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Abstract 

 

This paper investigates the influence of climate on well-being. While previous studies have 

compared the well-being of people living in different regions, this study focuses on individuals 

in one location. It is based on the daily data of 75 students for more than 400 days. Empirical 

analysis reveals that well-being is maximized at 17.5 degrees Celsius. The effects of the other 

meteorological variables—humidity, wind speed, sunshine hours, and precipitation—are not 

significant. However, the influence of temperature is weak and depends on the definition of 

well-being, a result that may be due to the mild climate of the Osaka region in Japan. 
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1.  Introduction 

This paper seeks to elucidate the effect of climate on well-being. Although economists are very 

interested in the material factors shaping well-being, such as income and political systems (Frey 

and Stutzer 2002), this state is known to depend on a broader range of variables, including 

education, health, and personal characteristics, such as age, gender, ethnicity, and personality 

(Dolan et al. 2008). 

Climate and natural environment also affect well-being. In a large-scale survey conducted 

by Osaka University in 2007 and 2008, respondents were asked to select a prefecture in which 

they wished to live and to select reasons for their choices from 16 options. Of the 16 reasons, 

"Nice climate and rich in natural environment,” “It is a place where I have grown up,” and “I 

can live together with my family” were the most common. This finding suggests that people 

regard a pleasant climate as essential for a good life and personal satisfaction. In spite of the 

importance of climate, a relatively limited number of studies have been carried out on its 

influence on well-being (Dolan et al. 2008).1 

A survey of earlier studies on the impact of climate on well-being indicates the current 

                                                  
1 Several articles analyze the effect of climate on life patterns. For example, Maddison (2003) 
demonstrates that climate is a significant determinant of expenditure patterns. Hoch and Drake 
(1974) investigate the relation between climate and wages, under the hypothesis that higher 
money wages compensate for a lower quality of life. Maddison and Bigano (2003) study the 
relation between climate and wage and home price differentials in Italy. Van Praag (1988) 
researches the dependency between household costs and climatic conditions and estimates a 
climate index and climate equivalence scales for European cities. Biango et al. (2008) analyze 
the effect of climate on sea levels and tourism flows. 
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state of this field of inquiry. Rehdanz and Maddison (2005) analyze a panel of 67 countries and 

find that temperature and precipitation have a significant effect on well-being. Specifically, 

people prefer higher mean temperatures in the coldest month and lower temperatures in the 

hottest month. Those living in regions with many dry months prefer more precipitation. 

Examining the data on Ireland, Brereton et al. (2007) indicate that climate, especially wind 

speed, has a significant negative influence on well-being; the effects of increases in both 

January minimum and July maximum temperatures are positive and significant effect. Using the 

first two waves of the Russian National Panel data set on 3727 households in 1993 and 1994, 

Frijters and van Praag (1998) reveal that while temperature and precipitation exert a noteworthy 

influence on the sense of well-being and the cost of living in Russia, the effects of climate in 

that nation are different from those in the rest of Europe, an incongruity that “is probably due to 

the greater range of climate in Russia.” 

All the previous studies have examined this issue by comparisons of the resident 

populations of different regions or countries. Thus, it is not yet known whether the well-being of 

individuals varies with climatic changes, an issue addressed in this study. To this end, I 

conducted a daily web survey to collect data on the levels of well-being of 75 students of Osaka 

University from November 1, 2006 to March 31, 2008.  

The rest of this paper is organized as follows: In Section 2, I explain the data. The 
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subsequent sections present the estimation results. In Section 4, I check the robustness of the 

results, using an alternative measure of well-being. The final part of the paper, Section 5, is 

devoted to conclusions. 

 

2.  Data 

Three kinds of daily data are used in this paper: those related to the degree of well-being and the 

conditions of the subjects, both taken from the daily web survey, and those tied to various 

aspects of climate, obtained from the website of the Meteorological Agency of Japan. 

I adopt two variables to measure the degree of well-being. The principal variable is the 

answer to the following question: (Q1) How happy are you now? Responses range from 0 to 10, 

where 0 is “very unhappy” and 10 is “very happy.” I name this variable GLOBALWB, following 

Stone et al. (2010). Another measure, HEDONICWB, which I use to check the robustness of the 

results with GLOBALWB, will be explained in Section 4. 

In our daily web survey, I ask the following questions to grasp the emotional states of 

subjects. The first question focuses on their evaluations of the personal news of that day: (Q5) 

After responding to this questionnaire yesterday, what is the most important personal news that 

you acquired? How do you evaluate this news? A number between -5 and 5, where 5 is “very 

good” and -5 is “very bad,” must be selected by participants. Personal news (P_NEWS) is 
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defined as the answer to Q5. The second question asks about the news given by television or 

the newspaper: (Q7). After responding to this questionnaire yesterday, what is the most 

important news from television or the newspaper that you acquired? How do you evaluate the 

news? Participants are asked to select a number between -5 and 5, where 5 is “very good” and 

-5 is “very bad.” Macro news (M_NEWS) is defined as the answer to Q7. 

The remaining three questions ask respondents about their physical condition, which I 

name SLEEP, HEALTH, and STRESS. SLEEP is defined as answer to the following question: 

(Q9) Did you sleep well last night? The number 1 indicates poor sleep; 2, slightly poor sleep; 3, 

good sleep; and 4, very good sleep. HEALTH is defined as the answers to the following 

question: (Q10) How is your health now?2 The answers range from 1 (good), to 2 (generally 

good), 3 (generally not good), and 4 (bad). STRESS is defined as the answer to the following 

question: (Q11) Do you feel any stress now? The answers to it are 1 (a lot), 2 (a little), 3 (not 

much), and 4 (none). 

As for the climatic variables, data on temperature (TEMPERATURE), humidity 

(HUMIDITY), wind speed (WINDSPEED), precipitation (PRECIPITATION), and hours of 

sunshine (SUNSHINE) are available daily for Osaka city. TEMPERATURE and HUMIDITY are 

daily averages; WINDSPEED, the maximum daily wind speed; and PRECIPITATION, the total 

                                                  
2 The answers are reversed so as to relate a low number to a healthier condition. 
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daily precipitation. The data are not perfect, since I do not know exactly where the subjects 

stayed each day. However, all the subjects were students of Osaka University when the survey 

was conducted, implying that they usually stayed near the Osaka region, although they took 

trips sometimes. Thus, using the meteorological data of Osaka city will not produce large biases. 

I will check if this is really the case by using the climatic data of a different city in Section 4.3 

Osaka city is located in the middle of Japan, facing Osaka Bay. The daily average 

temperature for the observation period, which was between 5 and 30 degrees Celsius, is shown 

in Figure 1. The climate of Osaka is mild and characterized by four seasons, of which spring 

and autumn are loved by residents.4 Winter is not severe: the average temperature in February, 

the coldest month, was around 5 degrees Celsius, with almost no snow in the observation years. 

However, it is hot and humid in summer: the average temperature in August was around 30 

degrees in the observed period. Osaka residents say that high temperature and high humidity of 

the city in summer is intolerable. Indeed, the discomfort index (DI) rises to around 80 in 

August.5 The correlation coefficient between DI and temperature for the observation period is 

over 0.99, suggesting that high temperatures made people in Osaka uncomfortable. 

Table 1 presents the means, standard errors, and the maximum and minimum values of the 

                                                  
3 Osaka University has two campuses in Toyonaka and Suita, which are adjacent to Osaka. 
Some data are available for Toyonaka. Thus, I will use the data for Osaka and check the 
robustness of the results with the data for Toyonaka for some items. 
4 Sei Shonagon enumerated beautiful scenes for each season in her famous book Makurano 
Soshi (The Pillow Book) during the 10th to 11th centuries. 
5 As for the discomfort index, refer to Tselepidaki et al. (1992). 
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variables used in this paper, along with the correlation coefficient between GLOBALWB and the 

other variables. The means indicate that personal news is, on average, good (positive), while 

macro news is, on average, bad (negative). Average temperature is about 15 degrees Celsius; 

average humidity, about 60%; average wind speed, 5 m/s; average hours of sunshine, about 5.5 

hours; and the total precipitation, 2.5 mm per day. 

The correlations of P_NEWS, HEALTH, and STRESS with GLOBALWB are quite high. 

On the other hand, among the climate variables, that of temperature is the highest, followed by 

humidity, but their magnitude is much less than that of P_NEWS, suggesting that the effect of 

climate is relatively limited, if it exists at all.  

 

3.  Estimation results 

I regress GLOBALWB over the variables representing the conditions of the subjects, the 

meteorological variables, and the weekday dummies. The results are shown in Table 2. In the 

left column, I show the results of basic specification estimated by the fixed effect model because 

the Hausman test rejects the random effect model, and the OLS is rejected by the F-test of the 

same constant.6 All the control variables associated with the conditions of the subjects are 

                                                  
6 Since the happiness data is an ordered variable, it should be estimated with an ordered probit. 
However, because it is difficult to show the magnitude of marginal effect when comparing the 
coefficients and because controlling individual effects is important, I adopt the fixed and 
random effects models. 
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highly significant, showing reasonable signs. Among others, the coefficients of P_NEWS, 

HEALTH, and STRESS are especially large, while M_NEWS and SLEEP also have important 

impacts. Estimates of weekday dummies reveal that the subjects are happier on Sunday and 

Saturday than on Monday. The magnitude of the weekend effect is comparable to that of macro 

news. 

Among the meteorological variables, only temperature is noteworthy at the 1% significance 

level. The estimate takes a negative sign, implying that the students of Osaka University are 

happier when the temperature is lower. The magnitude of the estimate is not large: the change in 

well-being brought about by an alteration of 20 degrees Celsius coincides with the effect of a 

change in one point of macro news. The other meteorological variables are not significant at all. 

In the middle column of the Table, I present the results of the random effects model 

based on the Hausman test when all the control variables are deleted. The adjusted R-squared 

falls from 0.628 to 0.00014, confirming the importance of the control variables. However, the 

estimates of the meteorological variables are qualitatively similar to those in the basic 

specification: the temperature is significant at the 1% level with a negative sign, and the other 

variables are not significant. 

The finding that the participants liked lower temperatures is consistent with our intuition 

since, as is explained in Section 2, summer in Osaka is too hot to be perceived as pleasant by its 
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residents. However, it does not seem reasonable to assert that temperature has a linear negative 

influence on the Osaka region because the temperature in winter is rather low. Thus, there might 

be an optimal, in-between temperature. To find the non-linear relation of temperature, I add 

squared temperature to the basic specification. The estimation results are shown in the right 

column of Table 2. The linear term is significantly positive at the 5% level, and the squared term 

is significantly negative at the 1% level. This result implies that the subjects are the happiest at 

17.5 degrees Celsius, which is the average temperature in spring (April) and autumn 

(November). 

 

4.  Robustness check 

In this section, I check the robustness of the results obtained in the previous section. Specifically, 

I determine if they are valid when I adopt alternative data on well-being and when I use the data 

of Toyonaka city instead of Osaka city for some climatic variables. 

Let us begin with the examination with the Toyonaka city data on temperature, wind 

speed, and precipitation. I use Toyonaka data for these factors and use Osaka city data for 

humidity and sunshine, which are not available for Toyonaka city. The estimation results by the 

fixed effects model are presented in Table 3. The estimates are almost identical to those in Table 

2, implying that using the data of either city does not affect the results at all. This is not 
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surprising, since the correlation between the Osaka and Toyonaka data is 0.998 for temperature, 

0.507 for wind speed, and 0.861 for precipitation. These results support, at least partially, the 

use of the climatic data of Osaka city, even if I do not know exactly where the respondents 

stayed on each day. 

Let me move to the examination of an alternative measure of the well-being data. In the 

questionnaire, I also ask additional questions associated with pleasant and sad feelings. The first 

is (Q2) “Are you sad now?” The responses to this question are 1 (sad), 2 (somewhat sad), 3 

(somewhat not sad), and 4 (not sad). The second is (Q3) “Are you enjoying life now?” The 

responses are 1 (enjoying life), 2 (somewhat enjoying life), 3 (somewhat not enjoying life), and 

4 (not enjoying life). Finally, respondents are asked (Q4) “Are you depressed now?” They have 

four possible responses: 1 (very depressed), 2 (somewhat depressed), 3 (somewhat not 

depressed), and 4 (not depressed). The alternative measure of degree of well-being is defined as 

the sum of the answers to the above three questions.7 Because this measure is composed of 

affective components, I name this variable HEDONICWB, following Stone et al. (2010). 

In Table 1, the description statistics of HEDONICWB are shown. The correlation 

coefficient between GLOBALWB and HEDONICWB is 0.636. The correlations of the various 

conditions of the subjects with HEDONICWB are quite similar to those of GLOBALWB. 

                                                  
7 Answers to Q3 are reversed so as to relate a large number to greater enjoyment. 
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However, the correlations with the climatic variables are somewhat different from those of 

GLOBALWB. While the correlation with temperature decreases, those with wind speed and 

humidity increase, resulting in almost the same level of correlation with temperature, humidity, 

and wind speed. 

I present the regression results using HEDONICWB as the dependent variable in Table 4.8 

In the left column, the results of basic specification are shown. The estimates of the control 

variables are quite similar to those in Table 2: All the control variables associated with the 

condition of the subjects are highly significant and have reasonable signs, and subjects are 

happier on Sunday and Saturday than on Monday. Thus, the estimation results seem reasonable. 

However, the key variable of temperature is not significant at all. On the other hand, maximum 

speed of wind is significantly positive at the 1% level. This result does not appeal to our 

intuition or to the findings of a previous study; Brereton et al. (2007) report the contrary. There 

is no particular reason for people liking stronger wind. 

I add squared temperature to the basic specification. Temperature and its squared term 

show positive and negative signs as in Table 2, but they are still insignificant (second column). I 

have tried to delete the variable of wind speed, but the estimates of temperature and its squared 

term do not change much. On the other hand, humidity becomes significant at the 5% level, 

                                                  
8 The results of the random effects model are shown on the basis of the Hausman test, although 
those of the fixed effects model are almost identical. 
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implying that subjects dislike high humidity. In sum, the results using HEDONICWB do not 

reproduce the results using GLOBALWB in the previous section on temperature. However, they 

suggest the possibility that humidity and wind speed affect well-being, i.e., various climatic 

factors matter. 

 

5.  Conclusions 

This paper, which investigates the dependence of well-being on climate, is innovative in that it 

examines the effects of the former on individuals, while earlier studies focus on the populations 

of different countries or regions. Empirical analysis reveals that well-being is negatively related 

to temperature. Adding the squared term of temperature, I found that contentment is greatest at 

17.5 degrees Celsius. The other meteorological variables, such as humidity, wind speed, 

sunshine hours, and precipitation, do not significantly affect well-being. 

However, the effect of temperature is not strong. It has at most 10% of the force of the 

other factors affecting subjects, such as daily news and physical conditions. In addition, the 

results are not robust for the definition of well-being. When I adopt an alternative meaning of 

this term, using data on sadness, enjoyment, and depression, wind speed and humidity become 

significant instead of temperature. Thus, although change in climate affects well-being, the 

influence is not strong and somewhat ambiguous. This result may imply that the impact of 
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variation of climate is smaller on individuals than between populations of different regions. 

However, it is more probable that the results critically depend on the region analyzed in this 

paper. The mild climate of Osaka region may be the main explanation for the weak climatic 

influence. To examine this possibility further, it is necessary to analyze the time-series data of 

well-being of individuals who live in harsh climatic regions.
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Table 1.  Descriptive statistics 

    CORRELATION with 

 Mean Standard error Minimum Maximum GLOBALWB HEDONICWB 

GLOBALWB 5.867  0.011 0 10 1.000  

HEDONICWB 8.698  0.012 3 12 0.636 1.000 

P_NEWS 0.523  0.013 -5 9 0.644 0.575 

M_NEWS -0.414  0.011 -5 8 0.183 0.151 

SLEEP 2.616  0.005 1 4 0.172 0.177 

HEALTH 2.270  0.004 1 4 -0.308 -0.342 

STRESS 2.005  0.005 1 4 0.403 0.461 

TEMPERATURE 14.991  0.044 2 32.5 -0.037 -0.027 

HUMIDITY 61.713  0.057 38 90 -0.017 -0.025 

WINDSPEED 5.143  0.008 2.1 10.9 0.007 0.021 

SUNSHINE 5.538  0.021 0 13.4 0.001 0.009 

PRECIPITATION 2.563  0.038 0 57 -0.002 -0.007 

 

Note: The number of observations is 32125. 
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Table 2.  Estimation results with GLOBALWB as the dependent variable 

Variable Coefficient P-value Coefficient P-value Coefficient P-value

P_NEWS 0.397 [.000]  0.397 [.000]
M_NEWS 0.065 [.000]  0.065 [.000]
SLEEP 0.027 [.001]  0.027 [.001]
HEALTH -0.227 [.000]  -0.227 [.000]
STRESS 0.322 [.000]  0.321 [.000]
SUNDAY 0.054 [.033]  0.056 [.028]
TUESDAY 0.046 [.066]  0.045 [.069]
WEDNESDAY 0.030 [.228]  0.029 [.251]
THURSDAY 0.007 [.784]  0.006 [.798]
FRIDAY 0.047 [.062]  0.048 [.058]
SATURDAY 0.066 [.008]  0.066 [.009]
TEMPERATURE -0.003 [.005] -0.0091 [.000] 0.009 [.027]
TEMP_SQ   -0.0004 [.003]
HUMIDITY -0.0008 [.435] -0.0012 [.341] -0.0004 [.711]
WINDSPEED -0.0014 [.758] 0.0099 [.099] 0.0003 [.951]
SUNSHINE -0.0009 [.701] 0.0017 [.594] -0.0001 [.958]
PRECIPITATION 0.0008 [.501] 0.0017 [.285] 0.0003 [.803]
Constant 6.0326 [.000] 
Adjusted R2 0.628 0.0014  0.628 
number of observations 32123 32125  32123
Hausman test  [.0004]  [.8514]  [.0006]

 
Note: On the basis of the Hausman test and the F-test of the same constant, estimates by the fixed effects models are presented  
in the left and right columns and estimates by the random effects model, in the middle column.
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 Table 3.  Estimation results using Toyonaka city data for temperature, wind speed, and precipitation 
 

Variable Coefficient P-value Coefficient P-value 

P_NEWS 0.397 [.000] 0.397 [.000]
M_NEWS 0.065 [.000] 0.065 [.000]
SLEEP 0.027 [.001] 0.027 [.001]
HEALTH -0.226 [.000] -0.227 [.000]
STRESS 0.321 [.000] 0.321 [.000]
SUNDAY 0.055 [.031] 0.057 [.027]
TUESDAY 0.049 [.052] 0.048 [.055]
WEDNESDAY 0.032 [.207] 0.031 [.224]
THURSDAY 0.008 [.752] 0.008 [.741]
FRIDAY 0.048 [.061] 0.049 [.055]
SATURDAY 0.069 [.007] 0.069 [.006]
T_TEMPERATURE -0.003 [.005] 0.009 [.018]
T_TEMP_SQ -0.0004 [.002]
HUMIDITY -0.0004 [.679] -0.00003 [.980]
T_WINDSPEED 0.005 [.157] 0.006 [.097]
SUNSHINE -0.001 [.730] 0.0002 [.931]
T_ PRECIPITATION 0.0005 [.686] -0.0001 [.953]
Adjusted R2 0.628 0.628 
number of observations 31931

 
31931

Hausman test [.0003] [.0005]

 
Note: T_TEMPERATURE, T_WINDSPEED, and T_PRECIPITATION indicate that the data are those of Toyonaka city.  
On the basis of the Hausman test and the F-test of the same constant, estimates by fixed effects models are presented. 

 



Table 4.  Estimation results with HEDONICWB as the dependent variable 
 

Variable Coefficient P-value Coefficient P-value Coefficient P-value 

P_NEWS 0.403 [.000] 0.403 [.000] 0.403 [.000]
M_NEWS 0.022 [.000] 0.022 [.000] 0.022 [.000]
SLEEP 0.052 [.000] 0.052 [.000] 0.052 [.000]
HEALTH -0.223 [.000] -0.223 [.000] -0.223 [.000]
STRESS 0.651 [.000] 0.651 [.000] 0.651 [.000]
SUNDAY 0.036 [.211] 0.037 [.206] 0.040 [.172]
TUESDAY 0.007 [.805] 0.007 [.808] 0.008 [.780]
WEDNESDAY 0.022 [.436] 0.022 [.443] 0.026 [.362]
THURSDAY 0.025 [.384] 0.025 [.386] 0.029 [.318]
FRIDAY 0.049 [.089] 0.049 [.089] 0.052 [.070]
SATURDAY 0.050 [.081] 0.050 [.082] 0.055 [.054]
TEMPERATURE -0.0005 [.654] 0.002 [.630] 0.001 [.813]

TEMP_SQ -0.0001 [.549] 0.0000 [.789]
HUMIDITY -0.002 [.046] -0.002 [.058] -0.003 [.011]
WINDSPEED 0.014 [.009] 0.014 [.008] 
SUNSHINE 0.0002 [.957] 0.0003 [.904] 0.0003 [.927]
PRECIPITATION -0.001 [.712] -0.001 [.653] 0.000 [.963]
Constant 7.571 [.000] 7.545 [.000] 7.657 [.000]
Adjusted R2 0.432 0.432  0.432 
number of observations 32123  32123  32123  
Hausman test  [.7641] [.8065] [.7607]

 
Note: On the basis of the Hausman test and the F-test of the same constant, estimates by the random effects model are presented.  
However, those by the fixed effects model are almost identical. 
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Figure 1.  Average temperature of Osaka city 
 

 


