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ABSTRACT

INTRODUCTION: Global warming, climate change, temperature fluctuations, and increasing 

concern about their possible impacts on health have drawn the attention of scholars and academia

around the world. Previous studies suggested heat waves can increase mortality and diseases, the 

demand for ambulances, hospitalization rates, and severe consequences, especially in vulnerable 

groups. The most effective measures can be taken by effective planning and providing practical 

solutions in the mitigation and preparedness stage to prevent and mitigate the effects of disasters. 

Given the absence of a tool to determine the level of adaptation in the world, this study aimed to 

identify the strategies to adapt to heat waves and develop a tool to measure the level of adaptation

to heat waves.

MATERIAL AND METHODS: This exploratory sequential mixed methods (qualitative-

quantitative) study was conducted in three phases. In the first phase, a qualitative study was 

carried out by conducting interviews with people affected by heat waves. The interview data were

used to identify the themes related to adaptation to heat waves and the strategies to adapt to heat 

waves. In the second phase, a systematic review study was conducted to identify the strategies to 

adapt to heat waves in the world. Afterward, the data from the qualitative phase and systematic 

review were used to develop the items in the heatwave adaptation tool. Finally, in the third phase 

(the quantitative study), the psychometric properties of the developed tool were assessed using 

face validity, content validity, construct validity, and reliability indexes.

CONCLUSIONS: The developed tool can measure the level of adaptation behaviors of people 

against heat waves in different communities. Thus, an awareness of less adaptable and more 

vulnerable communities can contribute to conducting some mitigation and preparedness 

interventions in these communities.
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INTRODUCTION



Disasters pose severe threats to the life, development, and evolution of human society and 

disaster risk management requires a systematic process, including executive, and organizational 

decisions, other capacities to perform policies, strategies, and social capacity to reduce the 

negative effects and consequences of risks [1–3]. Unexpected incidents and disasters and the 

resulting damage are increasing due to environmental changes, economic, social, and political 

factors [3–6]. The excessive use of fossil fuels followed by the expansion of industrial activities 

has caused an increase in temperature and consequently global warming leading to visible 

climatic changes in different parts of the world [7]. According to the reports of the International 

Conference on Climate Change (ICCC), climate fluctuations have increased more than before and

have caused phenomena such as unpredictable climate changes, including heat waves [8]. Thus, 

during the last 100 years, the average temperature on the planet has increased by 0.74 degrees 

Celsius. Projections show that compared to the period from 1850 to 1900, the average global 

temperature level until 2081–2100 is likely to increase by 1.0 and 1.8 degrees Celsius in the very 

low greenhouse gas emission scenario, 2.1 and 3.5 degrees Celsius in the medium greenhouse gas

emission scenario, and 3.3 and 5.7 degrees Celsius under the high greenhouse gas emission 

scenario [9]. In addition, the frequency of extremely hot days will increase and the frequency of 

extremely cold days will decrease [9].

Global warming currently has significant and costly effects on societies, individual and 

public health, and the environment [10, 11]. According to previous studies, heat waves lead to an 

increase in deaths, heatstroke-related diseases, exacerbation of chronic diseases including 

cardiorespiratory diseases, and an increase in the need for emergency and ambulance services [7–

9, 12–15]. Examining the effects of heat waves in the workplace also shows that many outdoor 

workers are at high risk of adverse health outcomes. In 2018, it was reported that 45 billion 

working hours were lost compared to the year 2000 due to the effects of the heat wave [16]. 

Exposure to daily heat during the hot season is a particular issue, especially for working people 

who cannot use air conditioning or other technical cooling methods [13, 17, 18].

These effects vary in various spatial and temporal patterns depending on the 

environmental, social, and economic situation of countries [19, 20]. While the frequency or 

magnitude of extreme weather events such as heat waves have increased, the population and 

assets at risk have also increased, and they are more vulnerable to these climatic changes. 

Therefore, the management of risks caused by climate-related disasters should be developed at 



any local and international scale, and disaster mitigation and preparedness strategies should be 

identified and offered [12, 21–23]. Adaptation to heat waves is one of these strategies used to 

reduce the consequences of heat waves [24].

Adaptive behaviors can reduce adverse effects on health and various dimensions of 

individual and social life. However, adaptation strategies may include autonomous and planned 

adaptation [25]. Autonomous adaptation occurs without coordinated planning at the individual or 

social levels, and planned adaptation refers to deliberate policy actions with conscious 

interventions. Planned adaptation strategies should become a requirement to mitigate the adverse 

health effects and other consequences of extreme heat events. Heatwave adaptation assessments 

can address significant gaps in vulnerability and management of heat wave effects [26–29].

Research on disaster management shows that adaptation measures are closely related to 

risk reduction [30–33]. Adaptive measures are needed to reduce harm from heat waves at all 

levels and for all groups. To this end, some information is required about the current level of 

knowledge of the affected community and their adaptation methods against the heat wave. This 

information can be used as a guide for the necessity or non-necessity of interventions as well as 

the design of interventions [34]. In fact, when establishing adaptation policies for society, 

policymakers need to be aware of adaptive behaviors [35].

Although many research efforts have been taken in different parts of the world, none of 

the studies had used a standard tool to determine the level of adaptation of societies against heat 

waves, and there is no such tool, and sometimes the level of adaptation has been measured 

through questionnaires that were not psychometrically evaluated [36–39]. These restrictions 

make it difficult to draw a complete picture of current public adaptive behaviors [39, 40].

Besides, there have been severe heat waves in recent years in some parts of the world 

including Iran, especially in areas with a hot climate, such as Khuzestan Province. Thus, from a 

scientific point of view, natural hazards, including heat waves, which are currently increasing in 

intensity and rapidly fluctuating due to human actions, need to be managed following a disaster 

mitigation and preparedness approach. To this end, a tool is needed to measure the level of 

adaptation of the affected communities. Then, the resulting data can be used to formulate hazard 

mitigation and preparedness programs for less adaptive areas. Accordingly, one of the top 

priorities for managing the effects of natural hazards, including heat waves, is to determine the 



level of adaptation. Such information can help determine resources, facilities, and planning 

needed to improve adaptation. Moreover, the resulting information can be used to identify 

adaptation solutions in societies with a higher level of adaptability.

MATERIAL AND METHODS

Research design

This mixed methods (qualitative-quantitative) study was conducted in three consecutive phases 

(Fig. 1).

Phase 1: Identifying experiences of adaptation against heat waves (the qualitative study)

 Objective: This phase followed two objectives: Identifying adaptation strategies against 

heat waves and defining the concept of adaptation to heat waves (The phase was 

completed in 2020).

 Research population: The research population consisted of residents in Dezful and 

Ahvaz, who were selected from different age groups, occupations, and related offices and 

departments including the Department of Meteorology, Department of Agriculture Jihad, 

Department of Environment, Resources and Forestry, Municipality, and the universities of

medical sciences in Dezful and Ahvaz.

 Sampling: The respondents were selected using purposive and convenience sampling 

with maximum dispersion. To achieve this goal, interviews were conducted with people 

from different occupations and different age groups, and the sampling process continued 

until the data saturation point.

 Inclusion criteria: Being a resident of Dezful or Ahvaz to have experience with heat 

waves, being 18 years old and above, the willingness to participate in research, and 

having the time to take the interview.

 Exclusion criteria: The unwillingness to participate in the study.

 Ethical considerations: The protocol for this study was approved by the Ethics 

Committee of Kerman University of Medical Sciences (1401.084. IR.KMU.REC).

 Data collection instrument: An interview guide form was used to collect data.



 Data collection method: The data were collected through semi-structured interviews.

 Data analysis method: MAXQDA 18 software was used to codify and analyze data. 

Colaizzi's seven-step method was used to analyze the data: First, each respondent’s 

statements were recorded, transcribed, and read several times. Significant statements were

underlined in the second step. In the third step, a general theme was extracted from each 

significant statement. In the fourth step, the extracted themes were categorized based on 

their similarities. In the fifth step, the identified categories were merged into a thorough 

description of the phenomenon in question, and more general categories were formed. In 

the last step, the findings were returned to the respondents and they reviewed and 

validated the findings [41].

 Data validation (through supplementary interviews): To ensure that the findings 

reflect the respondents’ real experiences, the four criteria of credibility, dependability, 

confirmability, and transferability proposed by Lincoln and Guba were used [41].

Phase 2: Identifying solutions to adapt to heat waves in the world (A systematic review)

 Objective: The second phase of the study presented a systematic review of studies 

addressing adaptation to heat waves to discover and identify behaviors and strategies to 

adapt to heat waves in urban areas (This phase was completed in 2021).

 Research population: All English databases or reliable and accessible international 

databases including MBIS, Web of Science, PubMed, and Scopus, as well as Persian 

databases, including Iranian Research Institute for Information Science and Technology 

(IranDoc), Islamic World Science Citation Database (ISC), Iran Publications Database, 

and the Scientific Information Database (SID) were searched. The search strategy focused

on three groups of keywords related to “adaptation” (adaptation, resilience, compatibility, 

damage reduction, resilient behavior, risk mitigation behaviors), “heat waves” (extremely 

hot weather and high temperatures), and “global warming and climate change”.

 Research sample: The research sample included international documents, records, and 

articles focusing on adaptation measures against heat waves in Persian and English.

 Inclusion criteria: All articles whose full text was available, the articles that used 

suitable methods and data and proposed strategies for adapting to heat waves, the articles 



in which heat waves were specifically addressed as a fundamental problem, and the 

articles on climate change that specifically addressed heat waves were included in this 

study.

 Exclusion criteria: Review articles, letters to editors, proceedings, specialized articles on

adaptation to heat waves in animal husbandry, studies on cultivation of special plants and 

laboratory studies, genetics, and strategies for adaptation to urban heat islands excluding 

the effects of heat waves were excluded.

 Research setting: The articles were collected from libraries, universities, the Internet, and

the national intranet.

 Data collection instrument: A data extraction form was used to collect data including the

research methodology, title, first author, year of publication, research type, research 

procedure, sampling method, sample size, research setting, data collection instruments, 

results, and information related to heat wave adaptation solutions.

 Data collection method: A systematic review was conducted using the PRISMA 2020 

Checklist. Endnote was used to store and organize the articles. After entering all the 

articles into the software, duplicate articles were identified and removed. Then, two 

researchers removed irrelevant titles by studying the titles and abstracts of the articles. 

Finally, after reviewing the full text of the articles, 58 articles were selected from a total 

of 1529 articles. The remaining 58 articles were individually screened based on the 

inclusion and exclusion criteria. After removing irrelevant articles, the full text of the 

remaining articles was searched. Then, the quality of each article was assessed based on a 

standard format separately by two researchers. In cases of disagreement between the 

researchers, a third researcher helped to select the most relevant cases. Afterward, the 

adaptation components and solutions were extracted from the articles using the data 

extraction form (first author, year of publication, country, results, etc.). After reviewing 

the results and extracting adaptation strategies, the extracted and classified adaptation 

strategies were validated through an individual survey of subject-matter experts and a 

panel of emergency health experts and professionals.

 Data analysis strategy: The results of qualitative and quantitative studies extracted 

through the systematic review were organized and reported in a table.



 Developing the primary tool (research synthesis): The heat wave adaptation tool was 

developed based on the findings of the qualitative phase and systematic review. In this 

phase, the primary codes extracted from the qualitative phase and the systematic review 

were categorized based on “adaptation solutions against heat waves”. Then, the items 

were individually re-examined, and the related categories were carefully identified. 

Similar items were merged and their relevance was assessed by experts and professors. 

Furthermore, after removing irrelevant items, an item bank was developed for further 

validation.

Phase 3: The validation of the heat wave adaptation tool:

 Objective: Validating the heat wave adaptation tool.

 Research population: People living in Dezful and Ahvaz.

 Sampling: The respondents were selected using cluster sampling from the residents in 

different districts of two cities of Dezful and Ahwar in proportion to their population. The 

population of Ahvaz was about three times that of Dezful. Ahvaz had eight districts and 

Dezful had four districts.

 Inclusion criteria: Being over 18 years old, resident, and the willingness to participate in 

the study.

 Exclusion criteria: Unwillingness to participate in the study.

 Research setting: Dezful and Ahvaz.

 Data collection instrument: A structured questionnaire was developed with items scored 

on a five-point Likert scale to assess the components of adaptation to heat waves.

 Data collection method: The respondents were selected using cluster sampling from both

cities in proportion to their population. The number of respondents selected from Ahvaz 

was three times that of Dezful. Dezful had 4 districts. Thus, the number of respondents 

selected from this city was divided by 4 to determine the number of respondents in each 

district. The similar procedure was repeated for Ahvaz with 8 districts. To this end, the 

number of respondents selected from this city was divided by 8 to determine the number 

of respondents in each district. The questionnaires were completed through street 



evaluations. For example, in a district with 3 streets, the questionnaires were divided by 3 

and a questionnaire was completed for every three houses or shops in each street.

DATA ANALYSIS

Quantitative face validity assessment

At this phase, after explaining the objectives of the study, 10 respondents were asked to express 

their opinion regarding the comprehensibility of each item based on a five-point Likert scale (5 

— totally comprehensible, 4 — somewhat comprehensible, 3 — moderately comprehensible, 2 

— slightly comprehensible, and 1 — very incomprehensible). Afterward, the impact score of 

each item was calculated using the following formula:

Impact Score = Frequency [%] × Importance

Where frequency (percentage) refers to the number of people who gave a score of 4 or 5 

to an item and importance is the average score of importance on the above Likert scale. If the 

impact score exceeds 1.5, the item will be considered suitable for further analysis [42]. However, 

the items with a score of less than 1.5 had a high level of difficulty and ambiguity.

Qualitative face validity assessment

Qualitative interviews were conducted with the same respondents who rated the items in the 

previous stage. They were asked to specify the reason(s) for the incomprehensibility of any item 

with a score of less than 1.5. Thus, using the feedback from the respondents, the problematic 

items were revised to make them more comprehensible.

Qualitative content validity assessment

Ten disaster and emergency experts qualitatively assessed the content validity of the checklist. 

They rated the items in terms of grammar, wording, clarity, classification and scoring, order and 

importance, and relevance. Afterward, the items were revised based on their feedback. However, 

no item was removed at this stage.

Quantitative content validity assessment

The content validity of the instrument was assessed quantitatively using the content validity ratio 

(CVR) and the content validity index (CVI):

A. Estimating the content validity ratio (CVR) 



To calculate the CVR, the items were assessed by 10 experts using Lawshe’s method. The experts

were asked to determine whether each item operationally measured a theoretical construct or not. 

To this end, each item was rated on a 3-point scale (3 — necessary, 2 — useful but not necessary, 

and 3 — not necessary) [57]. The experts were different from the respondents surveyed in the 

qualitative content validity stage. The items with a minimum CVR of 0.62 were considered 

acceptable.

Table 1. Estimating CVR based on Lawshe’s table [43] [please indicate table in text??]

Number of 

raters

Minimum 

acceptable CVR
5 0.99
6 0.99
7 0.99
8 0.75
9 0.78
10 0.62
11 0.59
12 0.56
13 0.54
14 0.51
15 0.49
20 0.42
25 0.37
30 0.33
35 0.31
40 0.29

B. Estimating the content validity index (CVI)

Ten raters assessed the items to find out the extent to which they measured the intended construct.

The raters scored the relevance of each item on a four-point Likert scale (1 — not relevant, 2 — 

somewhat relevant, 3 — relevant, and 4 — very relevant). The CVI value was calculated as the 

percentage of the acceptable score for each item scored 3 or 4 using the following formula [44]: 

CVI=
Thenumber of raters givinga scoreof 3∨4

The totalnumber of raters



The items with a CVI score higher than 0.79 were considered relevant. The items with a 

CVI score of 0.79 to 0.70 were considered controversial and needed revision. Finally, the items 

with a CVI score of less than 0.70 were irrelevant and removed. Moreover, the item-level content

validity index (I-CVI) was used to assess the quantitative content validity of each item. The scale-

level content validity index (S-CVI) was also used to assess the content validity of the whole 

scale. I-CVI is a raw score. For example, a completely relevant item, which is scored 4 by 7 out 

of 10 raters has an I-CVI score of 0.7 [45]. S-CVI/average is called the average of I-CVI scores 

and was reported in the reviewed articles.

S-CVI/universal is a ratio of items of an instrument that were scored 3 and 4 by all raters 

in terms of relevance. It is a proportion of the items of a tool that are scored 3 or 4 in terms of the 

content by the raters [45]. Instrument developers often consider a value of 0.80 as the lowest 

acceptable requirement for S-CVI/average, but they propose an S-CVI score of 0.90 and above 

and an I-CVI score of 0.78. Furthermore, to increase the response accuracy, the probability of 

chance agreement (CP) in the responses to the items was first checked to reduce the probability 

that the respondents had reached an agreement about the instrument items by chance. To this end,

the modified Cohen's kappa coefficient (K*) was calculated using the following formula as an 

indicator of the evaluators' agreement about the relevance or non-relevance of the item [46]: 

Where N is the number of raters and A is the number of agreements in terms of relevance.

Table 2. Estimating I-CVI and K values [please indicate table in text??]

Number of 

raters

Items 

scored 3 or 

4

I-CVI K

3 3 1.00 1.00
3 2 0.67 0.47

4 4 1.00 1.00
4 3 0.75 0.67



5 5 1.00 1.00
5 4 0.80 0.76

6 6 1.00 1.00
6 5 0.83 0.81

6 4 0.67 0.57

7 7 1.00 1.00
7 6 0.86 0.85

7 5 0.71 0.65
8 8 1.00 1.00

8 7 0.88 0.88
8 6 0.75 0.72

9 9 1.00 1.00
9 8 0.89 0.89

9 7 0.78 0.76

Then, the Cohen's kappa coefficient was estimated with the number of agreements on 

relevance (1-CVI) and the probability of chance agreement. Cohen's kappa coefficient is 

interpreted as follows:

1. Cohen’s kappa coefficient of 0.40 to 0.59 shows a poor agreement.

2. Cohen’s kappa coefficient of 0.60 to 0.74 shows a good agreement.

3. Cohen’s kappa coefficient of greater than 0.74 shows perfect agreement.

The items that met the third requirement (K* > 0.74) were kept and the other items were removed

[42, 45]. In the present study, all I-CVI, PC, and K* values were calculated.

Construct validity

Exploratory factor analysis was run to ass the construct validity of the instrument. In exploratory 

factor analysis, the researcher does not have any presuppositions about the number or nature of 

the variables, and as the name suggests, it is exploratory. Thus, this analysis allows the researcher

to discover the main constructs needed to generate a theory or model from a relatively large set of

latent constructs in a set of questions. In exploratory factor analysis, the researcher does not have 

any presumptions about the factors or constructs in the instrument. However, the goal is to find 

out what the constructs in the instrument are like and under which factor or group each item is 

placed [47].



Prerequisites for running exploratory factor analysis

 Sample size: Comrey and Lee’s scale was used to estimate the sample size in this study. 

Comrey and Lee proposed a graded scale of sample size for scale development: 100 — 

poor, 200 — fair, 300 — good, 500 — very good, and 1000 — excellent [39]. Therefore, 

in the present study, the estimated number of respondents required for factor analysis was 

403 people.

 The communality of the variables: The communality of the variables explains the 

percentage of variance that a variable has in all factors. Thus, it can be considered a 

reliable indicator. A high communality of the variables shows that the sample size is 

adequate. In the communality of the variables table, items with a communality value of 

less than 0.2 are removed by exploratory factor analysis [48]. In this table, there was no 

communality of less than 0.2.

 Overdetermination: The minimum required number of variables for each extracted 

factor was 3 variables. The factors with less than 3 variables are considered weak and 

unstable [49].

 Factor loading: In this study, the minimum acceptable factor loading for the presence of 

an item in a factor was 0.3, which was calculated using the following equation [50]:

CV=5.152 ÷ √ (n − 2)

Where CV is the number of extractable factors and n is the sample size [50].

 Normality: Factor analysis is more powerful for the data that have a normal distribution. 

The assumption of normality was checked by univariate distribution based on skewness of

± 3 and kurtosis of ± 7 [51]. The determinant value was estimated as 0.58 using 

multivariate distribution.

 Correlation: Another prerequisite was the existence of a correlation between variables 

[49]. Following a strict approach, the minimum required correlation is 0.3 [45]. However, 

based on a moderate view, regardless of the r value, only the items whose correlation 

value was above 0.05 were removed [42, 49]. In the present study, p-value was used as a 

measure of correlation which was significant for all items.



 Missing values: If some respondents did not answer some items, the missing data should 

be taken into account so that they do not affect the desired estimates [42].

 Sampling adequacy: The size of sampling adequacy is shown in the anti-image diameter 

of the correlation matrix. Here, the variables with a measurement accuracy of less than 0.5

were removed (FLD, 2000). In the SPSS output, two Bartletts and Kaiser-Meyer-Olkin 

(KMO) values are estimated as the indicators of sampling adequacy. The KMO value 

should be above 0.5 for each item. Besides, the result of Bartlett's test should be 

significant [52, 53]. In the present study, both the KMO and KMO values were estimated 

for each item. Bartlett's values were found to be significant.

Data extraction

In SPSS software, there are seven data extraction models [50]. In this study, exploratory factor 

analysis was performed using the maximum likelihood method.

Determining the number of factors 

In this study, two criteria, i.e. scree plot (Cattel, 1996) and Kaiser's (1960) criteria were used to 

determine the number of factors.

 Scree plot: A scree plot is used to replace the variance of each component in the data and 

also to determine the effective number of factors that can be extracted. In this plot, the 

eigenvalues are drawn on the horizontal axis and the number of factors on the vertical 

axis. The factors in this plot are selected visually and wherever the plot fails, the factors 

that are placed before it, are known as suitable factors [42]. In this study, the scree plot 

was used as the main criterion, which obtained three factors.

 Eigenvalue: If there are several variables and a composite variable is created by adding 

them, this variable will have a dispersion that is directly related to the dispersion of the 

responses given to each variable. Since variables with a larger variance have a greater 

effect on the composite variance, it is necessary to standardize the variables before 

summing them, or in other words, calculate the Z score. In factor analysis, this value is 

called the eigenvalue. Only factors with an eigenvalue of 1 or greater are considered for 

significance, and factors with eigenvalues of less than one are discarded [54]. Keyser's 

values estimated through the eigenvalues for three extracted factors were 3.09, 2.78, and 



2.04, respectively. Thus, the eigenvalues for all three extracted factors were obtained 

above 1.

The rotation of the extracted factors

Through rotation, the variables that are placed on more than one factor are mainly assigned to one

factor [55]. The common rotation techniques are direct oblimin and promax. Direct oblimin tries 

to simplify the mathematic structure and output, while promax is useful on larger datasets due to 

its speed. Promax ultimately leads to a higher correlation between factors and achieving a simple 

construct (Gorsuch, 1983) [42]. In this study, Promax rotation was used. Then, after substituting 

the items in three extracted factors, the factors were named and their reliability was checked.

Reliability analysis

Reliability refers to the degree of stability and internal consistency of the results produced by a 

tool in repeated and multiple measurements. Thus, it is associated with the credibility and 

repeatability of a tool. There are several methods to assess the reliability of an instrument, 

specifically the test-retest method and internal consistency [56]. In this study, the reliability of the

instrument was assessed using the test-retest method and internal consistency. Internal 

consistency was evaluated using Cronbach's alpha and average inter-item correlation (AIC). The 

α values greater than 0.7 were acceptable. An AIC of 0.2 to 0.4 was considered to indicate good 

internal consistency. Then, the instrument was re-administered to check its consistency [57]. The 

ICC values were interpreted as follows: Less than 0.4 (poor reliability), 0.4–0.6 (moderate 

reliability), 0.6–0.8 (good reliability) and 0.8–1 (perfect reliability) [58]. The final instrument was

administered to 30 persons. It was re-administered after 14 days to the same persons with the 

same conditions. Then, the scores obtained in these two stages were compared using the 

correlation coefficients.

DISCUSSION

Although many research efforts have been taken in different parts of the world, none of the 

studies had used a standard tool to determine the level of adaptation of societies against heat 

waves, and there is no such tool, and sometimes the level of adaptation has been measured 

through questionnaires that were not psychometrically evaluated [36–39]. Most studies have 

highlighted the increased frequency and length of heat waves and their harmful effects on health 

[7, 8, 59–65]. Thus, governments and related officials should pay more attention to heat waves 



and seek effective solutions for greater adaptation and damage mitigation measures. These 

measures can reduce the human and financial consequences of heat waves. Accordingly, the tool 

developed in the study focused on adaptation solutions. Thus, the tool can measure the adaptation

level against heat waves in different regions. The outcomes can be used to formulate effective 

adaptation interventions and solutions.

Using the findings from the qualitative phase of the study and the data from the 

interviews, the themes related to adaptation and adaptation solutions and strategies were 

extracted. Overall, two themes of “adaptive paradigm” and “adaptive strategies” were extracted. 

Each theme was divided into two main categories and several subcategories. For example, the 

main category of “governance measures” was divided into four subcategories, including 

managerial and research subcategories. In the systematic review, eleven strategies for adaptation 

to heat waves including education and awareness raising, green infrastructure, and critical 

infrastructure were identified. The items in the instrument were formed by merging the obtained 

codes. Afterward, the psychometric properties of the tool were assessed. The items were placed 

into three factors that play a significant role in adaptation to heat waves.

Most of the studies on adaptation to heat waves have tried to discover individual 

behaviors, including effective adaptive behaviors against heat waves such as adequate hydration, 

paying attention to daily weather forecasts, modifying lifestyle, using air conditioners and fans, 

frequent showering, reducing the duration of outdoor activities, paying attention to health 

protection guidelines, reducing and changing the level of physical activity, paying attention to the

type of clothing, doing things in the early hours of the day, going to parks, canopies, and 

swimming pools, and using balconies in the cool hours of the day [30, 39, 66–70].

In addition to individual adaptive behaviors, organizing national programs to cope with 

the effects of heat waves is very important and improves the level of societal adaptation [71]. 

Moreover, managers and policymakers need to have a good perception of the dangers of heat 

waves [72]. Concerning individual planning, people must improve their knowledge by receiving 

information to protect themselves to formulate individual plans for adaptive behaviors. The heat 

wave adaptation tool was developed based on heat wave adaptation strategies used both in the 

affected society and around the world.

Limitations



Lack of face-to-face access to all study participants due to time interference with the COVID-19 

pandemic was one of the main limitations in the qualitative phase of the research, so other 

communication methods were used, including phone conversations. Another limitation of the 

qualitative study was the bias in the analysis and interpretation of the results, which was 

maximized by adopting strategies such as examining qualitative data in different stages of 

analysis with some participants and research colleagues. One of the limitations in the 

implementation of the quantitative study parts of the research was the non-cooperation of some 

participants due to not having enough time to participate in the study, which was attempted by 

sending the questionnaire at a time determined by themselves and setting a longer response 

deadline and explaining the value of the participants' opinions. In the process of building the tool,

we improved the process of participation in this study. Another limitation was the use of all 

dimensions of the society; because the qualitative study in the present research was conducted on 

the people of the society, the resulting tool was designed based on the individual dimension of 

people's adaptive behaviors.

CONCLUSIONS

The tool developed in this can direct the attention of senior health managers to preparedness 

against heat waves. Thus, they can identify the areas with less adaptation to heat waves, meet 

their needs by implementing damage mitigation programs, and help them avoid the economic, 

social, physical, and psychological effects of heat waves. The main contribution of the present 

study was that it addressed the concept of adaptation to heat waves using a combination of 

inductive and analogical methods. Besides, this is the first study in Iran to develop and validate a 

tool for assessing adaptation to heat waves. The developed tool can help planners in the Ministry 

of Health and researchers to evaluate the level of adaptation in different regions and formulate 

plans of action to reduce the consequences of heat waves.
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