Skea, P.R. Shukla, A. Pirani, W. Moufouma-Okia, C. Péan, R. 
Pidcock, S. Connors, J.B.R. Matthews, Y. Chen, X. Zhou, M.I. Gomis, E. Lonnoy, T. 

http://doi.org/10.3390/ani7050037
https://www.frieslandcampina.com/our-farmers/owned-by-farmers/milk-price-system/
https://www.frieslandcampina.com/our-farmers/owned-by-farmers/milk-price-system/
http://doi.org/10.2527/1999.7792398x
https://hoards.com/article-23927-a-few-dairy-farmers-are-still-making-money.html
https://www.bcg.com/publications/2016/consumer-products-four-strategies-creating-sustaining-value-dairy
https://www.bcg.com/publications/2016/consumer-products-four-strategies-creating-sustaining-value-dairy
http://doi.org/10.1016/s0093-691x(00)00448-9
http://doi.org/10.5194/hess-25-551-2021
http://doi.org/10.1093/ajae/aaw042
https://doi.org/10.3168/jds.S0022-0302(74)84917-9
https://www.ipcc.ch/report/ar5/syr/


 26 

Maycock, M. Tignor, and T. Waterfield (eds.)].   Retrieved from 
https://www.ipcc.ch/sr15/chapter/glossary/ 

Johnson, H. D. (1963). Temperature-humidity effects including influence of acclimation in 
feed and water consumption of Holstein cattle. Columbia, Mo: Univ. of Missouri. 

Joksimović-Todorović, M., et al. (2011). Effect of heat stress on milk production in dairy 
cows. Biotechnology in Animal Husbandry, 27. 
doi:http://doi.org/10.2298/BAH1103017J 

Kadzere, C. T., et al. (2002). Heat stress in lactating dairy cows: a review. Livestock 
Production Science, 77(1), 59-91. doi:https://doi.org/10.1016/S0301-6226(01)00330-
X 

Key, N., & Sneeringer, S. (2014). Potential Effects of Climate Change on the Productivity of 
U.S. Dairies. American Journal of Agricultural Economics, 96(4), 1136-1156. 
doi:http://doi.org/10.1093/ajae/aau002 

Kohli, S., et al. (2014). Assessment of optimum thermal humidity index for crossbred dairy 
cows in Dehradun district, Uttarakhand, India. Veterinary world, 7, 916-921. 
doi:http://doi.org/10.14202/vetworld.2014.916-921 

Kolstad, C. D., & Moore, F. C. (2020). Estimating the Economic Impacts of Climate Change 
Using Weather Observations. Review of Environmental Economics and Policy, 14(1), 
1-24. doi:http://doi.org/10.1093/reep/rez024 

Lacetera, N., et al. (1996). Body condition score, metabolic status and milk production of 
early lactating dairy cows exposed to warm environment. Rivista Agric. Subtrop. 
Trop., 90, 43-55.  

Lane, et al. (2019). Climate Change and Dairy in New York and Wisconsin: Risk Perceptions, 
Vulnerability, and Adaptation among Farmers and Advisors. Sustainability, 11, 3599. 
doi:http://doi.org/10.3390/su11133599 

Larson, N. (2020). UN Warns of Extreme Weather Ahead After Declaring Hottest Decade in 
Recorded History.   Retrieved from https://www.sciencealert.com/un-warns-more-
extreme-weather-ahead-after-hottest-decade-on-record. 

Luber, G., & McGeehin, M. (2008). Climate Change and Extreme Heat Events. American 
Journal of Preventive Medicine, 35(5), 429-435. 
doi:http://doi.org/10.1016/j.amepre.2008.08.021 

Luptak, M., et al. (2015). ORBIS as a Research Tool: Examination of the Capital Structure of 
the Hungarian and French Wine Industry. Paper presented at the 2015 ENTRENOVA 
Conference Proceedings. 

M.G, D., et al. (2013). Updated analyses of temperature and precipitation extreme indices 
since the beginning of the twentieth century: The HadEX2 dataset. Journal of 
Geophysical Research, 118. doi:http://doi.org/10.1002/jgrd.50150 

Malama, E., et al. (2016). Use of computer-assisted sperm analysis and flow cytometry to 
detect seasonal variations of bovine semen quality. Theriogenology, 87. 
doi:http://doi.org/10.1016/j.theriogenology.2016.08.002 

Malik, M. E., et al. (2013). Impact of brand image and advertisement on consumer buying 
behavior. World Applied Sciences Journal, 23(1), 117-122. 
doi:http://doi.org/10.5829/idosi.wasj.2013.23.01.824 

Mayer, D., et al. (1999). Extent and economic effect of heat loads on dairy cattle production 
in Australia. Australian Veterinary Journal, 77(12), 804-808. 
doi:http://doi.org/10.1111/j.1751-0813.1999.tb12950.x 

https://www.ipcc.ch/sr15/chapter/glossary/
http://doi.org/10.2298/BAH1103017J
https://doi.org/10.1016/S0301-6226(01)00330-X
https://doi.org/10.1016/S0301-6226(01)00330-X
http://doi.org/10.1093/ajae/aau002
http://doi.org/10.14202/vetworld.2014.916-921
http://doi.org/10.1093/reep/rez024
http://doi.org/10.3390/su11133599
https://www.sciencealert.com/un-warns-more-extreme-weather-ahead-after-hottest-decade-on-record
https://www.sciencealert.com/un-warns-more-extreme-weather-ahead-after-hottest-decade-on-record
http://doi.org/10.1016/j.amepre.2008.08.021
http://doi.org/10.1002/jgrd.50150
http://doi.org/10.1016/j.theriogenology.2016.08.002
http://doi.org/10.5829/idosi.wasj.2013.23.01.824
http://doi.org/10.1111/j.1751-0813.1999.tb12950.x


 27 

Moffatt, M. (2019). What Is Panel Data? The Definition and Relevance ofPanel Data in 
Economic Research.   Retrieved from https://www.thoughtco.com/panel-data-
definition-in-economic-research-1147034 

Mukherjee, D., et al. (2013). Dairy Productivity and Climatic Conditions: Econometric 
Evidence from South‐Eastern United States. Australian Journal of Agricultural and 
Resource Economics, 57. doi:http://doi.org/10.1111/j.1467-8489.2012.00603.x 

Nardone, A., et al. (2010). Effect of climate changes on animal production and sustainability 
of livestock system. Livestock Science - LIVEST SCI, 130, 57-69. 
doi:http://doi.org/10.1016/j.livsci.2010.02.011 

Orbis. (2021). Retrieved from: https://orbis.bvdinfo.com/version-
202164/orbis/1/Companies/Search 

Panagopoulos, N. G., & Avlonitis, G. J. (2010). Performance implications of sales strategy: 
The moderating effects of leadership and environment. International Journal of 
Research in Marketing, 27(1), 46-57. 
doi:https://doi.org/10.1016/j.ijresmar.2009.11.001 

Patel, S., et al. (2019). A review on extreme weather events and livelihood in Odisha, India. 
Mausam, 70, 551-560.  

Paterson, R. R. M., & Lima, N. (2010). How will climate change affect mycotoxins in food? 
Food Research International, 43(7), 1902-1914. 
doi:https://doi.org/10.1016/j.foodres.2009.07.010 

Perez-Mendez, J. A., et al. (2019). The influence of weather conditions on dairy production. 
Agricultural Economics, 50(2), 165-175. doi:https://doi.org/10.1111/agec.12474 

Pericoil. (2018). Temperature Humidity Index: What You Need to Know About It.   Retrieved 
from https://www.pericoli.com/EN/news/120/Temperature-Humidity-Index-what-
you-need-to-know-about-it.html 

Pindyck, R. S., & Rubinfeld, D. L. (2018). Microeconomics: Pearson. 
Prandini, A., et al. (2009). On the occurrence of aflatoxin M1 in milk and dairy products. 

Food and Chemical Toxicology, 47(5), 984-991. 
doi:https://doi.org/10.1016/j.fct.2007.10.005 

Qi, L., et al. (2015). From cold to hot: Climatic effects and productivity in Wisconsin dairy 
farms. Journal of Dairy Science, 98(12), 8664-8677. 
doi:https://doi.org/10.3168/jds.2015-9536 

Ray, D. E., et al. (1992). Season and Lactation Number Effects on Milk Production and 
Reproduction of Dairy Cattle in Arizona1. Journal of Dairy Science, 75(11), 2976-
2983. doi:https://doi.org/10.3168/jds.S0022-0302(92)78061-8 

Reyad, M., et al. (2016). Effect of heat stress on milk production and its composition of 
Holstein Friesian crossbred dairy cows. Asian Journal of Medical and Biological 
Research, 2, 190. doi:http://doi.org/10.3329/ajmbr.v2i2.29060 

Rhoads, M., et al. (2009). Effects of heat stress and plane of nutrition on lactating Holstein 
cows: I. Production, metabolism, and aspects of circulating somatotropin. Journal of 
Dairy Science, 92(5), 1986-1997. doi:http://doi.org/10.3168/jds.2008-1641 

Rhoads, R. P., et al. (2013). Nutritional Interventions to Alleviate the Negative Consequences 
of Heat Stress. Advances in Nutrition, 4(3), 267-276. 
doi:http://doi.org/10.3945/an.112.003376 

Ribeiro, S. P., et al. (2010). The OECD ORBIS Database: Responding to the Need for Firm-
Level Micro-Data in the OECD. OECD Statistics Working Papers, 01, 33. 
doi:https://doi.org/10.1787/5kmhds8mzj8w-en 

https://www.thoughtco.com/panel-data-definition-in-economic-research-1147034
https://www.thoughtco.com/panel-data-definition-in-economic-research-1147034
http://doi.org/10.1111/j.1467-8489.2012.00603.x
http://doi.org/10.1016/j.livsci.2010.02.011
https://orbis.bvdinfo.com/version-202164/orbis/1/Companies/Search
https://orbis.bvdinfo.com/version-202164/orbis/1/Companies/Search
https://doi.org/10.1016/j.ijresmar.2009.11.001
https://doi.org/10.1016/j.foodres.2009.07.010
https://doi.org/10.1111/agec.12474
https://www.pericoli.com/EN/news/120/Temperature-Humidity-Index-what-you-need-to-know-about-it.html
https://www.pericoli.com/EN/news/120/Temperature-Humidity-Index-what-you-need-to-know-about-it.html
https://doi.org/10.1016/j.fct.2007.10.005
https://doi.org/10.3168/jds.2015-9536
https://doi.org/10.3168/jds.S0022-0302(92)78061-8
http://doi.org/10.3329/ajmbr.v2i2.29060
http://doi.org/10.3168/jds.2008-1641
http://doi.org/10.3945/an.112.003376
https://doi.org/10.1787/5kmhds8mzj8w-en


 28 

Rotz, A., et al. (2016). Farm Simulation Can Help Dairy Production Systems Adapt to Climate 
Change. Improving Modeling Tools to Assess Climate Change Effects on Crop 
Response, 7, 91-124.  

Sakatani, M., et al. (2014). Heat Stress During In Vitro Fertilization Decreases Fertilization 
Success by Disrupting Anti-Polyspermy Systems of the Oocytes. Molecular 
Reproduction and Development, 82. doi:http://doi.org/10.1002/mrd.22441 

Salah, M., & Mogawer, H. H. (1990). Reproductive performance of Friesian cows in Saudi 
Arabia. II. Resting and service interval, conception rate, and number of services per 
conception. Beitrage zur tropischen Landwirtschaft und Veterinarmedizin, 28(1), 85-
91.  

Schaper, C., et al. (2009). Risk Management in Milk Production: A Study in Five European 
Countries. European Association of Agricultural Economists, 113th Seminar, 
September 3-6, 2009, Chania, Crete, Greece, 7. 
doi:http://doi.org/10.1080/16507541.2010.531923 

Schlenker, W., & Roberts, M. J. (2009). Nonlinear temperature effects indicate severe 
damages to U.S. crop yields under climate change. Proceedings of the National 
Academy of Sciences of the United States of America, 106(37), 15594-15598. 
doi:http://doi.org/10.1073/pnas.0906865106 

Seo, S. N., & Mendelsohn, R. (2008). Measuring impacts and adaptations to climate change: 
a structural Ricardian model of African livestock management1. Agricultural 
Economics, 38(2), 151-165. doi:http://doi.org/10.1111/j.1574-0862.2008.00289.x 

Sillmann, J., et al. (2013). Climate extremes indices in the CMIP5 multimodel ensemble: Part 
2. Future climate projections. Journal of Geophysical Research: Atmospheres, 118(6), 
2473-2493. doi:http://doi.org/10.1002/jgrd.50188 

St-Pierre, N. R., et al. (2003). Economic Losses from Heat Stress by US Livestock Industries1. 
Journal of Dairy Science, 86, E52-E77. doi:https://doi.org/10.3168/jds.S0022-
0302(03)74040-5 

Starr, R. M. (2011). General equilibrium theory: An introduction: Cambridge University Press. 
Stull, R. (2020). Vapor Pressure at Saturation.   Retrieved from 

https://geo.libretexts.org/Bookshelves/Meteorology/Book%3A_Practical_Meteorolo
gy_(Stull)/04%3A_Water_Vapor/4.00%3A_Vapor_Pressure_at_Saturation 

Suarez-Gutierrez, L., et al. (2018). Internal variability in European summer temperatures at 
1.5°C and 2°C of global warming. Environmental Research Letters, 13. 
doi:http://doi.org/10.1088/1748-9326/aaba58 

Suarez-Gutierrez, L., et al. (2020). Dynamical and thermodynamical drivers of variability in 
European summer heat extremes. Climate Dynamics, 54(9), 4351-4366. 
doi:http://doi.org/10.1007/s00382-020-05233-2 

Tao, S., & Dahl, G. (2013). Invited review: Heat stress effects during late gestation on dry 
cows and their calves. Journal of Dairy Science, 96. 
doi:http://doi.org/10.3168/jds.2012-6278 

Thirupathi, K., et al. (2020). Minimization of Transportation Cost in Dairy Industry. 
International Journal of Engineering Research and, V9. 
doi:http://doi.org/10.17577/IJERTV9IS050067 

Turvey, C. (2005). The pricing of degree-day weather options. Agricultural Finance Review, 
65, 59-85. doi:http://doi.org/10.1108/00214660580001166 

UNFCCC. (2011). Fact sheet: Climate change science-the status of climate change science 
today. Retrieved from 

http://doi.org/10.1002/mrd.22441
http://doi.org/10.1080/16507541.2010.531923
http://doi.org/10.1073/pnas.0906865106
http://doi.org/10.1111/j.1574-0862.2008.00289.x
http://doi.org/10.1002/jgrd.50188
https://doi.org/10.3168/jds.S0022-0302(03)74040-5
https://doi.org/10.3168/jds.S0022-0302(03)74040-5
https://geo.libretexts.org/Bookshelves/Meteorology/Book%3A_Practical_Meteorology_(Stull)/04%3A_Water_Vapor/4.00%3A_Vapor_Pressure_at_Saturation
https://geo.libretexts.org/Bookshelves/Meteorology/Book%3A_Practical_Meteorology_(Stull)/04%3A_Water_Vapor/4.00%3A_Vapor_Pressure_at_Saturation
http://doi.org/10.1088/1748-9326/aaba58
http://doi.org/10.1007/s00382-020-05233-2
http://doi.org/10.3168/jds.2012-6278
http://doi.org/10.17577/IJERTV9IS050067
http://doi.org/10.1108/00214660580001166


 29 

https://unfccc.int/files/press/backgrounders/application/pdf/press_factsh_science.p
df 

van der Spiegel, M., et al. (2012). Effects of climate change on food safety hazards in the 
dairy production chain. Food Research International, 46(1), 201-208. 
doi:https://doi.org/10.1016/j.foodres.2011.12.011 

Verbeek, M. (2012). A Guide to Modern Econometrics, 4th Edition: Willey. 
Watters, R., & Zurakowski, M. (2018). Milk Quality: Make it Pay.   Retrieved from 

https://www.progressivedairy.com/topics/herd-health/milk-quality-make-it-pay 
West, J. W. (2003). Effects of Heat-Stress on Production in Dairy Cattle. Journal of Dairy 

Science, 86(6), 2131-2144. doi:https://doi.org/10.3168/jds.S0022-0302(03)73803-X 
Wilson, S. J., et al. (1998). Effects of Controlled Heat Stress on Ovarian Function of Dairy 

Cattle. 1. Lactating Cows1. Journal of Dairy Science, 81(8), 2124-2131. 
doi:https://doi.org/10.3168/jds.S0022-0302(98)75788-1 

Wineman, A., et al. (2017). Weather extremes and household welfare in rural Kenya. Food 
Security, 9(2), 281-300. doi:http://doi.org/10.1007/s12571-016-0645-z 

 

 

 

 

 

 

 

 

 

  

https://unfccc.int/files/press/backgrounders/application/pdf/press_factsh_science.pdf
https://unfccc.int/files/press/backgrounders/application/pdf/press_factsh_science.pdf
https://doi.org/10.1016/j.foodres.2011.12.011
https://www.progressivedairy.com/topics/herd-health/milk-quality-make-it-pay
https://doi.org/10.3168/jds.S0022-0302(03)73803-X
https://doi.org/10.3168/jds.S0022-0302(98)75788-1
http://doi.org/10.1007/s12571-016-0645-z


 30 

Appendix  

Appendix A: Full Regression results for main specification and different THI thresholds 

Table A.1 Regression output on log(turnover) based on the THIthreshold  value of 75 

Log(Turnover) Estimate t-value p-value 

THI_75 [days] 9e-05 (0.0007) 0.13 0.89 

Note: In the brackets are standard errors clustered by firm and year; *, **, *** indicate significant 

levels at 5 %, 1 %, and 0.1 %respectively. 

 

Fixed effects Firm and year  

Number of observations 12,473 

RMSE 0.4196 

Adjusted R2 0.95 

Within R2 0.00 
 
 
 

Table A.2 Regression output on log(turnover) based on the THIthreshold  value of 80 

Log(Turnover) Estimate t-value p-value 

THI_80 [days] -5e-04 (0.0007) -0.71 0.50 

Note: In the brackets are standard errors clustered by firm and year; *, **, *** indicate significant 

levels at 5 %, 1 %, and 0.1 %respectively. 

 

Fixed effects Firm and year  

Number of observations 12,473 

RMSE 0.4196 

Adjusted R2 0.95 

Within R2 0.00 
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Table A.3 Regression output on log(turnover) based on the THIthreshold  value of 85 

Log(Turnover) Estimate t-value p-value 

THI_85 [days] -1.5e-03 (0.0009) -1.65 0.14 

Note: In the brackets are standard errors clustered by firm and year; *, **, *** indicate significant 

levels at 5 %, 1 %, and 0.1 %respectively. 

 

Fixed effects Firm and year  

Number of observations 12,473 

RMSE 0.4195 

Adjusted R2 0.95 

Within R2 0.00 
 

 

 

Table A.4 Regression output on ROE based on the THIthreshold  value of 75 

ROE Estimate t-value p-value 

THI_75 [days] 0.047 (0.046) 1.03 0.33 

Note: In the brackets are standard errors clustered by firm and year; *, **, *** indicate significant 

levels at 5 %, 1 %, and 0.1 %respectively. 

 

Fixed effects Firm and year  

Number of observations 12,056 

RMSE 41.2 

Adjusted R2 0.21 

Within R2 0.00 
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Table A.5 Regression output on ROE based on the THIthreshold  value of 80 

ROE Estimate t-value p-value 

THI_80 [days] 0.049 (0.044) 1.11 0.30 

Note: In the brackets are standard errors clustered by firm and year; *, **, *** indicate significant 

levels at 5 %, 1 %, and 0.1 %respectively. 

 

Fixed effects Firm and year  

Number of observations 12,056 

RMSE 41.2 

Adjusted R2 0.21 

Within R2 0.00 
 

 

Table A.6 Regression output on ROE based on the THIthreshold  value of 85 

ROE Estimate t-value p-value 

THI_85 [days] 0.045 (0.075) 0.60 0.56 

Note: In the brackets are standard errors clustered by firm and year; *, **, *** indicate significant 

levels at 5 %, 1 %, and 0.1 %respectively. 

 

Fixed effects Firm and year  

Number of observations 12,056 

RMSE 41.2 

Adjusted R2 0.21 

Within R2 0.00 
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Appendix B: Full regression results for spatial sub-samples  

We split all the dairy processing firms into four spatial regions. Northern Europe consists of 

firms with latitude above 44.5 N, and southern Europe consists of firms with latitude below 

44.5 N. Eastern Europe consists of firms with longitude above 10.3 E, and western Europe 

consists of firms with a longitude below 10.3 E.  

 

Table B.1 Regression output on log(turnover) based on the THIthreshold  value of 75 

Log(Turnover) Eastern firms Western firms Northern firms Southern firms 

Estimate p-value Estimate p-value Estimate p-value Estimate p-value 

Heat extremes  

-8.6e-04 

(0.0012) 0.50 

9.8e-04 

(0.0005) 0.11 

4.5e-04 

(0.001) 0.62 

-1.6e-04 

(0.0006) 0.78 

Fixed effects Firm and year Firm and year Firm and year Firm and year 

Number of 

observations 6’214 6’259 6’495 5’978 

RMSE 0.50 0.32 0.46 0.37 

Adjusted R2 0.92 0.98 0.95 0.95 

Within R2 0.00 0.00 0.00 0.00 

Note: In the brackets are standard errors; *, **, *** indicate significant levels at 5 %, 1 %, and 

0.1 %respectively. 
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Table B.2 Regression output on log(Turnover) based on the THIthreshold  value of 80 

Log(Turnover) Eastern firms Western firms Northern firms Southern firms 

Estimate p-value Estimate p-value Estimate p-value Estimate p-value 

Heat extremes  

-2.4e-03 

(0.0012) 0.09 

1.8e-03 * 

(0.0007) 0.03 

4.4e-05 

(0.001) 0.97 

4.0e-04 

(0.0008) 0.63 

Fixed effects Firm and year Firm and year Firm and year Firm and year 

Number of 

observations 6’214 6’259 6’495 5’978 

RMSE 0.50 0.32 0.46 0.37 

Adjusted R2 0.92 0.98 0.95 0.95 

Within R2 0.00 0.00 0.00 0.00 

Note: In the brackets are standard errors; *, **, *** indicate significant levels at 5 %, 1 %, and 

0.1 %respectively. 

Table B.3 Regression output on log(Turnover) based on the THIthreshold  value of 85 

Log(Turnover) Eastern firms Western firms Northern firms Southern firms 

Estimate p-value Estimate p-value Estimate p-value Estimate p-value 

Heat extremes  

-4.7e-03* 

(0.0019) 0.04 

1.8e-03 

(0.0012) 0.17 

1.3e-03 

(0.0015) 0.43 

7.7e-04 

(0.0009) 0.46 

Fixed effects Firm and year Firm and year Firm and year Firm and year 

Number of 

observations 6’214 6’259 6’495 5’978 

RMSE 0.50 0.32 0.46 0.37 

Adjusted R2 0.92 0.98 0.95 0.95 

Within R2 0.00 0.00 0.00 0.00 

Note: In the brackets are standard errors; *, **, *** indicate significant levels at 5 %, 1 %, and 

0.1 %respectively. 
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Table B.4 Regression output on ROE based on the THIthreshold  value of 75 

ROE Eastern firms Western firms Northern firms Southern firms 

Estimate p-value Estimate p-value Estimate p-value Estimate p-value 

Heat extremes  

0.014 

(0.036) 0.72 0.06 (0.09) 0.50 -0.030 (0.072) 0.69 0.098 (0.063) 0.16 

Fixed effects Firm and year Firm and year Firm and year Firm and year 

Number of 

observations 6’024 6’032 6’278 5’778 

RMSE 43.4 38.9 40.7 41.7 

Adjusted R2 0.21 0.21 0.23 0.18 

Within R2 0.00 0.00 0.00 0.00 

Note: In the brackets are standard errors; *, **, *** indicate significant levels at 5 %, 1 %, and 

0.1 %respectively. 

Table B.5 Regression output on ROE based on the THIthreshold  value of 80 

ROE Eastern firms Western firms Northern firms Southern firms 

Estimate p-value Estimate p-value Estimate p-value Estimate p-value 

Heat extremes  

0.05201 

(0.0599) 0.41 0.007 (0.049) 0.89 0.054 (0.092) 0.57 0.058 (0.045) 0.24 

Fixed effects Firm and year Firm and year Firm and year Firm and year 

Number of 

observations 6’024 6’032 6’278 5’778 

RMSE 43.4 38.9 40.7 41.7 

Adjusted R2 0.21 0.21 0.23 0.18 

Within R2 0.00 0.00 0.00 0.00 

Note: In the brackets are standard errors; *, **, *** indicate significant levels at 5 %, 1 %, and 

0.1 %respectively. 
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Table B.6 Regression output on ROE based on the THIthreshold  value of 85 

ROE Eastern firms Western firms Northern firms Southern firms 

Estimate p-value Estimate p-value Estimate p-value Estimate p-value 

Heat extremes  

0.033 

(0.117) 0.79 0.026 (0.073) 0.73 -0.037 (0.14) 0.79 0.115 (0.08) 0.19 

Fixed effects Firm and year Firm and year Firm and year Firm and year 

Number of 

observations 6’024 6’032 6’278 5’778 

RMSE 43.4 38.9 40.7 41.7 

Adjusted R2 0.21 0.21 0.23 0.18 

Within R2 0.00 0.00 0.00 0.00 

Note: In the brackets are standard errors; *, **, *** indicate significant levels at 5 %, 1 %, and 

0.1 %respectively. 
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Appendix C: Regression results for company sizes sub samples 

Table C.1 Regression output on log(turnover) based on the THIthreshold  value of 75 

Log(Turnover) Micro firms Small firms Medium firms Large firms 

Estimate p-value Estimate p-value Estimate p-value Estimate p-value 

Heat extremes  

-2.25e-04 

(8.84e-04) 0.81 

-6.64e-04 

(7.91e-04) 0.43 

-7.95e-04 

(1.17e-03) 0.52 

-9.8e-04 

(2.28e-03) 0.68 

Fixed effects Firm and year Firm and year Firm and year Firm and year 

Number of 

observations 4’130 4’467 2’007 569 

RMSE 0.41 0.38 0.32 0.30 

Adjusted R2 0.95 0.91 0.94 0.94 

Within R2 0.00 0.00 0.00 0.00 

Note: In the brackets are standard errors; *, **, *** indicate significant levels at 5 %, 1 %, and 

0.1 %respectively. 
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Table C.2 Regression output on log(turnover) based on the THIthreshold  value of 80 

Log(Turnover) Micro firms Small firms Medium firms Large firms 

Estimate p-value Estimate p-value Estimate p-value Estimate p-value 

Heat extremes  

-7.95e-04 

(9.19e-04) 0.41 

-8.15e-04 

(8.74e-04) 0.38 

-1.17e-03 

(1.08e-03) 0.31 

1.03e-03 

(2.89e-03) 0.73 

Fixed effects Firm and year Firm and year Firm and year Firm and year 

Number of 

observations 4’130 4’467 2’007 569 

RMSE 0.41 0.38 0.32 0.30 

Adjusted R2 0.95 0.91 0.94 0.94 

Within R2 0.00 0.00 0.00 0.00 

Note: In the brackets are standard errors; *, **, *** indicate significant levels at 5 %, 1 %, and 

0.1 %respectively. 

Table C.3 Regression output on log(turnover) based on the THIthreshold  value of 85 

Log(Turnover) Micro firms Small firms Medium firms Large firms 

Estimate p-value Estimate p-value Estimate p-value Estimate p-value 

Heat extremes  

-1.59e-03 

(1.21e-03) 0.23 

-2.58e-03 

(1.18e-03) 0.06 

-8.75e-04 

(1.43e-03) 0.56 

3.00e-03 

(3.90e-03) 0.46 

Fixed effects Firm and year Firm and year Firm and year Firm and year 

Number of 

observations 4’130 4’467 2’007 569 

RMSE 0.41 0.38 0.32 0.30 

Adjusted R2 0.95 0.91 0.94 0.94 

Within R2 0.00 0.00 0.00 0.00 

Note: In the brackets are standard errors; *, **, *** indicate significant levels at 5 %, 1 %, and 

0.1 %respectively. 
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Table C.4 Regression output on ROE based on the THIthreshold  value of 75 

ROE Micro firms Small firms Medium firms Large firms 

Estimate p-value Estimate p-value Estimate p-value Estimate p-value 

Heat extremes  0.12 (0.11) 0.30 0.02 (0.03) 0.52 -0.15 (0.13) 0.29 -0.05 (0.04) 0.29 

Fixed effects Firm and year Firm and year Firm and year Firm and year 

Number of 

observations 3’870 4’372 1’904 556 

RMSE 51.6 30.3 45.2 27.9 

Adjusted R2 0.19 0.27 0.19 0.23 

Within R2 0.00 0.00 0.00 0.00 

Note: In the brackets are standard errors; *, **, *** indicate significant levels at 5 %, 1 %, and 

0.1 %respectively. 

 

Table C.5 Regression output on ROE based on the THIthreshold  value of 80 

ROE Micro firms Small firms Medium firms Large firms 

Estimate p-value Estimate p-value Estimate p-value Estimate p-value 

Heat extremes  0.13 (0.09) 0.20 -0.013 (0.04) 0.73 -0.14 (0.14) 0.37 0.05 (0.10) 0.63 

Fixed effects Firm and year Firm and year Firm and year Firm and year 

Number of 

observations 3’870 4’372 1’904 556 

RMSE 51.6 30.3 45.2 27.9 

Adjusted R2 0.19 0.27 0.19 0.23 

Within R2 0.00 0.00 0.00 0.00 

Note: In the brackets are standard errors; *, **, *** indicate significant levels at 5 %, 1 %, and 

0.1 %respectively. 
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Table C.6 Regression output on ROE based on the THIthreshold  value of 85 

ROE Micro firms Small firms Medium firms Large firms 

Estimate p-value Estimate p-value Estimate p-value Estimate p-value 

Heat extremes  0.20 (0.11) 0.09 -0.05 (0.11) 0.69 -0.18 (0.32) 0.60 -0.36 (0.39) 0.39 

Fixed effects Firm and year Firm and year Firm and year Firm and year 

Number of 

observations 3’870 4’372 1’904 556 

RMSE 51.6 30.3 45.2 27.9 

Adjusted R2 0.19 0.27 0.19 0.23 

Within R2 0.00 0.00 0.00 0.00 

Note: In the brackets are standard errors; *, **, *** indicate significant levels at 5 %, 1 %, and 

0.1 %respectively. 
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