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Abstract
Using death certificate data recorded in the Colombian vital statistics system for 2017–2021, together with temperature data from meteorological stations, this study examines mortality associated with air temperatures above 26°C across occupations classified at the 2-digit level of the International Standard Classification of Occupations (ISCO-08). The findings highlight that agricultural workers, assemblers, and health and teaching professionals face the highest mortality risk associated with exposure to high temperature in Colombia. Overall, male workers are more affected by the consequences of high temperatures. However, women appear to be particularly vulnerable in occupations such as health associate professionals, where they account for a large majority of workers. Preventive measures, including risk assessment, should therefore be reinforced, especially for these occupations in the context of global climate warming. Regarding remediation, the coverage of common health insurance has expanded significantly in recent decades and now reaches almost 99 per cent of the entire population, but only around half of the working population is covered by social protection schemes for occupational risks.
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Introduction
Without adequate mitigation efforts, temperatures are expected to increase with human-induced climate change, making heat stress and heat waves more common (IPCC 2023). In this context, workers will increasingly be exposed to excessive heat, which constitutes an occupational health danger–  with high body temperature or dehydration potentially causing heat exhaustion, heat stroke, and, in extreme cases, death (ILO 2022a; UNDP et al. 2016; ILO 2024a). Also, by slowing down the body and increasing the necessity of breaks, heat stress reduces  the productivity of workers, with a decrease estimated at 2.2 per cent by 2030 (ILO 2019). A decrease in productivity affects the activity of businesses and for the worse-affected countries, this could also have an impact on their development path.
While the existing scientific literature highlights the impact of elevated temperatures and investigates the consequences of extreme heat in terms of morbidity and mortality for the general population, relatively few analyses have looked at these dimensions for the population of workers specifically. Yet it is known that certain categories of workers are at greater risk of heat stress and that actors in the world of work have a role to play in the design of both preventive measures against heat stress in the workplace and measures aiming at mitigating the rise of temperatures (ILO 2019). With regard to mortality in the general population, a statistical study conducted across 13 countries (Australia, Brazil, Canada, China, Italy, Japan, South Korea, Spain, Sweden, Taiwan, Thailand, the United Kingdom and the United States of America) has for instance shown that extreme temperature (hot and cold) are responsible for 0.86 per cent of total mortality, with more deaths attributable to cold than to heat (Gasparrini et al. 2015). More recently, a meta-analysis on various cardiovascular health outcomes has highlighted that a 1°C temperature rise is associated with an increase in the risk of cardiovascular-related morbidity by 2.1 per cent, and an increase in morbidity due to arrhythmias, cardiac arrest and coronary heart disease (Liu et al. 2022). Elevated risks of morbidity and mortality linked to heat exposure are found for women, people 65 or older, and individuals living in tropical climates. Specifically in Colombia, evidence shows an increase in mortality linked to elevated temperature. An additional day with a mean temperature above 27°C leads to about 0.24 deaths per 100,000, or 0.7 per cent of the monthly death rate (Helo Sarmiento 2023).
Recently, the International Labour Organization (ILO) has calculated global estimates of the work-related health impact of heat, using global climate models and assumptions on the impact of increased temperatures on occupational injuries based on data from the existing literature. Using this framework, the study calculates that 22.85 million occupational injuries and 18,970 deaths per year are directly related to exposure to excessive heat at work (ILO 2024a). However, to design responsive policies, the global estimates must be complemented by more granular data at the country and occupational levels. Furthermore, beyond model-based predictions, empirical analyses through observational data on mortality across occupations are necessary to confirm the predictions and assess the impacts in specific contexts.
Quantitative empirical studies that have aimed at measuring the impact of elevated temperatures on workers in terms of health consequences have mainly focused on specific occupations, often in developed countries where data collection may be more systematic. A 2014 review of the literature on heat exposure in the workplace, which included 55 studies from 1997 to 2012, found that 20 per cent of the articles focused on manufacturing workers in the steel and foundry industries, 18 per cent on miners, 16 per cent on mixed manual workers, 13 per cent on construction workers, 13 per cent on farmers, and 5 per cent on the armed forces (Xiang et al. 2014). The results highlight in particular that manual workers exposed to extreme heat or in hot environments may be at risk of heat stress. The article also points to imbalances between the data available for developed and developing countries. Beyond specific occupational categories, some studies have focused on the characteristics of the work performed, including working conditions and the work environment. For example, a more recent attempt to study the relationship between health and heat exposure on Californian data suggests that outdoor work affects heat-related morbidity at the community level (Riley et al. 2018).
With regard to mortality specifically, a relatively limited number of studies have sought to analyse the impact of elevated temperature on the number of deaths in each occupation. In particular, using an industry sector approach, an analysis conducted on data from 2000-2010 in the United States found higher rates of heat-related deaths in the agriculture and construction industries (Gubernot et al. 2015). In more recent research developments, a study on Nepalese migrant workers in the construction trade in Qatar has pointed to an increased cardiovascular mortality during hot periods most likely due to severe heat stress (Pradhan et al. 2019). Surveys on Korean workers covering 2002 to 2015 have also shown that the maximum daily temperature was associated with the risk of death and outdoor mortality (Yoon et al. 2021). 
Hence, existing observational literature on heat-related mortality and morbidity in the world of work has focused primarily on specific occupations or on limited geographical areas, often within high-income countries. Comprehensive empirical studies measuring the risk of heat-related health effects across various occupations are rare, especially regarding mortality. In Colombia, such an analysis however is warranted by virtue of the framework set out in the National Adaptation Plan (NAP) on Climate Change, particularly its Objective 1, which seeks greater knowledge about potential risks and current impacts of climate change, including their economic valuation and effect on people and ecosystems (Colombia 2016).
This objective is also consistent with the principles of a just transition as articulated in the ILO Guidelines for a just transition towards environmentally sustainable economies and societies for all, which call for integrating business and labour considerations — including occupational safety and health, and resilience to the impacts of climate change — into adaptation and mitigation frameworks (ILO 2015). Improving the evidence base on workers' vulnerability to heat stress could inform climate-sensitive sectors and occupations, as well as worker-centred adaptation measures, supporting Colombia’s implementation of national schemes such as the NAP and the Nationally Determined Contribution (NDC)1.
The present paper will aim at providing empirical evidence of the relationship between workers’ mortality and air temperature in Colombia. This analysis could have several practical applications. In particular, it will highlight occupations that are most exposed to the dreadful health consequences of elevated air temperatures and can therefore assist labour administration, the occupational safety and health (OSH) system and social partners in identifying the most vulnerable workers. The analysis also takes into account cold temperatures levels and deaths related to cold over the period of observation. However, the study focuses on hot temperatures, as their prevalence is likely to increase substantially in the context of climate change and global warming.
The paper is divided according to the following outline. The first section will describe the data and methodology used to estimate the impact of elevated temperature on Colombian mortality per occupation. The second section will delve into the analysis of the estimates, while the third will offer some concluding remarks.
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         This is the official and legally binding commitment the country has made under the Paris Agreement to address climate change.


Background on the exposure of Colombian workers to extreme temperatures
Colombia's climate ranges from tropical conditions in the coastal and eastern lowland regions to cooler conditions in the highlands and the Andes. The country can be broadly divided into three climatic zones: the tropical lowlands, below 1,000 metres above sea level, are characterized by high temperatures throughout the year; the temperate zone, between 1,000 and 2,000 metres, has milder temperatures; and the cold highland zone, above 2,000 metres, with mean annual temperatures ranging between 13°C and 17°C. Precipitation patterns vary considerably across regions, with two rainy seasons in much of the Andean region and one in the Caribbean region (UNEP/GRID-Geneva, n.d.).
In addition to climate-related dimensions, other factors linked to the environment may impact the exposure of Colombian workers to extreme temperatures. These include for instance factors related to urbanisation and the presence of heat islands. Urban heat island refers to the relative warmth of a city in comparison with rural areas, which may result from several factors, such as reduced ventilation and heat trapping stemming from the close proximity of tall buildings, heat generated from human activities, heat-related properties of concrete or limited vegetation (Doblas-Reyes et al. 2023). In this regard, it has been highlighted that Colombia has undergone a fast and rapid urbanisation process, with the share of the population living in urban areas almost doubling between 1950 and 2018 (OECD 2022). In a context of global warming, this trend is likely to have exacerbated the increase in the temperatures experienced by the Colombian population.
Furthermore, work-related factors are also likely to influence and compound the effects that elevated temperatures may have on workers. In addition to the metabolic heat generated by the physical intensity of work, other elements related to the working conditions can shape the exposure to heat stress. These include excessive heat resulting for instance from limited air flow at the workplace, and thermal insulation linked to clothing and personal protective equipment (ILO 2024b). Such factors are partly determined by existing regulatory guidelines, which may include for instance regulations concerning the rest breaks in cases of extreme heat as adopted in certain countries (see section 2.4 below). But as Colombia has a high level of informality – estimated at 56 per cent by the ILO in 20242 –, a relatively large share of the working population might not be optimally covered by occupational safety and health systems and measures aiming at reducing the impact of heat stress on health.
The potential impact of heat stress on workers in Colombia has already been highlighted by the ILO in its evaluation of the effect of heat on productivity and working hours. According to ILO (2019), Colombia appeared to be among the three South American countries with the highest productivity losses due to heat stress in 1995 (0.55 per cent), together with Guyana (1.56 per cent) and Suriname (0.64 per cent). This calls for further investigation of the impact of elevated temperature on workers, including on outcomes such as workers’ mortality and morbidity, to complement previous results related to the effect on working hours.
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         ILOSTAT Indicator Catalog (accessed on 30/07/2025).


Data and methodology
The methodology is based on a comparison of monthly mortality data by occupations with monthly recorded maximum and minimum air temperatures at the local level. Since both air temperature and mortality are recorded at local levels across several years, geographical and time variations in the data allow the effects to be identified. For this purpose, the Colombian vital statistics are compared with the temperature data from the Colombian Institute of Hydrology, Meteorology and Environmental Studies (IDEAM).
Vital statistics
Colombian vital statistics microdata was retrieved from the National Administrative Department of Statistics (DANE) in order to get the information on each registered death for years 2017–20213. These data include the date of each death that occurred during the considered years, and a set of variables describing characteristics of the deceased person. These latter include information such as the age category of the deceased person (e.g., variable GRU_ED1), their gender (variable SEXO) and occupation (variable OCUPACION), as well as codes defining the geographical area (“departamento”) and municipality (“municipio”) where the death occurred (variables COD_DPTO and COD_MUNIC). 
The variable OCUPACION provides a short plain language description of the occupation of each deceased individual but not directly the code of the occupation according to the International Standard Classification of Occupations (ISCO). Furthermore, the text of the provided descriptions sometimes slightly differs for individuals with the same occupation. In this context, in order to build a consistent codification for the occupation of each individual in the database, a correspondence table between the OCUPACION variable and the 2-digit ISCO-08 code was built manually, partly with the assistance of “fuzzy matching” techniques and large language models to find common elements of language between the two classifications of occupations.4 This step was key to be able to provide statistics on the impact of heat stress on broad occupational categories, which is the subject of Section 3 of the paper.5
Finally, using these various pieces of information, it was possible to calculate the number of deaths in each Colombian municipality, for each occupation at the 2-digit ISCO-08 level and each month of the period 2017– 2021.6 In order to focus on the population that is most likely to participate in the labour force, deaths of persons under 15 years old and over 60 years old are not taken into account, as well as those of persons whose occupation is missing or reported as “household” or “retired” in the database.7 These calculations were also made separately for men and women, to be able to see if the effect of high temperatures on mortality differed according to gender.
Temperature data
For the purpose of the analysis, the detailed daily dry-air temperature data were provided by the IDEAM and measured across 648 meteorological stations distributed in the country. For each municipality covered by this network, the data were aggregated to obtain for each month of the 2017–2021 period the minimum and the maximum of the daily temperatures.8 For data availability reasons, dry air temperatures were used instead of alternative indices that may reflect more comprehensively the environmental conditions, such as Wet Bulb Globe Temperatures (WBGT)9 The use of WBGT would have reduced substantially the geographical coverage of the temperature data, since not all meteorological stations can provide the necessary information to estimate it even though adding humidity would have allowed more fine-tuning of estimates because the Colombian climate is diverse and includes tropical and humid areas.
In each municipality with a meteorological station, the minimum and maximum monthly temperature indicators constructed over the period 2017–2021 were then matched with the corresponding number of worker deaths recorded in the municipality for the same months. Thus, the final database used in the analysis only covers Colombian municipalities that have one or more IDEAM meteorological stations that provide with dry air temperature data. This final database covers 297 municipalities and a total number of 59,539 deaths over the considered period.
Despite these limitations , restricting the analysis to municipalities with an IDEAM meteorological station should have a minimal impact on the representativeness of the study in terms of the Colombian population. Overall, the IDEAM meteorological stations tend to be based in areas where most of the population lives, as illustrated by Figures 1 and 2. The 297 municipalities included in the final database cover 59 per cent of the Colombian population, based on the national Census of 2018. Assuming that the spatial distribution of workers is close to that of the general population, the network of meteorological stations is likely to cover the former relatively well.
Figure 1: Distribution of the Colombian population by department


Source: Censo Nacional De Poblacion y Vivienda  2018
Figure 2: Distribution of the IDEAM meteorological stations

Source: IDEAM Hydrometeorological Data (IDEAM, n.d.).
Gran Encuesta Integrada de Hogares (GEIH)
To compare the number of deaths due to low and elevated temperatures in each occupation with the total number of working individuals in the same occupation, the GEIH survey for 2022 is used. This household survey is designed to provide information on the employment conditions, including at the national, regional and departmental level. Year 2022 was used instead of the average for years 2017–2021 because the survey did not provide information at the occupational level according to the ISCO-08 classification until 2021, which is the classification that is used here to calculate the number of deaths in each occupation. Instead, previously, the GEIH used a specific national classification, (CNO-70) whose correspondence with the 2-digit ISCO-08 classification was not straightforward. The distribution of workers across occupations has therefore been calculated using only the GEIH for 2022. A caveat of this method, however, is that it assumes that the distribution of the Colombian workers across occupations is the same in 2022 as in the period 2017–2021.10 For reference, Table A1 in the Appendix shows the number of workers aged less than 60 years old in each occupation at the ISCO-08 2-digit level, according to the 2022 GEIH.
Econometric model
To estimate the number of deaths in each occupation that result from extreme temperature, the following econometric model is used.
Yk,i,t = αk,0 + αk,1TMINbelow7i,t + αk,2TMIN720i,t + αk,3TMAX2632i,t + 
αk,4TMAXabove32i,t + ck,i + dk,i + mk,t + ϵk,i,t  (1)
Where Yi,t,k stands for the number of deaths in occupation k in municipality i at month t. The dummy variables TMINbelow7i,t and TMIN720i,t respectively indicate if the minimum temperature in the in municipality i and month t was below 7°C or between 7°C and 20°C degrees Celsius, while TMAX2632i,t and TMAXabove32i,t  indicate if the maximum temperature was between 26°C and 32°C degrees, or reached a level above 32°C. To control for the location, fixed effects for each department are introduced (dk,i), as well as dummy variables (ck,i) indicating if the size of the municipality based on the National Population and Housing Census of 2018 (below 10,000, equal to or above 10,000 but below 25,000, equal to or above 25,000 but below 50,000, equal to or above 50,000). Finally, monthly fixed effects are also introduced (mk,t).11
Minimum temperatures above 20°C, and maximum temperatures below 26°C degrees are used as the reference categories for the estimation of the impact of extreme temperatures. These thresholds are in line with many existing recommendations on the optimal ambient temperature for work. For instance, in Spain, the operative temperature range is 21°C to 23°C in winter,12 and 23°C to 25°C in summer.13 Other recommendations similarly find an ideal range of temperature between 20°C and 26°C (CCOHS, n.d.; Comcare, n.d.).
Complementary to the 20°C and 26°C thresholds, minimum temperatures below 7°C and maximum temperatures above 32°C are also included as variables in the regression model to identify deaths possibly associated with more extreme temperatures. Specifically, a threshold of 32°C has been used by various institutions to define heat waves and criteria triggering weather warnings or heat-related measures.14 In terms of medical conditions, it has been highlighted that temperatures above 32°C may increase the likelihood of heat stroke, heat cramps and heat exhaustion, especially in case of prolonged exposure or physical activity (National Weather Service, n.d.). Figure A3 in the Appendix shows the distribution of minimum and maximum temperatures across the municipalities included in the sample for the above-defined temperature thresholds.
The validity of considering temperatures of 26°C and above as having a possible impact on workers in the Colombian context was tested by estimating the number of monthly worker deaths associated with each monthly maximum temperature (Figure A2 in the Appendix). While the maximum number of monthly deaths is associated with a maximum temperature of around 22°C, a decreasing number of deaths appears to be observed for temperatures above this threshold until around 26°C, above which the number of monthly deaths begins to increase again. Although this simple estimation does not take into account factors such as seasonality or workers' regions, it suggests that monthly maximum temperatures above 26°C have an impact on the number of worker deaths. 
The coefficients of the model described by equation (1) are estimated using ordinary least squares (OLS). The coefficients αk,3 and αk,4 give the average number of monthly additional deaths per municipality in occupation k associated with a maximum temperature above 32°C and between 26°C and 32°C, respectively, when compared to a situation where the maximum temperature is below 26°C.  Similarly, αk,1   and αk,2 give the average number of additional deaths per municipality in occupation k associated with a minimum temperature below 7°C and comprise between 7°C and 20°C, respectively, when compared to a situation where the minimum temperature is above 20°C. As this study focuses on the impact of elevated temperatures, the main body of the text reports the results for temperatures above 26°C. However, Table A3 in the annex reports the estimates for temperatures below 20°C.
Since the coefficients obtained from equation (1) correspond to estimates per municipality, they are compared to the average number of workers in occupation k per Colombian municipality. For this purpose, we divide the national estimates of workers in each occupation presented in table A1 (Annex) by 1,119 so as to estimate the number of deaths per 1,000 workers related to the considered temperature (ratio of coefficient αk,  .  to the average number of workers in occupation k per municipality).15 A caveat is that this ratio may overestimate the number of workers impacted by elevated temperatures in each occupation, since the estimates of the number of deaths tend to cover only the most populated municipalities in the country (Fig. 1 and 2). Additionally, this methodology also assumes that the occupational distribution of workers is the same in the region covered by the meteorological stations as it is across the whole country. Table A1 compares the distributions of deaths across occupational categories for the whole country and the sample used in this study to provide some information on this aspect. Overall, these distributions appear relatively similar except for the proportion of deaths among agricultural workers (20 per cent and 15 per cent respectively). This suggests that the sample is less representative of agricultural workers, probably due to the smaller number of meteorological stations covering remote and rural areas. In this context, the estimated rates presented below should generally reflect the relative level of deaths observed across occupations, with a notable exception for agricultural workers, for whom deaths may be underestimated.

3 
         These are continuous statistics that collect data on births, fetal and non-fetal deaths, providing information that reveals changes in mortality and fertility rates and patterns, and offering a dynamic view of the population.
4 
         “Fuzzy matching” techniques (or “approximate string matching”) allow researchers to find approximate matches to a specific string of characters.
5 
         The correspondence table between the OCUPACION variable and the ISCO-08 classification is available upon request.
6 
         The municipalities ("municipios") refer to an administrative subdivision of Colombia. Grouping of municipalities form departments (32 departments in total in Colombia).
7 
         Referred to as « HOGAR » and « PENSIONADO » in the original database.
8 
         The IDEAM data included the dry air temperature measured in each meteorological station at 7.00, 13.00 and 18.00. 
9 
         WBGT reflects the interplay of temperature (in °C), air movement (wind speed), humidity and radiated heat.
10 
         Nevertheless, the distribution of workers across broad occupational categories appears to be relatively stable from one year to the next, as Figure A1 in the Appendix, which focuses on the period from 2017 to 2021, suggests.
11 
         There are in total 60 (=5*12) monthly fixed effects, which are defined by the intersection of a year (e.g., 2017) and a month of the year (e.g., January).
12 
         The operative temperature is the temperature a person actually feels in a room and is used to define thermal comfort. It combines the air temperature and the temperature of the surfaces (radiant temperature) surrounding the occupant.
13 
         Royal Decree 178/2021 of March 23 (Agencia Estatal Boletín Oficial del Estado, n.d.).
14 
         For instance, the threshold temperature of 32°C enters in the definitions of the heat-health warning systems of many European countries (Casanueva et al. 2019). In other regions as well, countries may use 32 °C to define extreme heat events, such as in Canada and Singapore (Health Canada 2011; Ministry of Manpower of Singapore 2023). “Heat wave” has been defined by Environment Canada as “three or more consecutive days in which the maximum temperature is greater than or equal to 32°C/90°F”. In Singapore, a minimum rest break of 10 minutes hourly under shade has to be provided to workers carrying out heavy physical activities when the WBGT is between 32 and 33 °C and 15 minutes when the temperature is 33°C or more.
15 
         1,119 corresponds to the number of Municipalities in the country (DANE, n.d.).


Results
Agricultural workers, assemblers, and health and teaching professionals are among the occupations most affected by the deadly consequences of elevated temperatures
Overall, temperatures above 26°C are associated with statistically significant additional occupational mortality. Compared to a situation where the maximum monthly temperature is below 26°C, maximum monthly temperatures between 26°C and 32°C result in 0.04 deaths per 1,000 workers, while maximum monthly temperatures above 32°C result in 0.09 deaths per 1,000 workers. On the other hand, as shown in table A3 in Annex I, colder temperatures also appear to be significantly associated with additional occupational mortality. Relative to situations where monthly minimum temperatures are above 20°C, minimum monthly temperatures between 7 and 20°C and below 7°C result in, respectively, 0.14 deaths per 1,000 workers, and 0.52 deaths per 1,000 workers.
Across the major occupational groups, most of the deaths linked to elevated temperatures can be found among the agricultural workers, technicians and associate professionals, and craft and related trades workers. In particular, maximum monthly temperatures above 32°C are associated with 0.22 deaths per 1,000 agricultural workers, a figure likely underestimated due underrepresentation in the sample of areas where most of the agricultural worker deaths occur. For the same range of temperatures, the number of deaths among technicians and associated professionals is 0.17 per 1,000 workers. Craft and related trade workers also experience a relatively high death rate for maximum temperatures above 32°C (0.1 deaths per 1,000 workers), and to a lesser extent for maximum temperatures between 26°C and 32°C.16
Within the major occupational groups, some occupations are particularly impacted. Specifically, the relatively high mortality among the major occupational group “technicians and professional associates” is partly due to the heat-related mortality estimated for health associate professionals, for whom maximum temperatures above 32°C result in 0.4 deaths per 1,000 workers in the same month. On the other hand, teaching professionals also appear to have relatively high death rates linked to elevated temperature, with 0.21 and 0.06 deaths per 1,000 workers associated with maximum temperature levels above 32°C and between 26°C and 32°C, respectively, likely owing in part to the relatively older age of this occupational group (median age of 41 years old, compared to 37 across all occupations). Business administration and associate professionals and legal, social and cultural professionals are also relatively impacted by maximum temperatures above 26°C, although the relatively large estimated death rates might be explained in part by a slight overrepresentation of these job categories in the sample of vital statistics studied.17
However, at the sub-level of occupational groups, the highest mortality can be observed for “assemblers”, who have mortality rates associated with monthly maximum temperatures between 26° and 32°C, and above 32°C of 0.62 and 1.33 per 1,000 workers, respectively.18 Notably, occupations such as metal, machinery and related trade workers, labourers in mining, construction, manufacturing and transport, and stationary plant and machine operators also experience relatively high death rates, at both maximum temperatures between 26°C and 32°C and above 32°C.
These findings are consistent with the existing literature on the impact of elevated temperatures on health in different occupational groups. In particular, farmers, construction workers, and manufacturing workers were identified as being among the populations most at risk (Xiang et al. 2014). Specifically, the risks of mortality linked to heat stress have long been highlighted for agricultural workers (ILO 2019; Gubernot et al. 2015). The relatively high exposure to the deadly consequences of elevated temperatures estimated here for the occupational category “Assemblers” is also consistent with findings from previous analyses focusing on the exposure to heat stress in the manufacturing industry in developing countries (Ayyappan et al. 2009; Krishnamurthy et al. 2017). In manufacturing industries, such as metal industries, where workers are already exposed to high ambient temperatures due to the nature of the work, studies have highlighted the possible compounding impact of temperature rises due to climate change (Krishnamurthy et al. 2017). Regarding workers in service sectors, particularly teachers, previous studies have highlighted the health-related effects of extreme heat on students and school employees in non-air-conditioned environments (Méndez-Lázaro et al. 2025). Furthermore, healthcare workers, especially those using personal protective equipment, have also previously been identified as being at risk of occupational heat stress. This was particularly evident in studies conducted during the period of the COVID-19 pandemic (Jegodka et al. 2021).
Table 1: Number of deaths per 1,000 workers associated with temperature between 26°C and 32°C and above 32°C


Sources: Colombian Vital statistics (DANE), 2017–2021; IDEAM national daily temperature, 2017–2021; GEIH 2022; National Population and Housing Census (CNPV) 2018.
Note: For occupation k, columns (1) and (2) correspond, respectively, to coefficients αk,3 and αk,4 each divided by the average number of persons per municipality working in the occupation (computed with the GEIH for 2022). Statistically significant values are denoted by ***, **, * at the 1 per cent, 5 per cent and 10 per cent significance levels respectively. The intensity of the red shading reflects the magnitude of a statistically significant estimate, with darker shades corresponding to larger values.
The estimates cover workers aged below 60.
Finally, as expected, mortality in all subcategories of elementary occupations appears to be significantly affected by elevated temperatures. This can be observed even with maximum temperatures between 26°C and 32°C. However, the estimated death rates may appear relatively low in comparison to the averages across all jobs, which could be partly explained by the young age of workers in subcategories that are particularly exposed to heat stress. These subcategories include occupations involving high-intensity of work, as well as those that are mostly performed outdoors. Specifically, agricultural, forestry and fishery labourers, labourers in mining, construction, manufacturing and transport, and refuse workers and other elementary workers have a median age of respectively 36, 33 and 34, whereas the median age of the whole population of workers is 37. Among elementary occupations, the category “labourers in mining, construction, manufacturing and transport” appears to be more particularly affected by mortality due to elevated temperatures, in line with previous literature highlighting that construction workers are usually one of the occupational categories most exposed to heat stress (ILO 2019).
Overall, men are at greater risk than women when it comes to the fatal consequences of high temperatures
In most occupational categories women appear to be less impacted by the deadly consequences of extreme heat than men (Table 2). Specifically, on average across all occupations, around 0.12 men per 1,000 workers dies because of temperatures above 32°C, which is more than twice the rate observed for female workers. These findings are in line with recent studies on the general population, which have highlighted that, below 65, deaths attributable to heat tend to be found more among men than among women (Ballester et al. 2023; Folkerts et al. 2022). In addition, the results are also consistent with the overall observed mortality and life expectancy by sex, even though heat stress is not the only factor driving the gender gaps in these dimensions. Specifically, the life expectancy of women in the country in 2021 was 80 years, that is 6.4 years more than men (Consejeria Presidencial Para la Equidad de la Mujer 2022). While the working population covered by this study appear to be around the same age across gender (median age of 37 in both sexes according to the GEIH 2022), the higher life expectancy of women echoes the results presented in this sub-section.
A disaggregation of the estimates by sex nonetheless shows that women may be more impacted by elevated temperatures than men in some occupational categories. In particular, female health associate professionals appear to be highly exposed to the lethal consequences of high temperatures. Mortality is 0.48 per 1,000 female workers when temperatures reach levels above 32°C. Therefore, the estimate for female workers drives the high overall mortality shown in Table 1 for the health associate professional jobs, the majority of which are held by women (66 per cent of the jobs, according to the GEIH 2022 figures shown in Table A1).
Table 2: Number of deaths per 1,000 male and female workers associated with temperature between 26°C and 32°C and above 32°C


Sources: Colombian Vital statistics (DANE), 2017–2021; IDEAM national daily temperature, 2017–2021; GEIH 2022; CNPV 2018.
Note: For occupation k, columns (1) and (2) (resp. (4) and (5)) corresponds, respectively, to coefficients αk,3 and αk,4 each divided by the average number of men (resp. women) per municipality working in the occupation (computed with the GEIH for 2022). Statistically significant values are denoted by ***, **, * at the 1 per cent, 5 per cent and 10 per cent significance levels respectively. The intensity of the red shading reflects the magnitude of a statistically significant estimate, with darker shades corresponding to larger values.
The estimates cover workers aged below 60.

16 
         To check the robustness of these effects, a Poisson regression model was estimated using the same variables as those mentioned in equation (1). The results, presented in Table A4 in Annex II, are indicative of the same trends as those presented here.
17 
         As shown by table A1 in the Appendix, each of these two occupations account for a share of deaths that is 1 percentage point higher in the studied sample than what is observed for the whole country.
18 
         The category “Assemblers” includes tasks such as assembling components into various types of products and equipment, according to strictly laid down procedures (ILOSTAT, n.d.).


Possible policies to tackle the effects of elevated temperatures on Colombian workers
In setting a framework for possible policy options and practical measures, guidance should be sought in the relevant international labour standards. It is useful to recall in this context that “a safe and healthy working environment” is a fundamental principle and right at work.19 ILO fundamental Convention on Occupational Safety and Health (C. 155) requires employers to ensure that workplaces, machinery, equipment and processes under their control are safe and without risk to health, including risks associated with exposure to elevated temperatures.20
More tailored guidance on climatic conditions is contained in ILO technical instruments dealing with work in agriculture (mainly fishing), construction, commerce and offices as well as maritime sector– all of which address, to varying degrees, the exposure of workers in these sectors to weather conditions. For example, Article 32 of Safety and Health in Construction Convention, 1988 (No. 167) stipulates the provision of “an adequate supply of wholesome drinking water” at or within reasonable access of every construction site and equally facilities for “taking meals and taking shelter during interruption of work due to adverse weather conditions”.21
ILO Hygiene (Commerce and Offices) Recommendation, 1964 (No. 120) dedicates a chapter on regulation of temperature and its impact in the workplace. A closer examination of the content of this recommendation is warranted as it provides for a far greater level of detail on regulation of workplace temperature conditions than other ILO instruments. In addition, Recommendation No. 120 (hereinafter R120) covers all climate conditions harmful to the health of workers. To start with, it sets a general framework of ambient factors at work by providing that in all places “in which work is carried on, or through which workers may have to pass, or which contain sanitary or other facilities provided for the common use of workers, the best possible conditions of temperature, humidity and movement of air should be maintained, having regard to the nature of work and the climate” (emphasis added).22 
R120 then addresses the issue of exposure to extreme temperatures, stating that: “[n]o worker should be required to work regularly in an extreme temperature”. It then suggests that competent authorities should determine either maximum or minimum standards of temperature, or both, “having regard to the climate and to the nature of the establishment, institution or administrative service and of the work”.23  In addition to the exposure to extreme temperatures, workers equally should not be required to work “regularly” and “in conditions involving sudden variations in temperature” which are considered harmful to health by competent authorities.24                                
ILO Protection of Workers' Health Recommendation, 1953 (No. 97) which predates R120 also addresses maintenance of suitable atmospheric conditions in the workplace as part of the health and safety measures. Specifically, referring to the appropriate measures to protect health and safety, it stipulates that suitable atmospheric conditions are maintained so as to avoid insufficient air supply and movement, vitiated air, harmful draughts, sudden variations in temperature, and as far as practicable, excessive humidity, excessive heat or cold among others.
Referring specifically to the setting of outdoor sales, paragraph 23 of the R120 reiterates that no worker should be required to work either in low or high temperatures likely to be harmful and without suitable means of protection. When work is carried out in these circumstances, i.e. in a very low or a very high temperature, workers should be given a shortened working day or breaks included in the working hours, or other relevant measures taken.25 R120 lists as guidance a series of practical measures that can be taken including fixed or movable screens, deflectors or other suitable devices should be provided and used to protect workers against any large-scale intake of cold or heat, including the heat of the sun.26  
Perhaps the most detailed articulation of principles on weather conditions is found in the ILO Code of Practice on Ambient factors in the workplace. This Code incorporates provisions which should be considered as the basis for eliminating or controlling exposure to high and low temperatures and humidity and places an emphasis on the role and obligations of competent authorities, the responsibilities of employers and the duties and rights of workers and others.27 For example, in terms of prevention and control in hot environments, the Code states
8.3.9. Where other methods of controlling thermal risk, including a work-rest regime, are not practicable, employers should provide protective clothing. In the selection of such clothing, consideration may be given to the following:
a) reflective clothing where heat gain is mostly by radiation; 
b) insulated clothing with reflective surfaces during simultaneous exposure to high radiant heat and hot air (allowing freedom of movement to perform tasks);
c) air-, water- or ice-cooled clothing in other instances and as a possible complement to (a) and (b) above.
8.3.10. Where failure of the protective clothing could expose the worker to extremes of temperature, the clothing should be carefully selected and its use monitored by a technically competent person, taking account of the environmental conditions. A system should be installed to ensure that any failure of the cooling system is immediately detected and the worker removed from the environment.
8.3.11. For hydration maintenance, employers should make water at low salt concentration or dilute flavoured drinks readily available to workers, and should encourage them to drink at least hourly, by providing a close source or arranging for drinks to be brought to the workers. Drinks at 15 to 20 °C are preferable to iced drinks. Alcohol, caffeine, carbonated drinks or drinks with a high salt or sugar content are unsuitable, as are drinking fountains because they are too difficult to drink from in sufficient volume.
8.3.12. Where a residual risk of heat stress remains even after all the control measures have been taken, workers should be adequately supervised so that they can be withdrawn from the hot conditions if symptoms occur. Employers should ensure that first-aid facilities and staff trained in the use of such facilities are available.
In Colombia, Resolution 2400 of 1979 of the Colombian Ministry of Labour regulates housing, hygiene and safety in workplaces. Article 63 of the Resolution states that “[t]he temperature and humidity level in enclosed work areas shall be maintained, whenever the nature of the industry permits, within limits that are neither unpleasant nor harmful to health”. Article 64 of the same resolution states:
Workers must be protected by natural or artificial means from drafts, sudden temperature changes, and excessive humidity or dryness. When abnormal situations of very low or very high temperatures occur, or when the operations and/or processes themselves are carried out at these temperatures, workers will be granted periodic breaks or shift changes.28
Article 66 of the Resolution, provides that in areas with high temperatures, showers with hot and cold water shall be provided, along with facilities for workers to change their clothes at the end of the workday. Furthermore, potable water shall also be supplied near these areas.29
In other jurisdictions, a review of legislations adopted across the world has for instance highlighted various provisions, including those aimed at facilitating the hydration of workers (e.g., through adequate sanitation facilities), introducing rest periods or modified work schedules to limit exposure to excessive heat, and providing workers with cool and ventilated rest areas and personal protective equipment against heat stress (ILO 2024b). Some countries also introduced trainings on heat stress and heat-related illnesses, as well as heat acclimatization measures for workers without a recent exposure to heat stress.30 Health monitoring and medical check-ups for workers in heat intensive jobs is also part of the preventive measures that can reduce the risks associated with heat stress.
Importantly, applying efficiently occupational safety and health (OSH) measures at the workplace level involves setting an appropriate framework. In particular, a workplace-level risk assessment is one of the key tools to protect workers. They usually consist of five steps: (i) identification of the hazards, who might be harmed, and how, (ii) evaluation of the risk, (iii) record of who is responsible for implementing control measures and the timeframe, (iv) the record of the findings and (v) the monitoring, review and update of the risk assessment (ILO 2014).31 All individuals exposed to excessive heat should be effectively protected through the implementation of measures to prevent or minimize risks related to elevated temperatures, with possible specific measures for workers in high-risk exposure situation (ILO 2024b). 
Furthermore, social dialogue should be used to develop strategies to protect workers from the health effects of heat stress. International labour standards emphasise the importance of the participation of workers on matters related to safety and health at work. In particular, Recommendation 164, which accompanies C.155, calls for workers’ OSH representatives to contribute regarding safety and health matters (ILO 2022b). In addition to contributing to the design of appropriate solutions, the involvement of workers in OSH matters is likely to facilitate a greater commitment to the decisions taken. These elements are also central to the ILO Just Transition Guidelines, which calls for social dialogue as an integral part of the institutional framework for policymaking and implementation at all levels.
To address the health consequences of heat stress, ILO instruments also provide guidance on the design of social security systems, which are particularly relevant. Such schemes can help affected workers recover, prevent further deterioration of their health, and cushion the effects of their health condition on their well-being. In this regard, the ILO Social Security (Minimum Standards) Convention, 1952 (No. 102) establishes minimum standards for the various branches of social security, including medical care, sickness benefits and employment injury benefits. In Colombia, although 99 per cent of the population were covered by the general health insurance scheme (Sistema General de Seguridad Social en Salud) in 2024 (Ministerio de Salud y proteccion social, n.d.-a),  a relatively large share of workers remains outside the employment injury benefits despite substantial progress over the past decade. In December 2024, 53 per cent of the working population was covered by the General System of Occupational Risks (Sistema general de riesgos laborales), up from 35 per cent in December 2010 (Ministerio de Salud y proteccion social, n.d.-b). In terms of scope, the Colombian employment injury benefit scheme is designed “not only to provide care but also to prevent, protect, and assist workers from the effects of illnesses and accidents that may occur during or as a result of their work” (Ministerio de Salud y proteccion social, n.d.-c, authors' translation).32
Finally, while it is necessary to establish measures to monitor and adapt the working conditions of workers exposed to high temperatures and to provide them and their families with an adequate safety net, it is also important to mitigate the deterioration in thermal conditions that is likely to occur in the absence of appropriate measures to combat climate change. Mitigation has been defined as any “human intervention to reduce the sources or enhance the sinks of greenhouse gases” (IPCC 2014). It includes measures such as  increased use of renewable energy, the application of new technologies such as electric cars, changes in practices or behaviours, and expanding forests and other sinks to remove greater amounts of CO2 from the atmosphere (UNFCC, n.d.). For Colombia, the revised NDC to reduce greenhouse gas emissions adopted by the country in 2020 aims to emit no more than 169.4 MtCO2eq by 2030, which represents a 51 per cent reduction in emissions compared to a 2030 reference scenario (UNDP, n.d.). Globally, the recent scenarios considered by the Intergovernmental Panel on Climate Change (IPCC) indicate that “continued greenhouse gas emissions will lead to increasing global warming, with the best estimate of reaching 1.5°C in the near term” (IPCC 2023). Without adequate adaptation and mitigation measures, workers' exposure to the health impacts of higher temperatures is therefore expected to increase, at least at the global level.
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         Resolution on the inclusion of a safe and healthy working environment in the ILO’s framework of fundamental principles and rights at work, ILC.110/Resolution I, 16 June 2022. 
20 
         ILO Declaration on Fundamental Principles and Rights at Work (1998) (as amended in 2022) identifies Convention no. 155 as fundamental. The Declaration declares that all Members, even if they have not ratified the Conventions in question, have an obligation, arising from the very fact of membership in the Organization, to respect, to promote and to realize, in good faith and in accordance with the Constitution, the principles concerning the fundamental rights which are the subject of those Conventions.
21 
         See Article 32(2)(c) of Safety and Health in Construction Convention, 1988 (No. 167).
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         Paragraph 19, ILO Hygiene (Commerce and Offices) Recommendation, 1964 (No. 120).
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         Paragraph 22(2), ILO Hygiene (Commerce and Offices) Recommendation, 1964 (No. 120).
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         See Ch 8 of ILO Code of Practice on Ambient factors in the workplace, 2001.
28 
         The article further stipulates: “…To evaluate the thermal environment, the WBGT index, calculated using wet-bulb temperature, globe temperature, and dry-bulb temperature, will be considered. The average occupational exposure will also be taken into account when calculating the WBGT index. The heat stress index will also be calculated, considering metabolism, convection changes, and radiation, expressed in kilocalories per hour. The dry-bulb temperature, wet-bulb temperature, and air velocity will be considered when calculating the effective temperature index.
29 
         On the requirement of potable drinking water, see also Resolution Number 312 of 2019, 13 February, 2019, Establishing the Minimum Standards for the Occupational Safety and Health Management System (SG-SST).
30 
         The Colombian Council for Security (Consejo Colombiano de Seguridad) provides on its website information on heat stress, including on possible measures against it. The webpage is available at the following link: https://ccs.org.co/estres-termico/.
31 
         Decree 1072 of 2015 in Colombia is the Unified Regulatory Decree of the Labor Sector in Colombia contains detailed provisions on obligations of the employer as regards, among others, hazard identification, risk assessment, and risk evaluation.
32 
         Furthermore, workers’ heat-related health outcomes also depend on the quality of care in the health sector. In this regard a report published just before the COVID-19 pandemic highlighted the challenges that still face the health-care system in Colombia, while nonetheless noting the drastic improvements in health care coverage made since 1993 (World Bank and International Finance Corporation 2019), In particular the quality of health care appears to remain uneven, with notable imbalances between rural and urban areas.


Conclusion
Using Colombian vital statistics microdata for 2017–2021 combined with IDEAM time series on temperatures from meteorological stations, as well as the distribution of the labour force by occupation from the GEIH 2022, estimates of the mortality rates associated with air temperatures above 26°C were provided for each occupation at the ISCO-08 2-digit level.
Findings show that agricultural workers, manufacturing workers such as assemblers, and health and teaching professionals appear to be among the occupations most at risk of mortality due to high air temperature in the Colombian context. High mortality rates in these occupations may be explained by various reasons, such as heavy workloads carried out outdoors or compounding heat generated by production processes in certain industries. Even though occupational fatality rates tend to be overall lower for women than for men, women appear to be particularly at risk in occupations such as health associate professionals, where they account for a large majority of the workers. As temperatures are likely to increase in the context of global climate warming, these findings call for the strengthening of preventive measures, especially in these occupations where mortality due to elevated air temperature is already high.
To tackle the effects of elevated temperatures on Colombian workers, various measures can be implemented. These include ensuring hydration through adequate sanitation facilities, introducing rest periods or modified work schedules, and providing cool, ventilated rest areas and personal protective equipment. Training on heat stress and acclimatization measures, along with health monitoring and medical check-ups, are also crucial. On the whole, comprehensive risk assessment and the involvement of workers are key for the design and adoption of effective occupational safety and health measures. Furthermore, adequate health care and social protection schemes are necessary for workers affected by heat.
More research is, however, needed to draw a clearer picture of the vulnerability to heat of workers in each occupation. In particular, beyond mortality, complementary analysis could focus on the morbidity linked to elevated air temperatures in Colombia. This may require the use of datasets including information on both workers’ occupation and morbidity. Individual data collected within the social insurance system to protect against occupational risks usually includes such information but is limited to formal workers. The design of specific surveys with comprehensive coverage of workers could help overcome this limitation. Also, a better understanding of the specific measures and framework that could allow a reduction of the mortality and morbidity risks linked to exposure to elevated air temperature in each occupation would also constitute useful findings for policymakers.


Annex I: Complementary statistics
Figure A1: Distribution of employed individuals across broad occupational categories by year (percentage)

Source: ILOSTAT estimates based on the GEIH, 2017–2021.
Table A1: Distributions of deaths across occupations for the whole country and in the sample studied (percentage)
	Occupation
	Whole country
	Municipalities covered by meteorological stations

	01 - Commissioned armed forces officers
	0%
	0%

	02 - Non-commissioned armed forces officers
	0%
	0%

	03 - Armed forces occupations, other ranks
	1%
	1%

	0 - All army
	1%
	1%

	11 - Chief Executives, senior officials and legislators
	2%
	2%

	12 - Administrative and commercial managers
	3%
	2%

	13 - Production and specialized services managers
	1%
	1%

	14 - Hospitality, retail and other services managers
	1%
	1%

	1 - All Managers
	7%
	7%

	21 - Science and engineering professionals
	3%
	3%

	22 - Health professionals
	2%
	2%

	23 - Teaching professionals
	4%
	4%

	24 - Business and administration professionals
	2%
	2%

	25 - Information and communications technology professionals
	1%
	1%

	26 - Legal, social and cultural professionals
	4%
	4%

	2 - All Professionals
	14%
	16%

	31 - Science and engineering associate professionals
	2%
	2%

	32 - Health associate professionals
	2%
	2%

	33 - Business and administration associate professionals
	7%
	8%

	34 - Legal, social, cultural and related associate professionals
	0%
	1%

	35 - Information and communications technicians
	0%
	0%

	3 - All Technicians and associate professionals
	11%
	12%

	41 - General and keyboard clerks
	1%
	1%

	42 - Customer services clerks
	1%
	1%

	43 - Numerical and material recording clerks
	0%
	0%

	44 - Other clerical support workers
	0%
	0%

	4 - All Clerical support workers
	2%
	2%

	51 - Personal service workers
	5%
	5%

	52 - Sales workers
	8%
	8%

	53 - Personal care workers
	1%
	1%

	54 - Protective services workers
	4%
	4%

	5 - All Services and sales workers
	17%
	18%

	61 & 63(1-3) - Agricultural workers
	19%
	15%

	62 & 634 - Forestry, fishery and hunting workers
	0%
	0%

	6 - All Skilled agricultural , forestry and fishery workers
	20%
	15%

	71 - Building and related trades workers
	4%
	4%

	72 - Metal, machinery and related trades workers
	2%
	2%

	73 - Handicraft and printing workers
	1%
	1%

	74 - Electrical and electronic trades workers
	1%
	1%

	75 - Food processing, woodworking, garment and other craft and related trades workers
	3%
	3%

	7 - Craft and related trades workers
	10%
	10%

	81 - Stationary plant and machine operators
	2%
	2%

	82 - Assemblers
	1%
	1%

	83 - Drivers and mobile plant operators
	7%
	8%

	8 - Plant and machine operators, and assemblers
	10%
	10%

	91 - Cleaners and helpers
	1%
	1%

	92 - Agricultural, forestry and fishery labourers
	1%
	1%

	93 - Labourers in mining, construction, manufacturing and transport
	4%
	4%

	95 - Street and related sales and service workers
	1%
	1%

	96 - Refuse workers and other elementary workers
	1%
	1%

	9 -  Elementary occupations
	8%
	9%

	All jobs
	100%
	100%



Sources: Colombian Vital statistics (DANE), 2017–2021; IDEAM national daily temperature, 2017–2021;
Note: The estimates cover the deaths of workers aged below 60.
Figure A2: Kernel density of monthly deaths by monthly maximum temperature (average for 2017–2021)

Sources: Colombian Vital statistics (DANE), 2017–2021; IDEAM national daily temperature, 2017–2021;
Note: The estimates cover the deaths of workers that occurred below the age of 60.
Figure A3: Number of months per year with maximum temperature between 26°C and 32°C and above 32°C, and with minimum temperatures below 7°C, and between 7°C and 20°C (average per municipality, 2017–2021)

Source: IDEAM national daily temperature, 2017–2021;
Table A2: Distribution of workers across occupations according to the ISCO-08 classification (percentage)
	Occupation
	Number of workers
	Share
	Number of female workers
	Share (among female workers)

	01 - Commissioned armed forces officers
	4153
	0.0%
	865
	0.0%

	02 - Non-commissioned armed forces officers
	4043
	0.0%
	152
	0.0%

	03 - Armed forces occupations, other ranks
	11063
	0.1%
	345
	0.0%

	0 - All army
	19259
	0.1%
	1362
	0.0%

	11 - Chief Executives, senior officials and legislators
	147537
	0.7%
	63278
	0.7%

	12 - Administrative and commercial managers
	263361
	1.3%
	141390
	1.7%

	13 - Production and specialized services managers
	312440
	1.6%
	109896
	1.3%

	14 - Hospitality, retail and other services managers
	545395
	2.8%
	255815
	3.0%

	1 - All Managers
	1268733
	6.4%
	570379
	6.7%

	21 - Science and engineering professionals
	407448
	2.1%
	139331
	1.6%

	22 - Health professionals
	282680
	1.4%
	183965
	2.2%

	23 - Teaching professionals
	594811
	3.0%
	372238
	4.4%

	24 - Business and administration professionals
	377197
	1.9%
	221758
	2.6%

	25 - Information and communications technology professionals
	185863
	0.9%
	41494
	0.5%

	26 - Legal, social and cultural professionals
	408077
	2.1%
	214647
	2.5%

	2 - All Professionals
	2256076
	11.4%
	1173433
	13.9%

	31 - Science and engineering associate professionals
	269101
	1.4%
	31211
	0.4%

	32 - Health associate professionals
	89335
	0.5%
	59192
	0.7%

	33 - Business and administration associate professionals
	780077
	3.9%
	488904
	5.8%

	34 - Legal, social, cultural and related associate professionals
	144059
	0.7%
	43644
	0.5%

	35 - Information and communications technicians
	72451
	0.4%
	11459
	0.1%

	3 - All Technicians and associate professionals
	1355023
	6.8%
	634410
	7.5%

	41 - General and keyboard clerks
	429670
	2.2%
	320699
	3.8%

	42 - Customer services clerks
	329004
	1.7%
	196141
	2.3%

	43 - Numerical and material recording clerks
	331311
	1.7%
	133003
	1.6%

	44 - Other clerical support workers
	108742
	0.5%
	62481
	0.7%

	4 - All Clerical support workers
	1198727
	6.1%
	712324
	8.4%

	51 - Personal service workers
	1318758
	6.7%
	968979
	11.5%

	52 - Sales workers
	2297538
	11.6%
	1365391
	16.1%

	53 - Personal care workers
	418762
	2.1%
	381354
	4.5%

	54 - Protective services workers
	504018
	2.5%
	73140
	0.9%

	5 - All Services and sales workers
	4539076
	22.9%
	2788864
	33.0%

	61 & 63(1-3) - Agricultural workers
	1002445
	5.1%
	189785
	2.2%

	62 & 634 - Forestry, fishery and hunting workers
	148983
	0.8%
	14237
	0.2%

	6 - All Skilled agricultural , forestry and fishery workers
	1151428
	5.8%
	204022
	2.4%

	71 - Building and related trades workers
	508064
	2.6%
	10037
	0.1%

	72 - Metal, machinery and related trades workers
	465115
	2.3%
	8849
	0.1%

	73 - Handicraft and printing workers
	244442
	1.2%
	154958
	1.8%

	74 - Electrical and electronic trades workers
	232723
	1.2%
	7448
	0.1%

	75 - Food processing, woodworking, garment and other craft and related trades workers
	599754
	3.0%
	252476
	3.0%

	7 - Craft and related trades workers
	2050098
	10.4%
	433768
	5.1%

	81 - Stationary plant and machine operators
	471737
	2.4%
	191336
	2.3%

	82 - Assemblers
	15294
	0.1%
	3293
	0.0%

	83 - Drivers and mobile plant operators
	1182902
	6.0%
	23276
	0.3%

	8 - Plant and machine operators, and assemblers
	1669933
	8.4%
	217905
	2.6%

	91 - Cleaners and helpers
	1249078
	6.3%
	1089484
	12.9%

	92 - Agricultural, forestry and fishery labourers
	1364251
	6.9%
	207077
	2.4%

	93 - Labourers in mining, construction, manufacturing and transport
	1108184
	5.6%
	91996
	1.1%

	95 - Street and related sales and service workers
	146878
	0.7%
	53769
	0.6%

	96 - Refuse workers and other elementary workers
	418435
	2.1%
	76629
	0.9%

	9 -  Elementary occupations
	4286826
	21.7%
	1518955
	18.0%

	All jobs
	19795179
	100.0%
	8459444
	100.0%


Source: GEIH, 2022.
Note: The estimates cover workers aged below 60.
Table A3: Number of deaths per 1,000 workers associated with temperature below 7°C, between 7°C and 20°C, between 26°C and 32°C and above 32°C
	Occupation
	Number of deaths for 1,000 workers  (Tmin<7)
	Number of deaths for 1,000 workers (7<=Tmin<20)
	Number of deaths for 1,000 workers (26<Tmax<=32)
	Number of deaths for 1,000 workers (Tmax>32)
	Median age (From GEIH 2022)

	01 - Commissioned armed forces officers
	8.44***
	1.77***
	0.5
	1.33
	37

	02 - Non-commissioned armed forces officers
	6.07**
	0.51
	-0.8*
	-0.66
	35

	03 - Armed forces occupations, other ranks
	4.88***
	0.79*
	-0.02
	0.18
	36

	0 - All army
	5.9***
	0.94***
	-0.07
	0.25
	36

	11 - Chief Executives, senior officials and legislators
	1.33***
	0.18**
	0.04
	0.04
	42

	12 - Administrative and commercial managers
	0.78***
	0.17***
	0.02
	-0.03
	39

	13 - Production and specialized services managers
	0.47***
	0.14***
	0.04*
	0.1**
	41

	14 - Hospitality, retail and other services managers
	0.31***
	0.07***
	0.02
	0.06***
	40

	1 - All Managers
	0.56***
	0.12***
	0.03
	0.05
	40

	21 - Science and engineering professionals
	1.26***
	0.25***
	-0.01
	0.02
	35

	22 - Health professionals
	0.81***
	0.25***
	0
	0.19***
	36

	23 - Teaching professionals
	0.76***
	0.24***
	0.06**
	0.21***
	41

	24 - Business and administration professionals
	0.83***
	0.15***
	0.01
	0.02
	36

	25 - Information and communications technology professionals
	0.58***
	0.14***
	0.02
	0.01
	34

	26 - Legal, social and cultural professionals
	1.13***
	0.24***
	0.07*
	0.13**
	36

	2 - All Professionals
	0.92***
	0.22***
	0.03
	0.11**
	37

	31 - Science and engineering associate professionals
	0.66***
	0.2***
	0.05
	0.12**
	39

	32 - Health associate professionals
	2.03***
	0.62***
	0.11
	0.4**
	34

	33 - Business and administration associate professionals
	1.26***
	0.3***
	0.09*
	0.18***
	36

	34 - Legal, social, cultural and related associate professionals
	0.44***
	0.12***
	0.05**
	0.11***
	33

	35 - Information and communications technicians
	0.42***
	0.1**
	0.04
	0.06
	33

	3 - All Technicians and associate professionals
	1.06***
	0.27***
	0.08*
	0.17***
	36

	41 - General and keyboard clerks
	0.21***
	0.08***
	0.02**
	0.05***
	34

	42 - Customer services clerks
	0.38***
	0.06***
	0.01
	0.02
	29

	43 - Numerical and material recording clerks
	0.14***
	0.03***
	0.01
	0.01
	32

	44 - Other clerical support workers
	0.3***
	0.04
	0.01
	0.01
	33

	4 - All Clerical support workers
	0.24***
	0.06***
	0.01
	0.03**
	32

	51 - Personal service workers
	0.36***
	0.08***
	0.05***
	0.09***
	33

	52 - Sales workers
	0.39***
	0.1***
	0.04***
	0.08***
	36

	53 - Personal care workers
	0.11***
	0.03*
	0.02**
	0.02
	37

	54 - Protective services workers
	1***
	0.21***
	0.04
	0.08
	37

	5 - All Services and sales workers
	0.42***
	0.1***
	0.04***
	0.08***
	35

	61 & 63(1-3) - Agricultural workers
	0.71***
	0.37***
	0.01
	0.26***
	41

	62 & 634 - Forestry, fishery and hunting workers
	-0.14***
	-0.17***
	0.02
	-0.04
	38

	6 - All Skilled agricultural, forestry and fishery workers
	0.6***
	0.3***
	0.01
	0.22***
	40

	71 - Building and related trades workers
	-0.14***
	-0.17***
	0.02
	-0.04
	38

	72 - Metal, machinery and related trades workers
	0.68***
	0.21***
	0.08**
	0.15***
	40

	73 - Handicraft and printing workers
	0.34***
	0.11***
	0.04***
	0.12***
	37

	74 - Electrical and electronic trades workers
	0.42***
	0.08***
	0.01
	0
	36

	75 - Food processing, woodworking, garment and other craft and related trades workers
	0.49***
	0.11***
	0
	0.03
	37

	7 - Craft and related trades workers
	0.54***
	0.14***
	0.05**
	0.1***
	38

	81 - Stationary plant and machine operators
	0.31***
	0.11***
	0.11***
	0.12***
	36

	82 - Assemblers
	6.84***
	2.15***
	0.63*
	1.33**
	37

	83 - Drivers and mobile plant operators
	0.78***
	0.18***
	0.01
	0.06
	39

	8 - Plant and machine operators, and assemblers
	0.7***
	0.18***
	0.04
	0.09**
	38

	91 - Cleaners and helpers
	0.1***
	0.03***
	0.03***
	0.04***
	42

	92 - Agricultural, forestry and fishery labourers
	0.03***
	0.01***
	0.01**
	0.01**
	36

	93 - Labourers in mining, construction, manufacturing and transport
	0.37***
	0.12***
	0.04**
	0.12***
	33

	95 - Street and related sales and service workers
	0.37***
	0.12***
	0.1**
	0.1*
	42

	96 - Refuse workers and other elementary workers
	0.43***
	0.18***
	0.08***
	0.1***
	34

	9 -  Elementary occupations
	0.19***
	0.07***
	0.03***
	0.06***
	37

	All jobs
	0.52***
	0.14***
	0.04**
	0.09***
	37


Sources: Colombian Vital statistics (DANE) 2017-2021; IDEAM national daily temperature 2017-2021; GEIH 2022; CNPV 2018
Note: For occupation k, columns (1) to (4) corresponds, respectively, to coefficients αk,1, αk,2, αk,3, αk,4 each divided by the average number of persons per municipality working in the occupation (computed with the GEIH for 2022). Statistically significant values are denoted by ***, **, * at the 1 per cent, 5 per cent and 10 per cent significance levels respectively. 
The estimates cover workers aged below 60.
Annex II: Results from a Poisson regression model
To rule out the possibility that the results presented here merely reflect the choice of econometric model, a robustness check is conducted by estimating a model similar to equation (1) but using a Poisson model instead of OLS. The results for each broad occupational category are shown in table A4.33 These estimates cannot be directly compared to those in table 1 above, particularly since they do not reflect the same quantity. They indicate by how much the number of deaths is multiplied in the corresponding temperature range. However, the results go in the same direction as the OLS model, with reported estimates indicating that elevated temperatures tend to increase the number of deaths across occupations. 
Table A4: Multiplicative increase in the number of deaths in each occupation associated with temperature below 7°C, between 7°C and 20°C, between 26°C and 32°C and above 32°C (results from a Poisson regression)
	Occupation
	Tmin<7
	7<=Tmin<20
	26<Tmax<=32
	Tmax>32
	Median age (From GEIH 2022)

	0 - All army
	5.52***
	1.96***
	1.43*
	2.42***
	36

	1 - All Managers
	4.83***
	2***
	1.7***
	2.52***
	40

	2 - All Professionals
	7.21***
	2.8***
	2.13***
	3.81***
	37

	3 - All Technicians and associate professionals
	6.33***
	2.62***
	2.41***
	4.1***
	36

	4 - All Clerical support workers
	6.6***
	2.55***
	2.57***
	4.39***
	32

	5 - All Services and sales workers
	5.6***
	2.22***
	2.38***
	3.53***
	35

	6 - All Skilled agricultural, forestry and fishery workers
	2.52***
	1.8***
	1
	1.52***
	40

	7 - Craft and related trades workers
	5.69***
	2.42***
	2.2***
	3.55***
	38

	8 - Plant and machine operators, and assemblers
	5.77***
	2.68***
	2.34***
	3.75***
	38

	9 -  Elementary occupations
	5.37***
	2.48***
	2.28***
	3.57***
	37

	All jobs
	5.31***
	2.33***
	1.84***
	2.94***
	37


Sources: Colombian Vital statistics (DANE), 2017–2021; IDEAM national daily temperature, 2017–-2021; CNPV 2018.
Note: For occupation k, columns (1) to (4) corresponds respectively to exp(αk,1), exp(αk,2), exp(αk,3), 
exp⁡(αk,4) estimated with a Poisson regression model that explains mortality by variables TMINbelow7,
 TMIN720, TMAX2632,  and  TMAXabove32. The model also includes monthly and regional fixed effects.
Statistically significant values are denoted by ***, **, * at the 1 per cent, 5 per cent and 10 per cent significance levels respectively.
The model cover workers aged below 60.

33 
         One of the issues with the “Generalized linear model” technique used here for the Poisson regressions is that it does not lend itself to estimation by occupation subcategories defined at the ISCO08 2-digit codes with the available data.
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