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Abstract: The objective of this paper is to model and study the impact of high temperature on
mortality in Pakistan. For this purpose, we have used mortality and climate data consisting of
maximum temperature, variation in monthly temperature, average rainfall, humidity, dewpoint,
as well as average air pressure in the country over the period from 2000 to 2019. We have used
the Generalized Linear Model with Quasi-Poisson link function to model the number of deaths in
the country and to assess the impact of maximum temperature on mortality. We have found that
the maximum temperature in the country has a significant impact on mortality. The number of
deaths in Pakistan increases as the maximum temperature increases. We found that, as the maximum
temperature increase beyond 30 °C, mortality increases significantly. Our results indicate that
mortality increases by 27% when the maximum temperature in the country increases from medium
category to a very high level. Similarly, the number of deaths in the country increases by 11% when
the temperature increases from medium temperature to high level. Furthermore, our study found
that when the maximum temperature in the country decreases from a medium level to a low level,
the number of deaths in the country decreases by 23%. This study does not consider the impact of
other factors on mortality, such as age, medical conditions, gender, geographical location, as well as
variability of temperature across the country.

Keywords: mortality; climate change; generalized linear models; climate risk

1. Introduction

The fifth report of the Intergovernmental Panel on Climate Change (IPCC) indicated
that the global climate is changing continuously and there are scientific evidences of a
warming climate system [1]. The change in climate affects human health, the environment,
as well as quality of life [2]. Over the last 50 years or so, the annual mean temperature of
Pakistan has increased by 0.5 °C [3]. A comparison of the maximum monthly temperature
of Pakistan over the last two decades shown inFigure 1 indicates that the monthly maximum
temperature in Pakistan has increased slightly over the last decade in comparison to the
previous decade.

It is expected that by the end of the 21st century, the annual average temperature of
Pakistan will increase by 3 °C to 5 °C under a central global emissions scenario (RCP4.5)
and 4 °C to 6 °C under a high emissions scenario (RCP 8.5) [3]. Furthermore, Pakistan is
considered among those countries where the effects of climate change are expected to be
higher than in several other parts of the world [4]. In this article, we study the impact of
climate change on mortality in the country.

It is believed that the temperature affects mortality and this phenomenon has been
studied by numerous authors around the globe. For instance, Gasparrini et al. assessed the
temperature and mortality association in various cities around the globe and he found that
most temperature-related mortality was attributable to cold weather [5]. Another study
conducted in high-income countries in North East Asia found that mortality is increasing
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with either cold or hot temperature in urban populations [6]. Similarly, a study conducted
in Bangladesh found that the effect of high temperature on all-cause mortality in rural areas
is remarkable, whereas cardiovascular and respiratory diseases due to low temperature are
high in the region [7]. A study of low temperatures (below 25 °C) and rain fall above 14mm
found an increase in the risk of mortality in Bangladesh [8]. Similarly, a study conducted in
South Africa found that mortality burden is associated with heat and cold and the impact of
heat and cold is higher at younger and older ages [9]. All-cause mortality and mortality due
to medical and respiratory conditions showed excessive risk of mortality at moderately cold
and hot temperature in India [10]. A study of mortality attributable to high temperature in
Spain indicated a nonlinear increase in mortality with increase in temperature [11]. Another
study on mortality burden associated with temperature in the largest metropolitan areas of
Portugal projected significant mortality burden due to heat [12]. Anderson and Bell [13]
showed that higher mortality risk is related to heat waves in 43 cities in the United States.
In Moscow, a study on mortality and heat waves confirmed that there is excessive mortality
in heat waves and cold spells [14]. The association of temperature and mortality was also
confirmed in nine European cities [15]. Naqvi and Hall [16] investigated the effect of future
mean temperature on older adult mortality in England, Wales, and Scotland and found that
there is a U-shape relationship between temperature and mortality and there exist a range
of temperatures at which the mortality is higher on its both sides of the range. In Iran, the
mortality and diurnal temperature range association study showed that, in high diurnal
temperature ranges during the hot season, the Cumulative Relative Risk of non-accidental
deaths, and cardiovascular and respiratory deaths increased, whereas in cold season, the
high diurnal temperature range caused a lower number of deaths [17]. In China alone,
numerous studies on the association of the temperature and mortality have been conducted
a few of them include the work of [18-26].

Temperature

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

Temperature 2000-2009 Temperature 2009-2019
Figure 1. Comparison of Temperature 2000-2009 and 2009-2019.

Literature on high temperature and its association with mortality in Pakistan is scarce;
very few studies have been conducted on the topic. For instance, [27] forecasted the maxi-
mum temperature of Karachi, and Hussain et al. [28] conducted a study on sensitiveness
of genders and age to heat in Pakistan. The implications of heat waves in June 2015 on
mortality in the Karachi city was studied by [29] and the work of Asif et al. observed
overall and age-specific mortality variation due to seasonality in the Chitral district of
Pakistan [30]. We study the impact of maximum temperature on mortality in Pakistan.

2. Methods
2.1. Research Data

Historic monthly data about temperature, mortality, and other climatic variables of
Pakistan over the period of 2000-2019 have been used in this study. The climatic variables
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have been collected from the Meteorological Department of Pakistan whereas mortality
data have been collected from the Ministry of Finance and Pakistan Bureau of Statistics.

2.2. Descriptive Analysis

Table 1 shows the summary statistics of the monthly average of historic all-cause death
counts and monthly population over the period of 2000-2019. The minimum total number
of all-cause deaths over the period 2000-2019 were 81,344, whereas the maximum of the
average monthly death counts is 177,482. On average, there were 116,329 deaths in a month
over the study period. The mean is higher than the median number of deaths, and thus it
indicates that the death counts follow positively skewed distribution.

Table 1. Summary of Monthly Average Deaths and Populations.

Deaths Population

Minimum 81,344 11,646,667
1st Quartile 103,034 12,770,208
Median 113,079 14,310,417
Mean 116,329 14,403,000
3rd Quartile 126,290 15,745,208
Maximum 177,482 17,597,500

The summary statistics of the maximum monthly temperature, variation in tempera-
ture, average rain falls, and other climatic variables, are given in Table 2. The minimum
of the monthly maximum temperature during the period 2000-2019 was observed to be
13.90 °C, whereas the maximum of the monthly maximum temperature recorded as 37.30 °C.
The mean of the maximum temperature of Pakistan is about 27.91 °C. It is observed that
the most frequent maximum temperature over the period has been 34.40 °C, whereas the
25th and 75th percentile of the monthly temperature over the period has been 27.91 °C and
34.02 °C, respectively. The range of the maximum temperature is 23.4 °C

Table 2. Summary Statistics of Monthly Climatic Variables.

Maximum Average Average Average Average Variation
Temperature Humidity Pressure Dew Rain Fall Temperature

Minimum 13.90 42.39 4.47 0.76 0.80 8.19
1st Quartile 22.25 53.84 16.96 9.18 10.28 12.39
Median 30.05 58.33 18.90 14.92 18.75 13.65
Mean 27.91 58.59 19.74 14.82 24.29 13.84
3rd Quartile 34.02 64.75 24.57 21.36 33.08 14.74
Maximum 37.30 76.54 28.84 24.22 105.00 21.62

The summary statistics of the variation in the monthly variation in temperature over
the period 2000-2019 indicates that the minimum variation in the monthly temperature is
8.19 °C, whereas the maximum variation in the monthly temperature is about 21.62 °C. The
mean variation in temperature is 13.84 °C, whereas the median variation in temperature
is 13.65 °C.

The descriptive analysis of the average humidity over the period 2000-2019 shows
that the minimum average humidity in Pakistan is 42.39 °C, whereas the maximum average
humidity in the country is about 76.54 °C. The range of humidity is 34.15 °C. About 75% of
the time the average humidity has been lower than 64.75 °C.

The minimum average monthly rain fall over the period is 0.08 mm, whereas the
maximum average rainfall reached up to 105.00 mm over the period 2000-2019 and the
range is 104.20 mm. About 75% of the time, average rainfall was lower than 33.08 mm.

The association between the monthly death counts and climate variables, such as the
maximum temperature over the period 2000-2019, is examined. The association between
the number of deaths and maximum temperature is given in Figure 2. It is evident from the
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graph that the monthly maximum temperature and the number of deaths in the country
have nonlinear association.

Nurmnber of Deaths

Maximum Temperature

Figure 2. Association between Maximum Temperature and Mortality.

We examine the correlation between the climatic variables and the death counts as
well as other climatic variables. Table 3 provides linear correlations amongst the vari-
ables using Spearman’s Correlation. The death counts indicate a positive correlation with
maximum temperature, negative correlation with the variation in temperature, negative
correlation with the average rain fall, negative correlation with average humidity, and
positive correlation with air pressure and Dewpoint in the country.

Table 3. Correlation among Variables used in the Study.

Death Maximum Variation in Average Average Average Average
Counts Temperature  Temperature Rainfall Humidity = Pressure = Dewpoint

Death Counts —1.0000 0.1725 —0.0790 —0.1472 —0.0778 0.0262 0.1028
Maximum Temperature 0.1725 1.0000 —0.2576 0.2214 0.0477 —0.1861 0.9330

Variation in Temperature 0.0790 —0.2576 1.0000 —0.4836 —0.3199 0.0351 —-0.3717
Average Rainfall —0.1472 0.2214 —0.4836 1.0000 0.5324 —0.1867 0.4119
Average Humidity —0.0778 0.0477 —0.3199 0.5324 1.0000 —0.1880 0.3803

Pressure Average 0.0262 —0.1861 0.0351 —0.1867 —0.1880 1.0000 —0.1956
Dewpoint Average 0.1028 0.9330 —0.3717 0.4119 0.3803 —0.1956 1.0000

However, the Spearman’s Correlation does not capture the nonlinear association
among the variables. The nonlinear correlation among the variables could be calculated
using the Maximal Information Coefficient (MIC), which is used to calculate the linear
and nonlinear association between the variables [31]. The nonlinear correlation among the
variables is given in Table 4.

Table 4. Non-Linear Correlation among variables.

Death Maximum Variation in Average Average Average Average
Counts Temperature Temperature Rainfall Humidity  Pressure Dew
Death Counts 1.7918 0.2979 0.2225 0.1801 0.1999 0.0756 0.2973
Maximum Temperature 0.2979 1.7918 0.3308 0.1327 0.2949 0.1078 0.8809
Variation in Temperature 0.2225 0.3308 1.7873 0.3019 0.3450 0.1067 0.5438
Average Rainfall 0.1801 0.1327 0.3019 1.7917 0.2960 0.0756 0.2770
Average Humidity 0.1999 0.2949 0.3450 0.2960 1.7917 0.0666 0.3801
Average Pressure 0.0756 0.1078 0.1067 0.0756 0.0666 1.7918 0.0991
Average Dew 0.2973 0.8809 0.5438 0.2770 0.3801 0.0991 1.7918
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We have conducted a graphical analysis of the association between the number of
deaths and the various levels of temperature, i.e., low (0-25 °C), high (30-35 °C) and very
high (35-40 °C); this is depicted in Figure 3, which indicates the important impact of the
temperature on the number of deaths in the country.

Number of Deaths

Low Medium High Highest
levels of Temperature

Low FE Medium - High Highest

Figure 3. Number of Deaths vs. Level of Temperature.

2.3. Statistical Model

Figure 3 clearly indicates a nonlinear association between the number of deaths and
the maximum temperature in the country. Furthermore, the descriptive analysis also
indicates that the number of deaths follow a positively skewed distribution. For accurately
assessing the impact of the maximum temperature on mortality, linear regression models
would not model the phenomena. Therefore, we utilize a generalized linear model to assess
the impact of temperature on mortality. Several researchers, such as [32,33] and many more
have used generalized linear models to assess the impact of climate change on mortality.
Furthermore, the number of deaths can be modelled using Quasi-Poisson and Poisson
distribution [34], alternatively, the mortality rates can be modelled using other distributions
such as Gamma, Inverse Gaussian, and a general form of all these models: “the Tweedie
distribution”. For this analysis, it is assumed that the monthly number of deaths follow
Poisson distribution; thus, we use the generalized linear model with Poisson distribution
with mean y and standard deviation o because the monthly average and the standard
deviation of the number of deaths are not equal, and so we use a generalized linear model
with a Quasi-Poisson link function, given in Equation (1).

n
log(Deaths;) ~ of fset(log(population)) + Y BiX; + € (1)
i=1

where, Deaths; denotes the number of deaths in a month.;

Bifori=0,1, 2, 3, ....are the model parameters;

X; are the climate variables, such as maximum temperature, monthly variation in tempera-
ture, average rain fall, humidity, dew point and air pressure;

n represents the number of parameters in the model;

€;: are standard normal i.i.d random variables with mean 0 and unit variance; and natural
cubic spline is used to adjust the seasonality in the minimum temperature.

The model parameters are estimated using the Maximum Likelihood Estimation
Method (MLE) and the estimated values of the parameters are used to determine the
relative risk of each predictor variable used in the model.

To determine the amount of risk associated with each predictor, the following simple
relationship is used:

RR; = EXP(B;) @

"o
1

where “i” indicates the relative risk of the ith predictor variable.
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3. Results

To estimate the model parameters and fit the proposed model to the data, we use
R software, which is a powerful tool for regression and other statistical analysis with
many packages that support all kinds of statistical analysis [35]. The estimated parameters,
standard errors of the estimates, z-scores, and p-values are given in Table 5.

Table 5. Estimated values of Coefficients, Standard Errors, and z-Score.

Estimate Std. Error z Value Pr(>lzl)

(Intercept) 24.09000 0.07643 315.229 <2 x 10716

Year —0.01439 0.00004 —381.771 <2 x 10716

Low Temperature —0.26190 0.00097 —270.265 <2 x 10716
High Temperature 0.10350 0.00077 134.264 <2 x 10716
Very High Temperature 0.24250 0.00095 256.075 <2 x 10716
Variation in Temperature —0.00580 0.00011 —52.923 <2 x 10716
Average Rainfall —0.00188 0.00001 —149.337 <2 x 10716
Average Humidity 0.00917 0.00004 226.596 <2 x 10716
Average Dewpoint —0.02507 0.00009 —270.946 <2 x 10716
Average Pressure 0.00039 0.00210 0.185 <85 x 1071

The relative risk of low (0-25 °C), high (30-35 °C), and very high (35-40 °C) tempera-
ture, in comparison to the medium temperature (25-30 °C), is calculated using Equation (2);
the relative risks of low, high, and very high temperature are given in Table 6.

Table 6. Relative Risk of Change in Temperature.

Temperature

Low Medium High Very High
0.77 1.00 1.11 1.27

Our analysis indicates that the monthly maximum temperature is significant in the
determination of the number of deaths in the country. Change in maximum monthly
temperature has a significant impact on the number of deaths in the country. For this
analysis, we have considered the medium temperature (25-30 °C) as the base point where
the number of deaths is minimal. It is evident from Table 6 that the relative risk of number of
deaths is increasing significantly and exponentially as the monthly maximum temperature
goes up to high and very high in the region. Similarly, relative risk of the number deaths
to the medium temperature decreases significantly when the temperature goes to the
low category.

4. Model Comparison and Diagnosis

In this section, we compare the proposed model with the other candidate models,
such as Tweedie, Gamma, Inverse Gaussian, and Poisson distribution. Table 7 provides
a comparison of Null and Residual Deviances, R? and Rzﬂd]-usted. The three models, the
Quasi-Poisson, Poisson, and Gamma distribution, provide almost the same result. We chose
Quasi-Poisson to model the effect of temperature on mortality because of its simplicity
and intuition.

We conduct the residual analysis of the proposed model to validate its assump-
tions. Figure 4a provides a graphic representation of the residuals versus the fitted
values, Figure 4b provides Normal Q-Q plot, Standardized residuals are given in Figure 4c,
and leverage of the residuals are depicted in Figure 4d. The plot of the residual versus the
fitted value indicates the independence and randomness of the residuals, the normal Q-Q
plot confirms the normality of the residual with slight variations at extreme values, the
scale location indicates the residuals are heteroscedastic, and thus all the assumptions of
the proposed model are validated.



Sustainability 2022, 14, 332

7 of 10

Table 7. Comparison of Deviance, R-Square, and R-Square Adjusted.

Tweedie
Deviance df R-square R-Square Adj
Null 0.00056339 239 38% 36%
Residual 0.00034944 232
Poisson Distribution
Deviance df R-square R-Square Adj
Null 948,010 239 40% 38%
Residual 69,015 230
Gamma Distribution
Deviance df R-square R-Square Adj
Null 8.094 239 40% 38%
Residual 4.860 230
Quasi-Poisson Distribution
Deviance df R-square R-Square Adj
Null 948,010 239 40% 38%
Residual 569,015 230
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5. Conclusions

We have studied the impact of high temperature on all-cause number of deaths in
Pakistan. The study used demographic as well as climate-related variables to assess the
impact of temperature on the number of deaths in the country. Other climate variables
included in the study are variation in minimum temperature, the amount of rainfall,
average humidity, dewpoint, and air pressure.

The study shows that the maximum temperature in the country has a significant impact
on the number of deaths. The minimum number of deaths take place at temperatures
between 25 and 30 °C. The analysis indicates that the relative risk of mortality increases as
the maximum temperature increases. An increase in the monthly maximum temperature
from the medium temperature to the high level of temperature increases the relative risk
of mortality by 11%. Similarly, a decrease in the maximum temperature below medium
temperatures results in a decrease in deaths by 23%. The study indicates that the optimum
temperature in the country is around 25-30 °C, and when the temperature goes up to every
category of temperature, the number of deaths in the country increase by 27%.

The results indicate that increase in temperature poses a significant risk to the human
mortality in Pakistan. Considering the prospective change in temperature increase by 3 °C
to 5 °C under a central global emissions scenario (RCP4.5) and 4 °C to 6 °C under the
high emissions scenario (RCP 8.5), the implications of change in maximum temperature
on mortality would lead to excessive deaths and will have significant pressure on life
insurance companies to increase premium of their life assurance products to cover for
the increasing risk due to change in maximum temperature. Furthermore, the insurance
liabilities and capital requirements of the life insurance companies that sell life assurance
products would only increase. Nevertheless, it is likely that the pricing and liabilities of the
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annuity’s products would decrease which provides a natural hedge to the risk; however, it
would depend on the portfolio of the life insurance products.

6. Further Research

There are several areas which we believe should be explored further to expand the
body of research. For instance, the study assumes that the maximum temperature has
the same impact on various segments of the population irrespective of their age, gender,
medical condition, geographic areas, availability of resources, availability of basic needs,
etc. However, this needs to be further examined. Furthermore, we have used the country’s
monthly maximum temperature that indicates the average maximum temperature of
the country; however, in a country like Pakistan, there are huge variations in various
geographic areas, and thus the impact of temperature in various geographical locations
would be different; this need to be explored further. The study does not differentiate
between the segments of population that are more exposed to the risk of high temperatures
or those who are less prone to the risk of high temperatures due to their profession or nature
of work; this also needs to be further examined in future research. The study used monthly
average maximum temperature data to assess the impact of maximum temperature on
mortality. However, temperature varies significantly each day within a month, which
would provide more insight in the implication of temperature on mortality, which must to
be explored further in the future.
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