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Abstract 

Non-communicable diseases (NCDs), such as cardiovascular and respiratory diseases are 

weather-sensitive diseases that are regarded as a cause of premature death globally. As much 

as 85% of NCDs occur in low- and middle-income countries, such as South Africa. 

Approximately 57% of all the deaths that occurred in South Africa in 2017 were attributable to 

NCDs, specifically, deaths that were caused by diseases of the circulatory system (18.4%) and 

deaths caused by diseases of the respiratory system (9.5%). However, epidemiological 

understanding of the health effects of climate indicators and variability in South Africa is scarce 

and sparse. Evaluating the relationship between key climate indicators or meteorological 

variables and cause-specific health outcomes can assist in identifying the potential health risks 

associated with climate change, developing strategies to mitigate the associated risks, and 

informing policies that will reduce the burden of diseases and environmental sustainability. 

Climate change does not only cause an increase in average temperatures, but also the variability 

of temperatures. To the author's knowledge, there are no studies conducted in Africa that 

assessed the combined effects of inter- and intraday temperature variability (an important 

meteorological indicator of climate variability) on morbidity and mortality.  Correct exposure-

response relationships are required to optimally assess the burden of diseases and health 

outcomes due to temperature variability (TV). This thesis aims to address the following 

research questions: 

¶ What is the current state of knowledge or literature on the association between climate 

variability indicators and cause-specific health outcomes? 

¶ Are there any associations between TV and hospital admissions and mortality? 

¶ Which subpopulations are most likely to be hospitalised or die from exposure to TV? 

¶ Do season and spatial synoptic classification (SSC) weather types (i.e., an entire suite of 

meteorological indicators) modify the association between TV and health outcomes? 

The primary research objectives of this study were answered through a series of papers 

(manuscripts), of which five manuscripts were identified to address these research questions. 

The objective of Manuscript 1 was to systematically review the current state of knowledge of 

time series and case-crossover epidemiological studies on the impact of TV on cardiovascular 

disease (CVD) and respiratory disease (RD) mortality as well as hospital admissions at various 

time scales. Manuscript 2 investigated the association between TV, RD, and CVD hospital 
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admissions in Cape Town during 2011–2016. Manuscript 3 investigated whether season and 

SSC weather types modified the association between TV and CVD and RD hospital admissions 

in the City of Cape Town from 2011 to 2016. Manuscript 4 examined the association between 

TV, RD, and CVD mortality in five South African cities, namely Bloemfontein, Cape Town, 

Durban, Johannesburg, and Gqeberha (formerly known as Port Elizabeth) located in different 

Kӧppen-Geiger regions in South Africa during the study period 2006–2016. Manuscript 5 

investigated the association between TV and cardiorespiratory (total CVD and RD) mortality 

in the afore-mentioned five cities from 2006–2016 and assessed whether season and SSC 

weather types modified the association between TV and mortality. 

Manuscript 1 was achieved by following the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) guidelines to systematically review the current literature on the 

health effects of temperature variation. A literature search was conducted using PubMed, 

MEDLINE/ Web of Science, and Scopus. The review focused on time series and case-

crossover epidemiological studies that investigated the association between TV and CVD 

and/or RD morbidity and mortality and reported the empirical results. The review was 

restricted to English studies published before the 30th of March 2023. Studies that only reported 

counts of hospital visitations or mortality and those that focused on outpatients or excess risks 

were excluded from the review.  

The exposure variable of interest for this thesis was defined as a composite of intra- and 

interday variability using the minimum and maximum temperatures. For example, the TV for 

the three preceding days’ exposure before the outcome was calculated as TV0-2 = standard 

deviation (minimum and maximum temperature on the same day as exposure, minimum and 

maximum temperature a day after exposure, minimum and maximum temperature two days 

after exposure). To achieve the aim of Manuscripts 2, 3, 4, and 5, time series analysis using 

quasi-Poisson generalised linear models combined with a distributed lag nonlinear modelling 

framework was used. The models were adjusted for the potential confounding effects of the 

day of the week as a categorical variable, public holidays as a binary variable, and seasonal 

and long-term trends as a nonlinear spline. Furthermore, a meta-analysis was used for 

Manuscript 4 to combine city-specific effect estimates to obtain the national effects of TV on 

mortality.  

In addition to achieving the aims of Manuscripts 3 and 5, the SSC framework was used to 

classify each day of the study period into one of the seven distinct categories, namely Dry 
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moderate [DM], Dry polar [DP], Dry tropical [DT], Moist moderate [MM], Moist polar [MP], 

Moist tropical [MT], and Transition [TR]. Furthermore, modification of the TV and health 

outcomes association was investigated either by adding an interaction term of TV and SSC 

weather types to the regression models (Manuscript 3) or through stratification (Manuscript 5). 

In addition, stratification by age, gender, and season was performed for all the Manuscripts to 

identify vulnerable subgroups and determine whether hospital admissions or mortality risks 

differed by season. All regression analyses were performed with R software version 4.2.3 

(2023-03-15 ucrt). 

For Manuscript 1, of the 1 465 identified studies, only 45 met the inclusion criteria of which 

23 studies investigated the association between TV indexes and CVD and RD hospital 

admission and the remaining 22 studies focused on CVD and RD mortality risks associated 

with TV. Most of these studies were conducted in Asia (particularly China), the United States, 

and Europe, with only two conducted in Africa. The studies investigated various TV indexes, 

including diurnal temperature range (DTR), temperature change between neighbouring days 

(TCN), and standard deviation between the minimum and maximum temperature. In most of 

the studies, children, people ≥ 65-years of age and males had higher risks of hospitalisation or 

dying from CVD and RD diseases due to exposure to TV.  

For Manuscript 2, in general, a positive and statistically significant association between TV 

and CVD and RD hospital admissions was observed in Cape Town, even after controlling for 

the confounding variables. For the entire study group, TV showed the greatest effect at short 

exposure days, at 0-2 days for CVD and 0-1 days for RD hospitalisations. The 15-64 age group 

had the highest risk for CVD hospitalisation, with the effects reaching a peak at 0-3 days of 

exposure (3.02%, 95% CI:0.86%-5.23%). For RD hospitalisations, the highest risks were 

observed for the elderly, with the effects reaching a peak at 0-4 days of TV exposure (5.18%, 

95% CI:2.03%-8.43%). In general people ≥65-years had higher risks of RD hospitalisation and 

the 15-64-years age group was more likely to be hospitalised due to CVD-related diseases. 

Males had higher risks of hospitalisations compared to females. 

For Manuscript 3, season and SSC weather types modified the association between TV and 

hospital admissions in Cape Town from 2011 to 2016. Specifically, according to the seven SSC 

types, a stronger TV-CVD association occurred during MT weather conditions, with the most 

significant risks observed after four days of exposure (6.72% [95% CI:1.95%, 11.71%]). 

Immediate risks of TV on RD appeared with DM conditions (3.35% [95% CI:0.92%, 5.83%]). 
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Grouping SSC categories by similar temperature and humidity characteristics (e.g., both 

tropical types), a modified association was observed, especially for the 15–64-year age group 

during tropical conditions for the CVD admissions. The 0-14- and 15-64-year age groups for 

RD hospital admissions appeared more vulnerable during dry and transitional weather 

conditions, respectively. 

For Manuscript 4, a positive association between TV and mortality was observed in the five 

cities. Similar to Manuscript 3, the effect estimates were higher for RD health outcomes 

(mortality) as compared to CVD mortality. The pooled estimates showed the highest RD 

mortality risks were associated with a decrease of RR=1.21 (95% CI:1.04; 1.38) from the 5th 

to the 50th percentile in TV at 0-2 days for all ages combined.  The elderly appeared more 

vulnerable to RD mortality than <65 years age group, with significant mortality risks per 

increase in TV at 0-2 days (RR=1.18, 95% CI:1.04;1.32), 0-3 days (RR=1.16, 95% 

CI:1.04;1.28) and at 0-7 days (RR=1.12, 95% CI: 1.02;1.22) from the 50th to the 75th 

percentile. No significant results were observed for CVD mortality. 

For Manuscript 5, The pooled estimates showed the highest and significant increase in RD 

mortality of 1.21(95% CI:1.04;1.38) per an increase in TV at 0-2 days from the 25th to the 50th 

percentile for all ages combined.  The elderly appeared more vulnerable to RD mortality than 

<65 years age group, with significant mortality risks per increase in TV at 0-2 days (RR=1.18, 

95% CI:1.04;1.32), 0-3 days (RR=1.16, 95% CI:1.04;1.28) and at 0-7 days (RR=1.12, 95% CI: 

1.02;1.22) from the 50th to the 75th percentile. A stratified analysis showed the elderly and 

women as more vulnerable. For the entire study population, greater association was observed 

during MT weather conditions in Bloemfontein (1.87 95% 0.96-3.63), DT weather conditions 

in Cape Town (1.27; 95% CI0.83-1.95), MM weather conditions in Johannesburg (1.35; 95% 

CI:0.51-3.56) and during TR weather conditions in Durban (1.17; 95% CI0.63-2.19) and 

Gqeberha (1.35; 95% CI:0.51-3.56). 

This thesis demonstrated that climate change and variability are a huge public health threat in 

South Africa. Specifically, the results of this thesis showed that TV is an important risk factor 

for cardiorespiratory health outcomes in South Africa. Furthermore, it demonstrated that 

season, synoptic weather types, and age modify the association between TV and health 

outcomes. Application of the SSC scheme can provide insights into how atmospheric 

circulation patterns and synoptic weather types affect temperature and health outcomes. The 

occurrence of individual air masses can be forecasted, providing helpful information for 
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planning public health resources. The results of the present study imply that the synergistic 

effects of other environmental and meteorological factors should be considered when 

conducting risk assessments for health and climate-related research. This thesis advances the 

knowledge of mortality risk factors in South Africa. 
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Chapter 1: General Introduction 

1.1. Climate Change And Health-Nexus 

Anthropogenic climate change is currently impacting numerous regions across the world.1 The 

Intergovernmental Panel of Climate Change (IPCC) estimates that between 3.3 and 3.6 billion 

people live in environments that are highly vulnerable to the impacts of climate change.1-2  

Climate change has adversely affected human health globally, with the greatest impacts 

occurring in low- and middle-income countries (LMICs), such as South Africa.1,3 Without 

effective mitigation and adaptation strategies, LMICs will continue to be disproportionately 

affected by the impacts of climate change.1-3 High levels of poverty, illiteracy, lack of 

application of technology and information, and a poor public healthcare system are some of 

the contributing factors to climate change in vulnerability in LMICs.1,4  

A global increase of 1.5°C in average temperatures compared to preindustrial era will take a 

serious toll on human health.2,4-5 The World Health Organization (WHO) concluded that 

climate change is the biggest threat to humanity and human health.3 Between 2030 and 2050, 

WHO projects an additional increase of 250,000 deaths globally as a result of climate change.3 

Climate change can directly affect human health by increasing the risks and aggravating pre-

existing non-communicable diseases (NCDs), such as cardiovascular and respiratory health 

conditions.6-8 According to WHO, nearly 77% of NCD deaths occur in LMICs, and 86% of the 

deaths are people aged younger than 70.9-11 Mortality in LMICs attributable to NCDs has 

increased in recent years, and projections estimate that it will continue to rise.12-13 In 2018,  

NCDs were among six of the top ten causes of deaths in South Africa. Specifically, a total of 

80,819 deaths among the 10 leading causes of deaths in 2018 were from diseases of the 

circulatory system (I10-I15, I20-I25, I30-I52, and I60-69) and a total of 31,148 were from 

diseases of the respiratory system (J09-J18 and J40-J47), i.e. 17,7%  and 6,9% of all cause 

deaths were from diseases of the circulatory systems and respiratory systems.14 

The impact of climate change and variability in various sectors have been widely studied and 

acknowledged, however, the connection to human health remains less explored, especially in 

LMICs. According to atmospheric modelling, significant increasing trends of temperature 

variation was observed in Africa, possibly due to natural variability of the climate and 

anthropogenic activities.15 Anticipating how anthropogenic climate change will affect natural 

and human systems requires the understanding of how changes in the mean temperatures and 
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climate variability will affect human livelihoods.1,3-4,16 Epidemiological studies conducted 

across the globe attributed non-optimal temperature extremes, such as heatwaves, extreme cold 

or warm temperatures, and temperature variability indexes, to an increase in hospital 

admissions and mortality from non-communicable and infectious diseases.17-20  However, few 

studies21-22 investigated the association between ambient temperature and health outcomes in 

Africa, and even fewer11,23 applied temperature variability (TV) as an exposure variable of 

interest. These studies showed that TV is an independent risk factor of hospital admissions in 

South Africa. There remains limited information about the health effects of TV indexes in 

South Africa, for example, to date there is no study in South Africa that investigated the 

association between TV and mortality. These studies,11,23 showed that the burden of illness and 

mortality would continue to rise with increasing temperatures. Health experts working on 

climate change related research in South Africa, acknowledged that in order to combat the 

impacts of climate change, more studies are needed to fill the gaps in knowledge in terms of 

impacts, risks, and vulnerabilities.5  These studies5,11,23 and South Africa’s National Climate 

Change Adaptation Strategy ascertain the need for further climate and health-related research 

using robust methods and various indicators of temperature as a proxy of the effects of weather 

and climate variability on human health.  

1.2. The Impetus For This Thesis 

Weather variability is projected to increase with global warming, since climate change 

increases both mean and the variability of temperatures.4 Most individuals have healthy 

thermoregulation systems to cope with variable temperatures up to a certain threshold. Figure 

1.1. shows the heat transfer mechanisms (radiation, convection, conduction, and evaporation) 

that the body uses to maintain a core temperature of 37°C and skin temperature of 33°C.25 

When ambient air temperature varies extensively within a short interval, the body might find 

it challenging to maintain heat balance. There is uncertainty regarding the health effects of 

unstable weather.18,26 Most studies that have been carried out are on changes in mean 

temperatures which neglect temperature variability,16 and geographically, most of the climate 

and health studies were conducted in  high-income countries and China.27 

The number of epidemiological studies providing a link between short-term ambient TV and 

health outcomes has increased globally, with most of these studies conducted in high-income 

countries.18,28-31 Children, people older than 65-years, and people with confined or restricted 

movement are the most sensitive subgroups to exposure to TV.31-32 There are currently several 
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indices of TV used weather and health related studies, defined and based on their temporal 

(inter- or intraday TV) and spatial scale.16 Most studies based on the effects of TV on morbidity 

and mortality focused either on intraday TV (e.g., diurnal temperature range (DTR))26,31 or on 

interday (e.g., temperature change between neighbouring days (TCN).33-34 Due to the persistent 

nature of unpredictable weather conditions, it might be more accurate to combine both intraday 

and interday TV when examining the association between TV and health outcomes.18 To the 

author’s knowledge, prior to the commencement of this thesis there was no study that examined 

the health effects of TV using a compositive index of intra- and interday TV in South Africa.  

In general, African countries are underrepresented in international studies aiming to understand 

the health impacts of climate change and variability indicators.15 The underlying biological 

mechanisms observed between several meteorological predictors, such as ambient temperature 

on health effects over short periods, are poorly understood and may differ from those related 

to mean temperatures under more severe conditions and longer intervals in high-income 

countries.35 The ultimate endeavour of environmental epidemiology is to discover which 

ecological exposures contribute to health effects in a defined population by studying external 

factors that might inflate the occurrence of disease or mortality and other geographic ranges of 

health conditions.36-37 Environmental epidemiology seeks to clarify the relationship between 

physical, biological, and chemical factors and human health36,38 and provides a direct link 

between exposure and health outcomes.38-40 Despite the importance of such studies, there are 

few in LMICs. The reason might be because few people have training in environmental 

epidemiology, and there is limited and inadequate information regarding exposure assessment. 

Thus, local and regional studies are needed to correctly assess the exposure-response 

relationships and quantify the disease burden attributable to TV. 

Furthermore, the effect of atmospheric conditions changes with shifts in the frequency and 

intensity of air masses (also referred to as weather types. according to Kalkstein et al.41) that 

negatively impact human health.20,42-43 Several studies showed that synoptic weather patterns44-

48 could modify the temperature-health outcome association.49-52  However, limited research 

on the effect modification of oppressive weather types on temperature-health outcomes has 

been completed regarding synoptic patterns. Synoptic weather patterns cover large spatial 

regions up to approximately 1000 km2, which accounts for how people simultaneously react to 

a suite of meteorological variables.53-55 To date, no research has been conducted in Africa 

documenting the relationship between a particular synoptic weather type and health outcomes 
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and TV. Recent studies emphasise the knowledge gap in effect modification and methodology 

in Africa.56-57 

 

Climate change is a huge public health concern in South Africa, and yet, research on the risks 

of climate change and health is limited in South African context.5,58 It is projected that the 

average temperatures may increase up to 6°C in the interior of South Africa between 2070-

2099 and the frequency and intensity of heatwaves are projected to increase along the coastal 

regions of South Africa.59 The estimated temperature increases which exceed the average 

global warming, ascertains the need for local climate change and health-related 

epidemiological studies to determine how South African residents respond to ambient 

temperature variability, what factors might modify the health effects of temperature variability, 

identify vulnerable subgroups, and determine which adaptation plans to prioritise.52 

Consequently, this thesis aims on using time series methods to examine the association between 

a compositive index of intra- and interday TV and health outcomes as well as to determine 

whether spatial synoptic classification (SSC) weather types (similar to Bergon air masses) and 

season influences the association. 

 

This study will provide an opportunity to contribute and generate new knowledge regarding 

the effects of temperature changes on noncommunicable diseases in South Africa. One of the 
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broader impacts of this thesis is to assist the South African government, towards achieving 

United Nations Sustainable Development Goals (SDG) Agenda 2030, particularly, Goal 3 

which aims to ensure healthy lives and promote well-being for all at all ages and Goal 13 which 

aim to address the global challenge of climate change. The study also addresses the National 

Climate Change Adaptation Strategy objective number  : “Improve understanding of climate 

change impacts and capacity to respond to these impacts.” Climate and health research 

contribute to understand the interactions between climate change and human health, informing 

policy decisions, promoting resilience, and advocating for actions that align with multiple 

SDGs. Addressing these goals can help to reduce the adverse threats that climate change poses 

to health and other sytems.60 Regional assessment of sensitivity and vulnerability to 

environmental impacts will help to determine which adaptation strategies should be 

implemented. 

1.3. Research Questions 

To the researcher’s knowledge, no studies were conducted in Africa to assess the combined 

effects of inter- and intraday TV on morbidity and mortality. The effects of TV within specific 

air masses are yet to be explored in Africa. The proposed study aims to bridge such gaps by 

answering the following research questions: 

¶ What is the current state of knowledge or literature on the association between climate 

variability indicators and cause-specific health outcomes? 

¶ Are there any associations between TV and hospital admissions and mortality? 

¶ Does season and SSC weather types (i.e., an entire suite of meteorological indicators) 

modify the association between TV and health outcomes? 

¶ Which subpopulations are most likely to be hospitalised or die from exposure to TV? 

1.4. Aims And Objectives 

1.4.1. Aim 

The overall aim of this thesis was to investigate the association between TV, respiratory disease 

(RD) and cardiovascular disease (CVD) mortality and hospital admissions in various cities in 

South Africa, along with possible effect modification by weather types.5t 
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1.4.2. Specific objectives 

¶ To systematically review the current state of knowledge of time series and case-crossover 

epidemiological studies on the impacts of TV on CVD and RD mortality and hospital 

admissions at various time scales. 

¶ To investigate the association between TV, RD, and CVD hospital admissions in Cape 

Town during 2011–2016.  

¶ To investigate if season and SSC weather types modify the association between the TV, 

RD, and CVD hospital admissions in Cape Town during 2011–2016. 

¶ To investigate the association between TV, RD, and CVD mortality in five South African 

cities, namely Bloemfontein, Cape Town, Durban, Johannesburg, and Gqeberha (formerly 

known as Port Elizabeth) located in different Kӧppen-Geiger regions during the study 

period 2006–2016.  

¶ To investigate the possible effect modification by season and weather types on the 

association between TV, RD, and CVD in five South African cities, namely Bloemfontein, 

Cape Town, Dur an, Johannes urg, and Gqe erha located in different Kӧppen-Geiger 

regions during the study period 2006–2016. 

1.5. Description Of Study Area And Methodology 

The research was confined to five South African cities, namely Bloemfontein, Cape Town, 

Dur an, Johannes urg, and Gqe erha located in different Kӧppen-Geiger regions (Figure 1.2). 

South Africa is a middle-income and developing country situated at the southern tip of Africa.61 

The country's coastline stretches for approximately 3,000 km along the South Atlantic and 

Indian Oceans. South Africa shares borders with Botswana, Mozambique, Namibia, the 

Kingdom of Eswatini, and Zimbabwe. It is a temperate region surrounded by the Atlantic and 

Indian Oceans on the east, west and south sides. The cities were purposefully selected since 

they are some of the most populated cities in South Africa and had complete datasets for the 

study period. Therefore, the results of the present study represent the different climatic 

conditions experienced in South Africa. Thus, the results will be generalisable to other cities 

with similar weather conditions. 

Two main methodologies were followed to achieve the objectives of this thesis. First, to 

conduct the systematic review (Manuscript 1), PRISMA guidelines for conducting systematic 

reviews was followed. Second, to examine whether day-to-day differences in the number of 
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CVD and RD hospital admissions or mortality can be explained by TV measured at different 

temporal scales (Manuscripts 2, 3, 4, and 5), time series regression models were used.18,62-63 

Specifically, quasi-Poisson regression models combined with distributed lag non-linear models 

(DLNM) framework were used.64-65 A comprehensive description of the methodology is 

presented in the subsequent chapters presented as manuscripts. 

1.6. Structure Of Thesis 

This thesis is presented in a manuscript format, following the guidelines for writing a Doctoral 

thesis by publication for the Faculty of Health Sciences in conjunction with the University of 

Pretoria’s General Academic Regulation G53 Doctoral degree by virtue of publication 

guidelines. 

The five manuscripts are presented in Chapters 2-6. They are written according to the author 

guidelines and publication style of each journal. Chapter 2 systematically reviewed the time 

series and case-crossover epidemiological studies that investigated the impacts of TV on CVD 

and RD mortality and hospital admissions at various time scales. Chapter 3 investigated the 

Figure 1.2. Map of South Africa showing study locations 
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association between TV and cardiovascular and respiratory hospital admissions in Cape Town 

during 2011–2016. Chapter 4 incorporated the SSC system to examine whether SSC weather 

types and season modified the association between TV and hospital admissions in Cape Town. 

Chapter 5 examined the relationship between TV and mortality in five South African cities 

from 2006 to 2016. Chapter 6 studied the link between cardiorespiratory mortality risks and 

TV and investigated whether SSC weather types modified the relationship between TV and 

mortality in the five cities. Chapter 7 presents a synthesis of the key findings based on the five 

manuscripts and overall significance of the study. Furthermore, the limitations, and probable 

implications are discussed. Future research is also proposed. 
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Temperature variability, cardio-respiratory disease mortality, and hospital admissions: 1 

An epidemiological systematic review 2 

Malebo Sephule Makunyane,1,2 Hannes Rautenbach,1 Janine Wichmann.1 3 

1. School of Health Systems and Public Health, Faculty of Health Sciences, University 4 

of Pretoria, Pretoria, South Africa. 5 

2. South African Weather Service, Pretoria, South Africa. 6 

*    Correspondence: u10202146@tuks.co.za 7 

2.1. Abstract 8 

Background 9 

Most climate-related reviews provided substantial evidence on how changes in mean and 10 

extreme temperatures are associated with worse human health. There is a need to understand 11 

how temperature variability (TV) changes affect health, as this can add to the existing and 12 

future health challenges caused by climate change. However, there are limited reviews on how 13 

temperature variability affects health at various times.  14 

Objective 15 

This study systematically reviewed the current state of knowledge of time series and case-16 

crossover epidemiological studies on the impacts of TV on cardiovascular disease (CVD) and 17 

respiratory disease (RD) mortality and hospital admissions at various time scales. It also 18 

assesses vulnerable subgroups, identifies what factors modify the TV and health outcomes 19 

association, and identifies TV indexes used in health-related studies.  20 

Methods 21 

PubMed, MEDLINE/Web of Science, and Scopus were used to systematically search 22 

epidemiological research on cardiovascular and respiratory health risks associated with 23 

temperature variability indexes. The literature search was restricted to the English language, 24 

time series, and case-crossover epidemiological studies conducted globally and published 25 

before 15 March 2023. Studies that only reported counts of hospital visitations or mortality and 26 

those that focused on outpatients or excess risks were excluded from the review.  27 

 28 
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Results 29 

Of the 1 465 studies, only 45 met the inclusion criteria, of which, 23 studies investigated the 30 

risks of CVD and RD hospital admission due to exposure to TV indexes While the remaining 31 

22 studies focused on CVD and RD mortality associated with exposure to various TV indexes. 32 

The evidence suggests that unstable weather (temperature variations) is related to 33 

cardiovascular and respiratory health outcomes. Most of these studies were conducted in Asia 34 

(particularly China), the United States, and Europe, with only two studies conducted in Africa. 35 

The studies investigated various TV indexes, including diurnal temperature range (DTR), 36 

temperature change between neighbouring days (TCN/TC), and standard deviation between 37 

the minimum and maximum temperature. Gender, age, race, daily mean temperature, criteria 38 

of air pollutants, and socioeconomic status may confound the TV-health association. In most 39 

studies, temperature changes posed a higher risk to children, individuals over 65-years of age, 40 

and males. 41 

Conclusion 42 

The vast majority of the studies only assess the health effects of either intraday or interday 43 

variation (two days after exposure). However, new evidence suggests that the effects of 44 

unstable weather last several days after exposure. Therefore, research on the health effects of 45 

TV indexes that account for intraday and interday variability is warranted, especially in 46 

developing countries or regions. More research in Africa is needed to produce more credible 47 

evidence on what risk climate change and variability indicators has on health to inform policies 48 

related to public health and climate change readiness.  49 

 50 

 51 

 52 

 53 

 54 

 55 

 56 
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2.2. Introduction 57 

The health effects of temperature change and variability are critical public health concerns 58 

regarding climate change.1-2 Several studies have demonstrated substantial evidence of the 59 

health effects of temperature extremes, with few studies reflecting on the impact of temperature 60 

variability (TV).1,3-5 TV is one of the critical indicators of climate change.6-7 Contrary to 61 

ambient mean temperature, it could also notably impact human adaptation to climate change 62 

and its variability.3,8-10 A recent study has shown that focusing only on mean temperature 63 

changes and temperature extremes might underestimate the impact of climate change on 64 

humans.11  65 

According to epidemiological research, there is a link between climate change, its variability, 66 

and adverse impacts on human health.1,4,12 However, the predominant body of scientific 67 

research has focused on investigating the effects of extreme temperatures on human health 68 

compared to TV and their synergistic impacts.5,13 Few reviews summarised evidence on the 69 

health implications of TV indexes. Most existing reviews and studies found that mortality and 70 

morbidity rates are significantly associated with TV indexes.2-3,14-16  However, the extensively 71 

researched temperature-related metrics are heat waves, extreme cold or hot temperatures, cold 72 

spells, and daily temperature range.2,5,17 A recent study ascertained that the effects of surface 73 

air TV at various timescales are unclear.2-3,16 Furthermore, short- and long-term TVs could 74 

exacerbate existing health conditions.3,12,18 75 

 Understanding the health implications of TV at different time scales is pivotal and can aid in 76 

reducing the impacts of weather instability on humans. The commonly used indexes in 77 

meteorology and epidemiology to measure temperature variability defined on a range of 78 

temporal dimensions are as follows: 1) diurnal temperature range (DTR) reflecting intraday 79 

temperature variation; 2) temperature change between neighbouring days (TCN); reflecting 80 

inter-day temperature variation (i.e., variation between two adjacent days); 3) Synoptic 81 

temperature variation reflecting variation within three to seven days; 4) sub-monthly variation 82 

reflecting variation within eight to 20 days; 5) monthly or sub-seasonal variation reflecting 83 

variation within 90 days; 6) seasonal variation reflecting temperature variation for more than 84 

90 days; 7) annual variation reflecting temperature variation measured on a yearly scale; and 85 

8) decadal and centennial variation reflecting temperature variation measured at a decadal or 86 

centennial scale.3,19-20 There is a need for epidemiological studies to evaluate the risks of both 87 

spatial and temporal temperature variability indexes on population health at a global and 88 
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regional scale. Such studies will improve the scientific knowledge on which combination of 89 

meteorological variables or temperature indexes poses a grave threat to human health, which 90 

subgroups are vulnerable, what factors modify vulnerability to temperature changes, and the 91 

gaps in the literature. These studies will help to mitigate further climate change and climate 92 

variability's current and future health burden.1,21 93 

Climate change causes an increase in average temperature and a rise in temperature 94 

fluctuations. However, there is limited and insufficient research on the health impacts of 95 

variability in climate indexes.3,7-8,12,14 Thus, understanding the health risks associated with 96 

climate variability and the adaptation strategies needed may mitigate the health effects of 97 

climate variability. Consequently, this study 1) systematically reviewed population-based 98 

studies on the health effects of TV indexes, a meteorological indicator of climate variability or 99 

stability, focusing on cardiovascular and respiratory-related mortality, and hospitalisations, 2) 100 

to identify vulnerable and susceptible subpopulations to TV exposure, 3) identify factors that 101 

modify the TV and health outcome associations, and 4) identify which studies used temporal 102 

and spatial TV indices as a proxy for the effect of temperature change on health. The present 103 

review intends to extend the scientific knowledge on the impacts of TV, identify research gaps 104 

in TV and health-related studies, and discuss implications for future research. 105 

2.3. Methods 106 

2.3.1. Research questions 107 

The research questions for the present study are  108 

¶ What is known about the relationship between TV and cardiovascular and respiratory 109 

disease hospitalisations and mortality?  110 

¶ What are the characteristics of the current studies?  111 

¶ What are the limitations of the current studies?  112 

¶ What are the temperature variability indexes used in health-related studies, their time 113 

scales, and their limitations? 114 

2.3.2. Search strategy 115 

The systematic review followed the Preferred Reporting Items for Systematic Reviews and 116 

Meta-analyses (PRISMA) guidelines. PubMed, Scopus, and MEDLINE (Web of Science) were 117 

used to systematically search for studies on the association between TV and health outcomes 118 

published from inception until 15 March 2023. The search was repeated, and the bibliography 119 
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of identified studies were studied to determine any missed studies. The primary search centred 120 

around a combination of the following strings and keywords: For hospital admissions: 121 

("temperature varia*" OR "temperature change*" OR "diurnal temperature*") AND 122 

(respiratory OR cardiovascular) AND ("hospital admissions" OR "hospital*" OR "morbidity" 123 

OR health). For mortality: ("temperature varia*" OR "temperature change*" OR "diurnal 124 

temperature*") AND (respiratory OR cardiovascular) AND (mortality OR death OR health). 125 

2.3.3. Inclusion and exclusion criteria 126 

This review focused on studies that used TV indexes to examine the effect of climate variability 127 

or unstable weather conditions on population health. Studies were included in the review if 128 

they were: 1) published in peer-reviewed journals from inception until 15 March 2023; 2) 129 

published in English; 3) human studies; 4) quantitative studies of risks associated with exposure 130 

to TV indexes using the time-series or case-crossover epidemiological methods and reported 131 

appropriate effect estimates, such as relative risks, odds ratios, and percentage change in 132 

hospital admissions or mortality; 5) temperature variability indexes, such as diurnal 133 

temperature range (DTR), temperature change between neighbouring days (TCN), standard 134 

deviation of minimum and maximum temperatures, and spatiotemporal index of TV were 135 

exposure variables of interest; and 6) health outcome of interest was hospital admission or 136 

death due to respiratory diseases (RD) or cardiovascular diseases (CVD).  137 

Studies were excluded in the review if: 1) the subjects were animals or human experiments; 2) 138 

reported mortality counts or excess deaths following heat waves to focus on the general 139 

association of TV and mortality and hospital admissions; 3) they focused on TV trends; 4) their 140 

main objective was not to assess the health effects of temperature variability; 5) they focused 141 

on biomarkers related to CVD or RD outcomes; 6) health outcomes were on outpatient (patients 142 

not admitted overnight) or emergency room visits studies; and 7) they were reviews. Titles and 143 

abstracts of the published articles were screened to evaluate relevance based on inclusion 144 

criteria, and thereafter, full-text articles of the remaining articles were reviewed. Furthermore, 145 

the reference lists of articles were inspected for any studies missing from the primary search. 146 

An Excel data extraction form was used to record the following information from eligible 147 

studies: citation; the country or region where the study was conducted; study period; study 148 

design; statistical methods used to estimate the risks of TV exposure; TV index used; and 149 
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whether they were controlled for confounding and critical findings. Furthermore, information 150 

regarding model options for the covariates was included in the primary model.151 

 152 

  153 

Figure 2.1. Diagram of the study selection process for TV and health outcomes citations 
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2.4. Results 154 

2.4.1. Study characteristics 155 

A flowchart illustrating the process of selecting studies is presented in Figure 2.1, which shows 156 

that out of the 1 465 articles initially identified, only 45 studies were deemed suitable for 157 

inclusion in the review of which 23 studies focused on the relationship between TV indexes 158 

and hospital admissions, while the remaining 22 investigated the link between TV and 159 

mortality. The primary outcomes of interest were CVD (ICD-10: I00-I99) or RD (ICD-10: J00-160 

J99). All 45 studies reported the risks of hospital admissions or mortality by total of CVD or 161 

RD diseases or subcategories of CVD or RD diseases. For example, Tian et al. (2023)30 162 

examined the effects of DTR on pneumonia hospitalisation. Zhao et al. (2019)26 focused on 163 

exacerbating cardiac arrhythmia as the health outcome of interest. Furthermore, cause-specific 164 

health outcomes such as a stroke, myocardial infarction (MI, I21–I22), and other CVD and RD 165 

subgroups were investigated. 166 

Table 2.1 below summarises TV metrics used as an indicator variable for temperature change 167 

over various temporal scales. Of the 45 studies, 29 studies (n=29) used DTR. The effects of 168 

temperature variability were assessed using different indices across the studies. Four studies 169 

(n=4) utilised the temperature change between neighbouring days (TCN) as an exposure 170 

variable and seven studies (n=7) employed the standard deviation of minimum and maximum 171 

temperatures during the exposure days (daily TV) as an index. Two studies (n=2) explored the 172 

effects of the standard deviation of hourly temperatures (hourly TV) as a TV index. In one 173 

study (n=1), both DTR and temperature change between neighbouring days (TCN) were 174 

utilised as exposure variables of interest.51 Yu et al. (2022)46 (n=1) compared the effects of 175 

hourly and daily TV on all causes as well as cardiorespiratory mortality. Rowland et al. (2021)28 176 

(n=1) used three TV metrics to measure hourly temperature changes, namely 24-hr mean 177 

absolute hourly first difference, 24-hr maximum absolute hourly first difference, and 24-hr 178 

mean hourly first difference, to investigate the association between these metrics and hospital 179 

admissions. 180 

The characteristics of the studies are summarised in Table 2.2 for hospital admissions and Table 181 

2.3 for mortality. The hospital admission studies were conducted in various locations, two in 182 

Africa (Limpopo and Cape Town in South Africa)22-23, one in Europe (Catalonia),24 three in 183 

South America (Argentina, Brazil),25-27 one in North America (New York),28 and 17 in Asia 184 

(Korea, Vietnam, Thailand, China).26-27,29-45 Regarding mortality studies, only three were 185 
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conducted in North America,46-48 and 19 were performed in Asia.49-66 Most studies incorporated 186 

in this review utilised time series techniques, specifically generalised additive models (GAM) 187 

or generalised linear models (GLM), to explore the health implications of being exposed to 188 

different TV indexes. However, three studies employed a case-crossover epidemiological study 189 

design instead.24,28,59 However, a study conducted by Lim et al. (2012)45 in four Korean cities 190 

(Seoul, Incheon, Daegu, and Busan) used both statistical approaches, namely GLM and the 191 

case-crossover design, to compare the effects of DTR on hospital admissions.  192 

2.4.2. Model options 193 

Most hospital admission (Table 2A.1) studies used a linear term of the function of TV indexes 194 

in the primary models, assessing different lags or cumulative lags. Some studies explored both 195 

the exposure variables' single lag effect and the cumulative lag effect. For example, Tian et al. 196 

(2023)30 and Makunyane et al. (2023)22 explored TV as a linear term, assessing several 197 

exposure lengths from 0-1 day to 0-7 days. Zhu et al. (2021)33 added DTR as a linear term in 198 

the model. However, they also considered the delayed effects of DTR on single lags (i.e., from 199 

lag 0 to lag 7) separately. The authors further investigated the cumulative impact of DTR from 200 

lag 01 to lag 07.33 A study conducted in China using temperature change within a 24hr period 201 

(TC24) also investigated the single lag effects of TC24 on cardiovascular disease-related 202 

hospital admissions.35 Approximately 52% of the mortality studies (Table 2A.2) investigated 203 

the linear impact of TV indexes on cardiovascular or respiratory disease mortality.  204 

The researchers that observed a nonlinear relationship between TV indicators and health 205 

outcomes utilised cross-basis functions or smoothing splines to explore the delayed and 206 

nonlinear consequences of the exposure factor on health outcomes. For example, Cheng et al. 207 

(2014)50 assumed that the impact of temperature change on mortality would be delayed up to 208 

21 days and used a natural cubic spline with three degrees of freedom (df) to analyse the 209 

temperature change. Several other studies  observed a nonlinear relationship between the 210 

impacts of the intraday temperature range (DTR) or inter-day temperature changes (TCN) on 211 

mortality used cross-basis functions to adjust for the nonlinear and delayed effects of the 212 

exposure variables.32,37-38,51 The model options for the cross-basis functions differed per region, 213 

exposure variable (DTR, TCN or TV daily), and health outcomes (see Table 2A.1 and Table 214 

2A.2 in the appendix). Other studies used smoothing splines such as natural cubic splines for 215 

the exposure variable.23,39,42 216 
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The potential confounding effect of the day of the week and public holidays was adjusted by 217 

using factor variables. Most studies utilised a natural cubic spline with a range of four to nine 218 

degrees of freedom (df) per year to eliminate the effects of seasonality and long-term trends. 219 

Some studies used different spline options. For example, Loung et al. (2019)41 used cubic spline  220 

(df=3 per year), Carreras et al. (2015)25  used cubic penalised splines, Ngo et al. (2021)34 used 221 

flexible splines (df=3), Luo et al. (2013)63 used cubic regression spline, and Lee et al. (2018)53 222 

used natural cubic B-spline (df=8 per year). 223 

Prior investigations have demonstrated that the daily mean temperature and relative humidity 224 

may influence the association between temperature changes and health outcomes. Most studies 225 

utilised a cross-basis function with a natural cubic spline for both temperature and lag days, 226 

incorporating up to 21 lag days for the daily mean temperature to account for the nonlinear and 227 

delayed effects of daily mean temperature. Lee et al. (2018)53 controlled for the influence of 228 

the daily mean temperature by employing a natural cubic B-splines method for both the 229 

exposure-response and lag-response relationships. Most studies in their primary analyses 230 

considered the impact of relative humidity and controlled for it through a natural cubic spline 231 

method with degrees of freedom ranging from 3 to 8.22,28-29,31-32,34 Additionally, some studies 232 

adjusted for other meteorological factors, including sunshine duration, wind speed, 233 

atmospheric pressure, and apparent temperature, using smoothing splines. For example, Zhang 234 

et al (2017) used natural cubic splines to account for the effects of atmospheric pressure and 235 

wind.57 236 
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Table 2.1: Various TV metrics, their acronyms, and their temporal scale used in the studies reviewed 237 

Temperature Variability Index Acronym Temporal Scale 

Diurnal temperature range DTR Sub-daily 

Temperature change between neighbouring days TCN Daily 

Temperature changes  TC24 Daily 

The standard deviation of minimum and maximum temperatures during exposure days Daily TV Sub-daily 

The standard deviation of hourly temperature Hourly TV Hourly 

The maximum absolute first difference MeanFDT Hourly 

The difference in daily mean for lag 0 and lag one day DiffMeanT Daily 

The mean absolute first difference MeanAbsFDT Hourly 

The maximum absolute first difference MaxAbsFDT Hourly 

The difference between the current day's mean previous day's mean temperature Mean TC Daily 

The difference between the current day's maximum previous day's maximum temperature MaxTC Daily 

The difference between the current day's minimum previous day and minimum temperature MinTC Daily 

238 
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2.4.3. Effects of TV on hospital admissions 239 

Table 2.2 below, provides evidence of a significant relation between TV indexes and CVD and 240 

RD hospitalisations. Specifically, Tian et al. (2023)30 found that, on average across China, for 241 

every 1°C increase in TV at 0-6 days of exposure, the risks of pneumonia hospitalisations 242 

increased by 0.65%. Makunyane et al. (2023)22 reported higher risks of RD and CVD 243 

hospitalisations at 0-5 days of TV exposure for CVD 2.84%- and 0-1-day TV exposure for RD 244 

2.79%, respectively. Shi et al. (2021)35 also found that negative and positive temperature 245 

changes within 24 hours were significantly associated with CVD hospitalisations. 246 

Regarding hourly-to-hour temperature change metrics, Rowland et al. (2021)28 generally 247 

observed a positive association between hourly temperature variations and myocardial 248 

infarction risks. For example, the risks of MI hospitalisation associated with an increase in 249 

mean to the 90th percentile in mean absolute first difference of temperature were 2.04% [95% 250 

CI: 1.30%-2.78%], while an increase in the mean first difference was significantly associated 251 

with the increasing risks of MI hospitalisation. 252 

For DTR, Pontjoan et al. (2021)24 reported that at lag 0, the incidence rate ratio of total CVD 253 

hospitalisation associated with DTR was 1.032 [95% CI: C1.005;1.061], and the authors also 254 

associated extremely high DTR with increased cumulative risks of CVD hospitalisation. Zhu 255 

et al. (2021)33 found that emergency room CVD hospitalisations were associated with a 1°C 256 

increase in DTR. Zha et al. (2021)36 also found that the most significant effects of DTR on  257 
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Table 2.2: Studies on the health effects of temperature variability indexes on cardiovascular disease (CVD) and respiratory disease (RD) hospital admissions for the 258 
entire study population 259 

Citation 
Study 

Location 
Study Period Data Sources Study Design TV Index Key Results 

Tian et al. (2023)30 184 China's 

Major cities 

2014-2017 Urban Employee Basic 

Medical Insurance 

(UEBMI) and China 

meteorological Data 

Sharing Service System 

Time-series  Daily TV On average, across the country, for 

every 1°C increase in TV at 0–6 days of 

exposure, the risks of pneumonia 

hospitalisations increased by 0.65% 

[95% CI: 0.34%,0.96%]. 

Makunyane et al. (2023)22 South Africa 

(Cape 

Town) 

2011-2016 Private hospitals and South 

African  Weather Service 

Time-series Daily TV For all ages combined, higher risks of 

RD and CVD hospital admissions 

appeared at 0–5 days of TV exposure 

for CVD 2.84% [95% CI:1.44, 4.27] 

and 0–1 day TV exposure for RD 2.79% 

[95% CI: 1.44, 4.17], respectively.  

Zha et al. (2022)31 China 

(Qingyang) 

2011-2015 New Rural Cooperative 

Medical Management 

(NRCMS) Center of 

Qingyang  

Gansu Meteorological 

Bureau and the China 

Meteorological Science 

Data Sharing Service  

Time-series TCN Positive TCN showed protective risks 

for CVD hospital admissions. Exposure 

to low TCN at longer, up to 27 days, 

was significantly associated with higher 

risks of CVD hospitalisations 

cumulative relative risk of 29.55 [95% 

CI: 4.709–185.436]. 

 In contrast, lower risks of CVD 

hospitalisations were associated with 

extreme high TCN cumulative relative 

risk of 0.040 [95% CI: 0.009–0.169]. 

Zhai et al. (2022)32 China 

(Qingyang) 

2014-2017 NRCMS of Gansu Province 

The Meteorological Science 

Data Sharing Service 

Time series DTR DTR had a significant, longer single lag 

impact on CVD cases. 
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Citation 
Study 

Location 
Study Period Data Sources Study Design TV Index Key Results 

Zhu et al. (2021)33 China 

(Jincheng) 

2013-2016 Three general hospitals in 

Jincheng of Gansu Province 

Jincheng Meteorological 

Bureau  

Time series DTR Emergency room CVD hospitalisations 

were associated with a 1°C increase in 

DTR 1.30% [95% CI: 0.99–1.62%]. 

Ngo et al. (2021)34 Vietnam 

(Ho Chi 

Minh City) 

2013-2017 Two large paediatric 

hospitals in the city 

Southern Regional 

Hydrometeorological 

Centre for the 

meteorological station at 

Tan Son Nhat airport 

Time series  DTR During the rainy season, a 1°C in DTR 

was significantly associated with a 

decrease from 2.0 to 2.5% risk of 

hospitalisation for acute lower 

respiratory infections for pneumonia 

among children. 

 Shi et al. (2021)35 China 

(Jinchang) 

2013-2016 Four general hospitals in 

Jinchang 

Jinchang Meteorological 

Bureau 

Time series TC24  Both a negative −1.86% [95% CI: 95% 

CI: −2.26% −1.4 %] and a positive 

3.01% [95% CI: 2.41%, 3.62%] 

temperature change of 24 hr were 

significantly associated with CVD 

hospitalisations. 

Zha et al. (2021)36 China 

(Qingyang) 

2011-2015 NRCMS of Gansu Province 

China Meteorological 

Science Data Sharing 

Service. 

Time series DTR When DTR was 6.1°C the most 

significant effects (2.951 [95% 

CI:1.605, 5.425])  of DTR on CVD 

hospitalisations for the farmers were 

observed and when DTR was at its 

maximum RR 0.163 [95% CI: 0.008, 

3.226]. 
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Citation 
Study 

Location 
Study Period Data Sources Study Design TV Index Key Results 

Rowland et al. (2021)28 New York 

State 

2000-2015 New York Department of 

Health Statewide Planning 

and Research Cooperative 

System 

North American Land Data 

Assimilation System,  

NLDAS-2 Forcing 

Case-crossover Various 

TV (see 

Table 2.1) 

for full 

description  

The risks of MI hospitalisation 

associated with an increase in mean to 

90th percentile in mean absolute first 

temperature difference is 2.04% [95% 

CI: 1.30–2.78%]. 

The mean first difference that was 

significantly associated with the risks of 

MI hospitalisation is 1.86% [95%CI: 

1.09; 2.64%]. 

A positive association was observed 

between hourly temperature variations 

and risks of myocardial infarction risk.  

Ponjoan et al. (2021)24 Catalonia 

(Southern 

Europe) 

2006 -2013 The Development of 

Research in Primary Care 

database. 

The Catalan Meteorological 

Service. 

Case-crossover DTR 

percentiles  

At lag 0, the incidence rate ratio of total 

CVD hospitalisation associated with 

DTR was 1.032 [95% CI:1.005;1.061]. 

Extreme high DTR was significantly 

associated with CVD hospitalisation 

with a cumulative RR of 1.024 [95% CI 

1.006 to 1.042].  

Zhai et al. (2021)37 Dingxi 

(Northwest 

China) 

2016-2019 The NRCMS of Gansu 

Province. 

China Meteorological 

Science Data Sharing 

Service. 

Time series DTR For the entire study group, the most 

significant effects of DTR on CVD 

hospitalisations were observed at 

different reference points, at 6°C, the 

RR were 1.418; at 17°C, the RR were 

1.781.  

Pedder et al. (2021)23 South Africa 

(Limpopo) 

2007-2015 Two public hospitals in 

Limpopo.  

Time series DTR Cumulatively across the 21 days, DTR 

was significantly 6.7% [95% CI: 

−19.4%, 26%] associated with 

pneumonia admissions. 
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Citation 
Study 

Location 
Study Period Data Sources Study Design TV Index Key Results 

Meteorological data were 

obtained from 

Thohoyandou.   

Phosri et al. (2020)38 Thailand 

(Bangkok) 

2006-2014 National Health Security 

Office 

The Thai Meteorological 

Department  

Time series DTR The 21-day cumulative RR associated 

with exposure to extreme high DTR 

(11.6°C) for CVD hospitalisations were 

1.206 [95% CI:1.002;1.452] and 1.021 

[95% CI:0.856;1.218] RD 

hospitalisations. 

Wang et al. (2020)39 South China 

(Guangdong 

Province) 

2013-2017 Electronic medical record 

system of Guangdong 

Government Affairs 

Service Center 

 National Meteorological 

Information Center of 

China 

Time series DTR At 0-6 lag, exposure to a DTR was 

significantly associated with increased 

risks of hospitalisation for exacerbation 

of chronic respiratory diseases 1.09 

[95% CI: 1.08; 1.11] 

Luong et al. (2019)41 Vietnam 

(Hanoi) 

2010-2014 Two hospitals in Hanoi26  

The National Hydro-

Meteorological Service 

through the Centre for 

Environmental Monitoring 

Portal [Vietnam 

Environment 

Administration]. 

Time series DTR DTR effects were investigated for hot 

and cold weather. Adverse effects of 

DTR on respiratory infections were 

observed during hot weather. However, 

1.7% and 3.4% increases in RI hospital 

admissions were observed per 1°C 

increase in DTR during cold weather for 

the <3 years and among the 3-5 years 

age groups, respectively. 

Zhao et al. (2019)26 Brazil 2000-2015 Brazilian Unified 

Healthcare System 

Brazilian National Institute 

of Meteorology. 

A time-

stratified case-

crossover  

Daily TV At 0-1 days, the most potent effects of 

TV on cardiac arrhythmia 

hospitalisations were observed (odds 

ratio 1.012 [95% CI:1.010;1.015]). 

Lee et al. (2019)42  Korea 

(Seoul) 

2008-2012 The National Health 

Insurance System of the 

Health Insurance Review 

and Assessment Service. 

Time series DTR The study investigated the effects of 

DTR on age-stratified groups. 

Significant impact of DTR was 

observed for paediatric (RR: 1.056), 
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Citation 
Study 

Location 
Study Period Data Sources Study Design TV Index Key Results 

The Ministry of 

environment. 

school-aged children (RR:1.078) and 

older people (RR:1.068).  

Tian et al. (2019)29 China 2014-2017  UEBMI and China 

Meteorological Data 

Sharing Service Center. 

Time series Daily TV After combing city-specific estimates, at 

0-1 days of TV exposure, a 1°C increase 

in TV was associated with a 0.44% 

[95% CI: 0.32%-0.55%] increase in 

hospital admissions for cardiovascular 

disease. 

Ma et al. (2018)43 China 

(Changchun) 

2014-2017 One big comprehensive 

hospital in Changchun 

Changchun 

Meteorological Bureau 

Times series DTR For all ages and gender combined, the 

most significant effect of DTR on 

COPD hospitalisations, per 1°C increase 

of DTR, were observed at lag 7 (RR 

1.007 [95% CI;0994;1.009]) 

Zhao et al. (2018)27 Brazil 2000-2015 Brazilian 

Unified Health System and 

daily data on weather 

conditions were extracted 

from a 0.25° × 0.25° 

dataset. 

Time series Daily TV CVD hospital admissions showed the 

strongest effect of harvesting. In 

contrast, the most substantial impact of 

TV on RD hospitalisations was 

observed at 0-7 days of exposure. 

Zheng et al. (2016)44 China 

(Beijing) 

2009-2011 Three large-scale 

comprehensive hospitals in 

the Haidian. 

Beijing Meteorological 

Bureau. 

Time series DTR  A °C increase in the 2-day and 3-day 

moving average of DTR was 

significantly associated with an 

increased risk of CVD ER 

hospitalisations (1.46% [95% CI: 

0.74%; 2.19%]). 

Carreras et al (2015)25 Argentina 

(City of 

Cordoba) 

2005-2011 City of Cordoba's public 

and medical care system 

Time series DTR After adjusting for relative humidity and 

particular matter, per a 10°C in DTR, 

the risks of hospital admissions due to 

upper respiratory infections decreased, 

however, remained significant at 2.9% 
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Citation 
Study 

Location 
Study Period Data Sources Study Design TV Index Key Results 

National Meteorological 

Service located at the 

Cordoba Airport 

[95% CI: 0.8, 6.7] and similarly for the 

lower respiratory infections 2.9% [95% 

CI: 1.0;6.9]. 

Wang et al. (2013)40 China 

[Beijing] 

2009-2011 Three large-scale 

comprehensive hospitals in 

the Haidian and the Beijing 

Meteorological Bureau. 

Time series DTR 

 

While a 1°C increase in the 3-day and 6-

day DTR moving averages were 

associated with a 0.76% [95% CI: 

0.07%; 1.46%] rise in CVD-related 

hospitalisations, a 1°C increase in the 8-

day DTR moving average was 

associated with a 2.08% [95% CI: 

0.88%; 3.29%] rise in RD 

hospitalisations. 

Lim et al. (2012)45 Korea 

(Seoul, 

Incheon, 

Daegu, and 

Busan) 

2003-2006 Korea National Health 

Insurance Corporation. 

Changchun Meteorological 

Bureau 

Time series 

and case-

crossover  

DTR National estimates showed that DTR is 

significantly associated with increased 

CVD and RD hospitalisations.  

For the four cities, the most significant 

increase in total CVD hospitalisations 

per 1°C increase in DTR was observed 

in Incheon (1.0% [95% CI:−0.5; 2.5]) 

when using GLM. 

The strongest and statistically 

significant effects (2.8% [95% CI:1.9%; 

3.7%]) of DTR per 1°C increase 

associated with an increase in total RD 

hospital admission were also observed 

in Incheon when using case-crossover 

statistical methods. 

260 
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CVD hospitalisations for farmers were observed when DTR was 6.1°C and DTR was at its 261 

maximum. 262 

On the other hand, Zha et al. (2022)31 found that positive TCN showed protective risks for 263 

CVD hospital admissions. At the same time, exposure to low TCN for up to 27 days was 264 

significantly associated with higher risks of CVD hospitalisations. In contrast, lower risks of 265 

CVD hospitalisations were associated with extreme TCN. Finally, Ngo et al. (2021)34 reported 266 

that during the rainy season, 1°C in DTR was significantly associated with a decrease in 2.0% 267 

to 2.5% risk of hospitalisation for acute lower respiratory infections pneumonia among 268 

children. 269 

2.4.4. Effects of TV on mortality 270 

Table 2.3 below summarises various studies on the association between TV indexes and 271 

cardiovascular and respiratory mortality. Yu et al. (2022)46 studied 45 US metropolises from 272 

1987 to 2000 and found that an increase in daily and hourly temperature was associated with 273 

increased risks of CVD and respiratory mortality. In contrast, no significant association was 274 

found between respiratory mortality and DTR in China.49 However, a study conducted in China 275 

reported that increased DTR was associated with increased CVD mortality at all lags.32 In 276 

contrast, TCN was associated with increased CVD and respiratory mortality.51 Tang et al. 277 

(2018)52 also found that an increase in DTR was associated with an increase in both CVD and 278 

respiratory mortality at all lags, with the most substantial effect observed at 0-3 days for 279 

respiratory mortality. A study53 conducted in Japan reported positive associations between 280 

DTR and CVD and respiratory mortality, with more substantial effects observed for respiratory 281 

mortality. Furthermore, two Chinese studies by Yang et al. (2018)54 and Luo et al. (2017)55 282 

respectively, found that increased daily TV was associated with increased risks of CVD and 283 

respiratory mortality at longer periods of exposure. Sharafkhani et al. (2017)56 found that high 284 

DTR was associated with increased risks of respiratory, however, not CVD mortality, while 285 

Zhan et al. (2017)47 found that exposure to extreme TCN was associated with an increase in 286 

both CVD and respiratory mortality. Finally, Zhang et al. (2017)57 found that an increase in 287 

higher DTR was associated with an increase in CVD mortality in China. 288 

  289 
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Table 2.3: Studies on the health effects of temperature variability indexes on CVD and RD related mortality for the entire study population 290 

Citation Study Location 
Study 

Period 
Data Sources 

Study 

Design 
TV Index Key Results 

Yu et al. (2022)46 45 US 

metropolises 

1987-2000 NMMAPS Time-series  Hourly TV and daily TV 

 

An increase of 1°C in daily (0.53% [with a 

95% CI: 0.31;0.76%]) and hourly (0.52% 

[95% CI:0.26;0.79%]) TV were associated 

with a risk of CVD mortality. 

Additionally, RD mortality risks 

associated with daily and hourly TV 

increased by 0.62% [95% CI:  

0.26;0.98%] and 0.53% [95% CI: 0.13; 

0.94%]. 

Yu et al. (2022)49 China (Wuhu) 2014-2020 Wuhu CDC  

Wuhu Environmental 

Monitoring Center and 

Meteorological Bureau 

Time-series  DTR No significant association between RD 

and DTR.  

Xiao et al. (2021)51 China 

(Shenzhen) 

2013-2017 Shenzhen Center CDC. 

Shenzhen National Basic 

Meteorological Station  

Time-series  TCN and DTR At lag 0, a 10.8°C increase in DTR was 

significantly associated with increased 

CVD mortality for the entire year. The 

risks remained positive, however, not 

statistically significant at lag 3, cumulative 

lag 0-5 and 0-7. On the other hand, 

protective risks of DTR on RD mortality 

were observed at all lags. 

Regarding the risks associated with TCN, 

positive and statistically significant risks 

of TCN at all lags were observed for CVD 

mortality. On the other hand, TCN had 

positive effects on RD mortality at all 

lags, although the estimates were not 

statistically significant. 
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Citation Study Location 
Study 

Period 
Data Sources 

Study 

Design 
TV Index Key Results 

Tang et al. (2018)52 China (Hefei) 2007-2016 Hefei CDCP 

China Meteorological 

Data Sharing Service 

System  

Hefei Environmental 

Protection Agency 

Time-series  DTR 16.9°C as the reference, the greatest 

cumulative RR (1.157 [95% CI: 

0.967;1.384]) of DTR on CVD mortality 

was observed at 0-6 days of lags. DTR's 

greatest cumulative effects (RR 1.179 

[95% CI: 0.886;1.567]) on RD mortality 

was observed at 0-3 days lag.  

Lee et al. (2018)53  Japan 1972-2015 Ministry of Health, 

Labour and Welfare 

 Japan Meteorological 

Agency 

Time-series  DTR Positive associations between DTR and 

CVD and RD mortality were observed. 

However, more substantial effects were 

observed for RD mortality as compared to 

CVD mortality. 

Yang et al. (2018)54 China 

(mainland) 

2007-2013 Chinese CDC 

China Meteorological 

Data Sharing Service 

System 

Time-series  Daily TV Per 1°C increase in TV, higher risks of 

CVD (RR 0.65% [95% CI: 0.24;1.05%]) 

and RD (RR 0.98% [95% CI:0.57;1.39%]) 

mortality were observed at longer 

exposure days (0-7 days).  

Luo et al. (2017)55  8 Chinese cities  2008-2011  Death Registry of China 

CDC and 

Meteorological data 

were retrieved from the 

local Meteorological 

Administration in each 

city. 

Time-series  Daily TV Per 1 °C increase in TV, increased risks 

(RR 1.37% [95% CI: 0.78,1.97]) of CVD 

mortality were observed at 0-8 days of TV 

exposure.  
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Citation Study Location 
Study 

Period 
Data Sources 

Study 

Design 
TV Index Key Results 

Sharafkhani et al. 

(2017)56 

Iran (Urmia) 
 

Urmia city death 

registration. 

Time-series  DTR The strongest and most significant risk for 

RD mortality associated with increased 

high DTR was 1.91 [95% CI: 1.03–3.53] 

for the 95th percentile exposure observed 

at the cumulative lag of 0-13. In contrast, 

positive but not statistically significant 

risks of low (up to 0-13 lag) and high (0-

20 lag) up to  DTR are associated with 

CVD mortality. 

Zhan et al. (2017)47 United States 1987-2000  NMMAPS Time-series  TCN  Increased risks of exposure to extreme 

TCNs on CVD (RR 1.52 [95% CI: 

1.40;1.65]) and RD (RR 1.99 [95% 

CI:1.68;2.36]) mortality were observed at 

0-21 days cumulative lag. 

Zhang et al. (2017)57 China 2009-2012  Hubei Provincial CDCP 

China Meteorological 

Data Network 

Time-series  DTR For the entire study group, a 1°C increase 

in higher DTR at lag 0–1 significantly 

increased CVD mortality 1.12% [95% CI" 

0.28–1.97] associated with 1°C increase in 

DTR.  
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Citation Study Location 
Study 

Period 
Data Sources 

Study 

Design 
TV Index Key Results 

Kim et al. (2016)58 30 cities in 

China, Japan, 

Korea, and 

Taiwan 

Between 

1979-2010 

Korea National 

Statistical Office 

CDCP 

The National Institute of 

Environmental 

Research, Korea 

The Environmental 

Monitoring Center, 

China  

The National Institute 

for Environmental 

Studies, Japan 

The Taiwan 

Environmental 

Protection 

Administration 

The Ministry of Health 

and Welfare of Japan, 

and the National Death 

Registry of Taiwan 

Time-series  DTR After combining city-specific estimates 

for the 30 cities in East Asia, a 1°C 

increase in DTR was associated with an 

0.81% ([95% CI: 0.60%, 1.03%) increase 

in CVD mortality and 0.90 % ([95% CI: 

0.63%; 1.18%) increase in RD mortality. 

Ding et al. (2016)60 China [Yuxi] 2007-2014 Yuxi CDCP China 

Meteorological Data 

Sharing System 

Case-only DTR Significant estimates of exposure to high 

DTR were observed at lag 0 for CVD 

mortality (OR 1.09 [95% CI:1.04; 1.15]). 

In contrast, the most significant effect 

estimates for RD mortality were observed 

at 0-2 days lag (OR:1.16 [95% CI:1.09; 

1.23]). 
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Citation Study Location 
Study 

Period 
Data Sources 

Study 

Design 
TV Index Key Results 

Lim et al. (2015)48 Seven US 

regions 

1987-2000 NMMAPS Time-series  DTR At the national level, significant risks of 

CVD (0.35% [95% CI 0.31;0.40]) and RD 

(0.30% [95% CI:0.20; 0.40]) mortality 

per1°C increase in DTR were observed. 

Ding et al. (2015)60 Two Chinese 

cities 

2007-2013 The CDCP in Hongta 

and Tonghai 

China Meteorological 

Data Sharing System 

Time-series  DTR The highest effect estimates for CVD were 

observed at lag 0 0.98% [95%: 0.94%–

1.03%] and 0-27 lag for RD mortality 1.16 

[0.52–2.58]. 

Zhou et al. (2014)61 Eight Chinese 

cities  

2001-2010 CDCP and 

meteorological Bureau 

of each city 

 

 

Time-series  DTR An increase of 1°C in DTR (diurnal 

temperature range) at lag one was 

associated with notable rises in mortality 

rates for CVD (0.25% [95%  

CI:0.11%;0.39%]) and RD (0.38% [95% 

CI: 0.15%;0.60%]). 

Cheng et al. (2014)50 China 

(Maanshan) 

2008-2012 Maanshan CDCP 

 Maanshan Bureau of 

Meteorology. 

 
 Maximum temperature 

change (max TC) 

A 1.9°C increase in MaxTC was 

associated with 8% (95 % CI:2; 15 %) at 

lag 0. A rise in temperature was generally 

linked to a higher likelihood of mortality 

from non-accidental and cardiovascular 

mortality. 

Luo et al. (2013)63 Two districts in 

Guangzhou 

(China) (YueXiu 

and LiWan) 

2006-2018 CDCP of Guangdong 

Province 

Guangdong 

Meteorological Bureau 

Time series DTR  The strongest and most significant effects 

of DTR on CVD (RR 4.026 [95% 

CI:1.718; 9.435]) and RD (RR6.170 [95% 

CI:2.029; 18.761]) mortality were 

observed for extreme low DTR (16.2°C) 

at 27 days lag. 
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Citation Study Location 
Study 

Period 
Data Sources 

Study 

Design 
TV Index Key Results 

Lin et al. (2013)64 2 Chinese cities  2006-2010 CDCP of Guangdong 

Province  

Time series TCN The most significant risks of temperature 

change on CVD (RR 0.98 [95% CI: 

0.81;1.00]) at the 5th percentile and RD 

(1.14 [95% CI: 1.05;1.23]) at 99th 

percentile mortality was observed at lag 5 

and lag 10, respectively. 

Tam et al. (2009)65 China (Hong 

Kong) 

1997-2002 Hong Kong Census and 

Statistics Department  

The Hong Kong 

Observatory 

Environmental 

Protection Department 

Time series DTR Significant risks of CVD mortality(RR 

1.008 [ 95% CI:1.001; 1.016]) were 

associated with increased DTR at lag 0. 

Kan et al. (2007)66 China (Shangai) 2001-2004 Shanghai Municipal 

CDCP Shanghai 

Meteorological Bureau.  

Shanghai Environmental 

Monitoring Center   

Time series DTR An increase of 1 degree Celsius in the 3-

day moving average of DTR was 

associated with a 1.37% [95% CI 1.08-

1.65%] rise in CVD mortality and a 1.29% 

[95% CI 0.49-2.09%] increase in RD 

mortality. 

 291 

 292 

 293 

 294 
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2.4.5. Statistical methods, confounding, and effect modification 295 

The majority of the reviewed studies were time-series studies, which applied either a quasi-296 

Poisson GLM,22,29-30,38,45-46,53-55,57,65 a GAM,25-26,31,33-34,40,65 or a DLNM combined with a quasi-297 

Poisson generalised GAM/GLM when the association between health outcomes and exposure 298 

variables were nonlinear.23,31,35,37,41-42,47,49,51-52,56,58,60,63-64 Few case-crossover studies applied 299 

conditional logistic regression or negative binomial to assess the health effects of 300 

TV.6,24,26,28,36,59 The time series models were adjusted for several confounders, such as the day 301 

of the week or public holidays, for the effect term of long trend and seasonality, as well as the 302 

nonlinear and delayed effects of daily mean temperature. Other factors, such as air pollutants, 303 

subcategories of health outcomes, age, race, gender, and socioeconomic status were identified 304 

as significant confounds in the associations between temperature and health outcomes in 305 

epidemiological studies. 306 

 Out of 45 studies, only 22 studies controlled for the influence of air pollutants such as (PM2.5), 307 

nitrogen dioxide (NO2), inhalable particles (PM10), carbonic oxide (CO2), ozone (O3), 308 

sulphur dioxide (SO2), and nitrogen dioxide (NO2) on the relationship between TV indexes 309 

and the health outcomes. Prior studies found that air pollutants have relatively small effects of 310 

confounding the association between TV and health outcomes. In contrast, others found 311 

significant evidence of effect modification or confounding of air pollutants on the TV-health 312 

outcome association. For example, Carreras et al. (2015)25 found PM10 to significantly predict 313 

the association between DTR and respiratory disease hospital admissions in Argentina. 314 

Furthermore, a study conducted in three Chinese cities found a significant effect modification 315 

for PM10 on cardiovascular disease mortality, however, not for NO2 and SO2 in the whole 316 

population for all TV exposure days.55 317 

Regarding confounding by age, several studies identified children and people older than 65 as 318 

more vulnerable to exposure to TV. However, a study conducted on extreme diurnal 319 

temperature ranges and cardiovascular-related hospitalisations identified individuals youger 320 

than 65-years to be more vulnerable to cardiovascular-related diseases after TV exposure.24 321 

Another study conducted in Northwest China also found individuals under 65 to be at high risk 322 

of cardiovascular disease hospitalisations after exposure to negative temperature change 323 

between neighbouring days.31 While Lee et al. (2019)42 found that sensitivity to environmental 324 

factors varied according to age groups. In contrast, a case-crossover study conducted in Brazil 325 
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found that at short exposure days, the effects of TV on hospital admissions did not differ 326 

between the different age groups.26  327 

Ponjoan et al. (2021)24  identified women to be significantly associated with increased risks of 328 

stroke after exposure to DTR at lag 0. Zhao et al. (2019)26 observed that women were more 329 

vulnerable to the prolonged effects of TV than men. Makunyane et al. (2023)22 observed that 330 

men had higher risks of hospitalisations due to exposure to TV as compared to women. Shi et 331 

al. (2015)8 and Zhu et al. (2021)33 also found men were more sensitive to increased temperature 332 

variation. In terms of subgroup analysis by other factors, such as socioeconomic status, people 333 

with low levels of education, and poor living conditions were more vulnerable to the effects of 334 

temperature fluctuations than other groups.25 The findings by Ngo et al. (2021)34 suggest that 335 

other factors such as exposure time, air conditioning usage, wearing protective clothing, 336 

socioeconomic status, and behaviour may influence the effects of TV indexes on health 337 

outcomes. Season also influenced the effects of temperature changes on health outcomes. For 338 

example, Phorsi et al. (2020)38 observed that the influence of extreme high DTR during winter 339 

was more significant compared to summer and the rainy season. Ma et al. (2018)43 also 340 

observed greater relative risks of chronic obstructive pulmonary disease (COPD) hospital 341 

admissions per 1 °C increase in DTR during the cold season. Luo et al. (2013)63 also found that 342 

season modified the impact of DTR on mortality.  343 

2.5. Discussion 344 

Key results 345 

This is the first review that systematically studied current literature examining the effects of 346 

various TV indexes on health outcomes, specifically CVD and RD hospital admissions and 347 

mortality. A comprehensive investigation was conducted to identify 45 studies related to RD 348 

and CVD that fulfilled the selection criteria. Overall, the TV indicators were associated with 349 

higher chances of CVD and RD hospitalisation or mortality. Children and older people were 350 

the most vulnerable groups in most studies. Furthermore, males were more at risk of TV 351 

exposure than females. Age, gender, season, air pollutants, and socioeconomic status were 352 

identified as effect modifiers of the association between TV and health outcomes. Most of the 353 

studies were conducted in Asia (China), with only a few conducted in other regions, such as 354 

North America and Europe. Only two studies were conducted in Africa, specifically in South 355 

Africa in the City of Cape Town in the Western Cape province as well as the Limpopo province 356 
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at a district level. Therefore, the generalisability of the findings to other regions with different 357 

climates and health systems may be limited. 358 

2.5.1. Effect of TV exposure on health outcomes 359 

The magnitude of the effects varied across the studies, however, most studies reported 360 

significant associations between TV and increased risk of CVD and RD hospitalisation or 361 

mortality. The duration of exposure to temperature variability also played a role, with some 362 

studies showing significant effects up to 27 days after exposure. The contrasting effects of TV 363 

on health outcomes might be due to several factors; 1) some of the studies included in the 364 

review focused on short exposure days or lags, while several studies showed that the effects of 365 

temperature variation could be prolonged3,7,23,63, 2) vulnerable people might die before seeking 366 

medical attention, and 3) harvesting effects might have contributed to the non-significant 367 

effects of temperature changes. 368 

Some studies reported an increase TV to be associated with higher risks for cardiovascular 369 

diseases than respiratory diseases and vice versa. The risks of exposure to TV on cardiovascular 370 

and respiratory diseases differ since the temperature variability affects these two systems 371 

differently. Cardiovascular diseases are associated with the heart and blood vessels, and 372 

extreme temperatures can exacerbate them.45 High temperatures can cause dehydration, 373 

increase heart rate, and increase blood pressure, which can strain the heart. This can increase 374 

the risk of a heart attack, stroke, and other cardiovascular issues. On the other hand, cold 375 

temperatures can cause blood vessels to constrict, which can also increase the risk of a heart 376 

attack, especially in people with pre-existing heart conditions.67 377 

Respiratory diseases, however, are primarily associated with the lungs and airways. High 378 

temperatures can worsen respiratory symptoms, such as shortness of breath, coughing, and 379 

wheezing, especially in people with asthma or COPD.54 This is since high temperatures can 380 

cause air pollutants, such as ozone and particulate matter to form, irritating the lungs and 381 

worsening respiratory symptoms. In contrast, cold temperatures can cause airways to narrow, 382 

making it difficult to breathe, especially for individuals with asthma.68 383 

2.5.2. TV indexes/metrics 384 

TV metrics are used to measure the fluctuations or variations in temperature over a given 385 

period. Most studies used DTR, TCN and the standard deviation of the minimum and maximum 386 
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temperature or the standard deviation of the hourly temperatures (daily or hourly TV). All these 387 

metrics had impacts on human health. The reviewed studies exhibited some inconsistencies. 388 

For example, some studies found that exposure to high TCN showed protective effects against 389 

cardiovascular diseases, while others found significant results of TCN on CVD-related health 390 

outcomes.  391 

Previous studies asked questions about which TV index is the best predictor of temperature 392 

changes on health; however, several ascertained that using the standard deviation of hourly 393 

temperatures or the minimum or maximum temperatures during exposure days might be best, 394 

as these TV metrics take into consideration fluctuations that occur both within a single day and 395 

over a longer scale.7,10,46 The disadvantage of these metrics is that they do not capture the full 396 

complexity of TV. For example, they do not account for spatial variations, such as variations 397 

across regions. Additionally, they may not account for nonlinear relationships between 398 

temperature and other factors, such as humidity or air pressure. Therefore, using multiple 399 

metrics and interpreting them in the context of the specific research question or application is 400 

important.3,7 401 

2.5.3. Statistical methods  402 

The review included research that used consistent statistical methods to analyse how 403 

temperature changes affect health results. Different statistical techniques were used to examine 404 

the link between TV and health outcomes. These techniques included the quasi-Poisson GAM 405 

and quasi-Poisson GLM for time series data which are consistent with the standard analytical 406 

approach for time series data.69 DLNM were also incorporated with GLM and GAM models to 407 

account for nonlinear and delayed effects of the exposure variable or covariates.70 Some studies 408 

used conditional logistic regression with case-crossover analysis. This method compares the 409 

exposure to temperature in the period immediately preceding hospital admission or death to 410 

the same time in a reference period when the individual did not have the health outcome. This 411 

allows for control of time-invariant confounding factors.71 Similar to a previous study 412 

conducted in  Australia (Brisbane),72 Lim et al. (2012)45 used both time series and case-413 

crossover methods to estimate the effect of TV on health outcomes. These methods were all 414 

able to identify significant associations between the exposure variables and health outcomes. 415 
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2.5.4. Confounding and effect modification 416 

Increased risks of hospitalisation or mortality due to exposure to the various TV indexes were 417 

observed, despite controlling for the potential confounding effects of daily mean temperature 418 

and relative humidity. This is consistent with a previous study which examined the effects of 419 

TV on mortality.7 Not adjusting the statistical models for possible confounders such as daily 420 

mean temperature, could overestimate the effect of temperature change on health outcomes. 421 

For example, if the daily mean temperature is 20°C, and the temperature varies between 18°C 422 

and 22°C throughout the day, not controlling for daily mean temperature would suggest that 423 

the TV indexes had a more significant impact on the outcome than they did, since the variation 424 

is within the normal range for that day. By controlling for daily mean temperature, we can 425 

better assess the effect of temperature variability beyond what would be expected based on the 426 

typical daily temperature range. Previous temperature-related studies also ascertained the 427 

importance of controlling daily mean temperature's effects.11 Hajat et al. (2006)73 demonstrated 428 

that neglecting to consider the possible confounding effects of daily mean temperature could 429 

lead to an overstatement of the effect of heat waves.  430 

Prior studies showed that the effect of TV indexes on health outcomes might be partially 431 

attributed to a criterion of air pollutants, such as inhalable particulate matter, nitrogen dioxide, 432 

carbon dioxide, ozone etc.25,55 In contrast, some studies found negligible confounding of air 433 

pollutants on TV and health outcome association. There are several reasons why some studies 434 

may find significant impacts of air pollutants on TV-health outcome association, while others 435 

may find insignificant effects. Some include the study designs used, primarily how the 436 

exposure variables were defined.74 Air pollution levels can vary widely both spatially and 437 

temporally, and this variability can affect the ability to detect significant effects on health 438 

outcomes. For example, if a study is conducted in an area with generally low levels of air 439 

pollution, it may be more difficult to detect significant effects compared to a study conducted 440 

in an area with consistently high levels of air pollution.75 441 

Most of the studies showed that age plays a crucial role in modifying the relationship between 442 

temperature changes and health outcomes, where the susceptibility to the adverse effects of 443 

temperature variations was more pronounced in children and elderly individuals. One of the 444 

main reasons is that their bodies are less able to adapt to temperature changes, making them 445 

more vulnerable to extreme temperatures. Children have a larger body surface area to volume 446 

ratio than adults, which means they can absorb more heat from their environment. Moreover, 447 
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elderly individuals often have underlying health conditions that can make them more 448 

vulnerable to the impacts of temperature variability.76,77 It is essential to protect these 449 

populations during periods of high-temperature variation, such as ensuring access to air 450 

conditioning or heat and encouraging appropriate clothing and behaviour. 451 

Most of the studies included in the review found men at more risk of hospitalisation or death 452 

due to exposure to temperature variations. One plausible reason might be that males typically 453 

exhibit greater somatic dimensions and skeletal muscle mass compared to females, which leads 454 

to a higher metabolic rate and consequently generates more body heat, rendering them more 455 

vulnerable to the consequences of heat stress. As a result, men may experience more 456 

pronounced effects of high temperatures due to their elevated internal heat production.78 457 

Furthermore, men may engage in more outdoor activities or work in outdoor occupations that 458 

expose them to extreme temperatures. This can increase their risk of heat exhaustion or heat 459 

stroke, especially if they do not take appropriate precautions, such as drinking sufficient fluids 460 

and taking breaks in shaded or air-conditioned areas.79 461 

2.6. Conclusions 462 

The findings indicate that higher levels of TV, DTR, and TCN are linked with a rise in the 463 

incidence of cardiovascular disease and adverse health outcomes. However, the strength of the 464 

association varies by region or country. Some studies found protective effects of TV and DTR 465 

on RD mortality. The conclusions drawn from this review highlight the significance of 466 

temperature variation as a crucial environmental indicator that can potentially elevate the risks 467 

of respiratory and cardiovascular diseases. Therefore, public health policies and interventions 468 

must consider the impact of temperature variations. Further research is needed to better 469 

understand the mechanisms underlying these associations and determine the optimal 470 

interventions that can effectively decrease the risks of mortality linked to temperature-related 471 

factors. 472 

 473 
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 475 
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Appendix 743 

Table 2A.1: Summary of statistical models and model options used to control the covariates in the primary analysis of TV-hospital-related studies 744 

Citation Model TV 

Time Seasonality 

and Long-term 

Trends 

Relative 

Humidity 

(RH) 

Factors Covariates Air Pollutants 

Daily Mean / 

Apparent 

Temperature 

Tian et al. (2023)30 Generalised linear 

model (GLM) 

with quasi-Poisson 

regression 

Linear function A natural cubic 

spline model with 7 

degrees of freedom 

(d.o.f) per year was 

utilised. 

A natural 

cubic spline 

with threed.o.f 

 Public holiday 

(PH) and day of the 

week (DOW) 

 
A cross-basis function 

that incorporated a 

maximum lag of 21 

days. The function 

employed a natural 

cubic spline technique 

with four d.o.f to 

represent both 

temperature and lag 

days 

Makunyane et al. 

(2023)22 

GLM with quasi-

Poisson regression 

Linear term A natural cubic 

spline model with 

seven d.o.f per year 

was utilised. 

Natural cubic 

spline with 

three d.o.f  

DOW and PH 
 

A cross-basis function 

that incorporated a 

maximum lag of 21 

days. The function 

employed a natural 

cubic spline technique 

with four d.o.f to 

represent temperature 

and lag days 

Zha et al. (2022)31 A distributed lag 

nonlinear model 

(DLNM) 

combined with a 

quasi-Poisson 

generalised 

additive regression 

model (GAM) 

DLNM term 

TCNN 

A natural cubic 

spline model with 

seven d.o.f per year 

was utilised. 

Natural cubic 

spline with 

three d.o.f.  

DOW and PH 
 

Natural cubic splines 

for daily mean 

temperature 

Zhu et al. (2021)33 GAM with 

Poisson regression 

Linear DTR  Smoothing splines  Smoothing 

splines  

DOW and PH 
 

Smoothing splines 

 
Ngo et al. (2021)34 quasi-Poisson 

GAM  

Linear DTR  Flexible spline with 

three d.o.f. 

Smoothing 

splines with 

three d.o.f 

DOW  
 

Flexible spline with 

three d.o.f 
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Citation Model TV 

Time Seasonality 

and Long-term 

Trends 

Relative 

Humidity 

(RH) 

Factors Covariates Air Pollutants 

Daily Mean / 

Apparent 

Temperature 

Shi et al. (2021)35 A DLNM 

combined with a 

quasi-Poisson with 

GAM 

Linear term  Smoothing splines 

were used 

The smooth 

spline function  

DOW, PH, and 

season 

PM10, SO2, and 

NO2 as linear 

terms 

Smoothing splines for 

temperature 

Zha et al. (2021)36 Time-stratified 

case-crossover 

Cross basis DTR A natural cubic 

spline model with 

seven d.o.f per year 

was utilised 

Natural cubic 

splines with 

four d.o.f. 

DOW and PH 
 

Natural cubic spline 

with three d.o.f 

Rowland et al. 

(2021)28 

Time-stratified 

case-crossover 

Linear term   Natural 

splines with 

four and five 

d.o.f for 24-h 

mean RH and 

RH variability 

    Natural splines  

Zhai et al. (2021)37 GAM with 

Poisson regression 

Cross basis 

function using 

natural cubic 

spline with four 

d.o.f for DTR and 

three d.o.f for the 

lag space  

Natural cubic spline 

model with seven 

d.o.f per year 

Natural cubic 

splines with 

three d.o.f 

DOW and PH 
 

Natural cubic splines 

with four d.o.f 

Pedder et al. (2021)23 quasi-Poisson 

GAM combined 

with DLNM 

Natural cubic 

spline with no 

lagged response 

 
Natural cubic 

spline and a 

maximum lag 

response of 21 

days 

DOW and PH 
 

A cross-basis function 

with natural cubic 

spline with five d.o.f 

for temperature and lag 

response  

Phosri et al. (2020)38 quasi-Poisson 

GLM combined 

with DLNM 

Cross basis 

function with 

natural cubic 

spline with four 

and six d.o.f for 

the DTR and the 

lag space, 

respectively 

Natural cubic spline 

model with seven 

d.o.f per year 

Natural cubic 

spline with 

three d.o.f  

DOW and PH 
 

A cross-basis function 

with a natural cubic 

spline with five d.o.f 

for temperature and the 

lag space 
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Citation Model TV 

Time Seasonality 

and Long-term 

Trends 

Relative 

Humidity 

(RH) 

Factors Covariates Air Pollutants 

Daily Mean / 

Apparent 

Temperature 

Wang et al. (2020)39 quasi-Poisson 

GAM combined 

with DLNM 

A cubic spline for 

the DTR and its 

lag with five and 

four degrees of 

freedom, 

respectively 

Natural cubic spline 

with eight d.o.f per 

year 

Natural cubic 

spline with 

three d.o.f. 

DOW and PH  Natural cubic 

spline with three 

d.o.f for daily 

PM2.5  

Natural cubic functions 

with three d.o.f.  for 

15-day moving average 

temperature  

Luong et al. (2019)41 quasi-Poisson 

GLM 

Linear term 

(cumulative lags) 

Natural cubic spline 

with three d.o.f 

Natural cubic 

spline with 

three d.o.f 

DOW 
  

Zhao et al. (2019)26 Case crossover 

(CC) with 

Conditional 

logistic regression 

mode 

A linear function  
    

Natural cubic spline 

with four d.o.f  

Lee et al. (2019)42 Poisson GLM with 

DLNM 

Linear term We utilised a 

natural cubic spline 

with four d.o.f  

 
DOW and PH Natural cubic 

spline with three 

d.o.f for PM10, 

So2 and carbon 

monoxide (CO), 

and  2 d.o.f for 

NO2 and O3 

 

Tian et (2019)29 quasi-Poisson 

regression models 

Linear term We utilised a 

natural cubic spline 

model with seven 

d.o.f per year 

Natural cubic 

spline with 

three d.o.f for 

the moving 

average. 

DOW and PH 
 

A cross basis with 

natural cubic spline 

with four d.o.f, for 

temperature and lag 

space with a maximum 

of 21 days of lag 

Ma et al. (2018)43 quasi-Poisson 

generalised 

additive model 

(GAM) poison 

Linear functions  A natural cubic 

spline with d.o.f 

differing per season 

 Cubic spline 

function 

DOW and PH    Cubic spline function 
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Citation Model TV 

Time Seasonality 

and Long-term 

Trends 

Relative 

Humidity 

(RH) 

Factors Covariates Air Pollutants 

Daily Mean / 

Apparent 

Temperature 

Zhao et al. (2018)27 quasi-Poisson 

GLM 

Linear TV Natural cubic spline 

with seven d.o.f per 

year 

 
DOW and PH 

 
A cross basis based 

with natural cubic 

spline with four d.o.f 

for temperature and lag 

space 

Zheng et al. (2016)44 quasi-Poisson 

GAM 

Linear term Natural cubic 

splines with 5 or 6 

d.o.f depending on 

disease and gender 

Regression 

splines 

function with 

three d.o.f 

DOW and PH Linear terms of 

the pollutants 

(PM10, NO2 and 

SO2) 

 Regression splines 

with three d.o.f 

Carreras et al. 

(2015)25 

quasi-Poisson 

GAM 

Linear term A cubic penalised 

spline with equally 

spaced knots and 

four d.o.f per year  

 
DOW and PH 

 
 

Wang et al. (2013)40 quasi-Poisson 

GAM 

Linear functions  Natural cubic spline 

was used with five 

d.o.f for 

cardiovascular 

emergency room 

(ER) admissions 

and seven d.o.f for 

respiratory ER 

admissions 

Regression 

spline function 

DOW and PH PM10, NO2 and 

SO2) 

 Regression spline 

function 

Lim et al. (2012)45 quasi-Poisson 

GLM and CC 

 
Natural cubic spline 

model with seven 

d.o.f per year 

Natural spline 

terms  

DOW and PH  Natural spline 

terms for PM10 

 Natural spline terms  

 745 

 746 

 747 
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Table 2A. 2: Summary of statistical models and model options used to control the covariates in the primary analysis of TV-mortality-related studies 748 

Citation Model TV Time 
Relative 

Humidity 

Factors 

Covariates 
Air Pollutants 

Daily Mean/Apparent 

Temperature 

Yu et al. (2022)46 A Poisson 

GLM 

Linear terms Natural cubic 

spline model 

with seven 

d.o.f per year 

Natural cubic 

spline with 

three d.o.f  

DOW 
 

A cross-basis function that 

incorporated a maximum lag of 

21 days. The function employed 

a natural cubic spline technique 

with four d.o.f to represent 

temperature and lag days 

Yu et al. (2022)49 A Poisson 

GLM with a 

DLNM term 

Nonlinear Cubic spline  Natural cubic 

spline with 

three d.o.f  

DOW and 

PH 

Natural cubic spline 

curve with three 

d.o.f for pollutants and 

meteorological factors 

 

Cheng et al. (2014)50 quasi-Poisson 

GLM  

A maximum lag of 

21 days to account 

for the time delay 

exposure and 

outcome variables. A 

natural cubic spline 

consisting of three 

d.o.f to model the TV 

Index 

Natural cubic 

spline model 

with seven 

d.o.f per year 

A natural 

cubic spline 

with 

three d.o.f  

DOW 
 

A natural cubic spline with 

three d.o.f   

Xiao et al. (2021)51 quasi-Poisson 

GLM 

combined 

DLNMs 

Cross-basis functions 

were used for DTR 

and TCN. To account 

for any potential 

lagged effects, the 

maximum lag at 

seven days was set 

for both DTR and 

TCN 

Natural cubic 

spline model 

with seven 

d.o.f per year   

 
DOW and 

PH 

 
 Natural cubic splines with 

three d.o.f for apparent 

temperature 

Tang et al. (2018)52 quasi-Poisson 

GLM with a 

DLNM term 

A natural cubic spline 

model with five d.o.f 

with a maximum lag 

of 13 days 

Natural cubic 

spline model 

with seven 

d.o.f per year 

Natural cubic 

spline with 

three d.o.f  

DOW and 

PH 

Natural cubic spline 

with three d.o.f was 

used to adjust for SO2, 

NO2, and PM10 

Natural cubic spline with five 

and four d.o.f for mean 

temperature and lag space was 

utilised. With up to 21 days of 

maximum lag  
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Citation Model TV Time 
Relative 

Humidity 

Factors 

Covariates 
Air Pollutants 

Daily Mean/Apparent 

Temperature 

Lee et al. (2018)53 quasi-Poisson 

GLM  

Linear term Natural cubic 

spline model 

with eight 

d.o.f per year 

Natural cubic 

spline with 

three d.o.f  

DOW 
 

A cross-basis function for the 

mean temperature using natural 

cubic B-splines for exposure 

and lag-space. With a 

maximum lag of 21 days  

Yang et al. (2018)54 quasi-Poisson 

GLM  

Linear term Natural cubic 

spline model 

with seven 

d.o.f per year 

Natural cubic 

spline with 

three d.o.f  

DOW and 

PH 

 
A cross-basis function with a 

natural splines function with 

four d.o.f for daily mean 

temperature and lag space with 

a maximum of 21 days 

Luo et al. (2017)55 GLM with 

the quasi-

Poisson 

distribution 

Linear function  Natural cubic 

spline model 

with seven 

d.o.f per year 

 DOW An interaction term of 

a linear term of TV 

and air pollutant 

stratus (low, middle, 

and high). These strata 

correspond with the 

25th, 50th, and 75th 

thresholds 

A cross-basis function is a 

natural cubic spline with four 

d.o.f for daily mean temperature 

and a natural cubic spline with 

four df for lags with up to 21 

days of lag 

Sharafkhani et al. 

(2017)56 

DLNM 

combined 

with quasi-

Poisson GLM 

Natural cubic spline–

natural cubic spline" 

DLNM was adopted 

to model both the 

nonlinear DTR and 

lagged effects. A 

maximum lag of 27 

days was used to 

capture the overall 

DTR effect 

completely 

Natural cubic 

spline model 

with seven 

d.o.f per year 

Natural cubic 

splines with  

three d.o.f 

DOW and 

PH 

Natural cubic splines 

with  three d.o.f for 

PM10, SO2, and NO2   

Natural cubic splines with  

three d.o.f 
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Citation Model TV Time 
Relative 

Humidity 

Factors 

Covariates 
Air Pollutants 

Daily Mean/Apparent 

Temperature 

Zhan et al. (2017)47 A quasi-

Poisson 

GLNM with 

DLNM 

A cross-basis 

function using B-

spline with five d.o.f 

for TCN and natural 

cubic spline with four 

d.o.f for lag spaces 

up to 21 days 

Natural cubic 

spline model 

with seven 

d.o.f per year 

 DOW  Natural cubic spline with three 

d.o.f for the 3-day moving 

average 

Zhang et al. (2017)57 quasi-Poisson 

GLM 

Linear term Natural cubic 

spline model 

with seven 

d.o.f per year 

Natural cubic 

spline with 

three d.o.f 

DOW and 

PH 

Natural cubic spline 

with three d.o.f was 

used to adjust for air 

pollutants (PM10, 

SO2, NO2)  

A cross-basis function for mean 

temperature using a natural 

cubic spline with three internal 

knots at equally spaced 

percentiles (25th, 50th, and 75th) 

for temperature space and a 

natural cubic spline with two 

internal knots at equally spaced 

log values with a maximum of 

21 days lag  

Kim et al. (2016)58 quasi-Poisson 

GLM  

Not specified for 

CVD-related 

outcomes 

Natural cubic 

spline model 

with seven 

d.o.f per year 

 
DOW Moving averages up to 

four days were used to 

control for air 

pollutants (PM10, 

NO2, SO2) 

Natural cubic splines with 

seven d.o.f  

Ding et al. (2016)59 Case-

crossover 

analysis 

using only 

logistic 

regression. 

Linear 
  

DOW PM10 and O3 Natural cubic splines with six 

d.o.f were used to control for 

apparent temperature 

Lim et al. (2015)48 GLM with 

quasi-Poisson 

distribution 

Linear term  Natural cubic 

spline model 

with seven 

d.o.f per year 

 
DOW 

 
Natural cubic spline with six 

d.o.f to control for apparent 

temperature 
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Citation Model TV Time 
Relative 

Humidity 

Factors 

Covariates 
Air Pollutants 

Daily Mean/Apparent 

Temperature 

Ding et al. (2015)60 A quasi-

Poisson GLM 

with DLNM 

A cross-basis 

function using natural 

cubic spline with four 

d.o.f for both DTR 

and lag space  

Natural cubic 

spline model 

with seven 

d.o.f per year 

Natural cubic 

splines with 

three d.o.f 

placed at 

equally 

spaced 

quantiles  

DOW 
 

A cross-basis function with 

natural cubic spline with five 

d.o.f for both mean temperature 

and lag space 

Zhou et al. (2014)61 quasi-Poisson 

GAM  

 
A natural 

cubic spline 

model with 

six d.o.f per 

year was 

utilised 

Linear term  DOW and 

PH 

PM10  Mean Temp 

Yang et al. (2013)62 A quasi-

Poisson GLM 

combined 

with DLNM 

A liner function for 

DTR and natural 

cubic spline with 

three d.o.f for a 

maximum of 10 days 

as for lag space  

A natural 

cubic spline 

model with 

seven d.o.f 

per year was 

utilised 

Natural cubic 

spline with 

three d.o.f.  

DOW and 

PH 

A natural cubic spline 

with three d.o.f was 

used to control for air 

pollutants (PM10, 

SO2, and NO2). 

Cross-basis function with a 

natural cubic spline with five 

d.o.f for mean temperature and 

four d.o.f for lag space. With a 

maximum lag of 20 days 

Luo et al. (2013)63 DLNM with 

a quasi-

Poisson 

GAM 

A cross-basis 

function with cubic 

regression spline with 

five d.o.f for DTR 

and cubic regression 

spline function with 

five d.o.f maximum 

lag of up to 27 days 

Natural cubic 

spline model 

with seven 

d.o.f per year 

Cubic 

regression 

spline with 

three degrees 

of freedom 

DOW and 

PH 

SO2, NO2, and PM10 

linear effect 

Cubic regression spline with 

three d.o.f 
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Citation Model TV Time 
Relative 

Humidity 

Factors 

Covariates 
Air Pollutants 

Daily Mean/Apparent 

Temperature 

Lin et al. (2013)64 a Poisson 

GLM, 

combined 

with DLNM 

A cross-basis 

function utilising a 

natural cubic spline 

with three d.o.f and a 

cubic spline with five 

d.o.f for the lag space 

with a maximum lag 

of 28 days  

 Cubic 

regression 

spline 

function with 

eight d.o.f 

per year 

Smooth 

function with 

three d.o.f  

DOW and 

PH 

A smooth function 

with three d.o.f for 

PM10, SO2, NO2, and 

O3  

A smooth function for the 

moving averages of mean 

temperature 

Tam et al. (2009)65 quasi-Poisson 

GAM. 

Linear function Not specified Smoothing 

spline 

DOW 
 

Smoothing spline 

Kan et al. (2007)66 quasi-Poisson 

GAM  

Linear term Spline 

function 

Controlled for 

RH with a 

spline 

function 

DOW 
  

 749 

 750 
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Chapter 3: Manuscript Addressing Objective 2 

 

Chapter   presents which was pu lished in International Journal of Environmental 

Research and Public Health. The objective of this paper was to investigate the 

association between temperature variability (TV) and cardiovascular disease (CVD) 

and respiratory disease (RD) hospital admissions in the city of Cape Town between 

2011 and 2016.  

 

The contents of this chapter are the same as the published article in the journal 

referred to above. For consistency and presentation purposes, the sectional 

numbering was amended to be consistent with the chapter numbering. 
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IŜŀƭǘƘ wƛǎƪǎ ƻŦ ¢ŜƳǇŜǊŀǘǳǊŜ ±ŀǊƛŀōƛƭƛǘȅ ƻƴ IƻǎǇƛǘŀƭ 
!ŘƳƛǎǎƛƻƴǎ ƛƴ /ŀǇŜ ¢ƻǿƴΣ нлммςнлмс 

aŀƭŜōƻ {ŜǇƘǳƭŜ aŀƪǳƴȅŀƴŜ мΣнΣϝ Σ IŀƴƴŜǎ wŀǳǘŜƴōŀŎƘ мΣоΣ bŜǾƛƭƭŜ {ǿŜƛƧŘ п Σ WƻŜƭ .ƻǘŀƛ нΣр 

ŀƴŘ WŀƴƛƴŜ ²ƛŎƘƳŀƴƴм

 

 

/ƛǘŀǝƻƴΥ aŀƪǳƴȅŀƴŜΣ aΦ{ΦΤ 
wŀǳǘŜƴōŀŎƘΣ IΦΤ {ǿŜƛƧŘΣ bΦΤ .ƻǘŀƛΣ WΦΤ 

²ƛŎƘƳŀƴƴΣ WΦ IŜŀƭǘƘ wƛǎƪǎ ƻŦ 
¢ŜƳǇŜǊŀǘǳǊŜ ±ŀǊƛŀōƛƭƛǘȅ ƻƴ IƻǎǇƛǘŀƭ 
!ŘƳƛǎǎƛƻƴǎ ƛƴ /ŀǇŜ ¢ƻǿƴΣ нлммςнлмсΦ 
LƴǘΦ WΦ 9ƴǾƛǊƻƴΦ wŜǎΦ tǳōƭƛŎ IŜŀƭǘƘ нлноΣ нлΣ 

ммрфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦоофлκ 

ƛƧŜǊǇƘнллнммрф 

!ŎŀŘŜƳƛŎ 9ŘƛǘƻǊΥ Wƻƴ qȅǾƛƴŘ 
hŘƭŀƴŘ 

wŜŎŜƛǾŜŘΥ п 5ŜŎŜƳōŜǊ нлнн 
wŜǾƛǎŜŘΥ о WŀƴǳŀǊȅ нлно 
!ŎŎŜǇǘŜŘΥ п WŀƴǳŀǊȅ нлно 
tǳōƭƛǎƘŜŘΥ ф WŀƴǳŀǊȅ нлно 

 

/ƻǇȅǊƛƎƘǘΥ ϭ нлно ōȅ ǘƘŜ ŀǳǘƘƻǊǎΦ 

[ƛŎŜƴǎŜŜ a5tLΣ .ŀǎŜƭΣ {ǿƛǘȊŜǊƭŀƴŘΦ ¢Ƙƛǎ 

ŀǊǝŎƭŜ ƛǎ ŀƴ ƻǇŜƴ ŀŎŎŜǎǎ ŀǊǝŎƭŜ 

ŘƛǎǘǊƛōǳǘŜŘ ǳƴŘŜǊ ǘƘŜ ǘŜǊƳǎ ŀƴŘ 

ŎƻƴŘƛǝƻƴǎ ƻŦ ǘƘŜ /ǊŜŀǝǾŜ /ƻƳƳƻƴǎ 

!ǧǊƛōǳǝƻƴ ό// .¸ύ ƭƛŎŜƴǎŜ όƘǧǇǎΥκκ 

ŎǊŜŀǝǾŜŎƻƳƳƻƴǎΦƻǊƎκƭƛŎŜƴǎŜǎκōȅκ 
пΦлκύΦ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
м {ŎƘƻƻƭ ƻŦ IŜŀƭǘƘ {ȅǎǘŜƳǎ ŀƴŘ tǳōƭƛŎ IŜŀƭǘƘΣ CŀŎǳƭǘȅ ƻŦ IŜŀƭǘƘ {ŎƛŜƴŎŜǎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ tǊŜǘƻǊƛŀΣ 

tǊŜǘƻǊƛŀ лллнΣ {ƻǳǘƘ !ŦǊƛŎŀ 
н {ƻǳǘƘ !ŦǊƛŎŀƴ ²ŜŀǘƘŜǊ {ŜǊǾƛŎŜΣ tǊŜǘƻǊƛŀ лллмΣ {ƻǳǘƘ !ŦǊƛŎŀ 
о CŀŎǳƭǘȅ ƻŦ bŀǘǳǊŀƭ {ŎƛŜƴŎŜǎΣ !ƪŀŘŜƳƛŀΣ tǊŜǘƻǊƛŀ лллнΣ {ƻǳǘƘ !ŦǊƛŎŀ 
п !ǇǇƭƛŜŘ /ŜƴǘǊŜ ŦƻǊ /ƭƛƳŀǘŜ ŀƴŘ 9ŀǊǘƘ {ȅǎǘŜƳǎ {ŎƛŜƴŎŜΣ /ƻǳƴŎƛƭ ŦƻǊ {ŎƛŜƴǝŬŎ ŀƴŘ LƴŘǳǎǘǊƛŀƭ wŜǎŜŀǊŎƘΣ 

/ŀǇŜ ¢ƻǿƴ ттллΣ {ƻǳǘƘ !ŦǊƛŎŀ 
р 5ŜǇŀǊǘƳŜƴǘ ƻŦ DŜƻƎǊŀǇƘȅΣ DŜƻƛƴŦƻǊƳŀǝŎǎ ŀƴŘ aŜǘŜƻǊƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ tǊŜǘƻǊƛŀΣ 

tǊŜǘƻǊƛŀ лллнΣ {ƻǳǘƘ !ŦǊƛŎŀ 

ϝ /ƻǊǊŜǎǇƻƴŘŜƴŎŜΥ ƳŀƭŜōƻΦƳŀƪǳƴȅŀƴŜϪǳǇΦŀŎΦȊŀ 

 

 

!ōǎǘǊŀŎǘΥ 9ǇƛŘŜƳƛƻƭƻƎƛŎŀƭ ǎǘǳŘƛŜǎ ƘŀǾŜ ǇǊƻǾƛŘŜŘ ŎƻƳǇŜƭƭƛƴƎ ŜǾƛŘŜƴŎŜ ƻŦ ŀǎǎƻŎƛŀǝƻƴǎ ōŜǘǿŜŜƴ ǘŜƳǇŜǊŀǘǳǊŜ 

ǾŀǊƛŀōƛƭƛǘȅ ό¢±ύ ŀƴŘ ƘŜŀƭǘƘ ƻǳǘŎƻƳŜǎΦ IƻǿŜǾŜǊΣ ǎǳŎƘ ǎǘǳŘƛŜǎ ŀǊŜ ƭƛƳƛǘŜŘ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ŎƻǳƴǘǊƛŜǎΦ ¢Ƙƛǎ ǎǘǳŘȅ 

ŀƛƳŜŘ ǘƻ ƛƴǾŜǎǝƎŀǘŜ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ ¢± ŀƴŘ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎ ŦƻǊ ŎŀǳǎŜπǎǇŜŎƛŬŎ ŘƛǎŜŀǎŜǎ ƛƴ {ƻǳǘƘ 

!ŦǊƛŎŀΦ IƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴ Řŀǘŀ ŦƻǊ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŘƛǎŜŀǎŜǎ ό/±5ύ ŀƴŘ ǊŜǎǇƛǊŀǘƻǊȅ ŘƛǎŜŀǎŜǎ όw5ύ ǿŜǊŜ ƻōǘŀƛƴŜŘ 

ŦǊƻƳ ǎŜǾŜƴ ǇǊƛǾŀǘŜ ƘƻǎǇƛǘŀƭǎ ƛƴ /ŀǇŜ ¢ƻǿƴ ŦǊƻƳ м WŀƴǳŀǊȅ нлмм ǘƻ ом hŎǘƻōŜǊ нлмсΦ aŜǘŜƻǊƻƭƻƎƛŎŀƭ Řŀǘŀ ǿŜǊŜ 

ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ {ƻǳǘƘ !ŦǊƛŎŀƴ ²ŜŀǘƘŜǊ {ŜǊǾƛŎŜ ό{!²{ύΦ ! ǉǳŀǎƛπtƻƛǎǎƻƴ ǊŜƎǊŜǎǎƛƻƴ ƳƻŘŜƭ ǿŀǎ ǳǎŜŘ ǘƻ 

ƛƴǾŜǎǝƎŀǘŜ ǘƘŜ ŀǎǎƻŎƛŀǝƻƴ ōŜǘǿŜŜƴ ¢± ŀƴŘ ƘŜŀƭǘƘ ƻǳǘŎƻƳŜǎ ŀƊŜǊ ŎƻƴǘǊƻƭƭƛƴƎ ŦƻǊ ǇƻǘŜƴǝŀƭ ŜũŜŎǘ ƳƻŘƛŬŜǊǎΦ 

! ǇƻǎƛǝǾŜ ŀƴŘ ǎǘŀǝǎǝŎŀƭƭȅ ǎƛƎƴƛŬŎŀƴǘ ŀǎǎƻŎƛŀǝƻƴ ōŜǘǿŜŜƴ ¢± ŀƴŘ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎ ŦƻǊ ōƻǘƘ ŘƛǎŜŀǎŜǎ ǿŀǎ 

ƻōǎŜǊǾŜŘΣ ŜǾŜƴ ŀƊŜǊ ŎƻƴǘǊƻƭƭƛƴƎ ŦƻǊ ǘƘŜ ƴƻƴπƭƛƴŜŀǊ ŀƴŘ ŘŜƭŀȅŜŘ ŜũŜŎǘǎ ƻŦ Řŀƛƭȅ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǊŜƭŀǝǾŜ 

ƘǳƳƛŘƛǘȅΦ ¢± ǎƘƻǿŜŘ ǘƘŜ ƎǊŜŀǘŜǎǘ ŜũŜŎǘ ƻƴ ǘƘŜ ŜƴǝǊŜ ǎǘǳŘȅ ƎǊƻǳǇ ǿƘŜƴ ǳǎƛƴƎ ǎƘƻǊǘ ƭŀƎǎΣ лςн Řŀȅǎ ŦƻǊ /±5 

ŀƴŘ лςм Řŀȅ ŦƻǊ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎΦ IƻǿŜǾŜǊΣ ǘƘŜ ŜƭŘŜǊƭȅ ǿŜǊŜ ƳƻǊŜ ǎŜƴǎƛǝǾŜ ǘƻ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴ ŀƴŘ ǘƘŜ 

мрςспπȅŜŀǊ ŀƎŜ ƎǊƻǳǇ ǿŜǊŜ ƳƻǊŜ ǎŜƴǎƛǝǾŜ ǘƻ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎΦ aŜƴ ǿŜǊŜ ƳƻǊŜ ǎǳǎŎŜǇǝōƭŜ ǘƻ 

ƘƻǎǇƛǘŀƭƛǎŀǝƻƴ ǘƘŀƴ ŦŜƳŀƭŜǎΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ƳƻǊŜ ŀǧŜƴǝƻƴ ǎƘƻǳƭŘ ōŜ ǇŀƛŘ ǘƻ ǘƘŜ ŜũŜŎǘǎ ƻŦ 

ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀōƛƭƛǘȅ ŀƴŘ ŎƘŀƴƎŜ ƻƴ ƘǳƳŀƴ ƘŜŀƭǘƘΦ CǳǊǘƘŜǊƳƻǊŜΣ ŘƛũŜǊŜƴǘ ǿŜŀǘƘŜǊ ŀƴŘ ŎƭƛƳŀǘŜ ƳŜǘǊƛŎǎΣ 

ǎǳŎƘ ŀǎ ¢±Σ ǎƘƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ŎƭƛƳŀǘŜ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ ŜǇƛŘŜƳƛƻƭƻƎȅ ƻŦ ǘƘŜǎŜ όŀƴŘ 

ƻǘƘŜǊ ŘƛǎŜŀǎŜǎύΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ƭƛƎƘǘ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ǿƘŜǊŜ ŀ ǿƛŘŜǊ ǊŀƴƎŜ ŀƴŘ ŜȄǘǊŜƳŜ ŎƭƛƳŀǘŜ ŜǾŜƴǘǎ ŀǊŜ 

ŜȄǇŜŎǘŜŘ ǘƻ ƻŎŎǳǊ ƛƴ ŦǳǘǳǊŜΦ 

YŜȅǿƻǊŘǎΥ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀōƛƭƛǘȅΤ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŘƛǎŜŀǎŜǎΤ ǊŜǎǇƛǊŀǘƻǊȅ ŘƛǎŜŀǎŜǎΤ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎΤ {ƻǳǘƘ 

!ŦǊƛŎŀ 
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оΦмΦ LƴǘǊƻŘǳŎǝƻƴ 

bƻƴπŎƻƳƳǳƴƛŎŀōƭŜ ŘƛǎŜŀǎŜǎ όb/5ǎύΣ ǎǳŎƘ ŀǎ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŘƛǎŜŀǎŜ ό/±5ύ ŀƴŘ ǊŜǎǇƛǊŀǘƻǊȅ ŘƛǎŜŀǎŜǎ όw5ύΣ 

ŀǊŜ ŀƳƻƴƎ ǘƘŜ ǘƻǇ ŎŀǳǎŜǎ ƻŦ ƳƻǊǘŀƭƛǘȅ ŀƴŘ ƳƻǊōƛŘƛǘȅ Ǝƭƻōŀƭƭȅ ώмΣнϐΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ²ƻǊƭŘ IŜŀƭǘƘ 

hǊƎŀƴƛȊŀǝƻƴ ό²IhύΣ ƴŜŀǊƭȅ ус҈ ƻŦ b/5 ŘŜŀǘƘǎ ƻŎŎǳǊ ƛƴ ƭƻǿπ ŀƴŘ ƳƛŘŘƭŜπƛƴŎƻƳŜ ŎƻǳƴǘǊƛŜǎ ό[aL/ǎύ ώоϐΦ 

!ƭǘƘƻǳƎƘ ǘƘŜ ƻŎŎǳǊǊŜƴŎŜ ƻŦ b/5ǎ ƛƴ ƘƛƎƘπƛƴŎƻƳŜ ŎƻǳƴǘǊƛŜǎ ŘŜŎƭƛƴŜŘ ƛƴ ǘƘŜ Ǉŀǎǘ ŘŜŎŀŘŜǎΣ ǘƘŜǊŜ ƛǎ 

ŜǾƛŘŜƴŎŜ ǘƘŀǘ ǘƘŜ ƛƴŎƛŘŜƴŎŜ ŀƴŘ ǇǊŜǾŀƭŜƴŎŜ ƻŦ /±5 ŀƴŘ w5 ƳƻǊǘŀƭƛǘȅ ŀƴŘ ƳƻǊōƛŘƛǘȅ ƘŀǾŜ ƛƴŎǊŜŀǎŜŘ ƛƴ 

[aL/ǎ ώоϐΦ tŀǊǝŎǳƭŀǊƭȅΣ ōŜǘǿŜŜƴ нлмс ŀƴŘ нлмуΣ ƛƴ {ƻǳǘƘ !ŦǊƛŎŀΣ ƳƻǊǘŀƭƛǘȅ ŀǧǊƛōǳǘŀōƭŜ ǘƻ /±5 όLллς 

Lффύ ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ муΦс҈ ǘƻ муΦф҈Φ Lƴ ŎƻƴǘǊŀǎǘΣ ƳƻǊǘŀƭƛǘȅ ŀǧǊƛōǳǘŀōƭŜ ǘƻ w5 όWллςWффύ ŘŜŎǊŜŀǎŜŘ ŦǊƻƳ 

фΦп҈ ǘƻ фΦм҈ώпΣрϐΦ YƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ ƛƴŎƛŘŜƴŎŜ ŀƴŘ ǇǊŜǾŀƭŜƴŎŜ ƻŦ b/5ǎ ƛƴ !ŦǊƛŎŀ ƛǎ ǇƻƻǊΣ ŀƴŘ ǇŜƻǇƭŜ ƭŀŎƪ 

ŀƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ Ǌƛǎƪ ŦŀŎǘƻǊǎ ŀƴŘ ŎƭƛƴƛŎŀƭ ǎȅƳǇǘƻƳǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ /±5 ƻǊ w5 ƘŜŀƭǘƘ ƻǳǘŎƻƳŜǎ 

ώпΣрϐΦ ¢ƘŜǎŜ Ǌƛǎƪ ŦŀŎǘƻǊǎ ƛƴŎƭǳŘŜ ǿŜŀǘƘŜǊ ŀƴŘ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ǾŀǊƛŀōƭŜǎΣ ǎǳŎƘ ŀǎ ŀƳōƛŜƴǘ ƳŜŀƴ 

ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀōƛƭƛǘȅ ό¢±ύ ώсςфϐΦ 

  

Lǘ ƛǎ ƪƴƻǿƴ ǘƘŀǘ ǿŜŀǘƘŜǊ ŜǾŜƴǘǎ ŀƴŘ ŎƭƛƳŀǘŜ ǘǊŜƴŘǎ ƘŀǾŜ ŀƴ ƛƳǇŀŎǘ ƻƴ ƘǳƳŀƴ ƘŜŀƭǘƘΦ 9ȄǘǊŜƳŜ ǿŜŀǘƘŜǊ 

ŜǾŜƴǘǎΣ ǿƘƛŎƘ ŀǊŜ ŀƴǝŎƛǇŀǘŜŘ ǘƻ ƛƴǘŜƴǎƛŦȅ ǿƛǘƘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ όƛƴŎƭǳŘƛƴƎ ǎƛƎƴƛŬŎŀƴǘ ǘŜƳǇŜǊŀǘǳǊŜ 

ŜȄǘǊŜƳŜ ŜǾŜƴǘǎύΣ ǇƻǎŜ ŀ ƎǊŀǾŜ ŘŀƴƎŜǊ ǘƻ ƘǳƳŀƴ ƘŜŀƭǘƘ ώмлςмнϐΦ CǳǘǳǊŜ ŎƭƛƳŀǘŜ ǇǊƻƧŜŎǝƻƴǎ ƛƴŘƛŎŀǘŜ ǘƘŀǘ 

Ǝƭƻōŀƭ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀǊŜ ƭƛƪŜƭȅ ǘƻ ŎƻƴǝƴǳŜ ǘƻ ǊƛǎŜ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ нмǎǘ ŎŜƴǘǳǊȅΦ Lǘ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƘŀǘ ƻƴ     

ŀǾŜǊŀƎŜΣ ŀƴƴǳŀƭ ƛƴŎǊŜŀǎŜǎ ƻŦ мςоϲ/ ƛƴ Ǝƭƻōŀƭ ǘŜƳǇŜǊŀǘǳǊŜǎ Ƴŀȅ ƻŎŎǳǊ ōȅ нлрл ώмоϐΣ ǿƘƛŎƘ ǿƛƭƭ ōŜ 

ŀƳǇƭƛŬŜŘ ƛƴ ǎƻǳǘƘŜǊƴ !ŦǊƛŎŀ ώмлϐΦ .ȅ нмллΣ Ǝƭƻōŀƭ ǿŀǊƳƛƴƎ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ŀǾŜǊŀƎŜ 

ǘŜƳǇŜǊŀǘǳǊŜ ōȅ оςпϲ/ ŀƭƻƴƎ ǘƘŜ {ƻǳǘƘ !ŦǊƛŎŀƴ Ŏƻŀǎǘ ŀƴŘ ōȅ сςтϲ/ ƛƴƭŀƴŘΣ ǎǳǊǇŀǎǎƛƴƎ ǘƘŜ ŀƴǝŎƛǇŀǘŜŘ 

Ǝƭƻōŀƭ ǿŀǊƳƛƴƎ ŀǾŜǊŀƎŜǎ ώмпϐΦ {ŜǾŜǊŀƭ ŜǇƛŘŜƳƛƻƭƻƎƛŎŀƭ ǎǘǳŘƛŜǎ ŀǧǊƛōǳǘŜŘ ƴƻƴπƻǇǝƳŀƭ ǘŜƳǇŜǊŀǘǳǊŜ 

ŜȄǘǊŜƳŜǎΣ ƛƴŎƭǳŘƛƴƎ ƘŜŀǘǿŀǾŜǎΣ ŜȄǘǊŜƳŜ ŎƻƭŘ ŜǾŜƴǘǎΣ ŀƴŘ ŜȄǘǊŜƳŜ ǘŜƳǇŜǊŀǘǳǊŜǎΣ ǘƻ ƛƴŎǊŜŀǎŜŘ ƘƻǎǇƛǘŀƭ 

ŀŘƳƛǎǎƛƻƴǎ ŀƴŘ ƳƻǊǘŀƭƛǘȅ ŦǊƻƳ ƴƻƴπŎƻƳƳǳƴƛŎŀōƭŜ ŀƴŘ ƛƴŦŜŎǝƻǳǎ ŘƛǎŜŀǎŜǎ ώсΣуΣмрςмуϐΦ CŜǿ ǎǘǳŘƛŜǎ ƘŀǾŜ 

ƛƴǾŜǎǝƎŀǘŜŘ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŀƳōƛŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ƘŜŀƭǘƘ ƻǳǘŎƻƳŜǎ ƛƴ !ŦǊƛŎŀ ώтϐΣ ŀƴŘ ƻƴƭȅ 

ƻƴŜ ǇǳōƭƛǎƘŜŘ ǇŀǇŜǊ ǿƘƛŎƘ ŎƻƴǎƛŘŜǊŜŘ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀǝƻƴ ƛƴ !ŦǊƛŎŀΣ ŎƻǳƭŘ ōŜ ƭƻŎŀǘŜŘ ώмуϐΦ ¢± ƛǎ ŀƴ 

ƛƳǇƻǊǘŀƴǘ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ƛƴŘƛŎŀǘƻǊ ǊŜƅŜŎǝƴƎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜǎΣ ǎǳŎƘ ŀǎ ǊŀǇƛŘ ƛƴǘǊŀπ ŀƴŘ ƛƴǘŜǊπŘŀȅ 

ǘŜƳǇŜǊŀǘǳǊŜ ŎƘŀƴƎŜǎ ώуΣмфΣнлϐΦ 

 

DƭƻōŀƭƭȅΣ ŜǾƛŘŜƴŎŜ ƻƴ ǘƘŜ ǎƘƻǊǘπǘŜǊƳ /±5 ŀƴŘ w5 ŜũŜŎǘǎ ƻŦ ¢± ƛǎ ƛƴŎǊŜŀǎƛƴƎ ώрΣуΣмфςнпϐΦ ¢ƘŜ ƳŀƧƻǊƛǘȅ ƻŦ 

ǘƘŜǎŜ ǎǘǳŘƛŜǎ ǊŜǇƻǊǘŜŘ ¢± ǘƻ ōŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƛƴŎǊŜŀǎŜŘ Ǌƛǎƪǎ ƻŦ /±5 ŀƴŘ w5 ƘŜŀƭǘƘ ƻǳǘŎƻƳŜǎΦ 

IƻǿŜǾŜǊΣ ǘƘŜǊŜ ŀǊŜ ǎǝƭƭ ǎƻƳŜ ƛƴŎƻƴǎƛǎǘŜƴŎƛŜǎ ƛƴ ǘƘŜ ŀǎǎƻŎƛŀǝƻƴ ōŜǘǿŜŜƴ ¢± ŀƴŘ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎ 

ώннϐΦ CƻǊ ŜȄŀƳǇƭŜΣ ŀ ǎǘǳŘȅ ŎƻƴŘǳŎǘŜŘ ƛƴ .ŀƴƎƭŀŘŜǎƘ ŦƻǳƴŘ ƴƻ ŀǎǎƻŎƛŀǝƻƴ ōŜǘǿŜŜƴ ¢± ŀƴŘ w5 ŜƳŜǊƎŜƴŎȅ 

ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎ ώннϐΣ ǿƘƛƭŜ ŀ ǎǘǳŘȅ ŎƻƴŘǳŎǘŜŘ ƛƴ YƻǊŜŀ ŦƻǳƴŘ ǘƘŀǘ ǘŜƳǇŜǊŀǘǳǊŜ ŎƘŀƴƎŜ ǿŀǎ 

ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƛƴŎǊŜŀǎŜŘ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎ ŦƻǊ ǘƻǘŀƭ ǊŜǎǇƛǊŀǘƻǊȅ ŘƛǎŜŀǎŜǎ ώнрϐΦ {ƻƳŜ ƻŦ ǘƘŜ ƭƛƳƛǘŀǝƻƴǎ 

ƻŦ ǘƘŜǎŜ ǎǘǳŘƛŜǎ ƛƴŎƭǳŘŜ ǘƘŜ ǎŜƭŜŎǝƻƴ ƻŦ ǎǘǳŘȅ ǇŀǊǝŎƛǇŀƴǘǎΣ ŀ ŎƻƘƻǊǘ ƻŦ ŜƭŘŜǊƭȅ όƻƭŘŜǊ ǘƘŀƴ срπȅŜŀǊǎύ 

ǾƻƭǳƴǘŜŜǊǎ ώнсϐΣ ŀƴŘ ŦƻŎǳǎ ƻƴ ŀ ƎǊƻǳǇ ƻƭŘŜǊ ǘƘŀƴ ор ȅŜŀǊǎ ƻŦ ŀƎŜ ώнпϐΤ ōȅ ŦƻŎǳǎƛƴƎ ƻƴ ƻƴŜ ŀƎŜ ƎǊƻǳǇΣ ǘƘŜ 

ŜũŜŎǘǎ ƻŦ ¢± ƻƴ ǘƘŜ ƎŜƴŜǊŀƭ ǇƻǇǳƭŀǝƻƴ ƳƛƎƘǘ ōŜ ƻǾŜǊπ ƻǊ ǳƴŘŜǊŜǎǝƳŀǘŜŘΦ ¢ƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜǎŜ ǎǘǳŘƛŜǎ 

ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ƘŜŀƭǘƘ ŜũŜŎǘǎ ƻŦ ƛƴǘǊŀπŘŀȅ όŜΦƎΦΣ ŘƛǳǊƴŀƭ ǘŜƳǇŜǊŀǘǳǊŜύ ώмуΣнтςнфϐ ŀƴŘ ƛƴǘŜǊπŘŀȅ όŜΦƎΦΣ 

ǘŜƳǇŜǊŀǘǳǊŜ ŎƘŀƴƎŜ ōŜǘǿŜŜƴ ƴŜƛƎƘōƻǳǊƛƴƎ Řŀȅǎ ŀƴŘ ǘƘŜ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴ ƻŦ Řŀƛƭȅ ƳŜŀƴ ǎǳƳƳŜǊ 

ǘŜƳǇŜǊŀǘǳǊŜύ ώолΣомϐΦ ¢ƘŜ ŀǎǎƻŎƛŀǝƻƴǎ ōŜǘǿŜŜƴ ¢± ŀƴŘ ǇƻǇǳƭŀǝƻƴ ƘŜŀƭǘƘ Ƴŀȅ ōŜ ōŜǧŜǊ ŜȄǇƭŀƛƴŜŘ ōȅ ŀ 

ŎƻƳǇƻǎƛǘŜ ƛƴŘŜȄ ŀŎŎƻǳƴǝƴƎ ŦƻǊ ǘƘŜ ŜũŜŎǘǎ ƻŦ ƛƴǘǊŀπ ŀƴŘ ƛƴǘŜǊπŘŀȅ ǾŀǊƛŀōƛƭƛǘȅ ǎƛƴŎŜ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ¢± Ŏŀƴ 

ƭŀǎǘ ŦƻǊ ǎŜǾŜǊŀƭ Řŀȅǎ ŀƊŜǊ ŜȄǇƻǎǳǊŜ ώуΣмфΣнмϐΦ CŜǿ ǎǘǳŘƛŜǎ ŀǎǎŜǎǎŜŘ ǘƘŜ ŘŜǘǊƛƳŜƴǘŀƭ ŜũŜŎǘǎ ƻŦ 

ǘŜƳǇŜǊŀǘǳǊŜ ŎƘŀƴƎŜǎ ǳǎƛƴƎ ǘƘŜ ŎƻƳǇƻǎƛǘŜ ƛƴŘŜȄ ƻŦ ¢± ƻƴ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŀƴŘ ǊŜǎǇƛǊŀǘƻǊȅ ŘƛǎŜŀǎŜ ƘƻǎǇƛǘŀƭ 

ŀŘƳƛǎǎƛƻƴǎ ώмфΣннΣонϐΦ ¢ƘŜǊŜ ŀǊŜ ŜǾŜƴ ŦŜǿŜǊ ǎǘǳŘƛŜǎ ǘƘŀǘ ŎƻƳǇŀǊŀǝǾŜƭȅ ŀǎǎŜǎǎŜŘ ¢±Ωǎ ŜũŜŎǘǎ ƻƴ 

ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŀƴŘ ǊŜǎǇƛǊŀǘƻǊȅ ŘƛǎŜŀǎŜ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎ ώннϐΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ŎƻǳƴǘǊƛŜǎΣ ǎǳŎƘ 

ŀǎ {ƻǳǘƘ !ŦǊƛŎŀΦ 

 

¢Ƙƛǎ ǎǘǳŘȅ ŀǇǇƭƛŜŘ ǘƘŜ ǝƳŜπǎŜǊƛŜǎ ŜǇƛŘŜƳƛƻƭƻƎƛŎŀƭ ǎǘǳŘȅ ŘŜǎƛƎƴ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ŀǎǎƻŎƛŀǝƻƴ ōŜǘǿŜŜƴ 

ǎƘƻǊǘπǘŜǊƳ ¢± ŀƴŘ /±5 ŀƴŘ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴ ƛƴ ǘƘŜ /ƛǘȅ ƻŦ /ŀǇŜ ¢ƻǿƴΣ {ƻǳǘƘ !ŦǊƛŎŀΣ ōŜǘǿŜŜƴ м WŀƴǳŀǊȅ 

нлмм ŀƴŘ ом hŎǘƻōŜǊ нлмсΦ ±ǳƭƴŜǊŀōƛƭƛǘȅ ōȅ ŘƛũŜǊŜƴǘ ŀƎŜ ƎǊƻǳǇǎ όлςмпΣ мрςспΣ ŀƴŘ ЅсрπȅŜŀǊǎύ ŀƴŘ 
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ƎŜƴŘŜǊ ǿŀǎ ŀǎǎŜǎǎŜŘΦ 5ŜƭŀȅŜŘ ŜũŜŎǘǎ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ƻƴ ¢± ŀƴŘ ƘŜŀƭǘƘ ƻǳǘŎƻƳŜ ǿŜǊŜ ƛƴǾŜǎǝƎŀǘŜŘ ǳǎƛƴƎ 

ŘƛǎǘǊƛōǳǘŜŘ ƭŀƎ ƴƻƴπƭƛƴŜŀǊ ƳƻŘŜƭǎ ό5[baύ ŦǊŀƳŜǿƻǊƪ ώооϐΦ 

оΦнΦ aŀǘŜǊƛŀƭǎ ŀƴŘ aŜǘƘƻŘǎ 

оΦнΦмΦ {ǘǳŘȅ [ƻŎŀǝƻƴ 

! ƭƛǎǘ ƻŦ ǇƻǘŜƴǝŀƭ ǇǊƛǾŀǘŜ ƘƻǎǇƛǘŀƭǎ ǘƘŀǘ ǿŜǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ǿŀǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ IƻǎǇƛǘŀƭ 

!ǎǎƻŎƛŀǝƻƴ ƻŦ {ƻǳǘƘ !ŦǊƛŎŀ ǿŜōǎƛǘŜ όƘǧǇǎΥκκƘŀǎŀΦŎƻΦȊŀκΣ ŀŎŎŜǎǎŜŘ ƻƴ ол WǳƴŜ нлмфύΦ hƴƭȅ ǎŜǾŜƴ ǇǊƛǾŀǘŜ 

ƘƻǎǇƛǘŀƭǎ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ /ƛǘȅ ƻŦ /ŀǇŜ ¢ƻǿƴΣ {ƻǳǘƘ !ŦǊƛŎŀΣ ǿŜǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ŘǳŜ ǘƻ ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ 

ƻŦ Řŀǘŀ όCƛƎǳǊŜ мύΦ 

 

 

CƛƎǳǊŜ мΦ ¢ƘŜ ƭƻŎŀǝƻƴ ƻŦ ǘƘŜ ǇǊƛǾŀǘŜ ƘƻǎǇƛǘŀƭǎ ƛƴ ǘƘŜ /ƛǘȅ ƻŦ /ŀǇŜ ¢ƻǿƴ ǊŜƎƛƻƴ ǘƘŀǘ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǘƘŜ ǎǘǳŘȅ 

оΦнΦнΦ 5ŀǘŀ /ƻƭƭŜŎǝƻƴ 

5ŀƛƭȅ Ŏƻǳƴǘǎ ƻŦ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎ ŀǘ ǘƘŜ ǎŜǾŜƴ ǇǊƛǾŀǘŜ ƘƻǎǇƛǘŀƭǎ ƛƴ ǘƘŜ /ƛǘȅ ƻŦ /ŀǇŜ ¢ƻǿƴ ŦǊƻƳ м WŀƴǳŀǊȅ 

нлмм ǘƻ ом hŎǘƻōŜǊ нлмс ǿŜǊŜ Řŀǘŀ ǎǳǇǇƭƛŜŘ ōȅ ǘƘŜ ǊŜǎǇŜŎǝǾŜ ƘƻǎǇƛǘŀƭ ŀǳǘƘƻǊƛǝŜǎΦ IƻǎǇƛǘŀƭƛǎŀǝƻƴǎ 

ǿŜǊŜ ŎƭŀǎǎƛŬŜŘ ƻƴ ǘƘŜ ǇǊƛƳŀǊȅ ŘƛŀƎƴƻǎƛǎ ŀƴŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ LƴǘŜǊƴŀǝƻƴŀƭ /ƭŀǎǎƛŬŎŀǝƻƴ ƻŦ 5ƛǎŜŀǎŜǎ 

млǘƘ wŜǾƛǎƛƻƴ ŎƻŘŜǎΥ w5 όWллςWффύ ŀƴŘ /±5 όLллςLффύΦ ¢ƘŜ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴ ƛƴŦƻǊƳŀǝƻƴ ŀƭǎƻ ƛƴŎƭǳŘŜŘ 

ŀƎŜ ƎǊƻǳǇǎ όŀƭƭ ŀƎŜǎ ŎƻƳōƛƴŜŘΣ лςмпπȅŜŀǊǎΣ мрςспπȅŜŀǊǎΣ ŀƴŘ ІсрπȅŜŀǊǎύ ŀƴŘ ƎŜƴŘŜǊΦ 5ŀƛƭȅ ǘŜƳǇŜǊŀǘǳǊŜ 

όŘŜƎǊŜŜǎ /ŜƭǎƛǳǎύΣ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅ ό҈ύΣ ǿƛƴŘ ǎǇŜŜŘ όƪƳκƘύΣ ǊŀƛƴŦŀƭƭ όƳƳύΣ ŀƴŘ ōŀǊƻƳŜǘǊƛŎ ǇǊŜǎǎǳǊŜ όƪtŀύ 

Řŀǘŀ ŦƻǊ ǘƘŜ /ŀǇŜ ¢ƻǿƴπ²ƻǊŎŜǎǘŜǊ ǿŜŀǘƘŜǊ ǎǘŀǝƻƴ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ {!²{Φ ¢ƘŜ ŜǘƘƛŎŀƭ ŀǇǇǊƻǾŀƭ 

ǊŜŦŜǊŜƴŎŜ ƴǳƳōŜǊ ƛǎ тоуκнлмфΦ 

 

оΦнΦоΦ 9ȄǇƻǎǳǊŜ 5ŜŬƴƛǝƻƴ 

¢± ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ŀǎ ŀ ŎƻƳǇƻǎƛǘŜ ƻŦ ƛƴǘǊŀπ ŀƴŘ ƛƴǘŜǊπŘŀȅ ǾŀǊƛŀōƛƭƛǘȅ ǳǎƛƴƎ ǘƘŜ ƳƛƴƛƳǳƳ ŀƴŘ ƳŀȄƛƳǳƳ 

ǘŜƳǇŜǊŀǘǳǊŜǎ ώмтϐΦ CƻǊ ŜȄŀƳǇƭŜΣ ¢± ŦƻǊ ǘƘŜ ǇǊŜŎŜŘƛƴƎ о ŘŀȅǎΩ ŜȄǇƻǎǳǊŜ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ŀǎ ŦƻƭƭƻǿǎΥ ¢±лϺо 

Ґ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴ ƻŦ ǘƘŜ ƳƛƴƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ŀǘ ƭŀƎ лΣ ǘƘŜ ƳŀȄƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ŀǘ ƭŀƎ лΣ ǘƘŜ 

ƳƛƴƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ŀǘ ƭŀƎ мΣ ǘƘŜ ƳŀȄƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ŀǘ ƭŀƎ мΣ ǘƘŜ ƳƛƴƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ŀǘ ƭŀƎ нΣ 

ŀƴŘ ǘƘŜ ƳŀȄƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ŀǘ ƭŀƎ нΦ ¢ƘŜ ƎŜƴŜǊŀƭ Ŝǉǳŀǝƻƴ ǘƻ ŎŀƭŎǳƭŀǘŜ ¢± ƛǎ ǎƘƻǿƴ ōŜƭƻǿΥ 
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ǿƘŜǊŜ ¢ƛ ƛǎ ŜƛǘƘŜǊ ƳŀȄƛƳǳƳ ƻǊ ƳƛƴƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜǎ ŘǳǊƛƴƎ ŜȄǇƻǎǳǊŜ ŘŀȅǎΣ ƴ ƛǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ 

ƻōǎŜǊǾŀǝƻƴǎΣ ŀƴŘ ¢ɋ ƛǎ ǘƘŜ ŀǾŜǊŀƎŜ ƻŦ ǘƘŜ ƳƛƴƛƳǳƳ ŀƴŘ ƳŀȄƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜǎ ŘǳǊƛƴƎ ŜȄǇƻǎǳǊŜ Řŀȅǎ 

ŜȄǇǊŜǎǎŜŘ ŀǎ ŦƻƭƭƻǿǎΥ 

 

  

оΦнΦпΦ {ǘŀǝǎǝŎŀƭ !ƴŀƭȅǎƛǎ 

¢ƘŜ ŀǎǎƻŎƛŀǝƻƴ ōŜǘǿŜŜƴ ¢± ŀƴŘ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎ ǿŀǎ ƛƴǾŜǎǝƎŀǘŜŘ ǳǎƛƴƎ ŀ ƎŜƴŜǊŀƭƛǎŜŘ ƭƛƴŜŀǊ 

ǊŜƎǊŜǎǎƛƻƴ ƳƻŘŜƭ ŀƴŘ ŀǎǎǳƳƛƴƎ ŀ ǉǳŀǎƛπtƻƛǎǎƻƴ ŘƛǎǘǊƛōǳǝƻƴΣ ŀƭƭƻǿƛƴƎ ŦƻǊ ŀƴ ƻǾŜǊπŘƛǎǇŜƴǎŜŘ ƘƻǎǇƛǘŀƭ 

ŀŘƳƛǎǎƛƻƴ Ŏƻǳƴǘ ώопϐΦ ¢ƘŜ ǊŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŜȄǇƻǎǳǊŜ ǘƻ ¢± ŀƴŘ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎ ǿŀǎ ŬǊǎǘ 

ŜȄǇƭƻǊŜŘ ōȅ ŜƳǇƭƻȅƛƴƎ ŀ ƴŀǘǳǊŀƭ ŎǳōƛŎ ǎǇƭƛƴŜ ǿƛǘƘ ŘƛũŜǊŜƴǘ ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ ŀƴŘ ōȅ ŜȄŀƳƛƴƛƴƎ ǾŀǊƛƻǳǎ 

¢± ƻǇǝƻƴǎ ŀǎ ŜȄǇƻǎǳǊŜ ǾŀǊƛŀōƭŜǎΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǾŀǊƛŀƴŎŜ ό!bh±!ύ ǘŜǎǘ ŀƴŘ ǘƘŜ ǾŀƭǳŜ ƻŦ 

ǉǳŀǎƛπ!ƪŀƛƪŜ ƛƴŦƻǊƳŀǝƻƴ ŎǊƛǘŜǊƛƻƴ όv!L/ύ ŎƻƴŬǊƳŜŘ ǘƘŀǘ ǘƘŜ ƳƻŘŜƭǎ ǿƛǘƘ ŀ ŎǳōƛŎ ǎǇƭƛƴŜ ōŜǧŜǊ ŎŀǇǘǳǊŜ 

ǘƘŜ ŜũŜŎǘǎ ƻŦ ¢± ƻƴ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎΣ ǿƘƛŎƘ ƛǎ ƛƴ ƭƛƴŜ ǿƛǘƘ ǇǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ώмтΣнфΣорϐΦ v!L/ ƎƻƻŘƴŜǎǎ 

ƻŦ Ŭǘ ŦƻǊ ƻǾŜǊπŘƛǎǇŜǊǎŜŘ Ŏƻǳƴǘ Řŀǘŀ ǿŀǎ ǳǎŜŘ ǘƻ ǎŜƭŜŎǘ ǘƘŜ ōŜǎǘ ƳƻŘŜƭ ƻǇǝƻƴǎΦ [ƻƴƎπǘŜǊƳ ǘǊŜƴŘǎ ŀƴŘ 

ǎŜŀǎƻƴŀƭƛǘȅ ǿŜǊŜ ŎƻƴǘǊƻƭƭŜŘ ǳǎƛƴƎ ŀ ƴŀǘǳǊŀƭ ŎǳōƛŎ ǎǇƭƛƴŜ ǿƛǘƘ ǎŜǾŜƴ ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ ǇŜǊ ȅŜŀǊΦ 

/ŀǘŜƎƻǊƛŎŀƭ ǾŀǊƛŀōƭŜǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ŎƻƴǘǊƻƭ ŦƻǊ ŎƻƴŦƻǳƴŘƛƴƎ ŜũŜŎǘǎ ƻŦ ǘƘŜ Řŀȅ ƻŦ ǘƘŜ ǿŜŜƪ ŀƴŘ ǇǳōƭƛŎ 

ƘƻƭƛŘŀȅǎΦ wŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅ ǿŀǎ ŎƻƴǘǊƻƭƭŜŘ ŦƻǊ ŀǎ ŀ ƴŀǘǳǊŀƭ ŎǳōƛŎ ǎǇƭƛƴŜ ǿƛǘƘ ǘƘǊŜŜ ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳΦ 

 

¢ƘŜ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ ŀŘŘŜŘ ǘƻ ǘƘŜ ƳƻŘŜƭǎ ŀǎ ŀ ŘƛǎǘǊƛōǳǘŜŘ ƴƻƴƭƛƴŜŀǊ ƭŀƎ ŦǳƴŎǝƻƴ ŀŎŎƻǳƴǝƴƎ ŦƻǊ 

ōƻǘƘ ƴƻƴƭƛƴŜŀǊ ŀƴŘ ŘŜƭŀȅŜŘ ŜũŜŎǘǎΦ {ŜǾŜǊŀƭ ƻǇǝƻƴǎ ŦƻǊ ǘƘŜ ŎǊƻǎǎπōŀǎƛǎ ƻŦ ǘƘŜ ŘƛǎǘǊƛōǳǘŜŘ ƴƻƴƭƛƴŜŀǊ ƭŀƎ 

ŦǳƴŎǝƻƴ ǿŜǊŜ ŜȄǇƭƻǊŜŘΣ ŀƴŘ ǘƘŜ ŎǊƻǎǎπōŀǎƛǎ ǿƛǘƘ ǘƘŜ ƭƻǿŜǎǘ v!L/ ǿŀǎ ǎŜƭŜŎǘŜŘΦ ! ƴŀǘǳǊŀƭ ŎǳōƛŎ ǎǇƭƛƴŜ 

ǿƛǘƘ ŦƻǳǊ ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ ǿŀǎ ǳǎŜŘ ŦƻǊ ōƻǘƘ ǘƘŜ Řŀƛƭȅ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǘƘŜ ƭŀƎǎ όл ǘƻ нм ŘŀȅǎύΦ 

¢ƘǊŜŜ ƛƴǘŜǊƴŀƭ ƪƴƻǘǎ ǿŜǊŜ ǇƭŀŎŜŘ ŀǘ Ŝǉǳŀƭƭȅ ǎǇŀŎŜŘ ǇŜǊŎŜƴǝƭŜǎ όнрǘƘΣ рлǘƘΣ ŀƴŘ трǘƘύ ŀƴŘ ǘǿƻ ƛƴǘŜǊƴŀƭ 

ƪƴƻǘǎ ǿŜǊŜ ǇƭŀŎŜŘ ŀǘ Ŝǉǳŀƭƭȅ ǎǇŀŎŜŘ ƭƻƎπǾŀƭǳŜǎ ƻŦ ƭŀƎ όŀǘ мΦпн ŀƴŘ рΦпр Řŀȅǎύ Ǉƭǳǎ ƛƴǘŜǊŎŜǇǘΦ ¢Ƙƛǎ ƛǎ ŀ 

ǎƛƳƛƭŀǊ ŀǇǇǊƻŀŎƘ ǘƻ ǘƘƻǎŜ ƛƴ ǇǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ώуΣмрϐΦ ¢ƘŜ ǊŜƎǊŜǎǎƛƻƴ ƳƻŘŜƭ ǳǎŜŘ Ŏŀƴ ōŜ ŜȄǇǊŜǎǎŜŘ ŀǎ 

ŦƻƭƭƻǿǎΥ 

ǿƘŜǊŜ ƛ̧ ƛǎ ǘƘŜ ƻǳǘŎƻƳŜ ǾŀǊƛŀōƭŜ ƻƴ Řŀȅ ƛΣ ¢±лϺƛ ǊŜǇǊŜǎŜƴǘǎ ¢± ƻƴ Řŀȅ ƛ ǿƛǘƘ л ǘƻ т Řŀȅǎ ƻŦ ƭŀƎΣ Řƻǿƛ ŀƴŘ 

Ǉǳōƛ ŀǊŜ ŎŀǘŜƎƻǊƛŎŀƭ ǾŀǊƛŀōƭŜǎ ŎƻƴǘǊƻƭƭƛƴƎ ŦƻǊ Řŀȅ ƻŦ ǿŜŜƪ ŀƴŘ ǇǳōƭƛŎ ƘƻƭƛŘŀȅ ǾŀǊƛŀōƛƭƛǘȅΣ ƴǎɉǝƳŜƛΣ т ϼ сύ ƛǎ 
ǘƘŜ ƴŀǘǳǊŀƭ ǎǇƭƛƴŜǎ ƻŦ ŎŀƭŜƴŘŀǊ ǝƳŜΣ ŀƴŘ ŎōΦǘƳŜŀƴ ƛǎ ǘƘŜ ŎǊƻǎǎπōŀǎƛǎ ŦǳƴŎǝƻƴ ŦƻǊ Řŀƛƭȅ ƳŜŀƴ 

ǘŜƳǇŜǊŀǘǳǊŜΦ ¢ƘŜ ŀǎǎƻŎƛŀǝƻƴǎ ŀƭƻƴƎ ǿƛǘƘ фр҈ ŎƻƴŬŘŜƴŎŜ ƛƴǘŜǊǾŀƭǎ ŀǊŜ ǊŜǇƻǊǘŜŘ ŀǎ ǇŜǊŎŜƴǘ ŎƘŀƴƎŜ ƛƴ 

/±5 ƻǊ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ǇŜǊ ƛƴǘŜǊǉǳŀǊǝƭŜ ǊŀƴƎŜ ƛƴŎǊŜŀǎŜ ƛƴ ¢±Φ 

оΦнΦрΦ {ŜƴǎƛǝǾƛǘȅ !ƴŀƭȅǎƛǎ 

¢ƻ ǘŜǎǘ ŦƻǊ ǘƘŜ ǊƻōǳǎǘƴŜǎǎ ƻŦ ǘƘŜ ǊŜǎǳƭǘǎΣ ǎŜƴǎƛǝǾƛǘȅ ŀƴŀƭȅǎŜǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ŬǊǎǘƭȅ ōȅ ŎƘŀƴƎƛƴƎ ǘƘŜ 

ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ ƛƴ ǝƳŜ ǇŜǊ ȅŜŀǊ όŘŦ Ґ оςуύΣ ǘƘŜ ƴŀǘǳǊŀƭ ǎǇƭƛƴŜ ŦƻǊ ǘŜƳǇŜǊŀǘǳǊŜ όŘŦ Ґ оςсύΣ ŀƴŘ ǘƘŜ 

ǎǇƭƛƴŜ ƻŦ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅ όŘŦ Ґ оςсύΦ {ŜŎƻƴŘƭȅΣ ǘƘŜ ƳŀȄƛƳǳƳ ƭŀƎ ŦƻǊ ǘƘŜ ŎǊƻǎǎπōŀǎƛǎ ŦǳƴŎǝƻƴ ƻŦ 

ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ ŎƘŀƴƎŜŘ ŦǊƻƳ нм ǘƻ ну ǘƻ ŜȄŀƳƛƴŜ ǿƘŜǘƘŜǊ ǳǎƛƴƎ нм ƭŀƎ Řŀȅǎ ǿŀǎ ǎǳŶŎƛŜƴǘ ǘƻ ŎƻƴǘǊƻƭ 

ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŜũŜŎǘǎ ƻƴ ƘŜŀƭǘƘ ƻǳǘŎƻƳŜǎ ώуϐΦ ¢ƘƛǊŘƭȅΣ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅ ǿŀǎ ŜȄǇƭƻǊŜŘ ŀǎ ŘƛũŜǊŜƴǘ 

ƻǇǝƻƴǎΣ ƛƴŎƭǳŘƛƴƎ ŀ ŎŀǘŜƎƻǊƛŎŀƭ ǾŀǊƛŀōƭŜΣ ŀ ŎǳōƛŎ ǎǇƭƛƴŜ ǿƛǘƘ ǾŀǊȅƛƴƎ ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳΦ ¢ƘŜ ƳƻŘŜƭǎ 

ǿŜǊŜ ŀƭǎƻ ŀŘƧǳǎǘŜŘ ŦƻǊ ŀƛǊ ǇƻƭƭǳǘŀƴǘǎΣ ƴŀƳŜƭȅ ƴƛǘǊƻƎŜƴ ŘƛƻȄƛŘŜ όbhнύΣ ǎǳƭǇƘǳǊ ŘƛƻȄƛŘŜ ό{hнύΣ ŀƴŘ 

ǇŀǊǝŎǳƭŀǘŜ ƳŀǧŜǊ ǿƛǘƘ ŀ ŘƛŀƳŜǘŜǊ ƻŦ мл ƳƛŎǊƻƴǎ ƻǊ ƭŜǎǎ όtaмлύΦ CǳǊǘƘŜǊƳƻǊŜΣ ǎǘǊŀǝŬŜŘ ŀƴŀƭȅǎŜǎ ōȅ ŀƎŜ 

ƎǊƻǳǇǎ ŀƴŘ ƎŜƴŘŜǊ ǿŜǊŜ ŀƭǎƻ ŎƻƴŘǳŎǘŜŘ ǘƻ ƛŘŜƴǝŦȅ ǘƘŜ ǎǳǎŎŜǇǝōƭŜ ǇƻǇǳƭŀǝƻƴ ŀƴŘ ǎŜŀǎƻƴŀƭ ǾŀǊƛŀǝƻƴ ƻŦ 

ǘƘŜ ¢±ςƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴ ŀǎǎƻŎƛŀǝƻƴΦ !ƭƭ ǎǘŀǝǎǝŎŀƭ ŀƴŀƭȅǎŜǎ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ǳǎƛƴƎ ǘƘŜ w 



 

73 

 

{ǘŀǝǎǝŎŀƭ {ƻƊǿŀǊŜ όǾпΦмΦнΤ w /ƻǊŜ ¢ŜŀƳ нлннύΣ ǿƘŜǊŜ ǘƘŜ άǎǇƭƛƴŜǎέ ŀƴŘ ά5[baέ ǎƻƊǿŀǊŜ ǇŀŎƪŀƎŜǎ 

ǿŜǊŜ ǳǎŜŘ ǘƻ Ŭǘ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ ¢± ŀƴŘ ǎŎƘƛȊƻǇƘǊŜƴƛŎ ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎΦ Ǉ ǾŀƭǳŜǎ ƻŦ ЅлΦлр όǘǿƻπ

ǎƛŘŜŘύ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ǎǘŀǝǎǝŎŀƭ ǎƛƎƴƛŬŎŀƴŎŜΦ 

оΦоΦ wŜǎǳƭǘǎ 

¢ŀōƭŜ м ǇǊŜǎŜƴǘǎ ǘƘŜ ŘŜƳƻƎǊŀǇƘƛŎ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ ǘƘŜ ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ŀǘ ǘƘŜ ǎŜǾŜƴ ǇǊƛǾŀǘŜ ƘƻǎǇƛǘŀƭǎ ƛƴ 

ǘƘŜ /ƛǘȅ ƻŦ /ŀǇŜ ¢ƻǿƴ ŦǊƻƳ м WŀƴǳŀǊȅ нлмм ǘƻ ом hŎǘƻōŜǊ нлмсΦ ! ǘƻǘŀƭ ƻŦ руΣуму /±5 ŀƴŘ рпΣомт w5 

ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ŘǳǊƛƴƎ ǘƘŜ ǎǘǳŘȅ ǇŜǊƛƻŘΦ aƻǎǘ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ǿŜǊŜ ŦƻǊ ŎƘƛƭŘǊŜƴ ŀƎŜŘ 

ōŜǘǿŜŜƴ л ŀƴŘ мпπȅŜŀǊǎ όпф҈ύΣ ǿƘŜǊŜŀǎ ǘƘŜ ǎŀƳŜ ŀƎŜ ƎǊƻǳǇ ƘŀŘ ǘƘŜ ƭŜŀǎǘ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎΦ ¢ƘŜ лς

мпπȅŜŀǊ ŀƎŜ ƎǊƻǳǇ ǿŀǎ ŜȄŎƭǳŘŜŘ ŦǊƻƳ ǘƘŜ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴ ǎǳōƎǊƻǳǇ ŀƴŀƭȅǎƛǎΦ ¢ƘŜ ƳŀƧƻǊƛǘȅ όпфΦф҈ύ 

ƻŦ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ǿŜǊŜ ŀƳƻƴƎ ǘƘŜ ŜƭŘŜǊƭȅ όЅсрπȅŜŀǊǎύΦ ¢ƘŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ōȅ 
ƎŜƴŘŜǊ ǿŀǎ ǎƛƳƛƭŀǊ ŦƻǊ ōƻǘƘ ŘƛǎŜŀǎŜǎΦ 

 

¢ŀōƭŜ мΦ {ǳƳƳŀǊȅ ǎǘŀǝǎǝŎǎ ƻŦ ǊŜǎǇƛǊŀǘƻǊȅ ŀƴŘ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŘƛǎŜŀǎŜǎ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎ ƛƴ ǘƘŜ /ƛǘȅ ƻŦ /ŀǇŜ 

¢ƻǿƴ ōȅ ŀƎŜ ŀƴŘ ƎŜƴŘŜǊΣ ŦǊƻƳ м WŀƴǳŀǊȅ нлмм ǘƻ ом hŎǘƻōŜǊ нлмс 

±ŀǊƛŀōƭŜ /ŀǊŘƛƻǾŀǎŎǳƭŀǊ 5ƛǎŜŀǎŜǎ wŜǎǇƛǊŀǘƻǊȅ 5ƛǎŜŀǎŜǎ 

!ƎŜ ό¸ŜŀǊǎύ ¢ƻǘŀƭ рпΣуму руΣомт 

лςмп ό҈ύ пфу όлΦфлуύ нуΣрму όпуΦфύ 

мрςсп ό҈ύ нтΣннр όпфΦтύ мфΣпму όооΦоύ 

І ср нтΣлфр όпфΦпύ млΣоум όмтΦуύ 

DŜƴŘŜǊ ŦŜƳŀƭŜǎ ннΣфмп όпмΦуύ нфΣтпм όрмύ 

ƳŀƭŜǎ омΣфлп όруΦнύ нуΣртс όпфύ 

 

CƛƎǳǊŜ н ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ǝƳŜ ǎŜǊƛŜǎ ƻŦ ¢± ŀǘ ŘƛũŜǊŜƴǘ ŜȄǇƻǎǳǊŜ Řŀȅǎ όлςм Řŀȅ ǘƻ лςт Řŀȅǎύ ŀƴŘ ŀ ǝƳŜ 

ǎŜǊƛŜǎ ƻŦ Řŀƛƭȅ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜΦ ¢ƘŜ ¢± ŘƛǎǘǊƛōǳǝƻƴ ŀǘ ŘƛũŜǊŜƴǘ ŜȄǇƻǎǳǊŜ Řŀȅǎ ƛǎ ǎƛƳƛƭŀǊ ǘƻ ǘƘŀǘ ƛƴ ¢ŀōƭŜ 

нΦ ¢ƘŜ ŀƴƴǳŀƭπŀǾŜǊŀƎŜ Řŀƛƭȅ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ мтΦмϲ/Σ ǿƛǘƘ ŀ ǊŀƴƎŜ ƻŦ тΦрнϲ/ ǘƻ нтΦуϲ/Φ ¢ƘŜ ŀƴƴǳŀƭπ

ŀǾŜǊŀƎŜ ¢± ŦƻǊ ǘƘŜ ǇǊŜŎŜŘƛƴƎ н ŘŀȅǎΩ ŜȄǇƻǎǳǊŜ ό¢±лϺмύ ǿŀǎ рΦтлϲ/Σ ǿƛǘƘ ŀ ǊŀƴƎŜ ƻŦ мΦрнϲ/ ǘƻ моΦлϲ/Φ 
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CƛƎǳǊŜ нΦ ¢ƛƳŜ ǎŜǊƛŜǎ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀōƛƭƛǘȅ ƻǾŜǊ ŘƛũŜǊŜƴǘ ŜȄǇƻǎǳǊŜ Řŀȅǎ 

 

¢ŀōƭŜ нΦ 5ƛǎǘǊƛōǳǝƻƴ ƻŦ ǿŜŀǘƘŜǊ ŎƻƴŘƛǝƻƴǎ ŀƴŘ ¢± ŀǘ ŘƛũŜǊŜƴǘ ŜȄǇƻǎǳǊŜ Řŀȅǎ ƛƴ ǘƘŜ /ƛǘȅ ƻŦ /ŀǇŜ ¢ƻǿƴΣ м WŀƴǳŀǊȅ 

нлммςом hŎǘƻōŜǊ нлмс 

±ŀǊƛŀōƭŜ aŜŀƴ aƛƴ tнр aŜŘƛŀƴ tтр aŀȄ 

¢ƳŜŀƴ 
όϲ/ύ 

мтΦм тΦрн моΦу мсΦу нлΦн нтΦу 

wI ό҈ύ тлΦф орΦт спΦп тмΦм ттΦу ффΦм 

¢ŜƳǇŜǊŀǘǳǊŜ 
ǾŀǊƛŀōƛƭƛǘȅ 

¢±лϺм όϲ/ύ рΦтл мΦрн пΦон рΦпм сΦус моΦл 

¢±лϺн όϲ/ύ рΦрр нΦлу пΦпо рΦор сΦрн ммΦм 

¢±лϺо όϲ/ύ рΦрм нΦмп пΦрт рΦпл сΦоо млΦп 

¢±лϺп όϲ/ύ рΦрл нΦпо пΦсс рΦоф сΦно фΦтс 

¢±лϺр όϲ/ύ рΦрл нΦрт пΦто рΦоу сΦмп фΦос 

¢±лϺс όϲ/ύ рΦрл нΦто пΦум рΦпл сΦлф фΦлс 

¢±лϺт όϲ/ύ рΦрл нΦуп пΦус рΦпл сΦлф фΦло 

 

¢ŀōƭŜ о ǎƘƻǿǎ ǘƘŜ ǇŜǊŎŜƴǘ ŎƘŀƴƎŜ ƛƴ /±5 ŀƴŘ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŀƴ ƛƴǘŜǊǉǳŀǊǝƭŜ ǊŀƴƎŜ 

ƛƴŎǊŜŀǎŜ ƛƴ ¢± ŦƻǊ ǘƘŜ ŜƴǝǊŜ ǎǘǳŘȅ ƎǊƻǳǇΦ Lƴ ƎŜƴŜǊŀƭΣ ǇƻǎƛǝǾŜ ŀƴŘ ǎǘŀǝǎǝŎŀƭƭȅ ǎƛƎƴƛŬŎŀƴǘ ŀǎǎƻŎƛŀǝƻƴǎ 

ōŜǘǿŜŜƴ ¢± ŀƴŘ ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ŦƻǊ ōƻǘƘ ŘƛǎŜŀǎŜǎ ǿŜǊŜ ƻōǎŜǊǾŜŘΦ ¢ƘŜ ŜũŜŎǘ ƻŦ ¢± ƻƴ ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ 

ǿŀǎ ƛƳƳŜŘƛŀǘŜ ŦƻǊ ōƻǘƘ ŘƛǎŜŀǎŜǎΦ tŜǊ LƴǘŜǊπǉǳŀǊǝƭŜ ƛƴŎǊŜŀǎŜ όLvwύΣ ǘƘŜ ƘƛƎƘŜǎǘ ƛƴŎǊŜŀǎŜ ƛƴ /±5 



 

75 

 

ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎΣ сΦлп҈ όфр҈ /LΥ оΦмрςфΦлм҈ύΣ ǿŀǎ ƻōǎŜǊǾŜŘ ŀǘ лςо Řŀȅǎ ƻŦ ŜȄǇƻǎǳǊŜΤ ǘƘŜǊŜŀƊŜǊΣ ǘƘŜ Ǌƛǎƪ 

ǎǘŀǊǘŜŘ ǘƻ ŘŜŎǊŜŀǎŜ ǳƴǝƭ лςт Řŀȅǎ ƻŦ ŜȄǇƻǎǳǊŜΦ ¢ƘŜ ŜũŜŎǘ ƻŦ ¢± ƻƴ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ǊŜŀŎƘŜŘ ŀ ǇŜŀƪ 

ŀƊŜǊ ǘǿƻ ŘŀȅǎΦ 

 

¢ŀōƭŜ оΦ tŜǊŎŜƴǘ ŎƘŀƴƎŜ όƳŜŀƴ ŀƴŘ фр҈ /Lύ ƻŦ /±5 ŀƴŘ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŀƴ ƛƴǘŜǊǉǳŀǊǝƭŜ ǊŀƴƎŜ 

όLvwύ ƛƴŎǊŜŀǎŜ ƛƴ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀōƛƭƛǘȅ ό/ύ ƻƴ ŘƛũŜǊŜƴǘ ŜȄǇƻǎǳǊŜ Řŀȅǎ ŦƻǊ ŀƭƭ ŀƎŜǎ ŎƻƳōƛƴŜŘΤ ƳƻŘŜƭǎ 
ǿŜǊŜ ƴƻǘ ŀŘƧǳǎǘŜŘ ŦƻǊ ŀƴȅ ŎƻǾŀǊƛŀǘŜǎ 

 

tŜǊŎŜƴǘ LƴŎǊŜŀǎŜ ƛƴ IƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ό҈ύ 
9ȄǇƻǎǳǊŜ 5ŀȅǎ /ŀǊŘƛƻǾŀǎŎǳƭŀǊ 5ƛǎŜŀǎŜǎ wŜǎǇƛǊŀǘƻǊȅ 5ƛǎŜŀǎŜǎ 

лςм оΦфл όлΦфсΣ сΦфоύ пΦмт όмΦоуΣ тΦлоύ 

лςн рΦфт όнΦффΣ фΦлпύ пΦсу όмΦууΣ тΦрсύ 

лςо сΦлп όоΦмрΣ фΦлмύ пΦрр όмΦурΣ тΦооύ 

лςп пΦуо όмΦфтΣ тΦттύ пΦпр όмΦтрΣ тΦнмύ 

лςр оΦфс όмΦмуΣ сΦуоύ оΦфп όмΦомΣ сΦспύ 

лςс нΦфс όлΦнсΣ рΦтоύ оΦпм όлΦусΣ сΦлпύ 

лςт нΦпу όϺлΦнуΣ рΦонύ оΦмф όлΦртΣ рΦутύ 

 

!ƊŜǊ ŀŘƧǳǎǝƴƎ ŦƻǊ ǘƘŜ Řŀȅ ƻŦ ǘƘŜ ǿŜŜƪΣ ǝƳŜΣ ŀƴŘ ǎŜŀǎƻƴŀƭ ǘǊŜƴŘǎ ŀƴŘ ǘƘŜ ŜũŜŎǘ ƻŦ ǇǳōƭƛŎ ƘƻƭƛŘŀȅǎ ό¢ŀōƭŜ 

пύΣ ǘƘŜ ŜũŜŎǘ ƻŦ ¢± ƻƴ ōƻǘƘ /±5 ŀƴŘ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ǊŜƳŀƛƴŜŘ ǎǘŀǝǎǝŎŀƭƭȅ ǎƛƎƴƛŬŎŀƴǘΦ IƻǿŜǾŜǊΣ ǘƘŜ 

ƳŀƎƴƛǘǳŘŜ ƻŦ ǘƘŜ Ǌƛǎƪǎ ŘŜŎǊŜŀǎŜŘΦ CƻǊ ǘƘŜ ŜƴǝǊŜ ǎǘǳŘȅ ƎǊƻǳǇΣ ǘƘŜ ƘƛƎƘŜǎǘ ƛƴŎǊŜŀǎŜ ƛƴ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ 

όнΦуп҈Σ фр҈ /LΥ мΦппςпΦнт҈ύ ǿŀǎ ƻōǎŜǊǾŜŘ ŀǘ лςн ŜȄǇƻǎǳǊŜ Řŀȅǎ ŀƴŘΣ ŀǘ лςм Řŀȅ ŦƻǊ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ 

όнΦтф҈ Σ фр҈ /LΥмΦппςпΦмт҈ύΣ ǘƘŜǊŜŀƊŜǊΣ ǎǘŀǊǘŜŘ ǘƻ ŘŜŎǊŜŀǎŜ ƎǊŀŘǳŀƭƭȅΦ 

 

¢ŀōƭŜ п ǎƘƻǿǎ ǘƘŜ ŀǎǎƻŎƛŀǝƻƴǎ ōŜǘǿŜŜƴ ¢± ŀƴŘ ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ŦƻǊ ŘƛũŜǊŜƴǘ ŀƎŜ ƎǊƻǳǇǎΦ ¢ƘŜ ŜũŜŎǘ 

ŜǎǝƳŀǘŜǎ ǾŀǊƛŜŘ ōȅ ŜȄǇƻǎǳǊŜ Řŀȅǎ ŦƻǊ ǘƘŜ ŘƛũŜǊŜƴǘ ŀƎŜ ƎǊƻǳǇǎΤ ŦƻǊ ŜȄŀƳǇƭŜΣ ǿƘŜƴ лςм Řŀȅ ƻŦ ŜȄǇƻǎǳǊŜ 

ǿŀǎ ŎƻƴǎƛŘŜǊŜŘΣ ǘƘŜ ƘƛƎƘŜǎǘ Ǌƛǎƪ ŦƻǊ ƘƻǎǇƛǘŀƭƛǎŀǝƻƴ ǿŀǎ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ŜƭŘŜǊƭȅ ŦƻǊ ōƻǘƘ ŘƛǎŜŀǎŜǎΦ ²ƘŜƴ 

лςр Řŀȅǎ ƻŦ ŜȄǇƻǎǳǊŜ ǿŜǊŜ ƛƴǾŜǎǝƎŀǘŜŘΣ ǘƘŜ ƘƛƎƘŜǎǘ ƛƴŎǊŜŀǎŜ ƛƴ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎΣ оΦлм҈ όфр҈ /LΥ 

мΦмтςпΦуф҈ύΣ ǿŀǎ ƻōǎŜǊǾŜŘ ŦƻǊ ǘƘŜ мрςспπȅŜŀǊ ŀƎŜ ƎǊƻǳǇΣ ǿƘŜǊŜŀǎ ǘƘŜ ƘƛƎƘŜǎǘ ŜũŜŎǘ ŜǎǝƳŀǘŜǎΣ пΦтп҈ 

όфр҈ /LΥ нΦлнςтΦрл҈ύΣ ǿŜǊŜ ƻōǎŜǊǾŜŘ ŦƻǊ ǘƘŜ срπȅŜŀǊǎ ƻǊ ƻƭŘŜǊ ŀƎŜ ƎǊƻǳǇΦ 
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¢ŀōƭŜ пΦ tŜǊŎŜƴǘ ŎƘŀƴƎŜ όƳŜŀƴ ŀƴŘ фр҈ /Lύ ƻŦ /±5 ŀƴŘ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŀƴ Lvw ƛƴŎǊŜŀǎŜ ƛƴ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀōƛƭƛǘȅ όŘƛũŜǊŜƴǘ ŜȄǇƻǎǳǊŜ ŘŀȅǎΣ ŀŘƧǳǎǝƴƎ ŦƻǊ ǝƳŜ 
ǘǊŜƴŘǎ ŀƴŘ ǎŜŀǎƻƴŀƭ ǾŀǊƛŀǝƻƴΣ Řŀȅ ƻŦ ǘƘŜ ǿŜŜƪΣ ŀƴŘ ǇǳōƭƛŎ ƘƻƭƛŘŀȅǎύ 

 

 

DǊƻǳǇ 

tŜǊŎŜƴǘ ƛƴŎǊŜŀǎŜ ƛƴ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ό҈ύ 

9ȄǇƻǎǳǊŜ Řŀȅǎ 

лπм лπн лπо лπп лπр лπс лπт 

!ƭƭ мΦфм όлΦрлΣ оΦорύ нΦсл όмΦмрΣ пΦлсύ нΦсу όмΦнтΣ пΦммύ нΦрс όмΦмрΣ оΦффύ нΦуп όмΦппΣ пΦнтύ нΦсо όмΦноΣ пΦлпύ нΦсм όмΦмрΣ пΦлуύ 

мрπсп мΦтнόπлΦмпΣ оΦсмύ нΦтр όлΦурΣ пΦсфύ нΦфт όмΦммΣ пΦурύ нΦуп όлΦфуΣ пΦтоύ оΦлм όмΦмтΣ пΦуфύ нΦпс όлΦсоΣ пΦонύ нΦот όлΦптΣ пΦонύ 

җ ср нΦмт όлΦопΣ пΦлпύ нΦрф όлΦтоΣ пΦпуύ нΦрс όлΦтпΣ пΦплύ нΦпу όлΦссΣ пΦопύ нΦус όмΦлпΣ пΦтлύ оΦлл όмΦмфΣ пΦупύ оΦлт όмΦмуΣ пΦффύ 

CŜƳŀƭŜǎ мΦнмόπлΦттΣ оΦноύ мΦтпόπлΦнуΣ оΦулύ нΦмс όлΦмуΣ пΦмтύ нΦнл όлΦнмΣ пΦннύ нΦлр όлΦлуΣ пΦлсύ нΦом όлΦорΣ пΦомύ нΦтс όлΦтлΣ пΦусύ 

aŀƭŜǎ нΦпо όлΦсуΣ пΦнлύ оΦнн όмΦппΣ рΦлоύ оΦлр όмΦонΣ пΦумύ нΦун όмΦлуΣ пΦруύ оΦпн όмΦсуΣ рΦмуύ нΦур όмΦмпΣ пΦслύ нΦрл όлΦтмΣ пΦонύ 

 tŜǊŎŜƴǘ ƛƴŎǊŜŀǎŜ ƛƴ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ό҈ύ 

 

DǊƻǳǇ 

9ȄǇƻǎǳǊŜ Řŀȅǎ 

лπм лπн лπо лπп лπр лπс лπт 

!ƭƭ нΦтф όмΦппΣ пΦмтύ нΦро όмΦмрΣ оΦфнύ мΦсм όлΦнуΣ нΦфсύ мΦуо όлΦрлΣ оΦмфύ мΦту όлΦпрΣ оΦмнύ мΦру όлΦнтΣ нΦфмύ мΦсс όлΦнфΣ оΦлпύ 

лπмп нΦфу όмΦмнΣ пΦутύ нΦнс όлΦоуΣ пΦмуύ мΦопόπлΦпуΣ оΦнлύ мΦоф όπлΦпоΣоΦнрύ мΦптόπлΦооΣ оΦонύ мΦрнόπлΦнуΣ оΦорύ мΦуо όπлΦлпΣоΦтоύ 

мрπсп мΦурόπлΦомΣ пΦлпύ мΦпуόπлΦсфΣ оΦтмύ лΦрлόπмΦслΣ нΦспύ лΦпс όπмΦспΣ нΦснύ лΦсм όπмΦпуΣ нΦтсύ лΦро όπмΦррΣ нΦсрύ лΦпо όπмΦтпΣ нΦспύ 

җ ср оΦтп όмΦлрΣ сΦрлύ рΦлс όнΦомΣ тΣуфύ пΦпм όмΦтоΣ тΦмрύ рΦср όнΦфоΣ уΦпрύ пΦтп όнΦлрΣтΦрлύ оΦрф όлΦфрΣ сΦолύ оΦнп όлΦрлΣ сΦлсύ 

CŜƳŀƭŜǎ нΦср όлΦфмΣ пΦпоύ нΦнт όлΦрлΣ пΦлтύ мΦно όπлΦпуΣ нΦфсύ мΦпл όπлΦомΣ оΦмрύ мΦрл όπлΦнмΣ оΦнпύ мΦом όπлΦоуΣ оΦлоύ мΦнр όπлΦрмΣ оΦлрύ 

aŀƭŜǎ нΦфл όмΦмпΣ пΦсфύ нΦто όлΦфрΣ пΦррύ нΦлл όлΦнсΣ оΦтсύ нΦнп όлΦрлΣ пΦллύ мΦфф όлΦнтΣ оΦтпύ мΦун όлΦмнΣ оΦрсύ нΦлр όлΦнтΣ оΦусύ 

{ƛƎƴƛŬŎŀƴǘ ƛƴŎǊŜŀǎŜǎ ŀǊŜ ƛƴ ōƻƭŘ 
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{ǳǎŎŜǇǝōƛƭƛǘȅ ŘƛũŜǊŜŘ ōȅ ƎŜƴŘŜǊ ό¢ŀōƭŜ пύΦ Lƴ ƎŜƴŜǊŀƭΣ ƳŀƭŜǎ ǿŜǊŜ ƳƻǊŜ ǾǳƭƴŜǊŀōƭŜ ǘƻ /±5 

ƘƻǎǇƛǘŀƭƛǎŀǝƻƴ ǘƘŀƴ ŦŜƳŀƭŜǎ ŘǳŜ ǘƻ ŜȄǇƻǎǳǊŜ ǘƻ ¢±Φ ¢ƘŜ ƘƛƎƘŜǎǘ ƛƴŎǊŜŀǎŜ ƛƴ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴ 

όоΦпн҈Σ фр҈ /LΥ мΦсуςрΦму҈ύ ŦƻǊ ƳŀƭŜǎ ǿŀǎ ƻōǎŜǊǾŜŘ ŀǘ лςр Řŀȅǎ ƻŦ ŜȄǇƻǎǳǊŜΣ ǿƘŜǊŜŀǎ ǘƘŜ Ǌƛǎƪ ƻŦ 

/±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴ όнΦтс҈Σ фр҈ /LΥ лΦтл҈Σ пΦус҈ύ ŦƻǊ ŦŜƳŀƭŜǎ ǊŜŀŎƘŜŘ ŀ ƳŀȄƛƳǳƳ ŀƊŜǊ ǎŜǾŜƴ 

Řŀȅǎ ƻŦ ŜȄǇƻǎǳǊŜΦ CƻǊ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴΣ ǘƘŜ ƘƛƎƘŜǎǘ ƛƴŎǊŜŀǎŜǎ ƛƴ ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ŦƻǊ ōƻǘƘ ŦŜƳŀƭŜǎ 

όнΦср҈Σ фр҈ /LΥ лΦфмςпΦпо҈ύ ŀƴŘ ƳŀƭŜǎ όнΦфл҈Σ фр҈ /LΥ мΦмпςпΦсф҈ύ ŀǇǇŜŀǊŜŘ ŀǘ лςм Řŀȅ ƻŦ 

ŜȄǇƻǎǳǊŜΦ IƻǿŜǾŜǊΣ ƳŀƭŜǎ ǿŜǊŜ ƳƻǊŜ ŀǘ Ǌƛǎƪ ŎƻƳǇŀǊŜŘ ǘƻ ŦŜƳŀƭŜǎΦ ¢ƘŜ Ǌƛǎƪ ŦƻǊ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴ 

ŦƻǊ ōƻǘƘ ŦŜƳŀƭŜǎ ŀƴŘ ƳŀƭŜǎ ǊŜƳŀƛƴŜŘ ǎǘŀōƭŜΣ ƘƻǿŜǾŜǊΣ ǎǘŀǊǘŜŘ ǘƻ ŘŜŎǊŜŀǎŜ ŀƊŜǊ лςн Řŀȅǎ ƻŦ 

ŜȄǇƻǎǳǊŜΦ 

 

CǳǊǘƘŜǊ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ ƳƻŘŜƭǎ ŦƻǊ ǘƘŜ ŜũŜŎǘǎ ƻŦ Řŀƛƭȅ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜΣ ǘƘŜ ƘƛƎƘŜǎǘ ŜũŜŎǘ 

ŜǎǝƳŀǘŜǎ ŦƻǊ ǘƘŜ ŜƴǝǊŜ ǎǘǳŘȅ ƎǊƻǳǇ ŀǇǇŜŀǊŜŘ ŀǘ ŘƛũŜǊŜƴǘ ŜȄǇƻǎǳǊŜ ŘŀȅǎΦ ¢ƘŜ ƘƛƎƘŜǎǘ ŜũŜŎǘ 

ŜǎǝƳŀǘŜǎ ŀǇǇŜŀǊŜŘ ŀǘ лςн Řŀȅǎ ŦƻǊ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴ όCƛƎǳǊŜ о!ύ ŀƴŘ ŀǘ лςм Řŀȅ ŦƻǊ w5 

ƘƻǎǇƛǘŀƭƛǎŀǝƻƴ όCƛƎǳǊŜ п!ύΦ !ƊŜǊ ǊŜŀŎƘƛƴƎ ǘƘŜ ƳŀȄƛƳǳƳΣ ǘƘŜ ŜũŜŎǘ ŜǎǝƳŀǘŜǎ ƻŦ ¢± ƻƴ 

ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ŦƻǊ ōƻǘƘ ŘƛǎŜŀǎŜǎ ǘŜƴŘŜŘ ǘƻ ōŜ ǎǘŀōƭŜ ŀƴŘ ǘƘŜƴ ŘŜŎǊŜŀǎŜŘΦ ¢ƘŜ ǎǳōƎǊƻǳǇ ŀƴŀƭȅǎƛǎ 

ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ мрςсп ŀƎŜ ƎǊƻǳǇ ǿŀǎ ƳƻǊŜ ǾǳƭƴŜǊŀōƭŜ ǘƻ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ŀƴŘ ǘƘŜ ср ŀƴŘ 

ƻƭŘŜǊ ŀƎŜ ƎǊƻǳǇ ǿŀǎ ƳƻǊŜ ǾǳƭƴŜǊŀōƭŜ ǘƻ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎΦ {ƛƳƛƭŀǊ ǇŀǧŜǊƴǎ όCƛƎǳǊŜǎ п! ŀƴŘ п.ύ 

ǿŜǊŜ ƻōǎŜǊǾŜŘ ŀƊŜǊ ŎƻƴǘǊƻƭƭƛƴƎ ŦƻǊ ŀƭƭ ƻǘƘŜǊ ŎƻǾŀǊƛŀǘŜǎΣ ƛƴŎƭǳŘƛƴƎ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅΦ 
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CƻǊ ǘƘŜ ǘǿƻ ƎŜƴŘŜǊǎ ό¢ŀōƭŜ !мύΣ ǇŜǊ Lvw ƛƴŎǊŜŀǎŜΣ ǘƘŜ ƎǊŜŀǘŜǎǘ ŜũŜŎǘ ƻŦ ¢± ƻƴ /±5 ƘƻǎǇƛǘŀƭ 

ŀŘƳƛǎǎƛƻƴǎ ƻŎŎǳǊǊŜŘ ƛƴ ¢± ŀǘ лςн Řŀȅǎ ƻŦ ŜȄǇƻǎǳǊŜ ŦƻǊ ƳŀƭŜǎ όоΦмр҈Σ фр҈ /LΥ мΦлтςрΦнт҈ύ ŀƴŘ ŀǘ 

лςт Řŀȅǎ ƻŦ ŜȄǇƻǎǳǊŜ ŦƻǊ ŦŜƳŀƭŜǎ όнΦсн҈Σ фр҈ /LΥ лΦнпςрΦлп҈ύΦ ¢ƘŜ ŜũŜŎǘ ƻŦ ¢± ƻƴ ǘƘŜ ƴǳƳōŜǊ ƻŦ 

ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎ ŦƻǊ w5 ǊŜŀŎƘŜŘ ŀ ǇŜŀƪ ŀǘ лςм Řŀȅ ƻŦ ŜȄǇƻǎǳǊŜ ŦƻǊ ōƻǘƘ ƳŀƭŜǎ όнΦпт҈Σ фр҈ /LΥ 

лΦпрςпΦро҈ύ ŀƴŘ ŦŜƳŀƭŜǎ όоΦлр҈Σ фр҈ /LΥ мΦлнςрΦмо҈ύΦ !ƊŜǊ ǊŜŀŎƘƛƴƎ ǘƘŜ ƳŀȄƛƳǳƳΣ ǘƘŜ ŜũŜŎǘ 

ŜǎǝƳŀǘŜǎ ǊŜƳŀƛƴŜŘ ǎǘŀōƭŜ ŀƴŘ ǘƘŜƴ ŘŜŎǊŜŀǎŜŘΦ 

 

 



  

79 

 

 
CƛƎǳǊŜ пΦ tŜǊŎŜƴǘ ŎƘŀƴƎŜ όфр҈ ŎƻƴŬŘŜƴŎŜ ƛƴǘŜǊǾŀƭύ ƛƴ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŀƴ ƛƴǘŜǊǉǳŀǊǝƭŜ 

ƛƴŎǊŜŀǎŜ ƛƴ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀōƛƭƛǘȅ όϲ/ύ ƻƴ ŘƛũŜǊŜƴǘ ŜȄǇƻǎǳǊŜ ŘŀȅǎΥ ό!ύ !ƊŜǊ ŎƻƴǘǊƻƭƭƛƴƎ ŦƻǊ Řŀȅ ƻŦ 

ǘƘŜ ǿŜŜƪΣ ǝƳŜΣ ŀƴŘ ǎŜŀǎƻƴŀƭ ǘǊŜƴŘǎ ŀƴŘ Řŀƛƭȅ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜΤ ό.ύ !ƊŜǊ ŎƻƴǘǊƻƭƭƛƴƎ ŦƻǊ ǘƘŜ 

Řŀȅ ƻŦ ǘƘŜ ǿŜŜƪΣ ǝƳŜΣ ŀƴŘ ǎŜŀǎƻƴŀƭ ǘǊŜƴŘǎ ŀƴŘ Řŀƛƭȅ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅ 

¢ƘŜ ŀƴŀƭȅǎƛǎ ǿŀǎ ǊŜǇŜŀǘŜŘ ŦƻǊ ǘƘŜ Ƴŀƛƴ ǊŜǎǳƭǘǎ ǳǎƛƴƎ ŘƛũŜǊŜƴǘ ƳƻŘŜƭ ƻǇǝƻƴǎ ŦƻǊ ŀƭƭ ƘŜŀƭǘƘ 

ƻǳǘŎƻƳŜǎ ŀƴŘ ǎǳōƎǊƻǳǇǎΣ ƘƻǿŜǾŜǊΣ ƻƴƭȅ ǊŜǇƻǊǘŜŘ ǘƘŜ ǊŜǎǳƭǘǎ ŦƻǊ ǘƘŜ ŜƴǝǊŜ ǎǘǳŘȅ ƎǊƻǳǇ ƛƴ ¢ŀōƭŜǎ 

!нς!пΦ CƻǊ ōƻǘƘ ƘŜŀƭǘƘ ƻǳǘŎƻƳŜǎΣ ǘƘŜ ǎŜƴǎƛǝǾƛǘȅ ŀƴŀƭȅǎƛǎ ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ ŀǎǎƻŎƛŀǝƻƴǎ ǿŜǊŜ 

Ǌƻōǳǎǘ ǘƻ ŎƘŀƴƎŜǎ ƛƴ ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ ŦƻǊ ǝƳŜΣ ǎǇƭƛƴŜ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜΣ ŀƴŘ ƴŀǘǳǊŀƭ ŎǳōƛŎ ǎǇƭƛƴŜ 

ƻŦ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅΦ ¢ƘŜ ǊŜǎǳƭǘǎ ǊŜƳŀƛƴŜŘ ǳƴŎƘŀƴƎŜŘ ǿƘŜƴ ǘƘŜ ƳŀȄƛƳǳƳ ƴǳƳōŜǊ ƻŦ ƭŀƎǎ ŦƻǊ ǘƘŜ 

ŎǊƻǎǎπōŀǎƛǎ ƻŦ Řŀƛƭȅ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ŎƘŀƴƎŜŘΦ ¦ǎƛƴƎ Řŀƛƭȅ ƳƛƴƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴǎǘŜŀŘ ƻŦ Řŀƛƭȅ 

ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ŘƛŘ ƴƻǘ ŎƘŀƴƎŜ ǘƘŜ ǊŜǎǳƭǘǎΦ IƻǿŜǾŜǊΣ ǿƘŜƴ ƳŀȄƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ ǳǎŜŘΣ 

ǘƘŜ ǊŜǎǳƭǘǎ ŀǧŜƴǳŀǘŜŘΦ CǳǊǘƘŜǊƳƻǊŜΣ ŀŘŘƛƴƎ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅ ŀǎ ŀ ƭƛƴŜŀǊ ǘŜǊƳ ƻǊ ŀǎ ŀ ŎŀǘŜƎƻǊƛŎŀƭ 

ǾŀǊƛŀōƭŜ ǘƻ ǘƘŜ ƳƻŘŜƭΣ ŘƛŘ ƴƻǘ ŎƘŀƴƎŜ ǘƘŜ ǊŜǎǳƭǘǎΦ 

 

¢ƘŜ Ƴŀƛƴ ǊŜǎǳƭǘǎ ǿŜǊŜ ǊŜǇŜŀǘŜŘ ǳǎƛƴƎ ŘƛũŜǊŜƴǘ ƳƻŘŜƭ ƻǇǝƻƴǎ ŦƻǊ ŀƭƭ ƘŜŀƭǘƘ ƻǳǘŎƻƳŜǎ ŀƴŘ 

ǎǳōƎǊƻǳǇǎΣ ōǳǘ ƻƴƭȅ ǊŜǇƻǊǘŜŘ ǘƘŜ ǊŜǎǳƭǘǎ ŦƻǊ ǘƘŜ ŜƴǝǊŜ ǎǘǳŘȅ ƎǊƻǳǇ ƛƴ ¢ŀōƭŜǎ !нς!пΦ CƻǊ ōƻǘƘ 

ƘŜŀƭǘƘ ƻǳǘŎƻƳŜǎΣ ǘƘŜ ǎŜƴǎƛǝǾƛǘȅ ŀƴŀƭȅǎƛǎ ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ ŀǎǎƻŎƛŀǝƻƴǎ ǿŜǊŜ Ǌƻōǳǎǘ ǘƻ ŎƘŀƴƎŜǎ ƛƴ 

ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ ŦƻǊ ǝƳŜΣ ǎǇƭƛƴŜ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜΣ ŀƴŘ ƴŀǘǳǊŀƭ ŎǳōƛŎ ǎǇƭƛƴŜ ƻŦ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅΦ 

¢ƘŜ ǊŜǎǳƭǘǎ ǊŜƳŀƛƴŜŘ ǳƴŎƘŀƴƎŜŘ ǿƘŜƴ ǘƘŜ ƳŀȄƛƳǳƳ ƴǳƳōŜǊ ƻŦ ƭŀƎǎ ŦƻǊ ǘƘŜ Řŀƛƭȅ ƳŜŀƴ 
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ǘŜƳǇŜǊŀǘǳǊŜ ŎǊƻǎǎπōŀǎƛǎ ŎƘŀƴƎŜŘΦ ¦ǎƛƴƎ Řŀƛƭȅ ƳƛƴƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴǎǘŜŀŘ ƻŦ Řŀƛƭȅ ƳŜŀƴ 

ǘŜƳǇŜǊŀǘǳǊŜΣ ŘƛŘ ƴƻǘ ŎƘŀƴƎŜ ǘƘŜ ǊŜǎǳƭǘǎΦ IƻǿŜǾŜǊΣ ǿƘŜƴ ƳŀȄƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ ǳǎŜŘΣ ǘƘŜ 

ŜũŜŎǘǎ ŀǧŜƴǳŀǘŜŘΦ CǳǊǘƘŜǊƳƻǊŜΣ ŀŘŘƛƴƎ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅ ŀǎ ŀ ƭƛƴŜŀǊ ǘŜǊƳ ƻǊ ŀǎ ŀ ŎŀǘŜƎƻǊƛŎŀƭ 

ǾŀǊƛŀōƭŜ ǘƻ ǘƘŜ ƳƻŘŜƭΣ ŘƛŘ ƴƻǘ ŎƘŀƴƎŜ ǘƘŜ ǊŜǎǳƭǘǎΦ IƻǿŜǾŜǊΣ ǇǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ŀǎŎŜǊǘŀƛƴŜŘ ǘƘŜ 

ǊƻōǳǎǘƴŜǎǎ ŀƴŘ ƛƴŘŜǇŜƴŘŜƴŎŜ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜπǊŜƭŀǘŜŘ ƘŜŀƭǘƘ ǎǘǳŘƛŜǎ ǿƛǘƘ ƻǊ ǿƛǘƘƻǳǘ ǘƘŜ ƛƴƅǳŜƴŎŜ 

ƻŦ ŀƛǊ Ǉƻƭƭǳǝƻƴ ώфΣосϐΦ Lƴ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅΣ ǘƘŜ ŜũŜŎǘ ŜǎǝƳŀǘŜǎ ŘƛŘ ƴƻǘ ŎƘŀƴƎŜ ŀƊŜǊ ŎƻƴǘǊƻƭƭƛƴƎ ŦƻǊ 

ǘƘŜ ŜũŜŎǘǎ ƻŦ taмл ŀƴŘ {hнΦ IƻǿŜǾŜǊΣ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ƻŦ ǘƘŜ ŜũŜŎǘ ŜǎǝƳŀǘŜǎ ŘŜŎǊŜŀǎŜŘ ŀƊŜǊ 

ŎƻƴǘǊƻƭƭƛƴƎ ŦƻǊ bhнΦ 

 

оΦпΦ 5ƛǎŎǳǎǎƛƻƴ 

¢Ƙƛǎ ƛǎ ǘƘŜ ŬǊǎǘ ƭƻŎŀƭ ŜǇƛŘŜƳƛƻƭƻƎƛŎŀƭ ǎǘǳŘȅ ƛƴ ǎƻǳǘƘŜǊƴ !ŦǊƛŎŀ ǘƻ ŜǾŀƭǳŀǘŜ ŜǾƛŘŜƴŎŜ ŘƻŎǳƳŜƴǝƴƎ 

ǘƘŜ ŎŀǊŘƛƻπǊŜǎǇƛǊŀǘƻǊȅ ƘŜŀƭǘƘ ŜũŜŎǘǎ ƻŦ ¢±Φ Lƴ ƎŜƴŜǊŀƭΣ ǇƻǎƛǝǾŜ ŀƴŘ ǎǘŀǝǎǝŎŀƭƭȅ ǎƛƎƴƛŬŎŀƴǘ ƛƳǇŀŎǘǎ 

ƻŦ ¢± ŜȄǇƻǎǳǊŜ ǿŜǊŜ ƻōǎŜǊǾŜŘΦ ¢ƘŜ мрςсп ŀƎŜ ƎǊƻǳǇ ǿŀǎ ƳƻǊŜ ǾǳƭƴŜǊŀōƭŜ ǘƻ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴ 

ŀƴŘ ǘƘŜ ŜƭŘŜǊƭȅ όсрπȅŜŀǊǎ ƻǊ ƻƭŘŜǊύ ǿŜǊŜ ƳƻǊŜ ǾǳƭƴŜǊŀōƭŜ ǘƻ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴ ŘǳŜ ǘƻ ¢± ŜȄǇƻǎǳǊŜΦ 

aŜƴ ŀǇǇŜŀǊŜŘ ǘƻ ōŜ ƳƻǊŜ ǎǳǎŎŜǇǝōƭŜ ǘƻ ƘƻǎǇƛǘŀƭƛǎŀǝƻƴ ǘƘŀƴ ŦŜƳŀƭŜǎΦ 

 

CŜǿ ǎǘǳŘƛŜǎ ŜǾŀƭǳŀǘŜŘ ¢±Ωǎ ŜũŜŎǘǎ ƻƴ /±5 ŀƴŘ w5 ƘŜŀƭǘƘ ƻǳǘŎƻƳŜǎ ώмфΣннΣноΣонΣотϐΦ ¢ƘŜǎŜ ǎǘǳŘƛŜǎ 

ŦƻǳƴŘ ŀ ƳƻǊŜ ǎƛƎƴƛŬŎŀƴǘ ŜũŜŎǘ ƻŦ ¢± ƻƴ w5 ƘŜŀƭǘƘ ƻǳǘŎƻƳŜǎ ǘƘŀƴ /±5 ƘŜŀƭǘƘ ƻǳǘŎƻƳŜǎΦ /ƻƴǘǊŀǊȅ 

ǘƻ ǘƘŜǎŜ ǎǘǳŘƛŜǎΣ ƛƴ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅΣ ǘƘŜ ŜũŜŎǘ ƻŦ ¢± ǿŀǎ ƘƛƎƘŜǊ ƻƴ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ƻƴ Ƴƻǎǘ 

ŜȄǇƻǎǳǊŜ ŘŀȅǎΣ ŜȄŎŜǇǘ ŀǘ ǎƘƻǊǘŜǊ ŜȄǇƻǎǳǊŜ Řŀȅǎ όлςм Řŀȅ ŀƴŘ лςн ŘŀȅǎύΣ ǿƘŜǊŜ ǘƘŜ ŜũŜŎǘ ƻŦ ¢± ƻƴ 

w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ǿŀǎ ƘƛƎƘŜǊ ŦƻǊ ŀƭƭ ǎǳōƎǊƻǳǇǎΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƳƛƎƘǘ ŘƛũŜǊ ŘǳŜ ǘƻ ŘƛũŜǊŜƴǘ ƘŜŀƭǘƘ 

ƻǳǘŎƻƳŜǎ ŀƴŘ ƎŜƻƎǊŀǇƘƛŎ ƭƻŎŀǝƻƴǎΦ Lƴ ǘƘƛǎ ǎǘǳŘȅΣ ǘƘŜ ŜũŜŎǘǎ ƻŦ ¢± ƻƴ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎΣ ƛƴǎǘŜŀŘ 

ƻŦ ƳƻǊǘŀƭƛǘȅΣ ǿŜǊŜ ŜȄǇƭƻǊŜŘΦ 

 

CƻǊ ǘƘŜ ŜƭŘŜǊƭȅΣ ǘƘŜ Ƴƻǎǘ ǎƛƎƴƛŬŎŀƴǘ ŜũŜŎǘ ƻŦ ¢± ƻƴ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ƻŎŎǳǊǊŜŘ ŀǘ ǎƘƻǊǘ ¢± 

ŜȄǇƻǎǳǊŜ όлςм ŘŀȅύΦ CƻǊ ǘƘŜ ŜƴǝǊŜ ǎǘǳŘȅ ƎǊƻǳǇ ŀƴŘ ƳŀƭŜǎΣ ǘƘŜ Ƴƻǎǘ ǎƛƎƴƛŬŎŀƴǘ ŜũŜŎǘ ƻŦ ¢± ƻƴ /±5 

ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ƻŎŎǳǊǊŜŘ ŀǘ лςн Řŀȅǎ ƻŦ ŜȄǇƻǎǳǊŜΦ CƻǊ ǘƘŜ мрςсп ŀƎŜ ƎǊƻǳǇΣ ǘƘŜ Ƴƻǎǘ ǎƛƎƴƛŬŎŀƴǘ 

ŜũŜŎǘ ƻŦ ¢± ƻƴ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ƻŎŎǳǊǊŜŘ ŀǘ лςо Řŀȅǎ ƻŦ ŜȄǇƻǎǳǊŜΦ CƻǊ ŦŜƳŀƭŜǎΣ ǘƘŜ Ƴƻǎǘ 

ǎƛƎƴƛŬŎŀƴǘ ŜũŜŎǘ ƻŦ ¢± ƻƴ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ƻŎŎǳǊǊŜŘ ŀǘ лςт Řŀȅǎ ƻŦ ŜȄǇƻǎǳǊŜΦ ¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ 

ǘƘŀǘ ¢± ƘŀŘ ŀŎǳǘŜ ŜũŜŎǘǎ ƻƴ ǘƘŜ ŜƴǝǊŜ ǎǘǳŘȅ ƎǊƻǳǇΣ ƛƴŎƭǳŘƛƴƎ ƳŀƭŜǎ ŀƴŘ ǘƘŜ ŜƭŘŜǊƭȅ ŦƻǊ ǘƘŜ 

ƛƴŎƛŘŜƴŎŜ ƻŦ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎΦ Lƴ ŎƻƴǘǊŀǎǘΣ ǘƘŜ ŜũŜŎǘ ƻŦ ¢± ƻƴ ǘƘŜ ƛƴŎƛŘŜƴŎŜ ƻŦ /±5 

ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ŦƻǊ ǘƘŜ мрςсп ŀƎŜ ƎǊƻǳǇ ŀƴŘ ŦŜƳŀƭŜǎΣ ǿŀǎ ŘŜƭŀȅŜŘΦ ¢ƛŀƴ Ŝǘ ŀƭΦ όнлмфύ ώмфϐ ƻōǎŜǊǾŜŘ 

ǘƘŜ ŀŎǳǘŜ ŜũŜŎǘǎ ƻŦ ¢± ƻƴ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ŦƻǊ ǘƘŜ ŜƴǝǊŜ ǎǘǳŘȅ ƎǊƻǳǇΦ Lƴ ŎƻƴǘǊŀǎǘΣ [ǳƻ Ŝǘ ŀƭΦ 

όнлмтύ ώоуϐ ŀƴŘ ½ƘŀƴƎ Ŝǘ ŀƭΦ όнлмтύ ώнфϐ ǊŜǇƻǊǘŜŘ ǘƘŜ ǎǘǊƻƴƎŜǎǘ ŜũŜŎǘǎ ƻŦ ¢± ƻƴ /±5 ƳƻǊǘŀƭƛǘȅ ŀǘ 

ƭƻƴƎŜǊ ŜȄǇƻǎǳǊŜǎΦ 

 

¢± ƘŀŘ ŀŎǳǘŜ ŜũŜŎǘǎ ƻƴ ǘƘŜ ƛƴŎƛŘŜƴŎŜ ƻŦ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ŦƻǊ ǘƘŜ ŜƴǝǊŜ ǎǘǳŘȅ ƎǊƻǳǇΣ ŀƭƭ ƎŜƴŘŜǊǎΣ 

ŀƴŘ ǘƘŜ лςмпπȅŜŀǊ ŀƴŘ мрςспπȅŜŀǊπƻƭŘ ŀƎŜ ƎǊƻǳǇǎ ƻŎŎǳǊǊƛƴƎ ŀǘ лςм Řŀȅǎ ƻŦ ŜȄǇƻǎǳǊŜΣ ŜȄŎŜǇǘ ŦƻǊ 

ǘƘŜ ŜƭŘŜǊƭȅΣ ǿƘŜǊŜ ǘƘŜ ƎǊŜŀǘŜǎǘ ŜũŜŎǘ ƻŦ ¢± ƻƴ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ƻŎŎǳǊǊŜŘ ŀǘ лςп Řŀȅǎ ƻŦ 

ŜȄǇƻǎǳǊŜΦ ¢Ƙƛǎ ƛǎ ƛƴ ƭƛƴŜ ǿƛǘƘ ǘƘŜ ǊŜǎǳƭǘǎ ŦǊƻƳ ŀ ǇǊŜǾƛƻǳǎ ǎǘǳŘȅ ƻƴ ǘƘŜ ŜũŜŎǘǎ ƻŦ ¢± ƻƴ ǘƘŜ ŎƻƳƳƻƴ 

ŎƻƭŘ όL/5 ŎƻŘŜΥ Wллύ ǳǎƛƴƎ ǘƘŜ ŘƛǳǊƴŀƭ ǘŜƳǇŜǊŀǘǳǊŜ ǊŀƴƎŜ ŀǎ ŀƴ ƛƴŘƛŎŀǘƻǊ ŦƻǊ ¢±Σ ǿƘƛŎƘ ƻōǎŜǊǾŜŘ 

ǘƘŜ ƘƛƎƘŜǎǘ ŜũŜŎǘǎ ŀǘ ƭŀƎ л ŦƻǊ ǘƘŜ ŜƴǝǊŜ ǎǘǳŘȅ ƎǊƻǳǇ ŀƴŘ ǘƘŜ Ѕмр ŀƴŘ мрςсрπȅŜŀǊ ŀƎŜ ƎǊƻǳǇǎΦ 

²ƘƛƭŜ ŦƻǊ ǘƘŜ ƻƭŘŜǊ ǘƘŀƴ срπȅŜŀǊ ŀƎŜ ƎǊƻǳǇΣ ǘƘŜ ƘƛƎƘŜǎǘ ŜũŜŎǘǎ ǿŜǊŜ ŘŜǘŜŎǘŜŘ ŀǘ ƭŀƎ р ώнуϐΦ ! ǊŜŎŜƴǘ 

ǎǘǳŘȅ ŎƻƴŘǳŎǘŜŘ ƛƴ .ŀƴƎƭŀŘŜǎƘ ƻōǎŜǊǾŜŘ ŘŜƭŀȅŜŘ ŜũŜŎǘǎ ƻŦ ¢± ƻƴ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ƛƴ ǘƘŜ ŜƭŘŜǊƭȅ 

ƎǊƻǳǇΣ ǿƛǘƘ ǘƘŜ ƘƛƎƘŜǎǘ ŜũŜŎǘǎ ƻōǎŜǊǾŜŘ ŀǘ лςт Řŀȅǎ ƻŦ ŜȄǇƻǎǳǊŜ ώннϐΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ŦǳǊǘƘŜǊ 

ƘƛƎƘƭƛƎƘǘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŎƻƴǎƛŘŜǊƛƴƎ ŘƛũŜǊŜƴǘ ŜȄǇƻǎǳǊŜ Řŀȅǎ ŀƴŘ ƭŀƎǎ ǿƘŜƴ ŀǎǎŜǎǎƛƴƎ ǘƘŜ ƘŜŀƭǘƘ 

ōǳǊŘŜƴ ƻŦ ¢±Φ ¢ƘǳǎΣ ǘƘŜ ŎƻƳǇƻǎƛǘŜ ƛƴŘŜȄ ƻŦ ¢± ŀŎŎƻǳƴǝƴƎ ŦƻǊ Ŏƻƴǝƴǳƻǳǎ ƛƴǘǊŀπ ŀƴŘ ƛƴǘŜǊπŘŀȅ 

ǘŜƳǇŜǊŀǘǳǊŜǎ Ƴŀȅ ōŜ ŀ ōŜǧŜǊ ƛƴŘƛŎŀǘƻǊ ǘƘŀƴ ƛƴǘǊŀπŘŀȅ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƭƻƴŜ ώноϐΦ 

 

CƻǊ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎΣ ǘƘŜ ƘƛƎƘŜǎǘ ŜǎǝƳŀǘŜ ƻŦ ǘƘŜ ŜũŜŎǘǎ ƻŦ ¢± ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ŀƎŜ ƎǊƻǳǇǎ 

ƅǳŎǘǳŀǘŜŘ ŦƻǊ ŘƛũŜǊŜƴǘ ŜȄǇƻǎǳǊŜ ŘŀȅǎΦ ¢ƘŜ мрςсп ŀƎŜ ƎǊƻǳǇ ǿŀǎ ƳƻǊŜ ǎŜƴǎƛǝǾŜ ǘƻ ¢± ŜũŜŎǘǎ ƻƴ 

Ƴƻǎǘ ŜȄǇƻǎǳǊŜ όлςн Řŀȅǎ ŀƴŘ лςс Řŀȅǎύ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ŜƭŘŜǊƭȅΦ ¢ƘŜ ǳǎŜ ƻŦ ŀƛǊ ŎƻƴŘƛǝƻƴƛƴƎ Ƴŀȅ 



  

81 

 

ōŜ ƻƴŜ ƻŦ ǘƘŜ ǇƻǘŜƴǝŀƭ ǊŜŀǎƻƴǎ ǿƘȅ ȅƻǳƴƎ ŀŘǳƭǘǎ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ƳƻǊŜ ǎŜƴǎƛǝǾŜ ǘƻ ǘŜƳǇŜǊŀǘǳǊŜ 

ŎƘŀƴƎŜǎ ǎƛƴŎŜ ȅƻǳƴƎ ǇŜƻǇƭŜ ƛƴ ǳǊōŀƴ ŀǊŜŀǎ ǎǳŎƘ ŀǎ ƛƴ ǘƘŜ /ƛǘȅ ƻŦ /ŀǇŜ ¢ƻǿƴ ǘŜƴŘ ǘƻ ǎǇŜƴŘ ƳƻǊŜ 

ǝƳŜ ƛƴŘƻƻǊǎ ƻǊ ƛƴ ƻŶŎŜ ǎǇŀŎŜǎΦ !ƛǊ ŎƻƴŘƛǝƻƴŜǊǎ ƘŜƭǇ ǘƻ ǊŜƎǳƭŀǘŜ ƛƴŘƻƻǊ ǘŜƳǇŜǊŀǘǳǊŜǎΤ ǎƻƳŜ 

ǊŜǎŜŀǊŎƘŜǊǎ ŀǊƎǳŜ ǘƘŀǘ ǘƘŜ ǳǎŜ ƻŦ ŀƛǊ ŎƻƴŘƛǝƻƴŜǊǎ ƳŀƪŜ ǇŜƻǇƭŜ ǇƘȅǎƛŎŀƭƭȅ ŀƴŘ ƳŜƴǘŀƭƭȅ ŘŜǇŜƴŘŜƴǘ 

ŀƴŘ ŀŎŎƭƛƳŀǝǎŜŘ ǘƻ ǎǘŀōƭŜ ǘŜƳǇŜǊŀǘǳǊŜǎΣ ǿƘƛŎƘ ƳŀƪŜǎ ǘƘŜƳ ǎǳǎŎŜǇǝōƭŜ ǘƻ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀōƛƭƛǘȅ 

ώноΣофϐΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ǊŜǎǳƭǘǎ ƻōǎŜǊǾŜŘ ōȅ ¢ƛŀƴ Ŝǘ ŀƭΦ όнлмфύ ώмфϐΣ ǿƘŜǊŜ 

ȅƻǳƴƎ ǇŜƻǇƭŜ ƛƴ ǘƘŜ муςсп ŀƎŜ ƎǊƻǳǇ όлΦум҈Σ фр҈ /LΥ лΦрфςмΦло҈ύ ǿŜǊŜ ƳƻǊŜ ŀǘ Ǌƛǎƪ ƻŦ /±5 

ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ŘǳŜ ǘƻ ¢± ŜȄǇƻǎǳǊŜ ŀǎ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘŜ срςтп ŀƎŜ ƎǊƻǳǇ όлΦмф҈Σ фр҈ /LΥ лΦлоς

лΦоп҈ύ ŀƴŘ ǘƘŜ ƻƭŘŜǊ ǘƘŀƴ тр ŀƎŜ ƎǊƻǳǇ όлΦрр҈Σ фр҈ /LΥ лΦопςлΦтр҈ύΦ 

 

bǳƳŜǊƻǳǎ ǎǘǳŘƛŜǎ ƘŀǾŜ ǊŜǇƻǊǘŜŘ ǘƘŀǘ ǘƘŜ ŜũŜŎǘǎ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ŎƘŀƴƎŜ ǾŀǊȅ ōȅ ŀƎŜ ƎǊƻǳǇΣ ǿƛǘƘ 

ǘƘŜ ŜƭŘŜǊƭȅ ōŜƛƴƎ ƳƻǊŜ ǎŜƴǎƛǝǾŜ ώннΣноΣнуΣонϐΦ {ƛƳƛƭŀǊ ǘƻ ǇǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎΣ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅ ŀƭǎƻ 

ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ ŜƭŘŜǊƭȅ ǿŜǊŜ ƳƻǊŜ ǎǳǎŎŜǇǝōƭŜ ǘƻ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ŀƊŜǊ ŜȄǇƻǎǳǊŜ ǘƻ ¢± ǘƘŀƴ ŀƭƭ 

ƻǘƘŜǊ ŀƎŜ ƎǊƻǳǇǎΦ hƭŘŜǊ ǇŜƻǇƭŜ Ƴŀȅ ōŜ ǇǊƻƴŜ ǘƻ ǘƘŜ ƎǊŀǾŜ ŜũŜŎǘǎ ƻŦ ¢± ŘǳŜ ǘƻ ŘŜŎƭƛƴƛƴƎ 

ǘƘŜǊƳƻǊŜƎǳƭŀǘƻǊȅ ŦǳƴŎǝƻƴ ŀƴŘ ǇƻƻǊ ŀŎŎƭƛƳŀǝǎŀǝƻƴ ǎƪƛƭƭǎ ώмфϐΦ tǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ 

ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀǝƻƴ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƘŜŀǊǘ ǊŀǘŜΣ ōƭƻƻŘ ŎƘƻƭŜǎǘŜǊƻƭ ƭŜǾŜƭǎΣ ōƭƻƻŘ ǇǊŜǎǎǳǊŜΣ 

ǇŜǊƛǇƘŜǊŀƭ ǾŀǎƻŎƻƴǎǘǊƛŎǝƻƴΣ ǇƭŀǘŜƭŜǘ ǾƛǎŎƻǎƛǘȅΣ ǇƭŀǎƳŀ ŬōǊƛƴƻƎŜƴ ŎƻƴŎŜƴǘǊŀǝƻƴǎΣ ŀƴŘ ǘƘŜ ƛƳƳǳƴŜ 

ǎȅǎǘŜƳΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜǎƛǎǘ ƛƴŦŜŎǝƻǳǎ ŀƎŜƴǘǎ ώнуΣплϐΦ ¢ƘŜǎŜ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŎƘŀƴƎŜǎ Ƴŀȅ ǘǊƛƎƎŜǊ 

ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŀƴŘ ǊŜǎǇƛǊŀǘƻǊȅ ŘƛǎŜŀǎŜǎ ώмфϐΦ 

 

{ŜǾŜǊŀƭ ǎǘǳŘƛŜǎ ǎǘŀǘŜŘ ǘƘŀǘ ƎŜƴŘŜǊ ƳŀǧŜǊǎ ǿƘŜƴ ŜȄǇƭƻǊƛƴƎ ǿŜŀǘƘŜǊπǊŜƭŀǘŜŘ ŜũŜŎǘǎ ƻƴ ƘŜŀƭǘƘ 

ώсΣнтΣоуϐΦ {ƛƳƛƭŀǊ ǘƻ ǇǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ǘƘŀǘ ŀǎǎŜǎǎŜŘ ǘƘŜ ŜũŜŎǘǎ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ŎƘŀƴƎŜ ώомϐΣ ŘƛǳǊƴŀƭ 

ǘŜƳǇŜǊŀǘǳǊŜ ǊŀƴƎŜΣ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ŎƘŀƴƎŜ ōŜǘǿŜŜƴ ƴŜƛƎƘōƻǳǊƛƴƎ Řŀȅǎ ώнлϐΣ ŀƭǎƻ ƛǘ ǿŀǎ 

ƻōǎŜǊǾŜŘ ǘƘŀǘΣ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ƎŜƴŘŜǊǎΣ ƳŜƴ ǿŜǊŜ ƎŜƴŜǊŀƭƭȅ ƳƻǊŜ ǎŜƴǎƛǝǾŜ ǘƻ ǘƘŜ ŜũŜŎǘǎ ƻŦ ¢± 

ƻƴ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ǘƘŀƴ ŦŜƳŀƭŜǎΣ ŜȄŎŜǇǘ ŀǘ лςт Řŀȅǎ ƻŦ ŜȄǇƻǎǳǊŜΣ ǿƘŜǊŜ ŦŜƳŀƭŜǎ ŀǇǇŜŀǊŜŘ ǘƻ 

ōŜ ƳƻǊŜ ǎŜƴǎƛǝǾŜ ǘƘŀƴ ƳŀƭŜǎΦ ! ǎǘǳŘȅ ŎƻƴŘǳŎǘŜŘ ƛƴ .ǊŀȊƛƭ ώонϐ ŀƭǎƻ ƻōǎŜǊǾŜŘ ǘƘŀǘ ŦŜƳŀƭŜǎ ǿŜǊŜ 

ŀũŜŎǘŜŘ ōȅ ǇǊƻƭƻƴƎŜŘ ŜȄǇƻǎǳǊŜ ǘƻ ¢±Φ CǳǊǘƘŜǊƳƻǊŜΣ ƳŜƴ ǿŜǊŜ ƳƻǊŜ ǎŜƴǎƛǝǾŜ ǘƻ ǘƘŜ ŜũŜŎǘǎ ƻŦ ¢± 

ƻƴ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ƻƴ ŀƭƭ ŜȄǇƻǎǳǊŜ ŘŀȅǎΦ aŜƴ Ƴŀȅ ŀǇǇŜŀǊ ǘƻ ōŜ ƳƻǊŜ ǾǳƭƴŜǊŀōƭŜ ǘƻ ¢± ŜũŜŎǘǎ 

ŘǳŜ ǘƻ ǎǇŜƴŘƛƴƎ ƭƻƴƎŜǊ ǝƳŜ ƻǳǘŘƻƻǊǎ ŦƻǊ ŀŎǝǾƛǝŜǎΣ ǘƘŜǊŜōȅ ƛƴŎǳǊǊƛƴƎ ŀ ƎǊŜŀǘŜǊ Ǌƛǎƪ ƻŦ ŜȄǇƻǎǳǊŜ ǘƻ 

¢±Φ Lƴ ŎƻƴǘǊŀǎǘΣ ǎǘǳŘƛŜǎ ŎƻƴŘǳŎǘŜŘ ƛƴ /Ƙƛƴŀ ώоуϐ ŀƴŘ .ǊŀȊƛƭ ώонϐ ƻōǎŜǊǾŜŘ ǎǘǊƻƴƎŜǊ ŜũŜŎǘǎ ƻŦ ¢± ƻƴ 

ŦŜƳŀƭŜǎΦ {ǳŎƘ ŀ ŘƛǎŎǊŜǇŀƴŎȅ Ƴŀȅ ōŜ ŘǳŜ ǘƻ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ŀƴŘ ǎƻŎƛƻŜŎƻƴƻƳƛŎ ŘƛũŜǊŜƴŎŜǎΦ 

 

bƻǘ ŎƻƴǘǊƻƭƭƛƴƎ ŦƻǊ ǘƘŜ ŜũŜŎǘǎ ƻŦ Řŀƛƭȅ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴ ¢± ŀƴŘ ƘŜŀƭǘƘ ƻǳǘŎƻƳŜ ŀǎǎƻŎƛŀǝƻƴǎ 

ŎƻǳƭŘ ƻǾŜǊŜǎǝƳŀǘŜ ǘƘŜ ƘŜŀƭǘƘ Ǌƛǎƪǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ¢±Σ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜǎ о ŀƴŘ пΣ ŀƴŘ ¢ŀōƭŜ !мΦ 

tǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ǎƘƻǿŜŘ ǘƘŀǘ Řŀƛƭȅ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ŎƻǳƭŘ ŎƻƴŦƻǳƴŘ ǘƘŜ ŀǎǎƻŎƛŀǝƻƴ ǿƘŜƴ 

ŀǎǎŜǎǎƛƴƎ ǘƘŜ ŜũŜŎǘǎ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀōƛƭƛǘȅ ƻƴ ƘŜŀƭǘƘ ƻǳǘŎƻƳŜǎ ώуϐΦ {ƛƳƛƭŀǊƭȅΣ ƛƴ ǘƘƛǎ ǎǘǳŘȅΣ ¢± 

ǿŀǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƛƴŎǊŜŀǎŜŘ Ǌƛǎƪǎ ƻŦ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴ ŜǾŜƴ ŀƊŜǊ ŎƻƴǘǊƻƭƭƛƴƎ ŦƻǊ ǘƘŜ Ƴŀƛƴ ŜũŜŎǘǎ 

ƻŦ Řŀƛƭȅ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅΦ ¢Ƙƛǎ ŀǎŎŜǊǘŀƛƴǎ ǘƘŀǘ ¢± ƛǎ ŀ ƘŜŀƭǘƘ Ǌƛǎƪ ŦŀŎǘƻǊ ƛƴ 

ǘƘŜ /ƛǘȅ ƻŦ /ŀǇŜ ¢ƻǿƴ ŀƴŘ ƛǎ ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ Řŀƛƭȅ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜǎΦ {ƛƳƛƭŀǊ ǘƻ ǘƘŜ ǎǘǳŘƛŜǎ ōȅ 

/ƘŜƴƎ Ŝǘ ŀƭΦ όнлмтύ ώпмϐ ŀƴŘ Dǳƻ Ŝǘ ŀƭΦ όнлмсύ ώуϐΣ ŎƻƴǘǊƻƭƭƛƴƎ ŦƻǊ ǘƘŜ ŜũŜŎǘǎ ƻŦ Řŀƛƭȅ ƳŜŀƴ 

ǘŜƳǇŜǊŀǘǳǊŜ ŘŜŎǊŜŀǎŜŘ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ƻŦ ǘƘŜ ŜũŜŎǘ ŜǎǝƳŀǘŜǎ ŀƴŘ ōŜŎŀƳŜ ƴƻƴπǎƛƎƴƛŬŎŀƴǘ ƛƴ ǎƻƳŜ 

ƛƴǎǘŀƴŎŜǎΦ 

 

¢ƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅ Ƙŀǎ ǎƻƳŜ ǎǘǊŜƴƎǘƘǎΦ CƛǊǎǘƭȅΣ ǘƘƛǎ ƛǎ ǘƘŜ ŬǊǎǘ ǎǘǳŘȅ ƛƴ ǎƻǳǘƘŜǊƴ !ŦǊƛŎŀ ǘƻ ŜǾŀƭǳŀǘŜ 

ǘƘŜ ŜũŜŎǘǎ ƻŦ ¢± ƻƴ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎΦ {ŜŎƻƴŘƭȅΣ ǘƘŜ ǎǘǳŘȅ ƛƴǾŜǎǝƎŀǘŜŘ ǘƘŜ ŜũŜŎǘǎ ƻŦ ¢± ƻƴ 

ŎŀǳǎŜπǎǇŜŎƛŬŎ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎ ǊŀǘƘŜǊ ǘƘŀƴ ŀƭƭπŎŀǳǎŜκƴƻƴπŀŎŎƛŘŜƴǘŀƭ ƘŜŀƭǘƘ ŜũŜŎǘǎΣ ŀǎ ƛƴ ǎŜǾŜǊŀƭ 

ƻǘƘŜǊ ǎǘǳŘƛŜǎΦ ¢ƘƛǊŘƭȅΣ ǎǳōƎǊƻǳǇ ŀƴŀƭȅǎƛǎ ōȅ ŀƎŜ ƎǊƻǳǇǎ όлςмпΣ мрςсп ŀƴŘ ЅсрπȅŜŀǊπƻƭŘύ ŀƴŘ ƎŜƴŘŜǊ 
όŦŜƳŀƭŜǎ ŀƴŘ ƳŀƭŜǎύ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ǘƻ ŜǾŀƭǳŀǘŜ ǎŜƴǎƛǝǾƛǘȅ ōȅ ŘƛũŜǊŜƴǘ ǎǳōǇƻǇǳƭŀǝƻƴǎΦ CƻǳǊǘƘƭȅΣ 

ǘƘŜ ƴƻƴƭƛƴŜŀǊ ŀƴŘ ŘŜƭŀȅŜŘ ŜũŜŎǘǎ ƻŦ Řŀƛƭȅ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ǿŜǊŜ ŀǎǎŜǎǎŜŘ ǳǎƛƴƎ ƅŜȄƛōƭŜ 5[baΦ 

Lƴ ǘƘŜ ŬƊƘ ƛƴǎǘŀƴŎŜΣ ǘƘŜ ƛƴǘŜǊŀŎǝǾŜ ŜũŜŎǘǎ ƻŦ ¢± ŀƴŘ ŀƛǊ Ǉƻƭƭǳǝƻƴ ǿŜǊŜ ƛƴǾŜǎǝƎŀǘŜŘΦ [ŀǎǘƭȅΣ ŀ ǊŀƴƎŜ 

ƻŦ ǎŜƴǎƛǝǾƛǘȅ ŀƴŀƭȅǎŜǎ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ǊƻōǳǎǘƴŜǎǎ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅΩǎ ǊŜǎǳƭǘǎΦ 

 



  

82 

 

¢Ƙƛǎ ǎǘǳŘȅ ŀƭǎƻ Ƙŀǎ ǎƻƳŜ ƭƛƳƛǘŀǝƻƴǎΦ CƛǊǎǘƭȅΣ ƭƛƪŜ ƻǘƘŜǊ ǝƳŜ ǎŜǊƛŜǎ ǎǘǳŘƛŜǎΣ ƛƴŘƛǾƛŘǳŀƭ ŜȄǇƻǎǳǊŜ Řŀǘŀ 

ǿŜǊŜ ƴƻǘ ǳǎŜŘ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ŜũŜŎǘǎ ƻŦ ¢±Φ 9ȄǇƻǎǳǊŜ Řŀǘŀ ŦǊƻƳ ǎŜǾŜǊŀƭ ŬȄŜŘ ǎǘŀǝƻƴǎ ǿŜǊŜ ǳǎŜŘ 

ƛƴǎǘŜŀŘΦ ¢Ƙƛǎ ƛǎ ƪƴƻǿƴ ǘƻ ŎǊŜŀǘŜ ƳŜŀǎǳǊŜƳŜƴǘ ŜǊǊƻǊǎ ƛƴ ŀƴ ŜȄǇƻǎǳǊŜΦ ¢ƘŜǎŜ ƳŜŀǎǳǊŜƳŜƴǘ ŜǊǊƻǊǎ 

ŀǊŜ ƭƛƪŜƭȅ ǘƻ ōŜ ǊŀƴŘƻƳΣ ǘȅǇƛŎŀƭƭȅ ǊŜǎǳƭǝƴƎ ƛƴ ŀƴ ǳƴŘŜǊŜǎǝƳŀǝƻƴ ƻŦ ŜȄǇƻǎǳǊŜπǊŜƭŀǘŜŘ Ǌƛǎƪǎ ώуΣпнϐΦ 

{ŜŎƻƴŘƭȅΣ Řŀǘŀ ǿŀǎ ŎƻƭƭŜŎǘŜŘ ƻƴ ǘƘŜ ƴǳƳōŜǊ ƻŦ w5 ŀƴŘ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ŦǊƻƳ ƻƴƭȅ ǎŜǾŜƴ ƻŦ ǘƘŜ 

Ƴŀƴȅ ǇǊƛǾŀǘŜ ƘƻǎǇƛǘŀƭǎ ƛƴ ǘƘŜ /ƛǘȅ ƻŦ /ŀǇŜ ¢ƻǿƴΣ ǿƘƛŎƘ Ƴŀȅ ƴƻǘ ōŜ ŜƴƻǳƎƘ ǘƻ ŜȄǘǊŀǇƻƭŀǘŜ ǘƘŜ 

ǊŜǎǳƭǘǎ ǘƻ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ŜƴǝǊŜ ǇƻǇǳƭŀǝƻƴ ƛƴ {ƻǳǘƘ !ŦǊƛŎŀ Ŧǳƭƭȅ ώфϐΦ CƛƴŀƭƭȅΣ ǘƘŜǊŜ ŀǊŜ Ƴŀƴȅ ŦŀŎǘƻǊǎ 

ǘƘŀǘ ŎƻƴǘǊƛōǳǘŜ ǘƻ ŜŀǊƭȅ ƻƴǎŜǘ ƻŦ ǊŜǎǇƛǊŀǘƻǊȅ ŀƴŘ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŘƛǎŜŀǎŜǎΣ ǎǳŎƘ ŀǎ ǎƻŎƛŀƭ ŜŎƻƴƻƳƛŎ 

ǎǘŀǘǳǎΣ ŘƛŜǘΣ ǎƳƻƪƛƴƎ ƘŀōƛǘǎΣ ŀƭŎƻƘƻƭΣ ŀƴŘ ǿŜƛƎƘǘΦ ¢ƘŜǎŜ ŦŀŎǘƻǊǎ ŎƻǳƭŘ ƴƻǘ ōŜ ŀŎŎƻǳƴǘŜŘ ŦƻǊ ƛƴ ǘƘƛǎ 

ǎǘǳŘȅ ǎƛƴŎŜ ǘƘŜ ǎǘǳŘȅ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ŀǘ ǘƘŜ ǇƻǇǳƭŀǝƻƴ ƭŜǾŜƭΦ aƻǊŜ ǎǘǳŘƛŜǎ ŀǊŜ ǿŀǊǊŀƴǘŜŘ ǘƻ ŜȄǇŀƴŘ 

ƻƴ ǘƘŜ ƛƴǘŜǊŀŎǝǾŜ ŜũŜŎǘǎ ƻŦ ¢± ŀƴŘ ŀƛǊ Ǉƻƭƭǳǘŀƴǘǎ ƻƴ ƘŜŀƭǘƘ ƻǳǘŎƻƳŜǎΦ 

оΦрΦ /ƻƴŎƭǳǎƛƻƴǎ 

Lƴ ŎƻƴŎƭǳǎƛƻƴΣ ǘƘƛǎ ǎǘǳŘȅΣ ǿƘƛŎƘ ǘƻ ƻǳǊ ƪƴƻǿƭŜŘƎŜ ƛǎ ǘƘŜ ŬǊǎǘ ǎǘǳŘȅ ƻŦ ǘƘƛǎ ƴŀǘǳǊŜ ŎƻƴŘǳŎǘŜŘ ƛƴ 

{ƻǳǘƘ !ŦǊƛŎŀΣ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ Řŀƛƭȅ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀǝƻƴ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƛƴŎǊŜŀǎŜŘ Ǌƛǎƪǎ ƻŦ 

/±5 ŀƴŘ w5 ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎ ƛƴ ǘƘŜ /ƛǘȅ ƻŦ /ŀǇŜ ¢ƻǿƴΦ ¢ƘŜ ǊŜǎǳƭǘǎ ŀŘŘ ǘƻ ŎǳǊǊŜƴǘ ǎǘǳŘƛŜǎ ǘƘŀǘ 

ŀƛƳ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ƘŜŀƭǘƘ ƛƳǇƭƛŎŀǝƻƴǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ǘƻ ǇǊƻǾƛŘŜ ǎŎƛŜƴǝŬŎ ƎǳƛŘŜƭƛƴŜǎ ǘƻ 

ŀǎǎƛǎǘ ƭƻŎŀƭ ƎƻǾŜǊƴƳŜƴǘ ƛƴ /±5 ŀƴŘ w5 ŎƻƴǘǊƻƭ ŀƴŘ ǇǊŜǾŜƴǝƻƴ ƛƴ ǘƘŜ ŎƻǳƴǘǊȅΦ ¢ƘŜǎŜ ŬƴŘƛƴƎǎ Ƴŀȅ 

ƘŀǾŜ ƛƳǇƭƛŎŀǝƻƴǎ ŦƻǊ ŀǎǎŜǎǎƛƴƎ ƘŜŀƭǘƘ Ǌƛǎƪǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ŎƻƴŘƛǝƻƴǎ ŀƴŘ ŦƻǊ 

ŘŜǾŜƭƻǇƛƴƎ ƎǊƻǳǇπǎǇŜŎƛŬŎ ŀŘŀǇǘŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ƎǊŀǾŜ ŜũŜŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ 

!ǳǘƘƻǊ /ƻƴǘǊƛōǳǝƻƴǎΥ /ƻƴŎŜǇǘǳŀƭƛǎŀǝƻƴΣ aΦ{ΦaΦ ŀƴŘ WΦ²ΦΤ ƳŜǘƘƻŘƻƭƻƎȅΣ aΦ{ΦaΦΣ bΦ{ΦΣ ŀƴŘ WΦ²ΦΤ ŦƻǊƳŀƭ 

ŀƴŀƭȅǎƛǎΣ aΦ{ΦaΦΤ Řŀǘŀ ŎƻƭƭŜŎǝƻƴΣ aΦ{ΦaΦ ŀƴŘ WΦ²ΦΤ ǿǊƛǝƴƎΣ aΦ{ΦaΦΤ ǿǊƛǝƴƎτǊŜǾƛŜǿ ŀƴŘ ŜŘƛǝƴƎΣ aΦ{ΦaΦΣ IΦwΦΣ 

bΦ{ΦΣ WΦ.ΦΣ ŀƴŘ WΦ²Φ !ƭƭ ŀǳǘƘƻǊǎ ƘŀǾŜ ǊŜŀŘ ŀƴŘ ŀƎǊŜŜŘ ǘƻ ǘƘŜ ǇǳōƭƛǎƘŜŘ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ƳŀƴǳǎŎǊƛǇǘΦ 

CǳƴŘƛƴƎΥ CǳƴŘƛƴƎ ŦƻǊ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ǿŀǎ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ {ƻǳǘƘ !ŦǊƛŎŀƴ bŀǝƻƴŀƭ wŜǎŜŀǊŎƘ CƻǳƴŘŀǝƻƴ ƎǊŀƴǘ 

ƴǳƳōŜǊΥ мммсмпΣ ŀƴŘ ŦǊƻƳ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ {ŎƛŜƴŎŜ ŀƴŘ LƴƴƻǾŀǝƻƴ ǘƘǊƻǳƎƘ ǘƘŜ ƛ59²{ ǇǊƻƧŜŎǘ ŀƴŘ !//9{{ 

ǇǊƻƎǊŀƳƳŜ ƘƻǎǘŜŘ ōȅ ǘƘŜ /ƻǳƴŎƛƭ ŦƻǊ {ŎƛŜƴǝŬŎ ŀƴŘ LƴŘǳǎǘǊƛŀƭ wŜǎŜŀǊŎƘ ǇŀǊǘƴŜǊƛƴƎ ǿƛǘƘ ǘƘŜ {ƻǳǘƘ !ŦǊƛŎŀƴ 

²ŜŀǘƘŜǊ {ŜǊǾƛŎŜǎΦ 

Lƴǎǝǘǳǝƻƴŀƭ wŜǾƛŜǿ .ƻŀǊŘ {ǘŀǘŜƳŜƴǘΥ ¢ƘŜ ǎǘǳŘȅ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ 5ŜŎƭŀǊŀǝƻƴ ƻŦ 

IŜƭǎƛƴƪƛ ŀƴŘ ŀǇǇǊƻǾŜŘ ōȅ wŜǎŜŀǊŎƘ 9ǘƘƛŎǎ /ƻƳƳƛǧŜŜΣ CŀŎǳƭǘȅ ƻŦ IŜŀƭǘƘ {ŎƛŜƴŎŜǎΣ ŀƴŘ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ tǊŜǘƻǊƛŀ 

όtǊƻǘƻŎƻƭ όтоуκнлмфύ ƻƴ мс aŀǊŎƘ нлннΦ 

LƴŦƻǊƳŜŘ /ƻƴǎŜƴǘ {ǘŀǘŜƳŜƴǘΥ bƻǘ ŀǇǇƭƛŎŀōƭŜΦ 

5ŀǘŀ !Ǿŀƛƭŀōƛƭƛǘȅ {ǘŀǘŜƳŜƴǘΥ aŜǘŜƻǊƻƭƻƎƛŎŀƭ Řŀǘŀ Ŏŀƴ ōŜ ǊŜǉǳŜǎǘŜŘ ŦǊƻƳ ǘƘŜ {ƻǳǘƘ !ŦǊƛŎŀƴ ²ŜŀǘƘŜǊ {ŜǊǾƛŎŜ 

ƘǧǇǎΥκκǿǿǿΦǿŜŀǘƘŜǊǎŀΦŎƻΦȊŀκ όŀŎŎŜǎǎŜŘ ƻƴ ол WǳƴŜ нлмфύΦ 

!ŎƪƴƻǿƭŜŘƎƳŜƴǘǎΥ ¢ƘŜ ŀǳǘƘƻǊǎ ŀŎƪƴƻǿƭŜŘƎŜ ǘƘŜ {ƻǳǘƘ !ŦǊƛŎŀƴ ²ŜŀǘƘŜǊ {ŜǊǾƛŎŜǎ ŦƻǊ ǘƘŜ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ Řŀǘŀ 

ŀƴŘ ǘƘŜ ǎŜǾŜƴ ǇǊƛǾŀǘŜ ƘƻǎǇƛǘŀƭǎ ŦƻǊ ǘƘŜ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴ ŘŀǘŀΦ 

/ƻƴƅƛŎǘǎ ƻŦ LƴǘŜǊŜǎǘΥ ¢ƘŜ ŀǳǘƘƻǊǎ ŘŜŎƭŀǊŜ ƴƻ ŎƻƴƅƛŎǘ ƻŦ ƛƴǘŜǊŜǎǘΦ 

https://www.weathersa.co.za/
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оΦсΦ !ǇǇŜƴŘƛȄ ! 

Table A1. Percent change (mean and 95% CI) of CVD and RD hospitalisations associated with an interquartile range (IQR) increase in TV (°C) on different 
exposure days, adjusting for time trends and seasonal variation, day of the week, public holidays, and daily mean temperature 

 

 

DǊƻǳǇ 

tŜǊŎŜƴǘ ƛƴŎǊŜŀǎŜ ƛƴ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ό҈ύ 

9ȄǇƻǎǳǊŜ Řŀȅǎ 

лπм лπн лπо лπп лπр лπс лπт 

!ƭƭ нΦмр όлΦртΣ оΦтрύ нΦтм όмΦлтΣ пΦофύ нΦро όлΦфнΣ пΦмсύ нΦнн όлΦсмΣ оΦурύ нΦпф όлΦфлΣ пΦммύ нΦнн όлΦсоΣ оΦунύ нΦмс όлΦрмΣ оΦуоύ 

мрπсп мΦус όπлΦнмΣ оΦффύ нΦфс όлΦтуΣ рΦмфύ оΦмл όлΦфтΣ рΦнфύ нΦут όлΦтпΣ рΦлпύ оΦлр όлΦфоΣ рΦнмύ нΦот όлΦнуΣ пΦрлύ нΦоп όлΦмтΣ пΦрсύ 

җ ср нΦрн όлΦптΣ пΦснύ нΦср όлΦрмΣ пΦунύ нΦмс όлΦлуΣ пΦнуύ мΦум όπлΦнсΣ оΦфоύ нΦмр όлΦлфΣ пΦнсύ нΦнф όлΦнпΣ пΦофύ нΦнн όлΦлфΣ пΦплύ 

CŜƳŀƭŜǎ мΦсу όπлΦррΣ оΦфрύ нΦлт όπлΦнрΣ пΦпрύ нΦом όлΦлпΣ пΦспύ нΦмр όπлΦмнΣ пΦптύ мΦтт όπлΦпуΣ пΦлсύ нΦлн όπлΦнмΣ пΦомύ нΦрп όлΦнлΣ пΦфнύ 

aŀƭŜǎ нΦпф όлΦроΣ пΦпфύ оΦмт όмΦмнΣ рΦнрύ нΦст όлΦсуΣ пΦтлύ нΦнр όлΦнсΣ пΦнуύ оΦлм όмΦлоΣ рΦлоύ нΦос όлΦофΣ пΦосύ мΦуу όπлΦмрΣ оΦфрύ 

 tŜǊŎŜƴǘ ƛƴŎǊŜŀǎŜ ƛƴ w5ƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ό҈ύ 

 

DǊƻǳǇ 

9ȄǇƻǎǳǊŜ Řŀȅǎ 

лπм лπн лπо лπп лπр лπс лπт 

!ƭƭ оΦмт όмΦссΣ пΦтлύ нΦту όмΦнмΣ пΦотύ мΦпт όπлΦлрΣ оΦлнύ мΦср όлΦмнΣ оΦнлύ мΦрл όπлΦлмΣ оΦлоύ мΦнм όπлΦнуΣ нΦтнύ мΦнс όπлΦнфΣ нΦуоύ 

лπмп оΦрф όмΦрмΣ рΦтлύ нΦсо όлΦптΣ пΦуоύ мΦнс όπлΦуоΣ оΦофύ мΦмс όπлΦфнΣ оΦнуύ мΦмл όπлΦфсΣ оΦмфύ мΦлу όπлΦфсΣ оΦмрύ мΦоф όπлΦтоΣ оΦррύ 

мрπсп нΦтф όлΦотΣ рΦнтύ нΦоо όπлΦмтΣ пΦфлύ лΦуо όπмΦрфΣ оΦомύ лΦру όπмΦупΣ оΦлсύ лΦсо όπмΦтуΣ оΦлуύ лΦоу όπнΦллΣ нΦумύ лΦму όπнΦнфΣ нΦтлύ 

җ ср нΦпо όπлΦроΣ рΦпуύ оΦфу όлΦутΣ тΦмфύ оΦоо όлΦнфΣ сΦптύ рΦму όнΦлтΣ уΦоуύ пΦоп όмΦнуΣ тΦпуύ оΦмл όлΦммΣ сΦмуύ нΦтф όπлΦомΣ рΦффύ 

CŜƳŀƭŜǎ нΦтр όлΦумΣ пΦтоύ нΦно όлΦнмΣ пΦнфύ лΦум όπмΦмрΣ нΦулύ мΦлл όπлΦфсΣ оΦллύ мΦмт όπлΦттΣ оΦмсύ лΦфр όπлΦфтΣ нΦфмύ лΦут όπмΦмнΣ нΦфлύ 

aŀƭŜǎ оΦрр όмΦруΣ рΦррύ оΦну όмΦнпΣ рΦотύ нΦмо όлΦмпΣ пΦмсύ нΦнс όлΦнтΣ пΦнфύ мΦтп όπлΦннΣ оΦтпύ мΦпн όπлΦрмΣ оΦплύ мΦсо όπлΦоуΣ оΦсуύ 

{ƛƎƴƛŬŎŀƴǘ ƛƴŎǊŜŀǎŜǎ ŀǊŜ ƛƴ ōƻƭŘ 
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Table A2. Results of sensitivity analyses by changing the degrees of freedom for time per year on the association between TV, and CVD and RD hospital 
admissions on all exposure days for all ages. The results were scaled per IQR increase in TV 

 

ŘΦƻΦŦ ŦƻǊ 

ǝƳŜ 

tŜǊŎŜƴǘ ƛƴŎǊŜŀǎŜ ƛƴ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ό҈ύ 

9ȄǇƻǎǳǊŜ Řŀȅǎ 

лπм лπн лπо лπп лπр лπс лπт 

о нΦон όлΦсуΣ оΦфуύ нΦфн όмΦнтΣ пΦслύ нΦтп όмΦмрΣ пΦосύ нΦпр όлΦууΣ пΦлрύ нΦсо όмΦлтΣ пΦнмύ нΦор όлΦумΣ оΦфмύ нΦом όлΦтоΣ оΦфнύ 

п нΦмф όлΦрсΣ оΦурύ нΦтр όмΦмлΣ пΦпнύ нΦрт όлΦфуΣ пΦмуύ нΦнф όлΦтмΣ оΦуфύ нΦпу όлΦфоΣ пΦлсύ нΦнн όлΦсуΣ оΦтуύ нΦнн όлΦсоΣ оΦуоύ 

р нΦмс όлΦрмΣ оΦуоύ нΦтф όмΦмнΣ пΦпфύ нΦсс όмΦлпΣ пΦолύ нΦоф όлΦтуΣ пΦлнύ нΦсс όмΦлсΣ пΦнуύ нΦпп όлΦурΣ пΦлпύ нΦпр όлΦумΣ пΦммύ 

с нΦно όлΦрфΣ оΦфлύ нΦул όмΦмоΣ пΦпфύ нΦсп όмΦлоΣ пΦнуύ нΦор όлΦтпΣ оΦфуύ нΦсм όмΦлмΣ пΦнпύ нΦор όлΦтсΣ оΦфсύ нΦом όлΦссΣ оΦффύ 

т нΦнм όлΦртΣ оΦууύ нΦтп όмΦлсΣ пΦппύ нΦрр όлΦфнΣ пΦнлύ нΦнп όлΦсмΣ оΦуфύ нΦрм όлΦфлΣ пΦмсύ нΦнп όлΦспΣ оΦутύ нΦмф όлΦрнΣ оΦуфύ 

у нΦно όлΦрфΣ оΦфлύ нΦул όмΦмоΣ пΦпфύ нΦсп όмΦлоΣ пΦнуύ нΦор όлΦтпΣ оΦфуύ нΦсм όмΦлмΣ пΦнпύ нΦор όлΦтсΣ оΦфсύ нΦом όлΦссΣ оΦффύ 

 tŜǊŎŜƴǘ ƛƴŎǊŜŀǎŜ ƛƴ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ό҈ύ 

ŘΦƻΦŦ ŦƻǊ 

ǝƳŜ 

 

9ȄǇƻǎǳǊŜ Řŀȅǎ 

лπм лπн лπо лπп лπр лπс лπт 

о оΦто όнΦмпΣ рΦорύ оΦпу όмΦутΣ рΦммύ нΦом όлΦттΣ оΦутύ нΦрс όмΦлоΣ пΦммύ нΦот όлΦусΣ оΦфлύ нΦмл όлΦснΣ оΦслύ нΦнм όлΦсуΣ оΦтсύ 

п оΦпр όмΦутΣ рΦлрύ оΦмп όмΦррΣ пΦтсύ мΦфо όлΦплΣ оΦпуύ нΦмо όлΦсмΣ оΦстύ мΦфн όлΦпнΣ оΦпоύ мΦср όлΦмфΣ оΦмпύ мΦтр όлΦноΣ оΦнфύ 

р оΦло όмΦпсΣ пΦснύ нΦтм όмΦмнΣ пΦонύ мΦрм όπлΦлнΣ оΦлсύ мΦтн όлΦнлΣ оΦнтύ мΦро όлΦлнΣ оΦлсύ мΦнс όπлΦннΣ нΦттύ мΦом όπлΦноΣ нΦутύ 

с нΦтп όмΦмуΣ пΦонύ нΦпр όлΦутΣ пΦлрύ мΦнн όπлΦолΣ нΦтсύ мΦпп όπлΦлтΣ нΦфуύ мΦнф όπлΦнмΣ нΦунύ мΦло όπлΦпсΣ нΦроύ мΦлу όπлΦптΣ нΦспύ 

т нΦтт όмΦнмΣ пΦосύ нΦпо όлΦупΣ пΦлрύ мΦмп όπлΦплΣ нΦтлύ мΦоо όπлΦнмΣ нΦфлύ мΦмт όπлΦосΣ нΦтнύ лΦут όπлΦспΣ нΦплύ лΦуф όπлΦсуΣ нΦпфύ 

у нΦтп όмΦмуΣ пΦонύ нΦпр όлΦутΣ пΦлрύ мΦнн όπлΦолΣ нΦтсύ мΦпп όπлΦлтΣ нΦфуύ мΦнф όπлΦнмΣ нΦунύ мΦло όπлΦпсΣ нΦроύ мΦлу όπлΦптΣ нΦспύ 

{ƛƎƴƛŬŎŀƴǘ ƛƴŎǊŜŀǎŜǎ ŀǊŜ ƛƴ ōƻƭŘ 
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Table A3. Results of sensitivity analyses by changing the model options for the cross-basis function of the daily mean temperature on the association between TV, and 
CVD and RD hospital admissions on all exposure days for all ages. The results were scaled per IQR increase in TV 

 

±ŀǊƛŀōƭŜǎ 

tŜǊŎŜƴǘ ƛƴŎǊŜŀǎŜ ƛƴ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ό҈ύ 

9ȄǇƻǎǳǊŜ Řŀȅǎ 

лπм лπн лπо лπп лπр лπс лπт 

5ŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ ŦƻǊ ƴŀǘǳǊŀƭ ǎǇƭƛƴŜ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ 

п нΦнм όлΦртΣ оΦууύ нΦтп όмΦлсΣ пΦппύ нΦрр όлΦфнΣ пΦнлύ нΦнп όлΦсмΣ оΦуфύ нΦрм όлΦфлΣ пΦмсύ нΦнп όлΦспΣ оΦутύ нΦмф όлΦрнΣ оΦуфύ 

р нΦнм όлΦртΣ оΦууύ нΦтп όмΦлсΣ пΦппύ нΦрр όлΦфнΣ пΦнлύ нΦнп όлΦсмΣ оΦуфύ нΦрм όлΦфлΣ пΦмсύ нΦнп όлΦспΣ оΦутύ нΦмф όлΦрнΣ оΦуфύ 

с нΦнм όлΦртΣ оΦууύ нΦтп όмΦлсΣ пΦппύ нΦрр όлΦфнΣ пΦнлύ нΦнп όлΦсмΣ оΦуфύ нΦрм όлΦфлΣ пΦмсύ нΦнп όлΦспΣ оΦутύ нΦмф όлΦрнΣ оΦуфύ 

aŀȄƛƳǳƳ 

ƭŀƎ όнуύ 

нΦлу όлΦппΣ оΦтпύ нΦсн όлΦфрΣ пΦомύ нΦпн όлΦулΣ пΦлсύ нΦмл όлΦрлΣ оΦтнύ нΦоо όлΦтрΣ оΦфоύ нΦлп όлΦпуΣ оΦсоύ мΦфу όлΦорΣ оΦспύ 

¢Ƴƛƴ нΦсп όлΦфнΣ пΦофύ оΦлр όмΦпмΣ пΦтоύ нΦфп όмΦорΣ пΦррύ нΦст όмΦлуΣ пΦнфύ нΦуф όмΦомΣ пΦпфύ нΦрп όлΦфуΣ пΦмнύ нΦпр όлΦуоΣ пΦмлύ 

¢ƳŀȄ лΦфн όπмΦолΣ оΦнлύ мΦрф όπлΦснΣ оΦусύ мΦол όπлΦтсΣ оΦплύ лΦфм όπмΦмоΣ нΦффύ мΦпф όπлΦртΣ оΦслύ мΦмп όπлΦфоΣ оΦнпύ мΦло όπмΦлфΣ оΦмфύ 

 tŜǊŎŜƴǘ ƛƴŎǊŜŀǎŜ ƛƴ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ό҈ύ 

±ŀǊƛŀōƭŜǎ 

 

9ȄǇƻǎǳǊŜ Řŀȅǎ 

лπм лπн лπо лπп лπр лπс лπт 

5ŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ ŦƻǊ ƴŀǘǳǊŀƭ ǎǇƭƛƴŜ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ 

п нΦтт όмΦнмΣ пΦосύ нΦпо όлΦупΣ пΦлрύ мΦмп όπлΦплΣ нΦтлύ мΦоо όπлΦнмΣ нΦфлύ мΦмт όπлΦосΣ нΦтнύ лΦут όπлΦспΣ нΦплύ лΦуф όπлΦсуΣ нΦпфύ 

р нΦтт όмΦнмΣ пΦосύ нΦпо όлΦупΣ пΦлрύ мΦмп όπлΦплΣ нΦтлύ мΦоо όπлΦнмΣ нΦфлύ мΦмт όπлΦосΣ нΦтнύ лΦут όπлΦспΣ нΦплύ лΦуф όπлΦсуΣ нΦпфύ 

с нΦтт όмΦнмΣ пΦосύ нΦпо όлΦупΣ пΦлрύ мΦмп όπлΦплΣ нΦтлύ мΦоо όπлΦнмΣ нΦфлύ мΦмт όπлΦосΣ нΦтнύ лΦут όπлΦспΣ нΦплύ лΦуф όπлΦсуΣ нΦпфύ 

aŀȄƛƳǳƳ 

ƭŀƎ όнмύ 

нΦсн όмΦлсΣ пΦнмύ нΦнс όлΦстΣ оΦутύ лΦфр όπлΦртΣ нΦрлύ мΦмн όπлΦофΣ нΦссύ лΦфу όπлΦрмΣ нΦпфύ лΦсу όπлΦтфΣ нΦмтύ лΦтл όπлΦуоΣ нΦнсύ 

¢Ƴƛƴ нΦпо όлΦттΣ пΦммύ нΦмн όлΦрпΣ оΦтоύ мΦлт όπлΦппΣ нΦслύ мΦпм όπлΦммΣ нΦфрύ мΦну όπлΦнмΣ нΦулύ лΦфп όπлΦрпΣ нΦпоύ лΦуф όπлΦспΣ нΦпрύ 

¢ƳŀȄ нΦрт όлΦпнΣ пΦтсύ мΦрл όπлΦсмΣ оΦссύ πлΦтт όπнΦтмΣ мΦнмύ πлΦну όπнΦннΣ мΦсфύ πлΦон όπнΦнтΣ мΦстύ πлΦсн όπнΦрсΣ мΦорύ πлΦпт όπнΦпсΣ мΦртύ 

{ƛƎƴƛŬŎŀƴǘ ƛƴŎǊŜŀǎŜǎ ŀǊŜ ƛƴ ōƻƭŘΦ ¢Ƴƛƴπ ƳƻŘŜƭ ŎƻƴǘǊƻƭƭŜŘ ŦƻǊ ŜũŜŎǘǎ ƻŦ ƳƛƴƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜǎΦ ¢ƳŀȄπ ƳƻŘŜƭ ŎƻƴǘǊƻƭƭŜŘ ŦƻǊ ǘƘŜ ŜũŜŎǘǎ ƻŦ ƳŀȄƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜǎΦ 
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Table A4. Results of sensitivity analyses by changing the model options for relative humidity on the association between TV, and CVD and RD 

hospital admissions on all exposure days for all ages. The results were scaled per IQR increase in TV 

 

±ŀǊƛŀōƭŜǎ 

tŜǊŎŜƴǘ ƛƴŎǊŜŀǎŜ ƛƴ /±5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ό҈ύ 

9ȄǇƻǎǳǊŜ Řŀȅǎ 

лπм лπн лπо лπп лπр лπс лπт 

5ŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ ŦƻǊ ƴŀǘǳǊŀƭ ǎǇƭƛƴŜ ƻŦ wŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅ 

о нΦнм όлΦртΣ оΦууύ нΦтп όмΦлсΣ пΦппύ нΦрр όлΦфнΣ пΦнлύ нΦнп όлΦсмΣ оΦуфύ нΦрм όлΦфлΣ пΦмсύ нΦнп όлΦспΣ оΦутύ нΦмф όлΦрнΣ оΦуфύ 

п нΦнл όлΦрсΣ оΦутύ нΦтн όмΦлрΣ пΦпоύ нΦрн όлΦуфΣ пΦмуύ нΦнм όлΦруΣ оΦусύ нΦпф όлΦутΣ пΦмпύ нΦнн όлΦсмΣ оΦурύ нΦмт όлΦрлΣ оΦутύ 

р нΦнл όлΦрсΣ оΦутύ нΦтн όмΦлпΣ пΦпнύ нΦро όлΦфлΣ пΦмуύ нΦнм όлΦруΣ оΦутύ нΦпф όлΦутΣ пΦмпύ нΦнн όлΦсмΣ оΦурύ нΦмт όлΦпфΣ оΦутύ 

с нΦнр όлΦслΣ оΦфмύ нΦум όмΦмоΣ пΦрнύ нΦру όлΦфпΣ пΦноύ нΦно όлΦслΣ оΦууύ нΦро όлΦфмΣ пΦмуύ нΦнт όлΦссΣ оΦфмύ нΦно όлΦррΣ оΦфоύ 

wI нΦом όлΦсфΣ оΦфрύ нΦум όмΦмпΣ пΦрлύ нΦсл όлΦфуΣ пΦнрύ нΦнф όлΦстΣ оΦфпύ нΦру όлΦфтΣ пΦннύ нΦом όлΦтмΣ оΦфоύ нΦнс όлΦрфΣ оΦфрύ 

wIψŎŀǘ нΦнп όлΦслΣ оΦфлύ нΦтп όмΦлтΣ пΦппύ нΦрп όлΦфнΣ пΦнлύ нΦно όлΦслΣ оΦууύ нΦрн όлΦфлΣ пΦмсύ нΦнп όлΦсоΣ оΦутύ нΦму όлΦрмΣ оΦууύ 

 tŜǊŎŜƴǘ ƛƴŎǊŜŀǎŜ ƛƴ w5 ƘƻǎǇƛǘŀƭƛǎŀǝƻƴǎ ό҈ύ 

±ŀǊƛŀōƭŜǎ 

 

9ȄǇƻǎǳǊŜ Řŀȅǎ 

лπм лπн лπо лπп лπр лπс лπт 

5ŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ ŦƻǊ ƴŀǘǳǊŀƭ ǎǇƭƛƴŜ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ 

о нΦтт όмΦнмΣ пΦосύ нΦпо όлΦупΣ пΦлрύ мΦмп όπлΦплΣ нΦтлύ мΦоо όπлΦнмΣ нΦфлύ мΦмт όπлΦосΣ нΦтнύ лΦут όπлΦспΣ нΦплύ лΦуф όπлΦсуΣ нΦпфύ 

п нΦтт όмΦнмΣ пΦосύ нΦпо όлΦупΣ пΦлрύ мΦмр όπлΦофΣ нΦтмύ мΦоп όπлΦнлΣ нΦфмύ мΦму όπлΦорΣ нΦтоύ лΦуу όπлΦспΣ нΦпмύ лΦфл όπлΦстΣ нΦпфύ 

р нΦтс όмΦнлΣ пΦорύ нΦпн όлΦуоΣ пΦлпύ мΦмп όπлΦплΣ нΦтлύ мΦоо όπлΦннΣ нΦфлύ мΦмс όπлΦосΣ нΦтмύ лΦус όπлΦсрΣ нΦплύ лΦуу όπлΦсфΣ нΦпуύ 

с нΦтр όмΦмуΣ пΦопύ нΦпл όлΦумΣ пΦлнύ мΦмн όπлΦпнΣ нΦсфύ мΦон όπлΦннΣ нΦуфύ мΦмр όπлΦотΣ нΦтлύ лΦур όπлΦссΣ нΦоуύ лΦут όπлΦтлΣ нΦпсύ 

wI нΦфо όмΦоуΣ пΦпфύ нΦрт όлΦфуΣ пΦмтύ мΦнс όπлΦнтΣ нΦунύ мΦпп όπлΦмлΣ оΦллύ мΦну όπлΦнпΣ нΦунύ лΦфт όπлΦроΣ нΦрлύ мΦлл όπлΦртΣ нΦрфύ 

wIψŎŀǘ нΦуо όмΦнтΣ пΦпмύ нΦпф όлΦфлΣ пΦмлύ мΦмф όπлΦорΣ нΦтрύ мΦос όπлΦмуΣ нΦфоύ мΦнл όπлΦонΣ нΦтрύ лΦуф όπлΦснΣ нΦпнύ лΦфм όπлΦссΣ нΦрлύ 
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мт ƻŦ му 

 

оΦтΦ wŜŦŜǊŜƴŎŜǎ 

мΦ wƻǘƘΣ DΦ!ΦΤ aŜƴǎŀƘΣ DΦ!ΦΤ WƻƘƴǎƻƴΣ /ΦhΦΤ !ŘŘƻƭƻǊŀǘƻΣ DΦΤ !ƳƳƛǊŀǝΣ 9ΦΤ .ŀŘŘƻǳǊΣ [ΦaΦΤ .ŀǊŜƴƎƻΣ bΦ/ΦΤ 

.ŜŀǘƻƴΣ !Φ½ΦΤ .ŜƴƧŀƳƛƴΣ 9ΦWΦΤ .ŜƴȊƛƎŜǊΣ /ΦtΦΤ Ŝǘ ŀƭΦ Dƭƻōŀƭ ōǳǊŘŜƴ ƻŦ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŘƛǎŜŀǎŜǎ ŀƴŘ Ǌƛǎƪ 

ŦŀŎǘƻǊǎΣ мффлςнлмфΦ WΦ !ƳΦ /ƻƭƭΦ /ŀǊŘƛƻƭΦ нлнлΣ тсΣ нфунςолнмΦ ώ/ǊƻǎǎwŜŦϐ ώtǳōaŜŘϐ 
нΦ aƛǊŀƴŘŀΣ WΦWΦΤ YƛƴǊŀΣ {ΦΤ /ŀǎŀǎΣ WΦtΦΤ 5ŀǾŜȅ {ƳƛǘƘΣ DΦΤ 9ōǊŀƘƛƳΣ {Φ bƻƴπŎƻƳƳǳƴƛŎŀōƭŜ ŘƛǎŜŀǎŜǎ ƛƴ ƭƻǿπ ŀƴŘ 

ƳƛŘŘƭŜπƛƴŎƻƳŜ ŎƻǳƴǘǊƛŜǎΥ /ƻƴǘŜȄǘΣ ŘŜǘŜǊƳƛƴŀƴǘǎ ŀƴŘ ƘŜŀƭǘƘ ǇƻƭƛŎȅΦ ¢ǊƻǇΦ aŜŘΦ LƴǘΦ IŜŀƭǘƘ нллуΣ моΣ 

мннрςмнопΦ Φ ώ/ǊƻǎǎwŜŦϐ ώtǳōaŜŘϐ 
оΦ bƻƧƛƭŀƴŀΣ .ΦΤ .ǊŀŘǎƘŀǿΣ 5ΦΤ tƛƭƭŀȅπǾŀƴ ²ȅƪΣ ±ΦΤ aǎŜƳōǳǊƛΣ ²ΦΤ [ŀǳōǎŎƘŜǊΣ wΦΤ {ƻƳŘȅŀƭŀΣ bΦLΦΤ WƻǳōŜǊǘΣ WΦ5ΦΤ 

DǊƻŜƴŜǿŀƭŘΣ tΦΤ 5ƻǊǊƛƴƎǘƻƴΣ wΦ9Φ 9ƳŜǊƎƛƴƎ ǘǊŜƴŘǎ ƛƴ ƴƻƴπŎƻƳƳǳƴƛŎŀōƭŜ ŘƛǎŜŀǎŜ ƳƻǊǘŀƭƛǘȅ ƛƴ {ƻǳǘƘ 

!ŦǊƛŎŀΣ мффтςнлмлΦ {Φ !ŦǊΦ aŜŘΦ WΦ нлмсΣ млсΣ пттςпупΦ ώ/ǊƻǎǎwŜŦϐ 
пΦ {ǘŀǘǎΣ {Φ!Φ aƻǊǘŀƭƛǘȅ ŀƴŘ /ŀǳǎŜǎ ƻŦ 5ŜŀǘƘ ƛƴ {ƻǳǘƘ !ŦǊƛŎŀΥ CƛƴŘƛƴƎǎ ŦǊƻƳ 5ŜŀǘƘ bƻǝŬŎŀǝƻƴΤ {ǘŀǘǎ {!Υ 

tǊŜǘƻǊƛŀΣ {ƻǳǘƘ !ŦǊƛŎŀΣ нлмуΦ !ǾŀƛƭŀōƭŜ ƻƴƭƛƴŜΥ 

ƘǧǇǎΥκκǿǿǿΦǎǘŀǘǎǎŀΦƎƻǾΦȊŀκǇǳōƭƛŎŀǝƻƴǎκtлолфоκtлолфонлмуΦǇŘŦ όŀŎŎŜǎǎŜŘ ƻƴ ол WǳƴŜ нлмфύΦ 
рΦ .ƻŀǘŜƴƎΣ 5ΦΤ ²ŜƪŜǎŀƘΣ CΦΤ .ǊƻǿƴŜΣ WΦ[ΦΤ !ƎȅŜƳŀƴƎΣ /ΦΤ !ƎȅŜƛπ.ŀũƻǳǊΣ tΦΤ !ƛƪƛƴǎΣ !ΦŘΦDΦΤ {ƳƛǘΣ IΦ!ΦΤ 

DǊƻōōŜŜΣ 5Φ9ΦΤ YƭƛǇǎǘŜƛƴDǊƻōǳǎŎƘΣ YΦ YƴƻǿƭŜŘƎŜ ŀƴŘ ŀǿŀǊŜƴŜǎǎ ƻŦ ŀƴŘ ǇŜǊŎŜǇǝƻƴ ǘƻǿŀǊŘǎ 

ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŘƛǎŜŀǎŜ Ǌƛǎƪ ƛƴ ǎǳōπ{ŀƘŀǊŀƴ !ŦǊƛŎŀΥ ! ǎȅǎǘŜƳŀǝŎ ǊŜǾƛŜǿΦ t[ƻ{ hb9 нлмтΣ мнΣ ŜлмуфнспΦ 

ώ/ǊƻǎǎwŜŦϐ ώtǳōaŜŘϐ 
сΦ .ŀǎǳΣ wΦ IƛƎƘ ŀƳōƛŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ƳƻǊǘŀƭƛǘȅΥ ! ǊŜǾƛŜǿ ƻŦ ŜǇƛŘŜƳƛƻƭƻƎƛŎ ǎǘǳŘƛŜǎ ŦǊƻƳ нллм ǘƻ 

нллуΦ 9ƴǾƛǊƻƴΦ IŜŀƭǘƘ нллфΣ уΣ плΦ ώ/ǊƻǎǎwŜŦϐ ώtǳōaŜŘϐ 
тΦ !ƳŜƎŀƘΣ !ΦYΦΤ wŜȊȊŀΣ DΦΤ WŀŀƪƪƻƭŀΣ WΦWΦ ¢ŜƳǇŜǊŀǘǳǊŜπǊŜƭŀǘŜŘ ƳƻǊōƛŘƛǘȅ ŀƴŘ ƳƻǊǘŀƭƛǘȅ ƛƴ {ǳōπ{ŀƘŀǊŀƴ 

!ŦǊƛŎŀΥ ! ǎȅǎǘŜƳŀǝŎ ǊŜǾƛŜǿ ƻŦ ǘƘŜ ŜƳǇƛǊƛŎŀƭ ŜǾƛŘŜƴŎŜΦ 9ƴǾƛǊƻƴΦ LƴǘΦ нлмсΣ фмΣ мооςмпфΦ ώ/ǊƻǎǎwŜŦϐ 
уΦ DǳƻΣ ¸ΦΤ DŀǎǇŀǊǊƛƴƛΣ !ΦΤ !ǊƳǎǘǊƻƴƎΣ .ΦDΦΤ ¢ŀǿŀǘǎǳǇŀΣ .ΦΤ ¢ƻōƛŀǎΣ !ΦΤ [ŀǾƛƎƴŜΣ 9ΦΤ /ƻŜƭƘƻΣ aΦ{ΦΤ tŀƴΣ ·ΦΤ YƛƳΣ 

IΦΤ IŀǎƘƛȊǳƳŜΣ aΦΤ Ŝǘ ŀƭΦ ¢ŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀōƛƭƛǘȅ ŀƴŘ ƳƻǊǘŀƭƛǘȅΥ ! ƳǳƭǝπŎƻǳƴǘǊȅ ǎǘǳŘȅΦ 9ƴǾƛǊƻƴΦ IŜŀƭǘƘ 

tŜǊǎǇŜŎǘΦ нлмсΣ мнпΣ мррпςмррфΦ ώ/ǊƻǎǎwŜŦϐ 
фΦ [ƻƪƻǘƻƭŀΣ /Φ[ΦΤ ²ǊƛƎƘǘΣ /Φ¸ΦΤ ²ƛŎƘƳŀƴƴΣ WΦ ¢ŜƳǇŜǊŀǘǳǊŜ ŀǎ ŀ ƳƻŘƛŬŜǊ ƻŦ ǘƘŜ ŜũŜŎǘǎ ƻŦ ŀƛǊ Ǉƻƭƭǳǝƻƴ ƻƴ 

ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŘƛǎŜŀǎŜ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎ ƛƴ /ŀǇŜ ¢ƻǿƴΣ {ƻǳǘƘ !ŦǊƛŎŀΦ 9ƴǾƛǊƻƴΦ {ŎƛΦ tƻƭƭǳǘΦ wŜǎΦ LƴǘΦ 

нлнлΣ нтΣ мссттςмссурΦ ώ/ǊƻǎǎwŜŦϐ 
млΦ {ǘƻŎƪŜǊΣ ¢Φ /ƭƛƳŀǘŜ /ƘŀƴƎŜ нлмоΥ ¢ƘŜ tƘȅǎƛŎŀƭ {ŎƛŜƴŎŜ .ŀǎƛǎΥ ²ƻǊƪƛƴƎ DǊƻǳǇ L /ƻƴǘǊƛōǳǝƻƴ ǘƻ ǘƘŜ CƛƊƘ 

!ǎǎŜǎǎƳŜƴǘ wŜǇƻǊǘ ƻŦ ǘƘŜ LƴǘŜǊƎƻǾŜǊƴƳŜƴǘŀƭ tŀƴŜƭ ƻƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜΤ /ŀƳōǊƛŘƎŜ ¦ƴƛǾŜǊǎƛǘȅ tǊŜǎǎΥ 

/ŀƳōǊƛŘƎŜΣ ¦YΣ нлмпΦ 
ммΦ CŀŜǊƎŜƳŀƴΣ hΦ /ƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ǇǊŜǾŜƴǝǾŜ ƳŜŘƛŎƛƴŜΦ 9ǳǊΦ WΦ /ŀǊŘƛƻǾŀǎŎΦ tǊŜǾΦ wŜƘŀōƛƭΦ нллтΣ мпΣ 

тнсςтнфΦ ώ/ǊƻǎǎwŜŦϐ 
мнΦ !ƴŘŜǊǎƻƴΣ .ΦDΦΤ .ŜƭƭΣ aΦ[Φ ²ŜŀǘƘŜǊπǊŜƭŀǘŜŘ ƳƻǊǘŀƭƛǘȅΥ Iƻǿ ƘŜŀǘΣ ŎƻƭŘΣ ŀƴŘ ƘŜŀǘ ǿŀǾŜǎ ŀũŜŎǘ ƳƻǊǘŀƭƛǘȅ ƛƴ 

ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΦ 9ǇƛŘŜƳƛƻƭΦ ό/ŀƳōΦ aŀǎǎΦύ нллфΣ нлΣ нлрςнмоΦ ώ/ǊƻǎǎwŜŦϐ 
моΦ aŀŎƪŀȅΣ !Φ /ƭƛƳŀǘŜ ŎƘŀƴƎŜ нллтΥ LƳǇŀŎǘǎΣ ŀŘŀǇǘŀǝƻƴ ŀƴŘ ǾǳƭƴŜǊŀōƛƭƛǘȅΦ /ƻƴǘǊƛōǳǝƻƴ ƻŦ ²ƻǊƪƛƴƎ DǊƻǳǇ 

LL ǘƻ ǘƘŜ ŦƻǳǊǘƘ ŀǎǎŜǎǎƳŜƴǘ ǊŜǇƻǊǘ ƻŦ ǘƘŜ LƴǘŜǊƎƻǾŜǊƴƳŜƴǘŀƭ tŀƴŜƭ ƻƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜΦ WΦ 9ƴǾƛǊƻƴΦ vǳŀƭΦ 

нллуΣ отΣ нплтΦ ώ/ǊƻǎǎwŜŦϐ 
мпΦ 59!Φ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ¢ƘƛǊŘ bŀǝƻƴŀƭ /ƻƳƳǳƴƛŎŀǝƻƴ ǳƴŘŜǊ ǘƘŜ ¦ƴƛǘŜŘ bŀǝƻƴǎ CǊŀƳŜǿƻǊƪ /ƻƴǾŜƴǝƻƴ ƻƴ 

/ƭƛƳŀǘŜ /ƘŀƴƎŜΤ 59!Υ tǊŜǘƻǊƛŀΣ {ƻǳǘƘ !ŦǊƛŎŀΣ нлмуΦ 
мрΦ DŀǎǇŀǊǊƛƴƛΣ !ΦΤ DǳƻΣ ¸ΦΤ IŀǎƘƛȊǳƳŜΣ aΦΤ [ŀǾƛƎƴŜΣ 9ΦΤ ½ŀƴƻōŜǩΣ !ΦΤ {ŎƘǿŀǊǘȊΣ WΦΤ ¢ƻōƛŀǎΣ !ΦΤ ¢ƻƴƎΣ {ΦΤ 

wƻŎƪƭƻǾΣ WΦΤ CƻǊǎōŜǊƎΣ .ΦΤ Ŝǘ ŀƭΦ aƻǊǘŀƭƛǘȅ Ǌƛǎƪ ŀǧǊƛōǳǘŀōƭŜ ǘƻ ƘƛƎƘ ŀƴŘ ƭƻǿ ŀƳōƛŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜΥ ! 

ƳǳƭǝŎƻǳƴǘǊȅ ƻōǎŜǊǾŀǝƻƴŀƭ ǎǘǳŘȅΦ [ŀƴŎŜǘ нлмрΣ оусΣ осфςотрΦ ώ/ǊƻǎǎwŜŦϐ ώtǳōaŜŘϐ 

мсΦ aŜƘǘŀΣ !ΦWΦΤ YƭƻƻƎΣ LΦΤ ½ŀƴƻōŜǩΣ !ΦΤ /ƻǳƭƭΣ .Φ!ΦΤ {ǇŀǊǊƻǿΣ 5ΦΤ ±ƻƪƻƴŀǎΣ tΦΤ {ŎƘǿŀǊǘȊΣ WΦ !ǎǎƻŎƛŀǝƻƴǎ 

ōŜǘǿŜŜƴ ŎƘŀƴƎŜǎ ƛƴ Ŏƛǘȅ ŀƴŘ ŀŘŘǊŜǎǎ ǎǇŜŎƛŬŎ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ v¢ ƛƴǘŜǊǾŀƭπǘƘŜ ±! ƴƻǊƳŀǝǾŜ ŀƎƛƴƎ 

ǎǘǳŘȅΦ t[ƻ{ hb9 нлмпΣ фΣ ŜмлснруΦ ώ/ǊƻǎǎwŜŦϐ ώtǳōaŜŘϐ 
мтΦ YŀǧŜƴōŜǊƎΣ !ΦΤ DƛƻǊƎƛΣ CΦΤ DǊŀǎǎƭΣ IΦΤ aŜŜƘƭΣ DΦΤ aƛǘŎƘŜƭƭΣ WΦΤ {ǘƻǳũŜǊΣ wΦΤ ¢ƻƪƛƻƪŀΣ ¢ΦΤ ²ŜŀǾŜǊΣ !ΦΤ ²ƛƎƭŜȅΣ 
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муΦ tŜŘŘŜǊΣ IΦΤ YŀǇǿŀǘŀΣ ¢ΦΤ IƻǿŀǊŘΣ DΦΤ bŀƛŘƻƻΣ wΦbΦΤ YǳƴŜƴŜΣ ½ΦΤ aƻǊǊƛǎΣ wΦ²ΦΤ aŀǘƘŜŜΣ !ΦΤ ²ǊƛƎƘǘΣ /Φ¸Φ 

[ŀƎƎŜŘ ŀǎǎƻŎƛŀǝƻƴ ōŜǘǿŜŜƴ ŎƭƛƳŀǘŜ ǾŀǊƛŀōƭŜǎ ŀƴŘ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎ ŦƻǊ ǇƴŜǳƳƻƴƛŀ ƛƴ {ƻǳǘƘ !ŦǊƛŎŀΦ 

LƴǘΦ WΦ 9ƴǾƛǊƻƴΦ wŜǎΦ tǳōƭƛŎ IŜŀƭǘƘ нлнмΣ муΣ смфмΦ ώ/ǊƻǎǎwŜŦϐ 
мфΦ ¢ƛŀƴΣ ¸ΦΤ [ƛǳΣ IΦΤ {ƛΣ ¸ΦΤ /ŀƻΣ ¸ΦΤ {ƻƴƎΣ WΦΤ [ƛΣ aΦΤ ²ǳΣ ¸ΦΤ ²ŀƴƎΣ ·ΦΤ ·ƛŀƴƎΣ ·ΦΤ WǳŀƴΣ WΦΤ /ƘŜƴΣ [Φ !ǎǎƻŎƛŀǝƻƴ 

ōŜǘǿŜŜƴ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀōƛƭƛǘȅ ŀƴŘ Řŀƛƭȅ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎ ŦƻǊ ŎŀǳǎŜπǎǇŜŎƛŬŎ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŘƛǎŜŀǎŜ 

ƛƴ ǳǊōŀƴ /ƘƛƴŀΥ ! ƴŀǝƻƴŀƭ ǝƳŜπǎŜǊƛŜǎ ǎǘǳŘȅΦ t[ƻ{ aŜŘΦ нлмфΣ мсΣ ŜмллнтоуΦ ώ/ǊƻǎǎwŜŦϐ 

нлΦ ²ŀƴƎΣ ·ΦΤ /ƘŜƴƎΣ WΦΤ [ƛƴƎΣ [ΦΤ {ǳΣ IΦΤ ½ƘŀƻΣ 5ΦΤ bƛΣ IΦ LƳǇŀŎǘ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀōƛƭƛǘȅ ƻƴ ŎƘƛƭŘƘƻƻŘ 

ŀƭƭŜǊƎƛŎ ǊƘƛƴƛǝǎ ƛƴ ŀ ǎǳōǘǊƻǇƛŎŀƭ Ŏƛǘȅ ƻŦ /ƘƛƴŀΦ .a/ tǳōƭƛŎ IŜŀƭǘƘ нлнлΣ нлΣ мпмуΦ ώ/ǊƻǎǎwŜŦϐ 
нмΦ ½ƘŀƴƎΣ ¸ΦΤ ¸ǳΣ /ΦΤ .ŀƻΣ WΦΤ [ƛΣ ·Φ LƳǇŀŎǘ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀǝƻƴ ƻƴ ƳƻǊǘŀƭƛǘȅΥ !ƴ ƻōǎŜǊǾŀǝƻƴŀƭ ǎǘǳŘȅ 

ŦǊƻƳ мн ŎƻǳƴǝŜǎ ŀŎǊƻǎǎ IǳōŜƛ tǊƻǾƛƴŎŜ ƛƴ /ƘƛƴŀΦ {ŎƛΦ ¢ƻǘŀƭ 9ƴǾƛǊƻƴΦ нлмтΣ рутςрууΣ мфсςнлоΦ ώ/ǊƻǎǎwŜŦϐ 
ннΦ wŀƘƳŀƴΣ aΦaΦΤ DŀǊŎƛŀΣ 9ΦΤ [ƛƳΣ /Φ/ΦΤ DƘŀȊƛǇǳǊŀΣ aΦΤ !ƭŀƳΣ bΦΤ tŀƭƛƴƪŀǎΣ [Φ!ΦΤ aŎ/ƻƴƴŜƭƭΣ wΦΤ ¢ƘǳǊǎǘƻƴΣ DΦ 

¢ŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀōƛƭƛǘȅ ŀǎǎƻŎƛŀǝƻƴǎ ǿƛǘƘ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŀƴŘ ǊŜǎǇƛǊŀǘƻǊȅ ŜƳŜǊƎŜƴŎȅ ŘŜǇŀǊǘƳŜƴǘ Ǿƛǎƛǘǎ 

ƛƴ 5ƘŀƪŀΣ .ŀƴƎƭŀŘŜǎƘΦ 9ƴǾƛǊƻƴΦ LƴǘΦ нлннΣ мспΣ млтнстΦ ώ/ǊƻǎǎwŜŦϐ 
ноΦ IǳΣ YΦΤ DǳƻΣ ¸ΦΤ ¸ŀƴƎΣ ·ΦΤ ½ƘƻƴƎΣ WΦΤ CŜƛΣ CΦΤ /ƘŜƴΣ CΦΤ ½ƘŀƻΣ vΦΤ ½ƘŀƴƎΣ ¸ΦΤ /ƘŜƴΣ DΦΤ /ƘŜƴΣ vΦΤ Ŝǘ ŀƭΦ 

¢ŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀōƛƭƛǘȅ ŀƴŘ ƳƻǊǘŀƭƛǘȅ ƛƴ ǊǳǊŀƭ ŀƴŘ ǳǊōŀƴ ŀǊŜŀǎ ƛƴ ½ƘŜƧƛŀƴƎ ǇǊƻǾƛƴŎŜΣ /ƘƛƴŀΥ !ƴ 

ŀǇǇƭƛŎŀǝƻƴ ƻŦ ŀ ǎǇŀǝƻǘŜƳǇƻǊŀƭ ƛƴŘŜȄΦ {ŎƛΦ ¢ƻǘŀƭ 9ƴǾƛǊƻƴΦ нлмфΣ сптΣ млппςмлрмΦ ώ/ǊƻǎǎwŜŦϐ 
нпΦ YŀƴƎΣ ¸ΦΤ ¢ŀƴƎΣ IΦΤ ½ƘŀƴƎΣ [ΦΤ ²ŀƴƎΣ {ΦΤ ²ŀƴƎΣ ·ΦΤ /ƘŜƴΣ ½ΦΤ ½ƘŜƴƎΣ /ΦΤ ¸ŀƴƎΣ ¸ΦΤ ²ŀƴƎΣ ½ΦΤ IǳŀƴƎΣ DΦΤ Ŝǘ ŀƭΦ 

[ƻƴƎπǘŜǊƳ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀōƛƭƛǘȅ ŀƴŘ ǘƘŜ ƛƴŎƛŘŜƴŎŜ ƻŦ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŘƛǎŜŀǎŜǎΥ ! ƭŀǊƎŜΣ ǊŜǇǊŜǎŜƴǘŀǝǾŜ 

ŎƻƘƻǊǘ ǎǘǳŘȅ ƛƴ /ƘƛƴŀΦ 9ƴǾƛǊƻƴΦ tƻƭƭǳǘΦ нлнмΣ нтуΣ ммсуомΦ ώ/ǊƻǎǎwŜŦϐ 

му ƻŦ му 

 

нрΦ [ƛƳΣ ¸ΦIΦΤ IƻƴƎΣ ¸Φ/ΦΤ YƛƳΣ IΦ 9ũŜŎǘǎ ƻŦ ŘƛǳǊƴŀƭ ǘŜƳǇŜǊŀǘǳǊŜ ǊŀƴƎŜ ƻƴ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŀƴŘ ǊŜǎǇƛǊŀǘƻǊȅ 

ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎ ƛƴ YƻǊŜŀΦ {ŎƛΦ ¢ƻǘŀƭ 9ƴǾƛǊƻƴΦ нлмнΣ пмтςпмуΣ ррςслΦ Φ ώ/ǊƻǎǎwŜŦϐ ώtǳōaŜŘϐ 
нсΦ {ǳƴΣ {ΦΤ [ŀŘŜƴΣ CΦΤ IŀǊǘΣ WΦ9ΦΤ vƛǳΣ IΦΤ ²ŀƴƎΣ ¸ΦΤ ²ƻƴƎΣ /ΦaΦΤ [ŜŜΣ wΦ{ΦȅΦΤ ¢ƛŀƴΣ [Φ {Ŝŀǎƻƴŀƭ ǘŜƳǇŜǊŀǘǳǊŜ 

ǾŀǊƛŀōƛƭƛǘȅ ŀƴŘ ŜƳŜǊƎŜƴŎȅ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎ ŦƻǊ ǊŜǎǇƛǊŀǘƻǊȅ ŘƛǎŜŀǎŜǎΥ ! ǇƻǇǳƭŀǝƻƴπōŀǎŜŘ ŎƻƘƻǊǘ 

ǎǘǳŘȅΦ ¢ƘƻǊŀȄ нлмуΣ тоΣ фрмςфруΦ ώ/ǊƻǎǎwŜŦϐ ώtǳōaŜŘϐ 
нтΦ ½ƘŀΣ vΦΤ /ƘŀƛΣ DΦΤ ½ƘŀƴƎΣ ½ΦDΦΤ {ƘŀΣ ¸ΦΤ {ǳΣ ¸Φ 9ũŜŎǘǎ ƻŦ ŘƛǳǊƴŀƭ ǘŜƳǇŜǊŀǘǳǊŜ ǊŀƴƎŜ ƻƴ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ 

ŘƛǎŜŀǎŜ ƘƻǎǇƛǘŀƭ ŀŘƳƛǎǎƛƻƴǎ ƛƴ ŦŀǊƳŜǊǎ ƛƴ /ƘƛƴŀΩǎ ²ŜǎǘŜǊƴ ǎǳōǳǊōǎΦ 9ƴǾƛǊƻƴΦ {ŎƛΦ tƻƭƭǳǘΦ wŜǎΦ LƴǘΦ нлнмΣ 

нуΣ спсфоςсптлрΦ ώ/ǊƻǎǎwŜŦϐ ώtǳōaŜŘϐ 
нуΦ aŀΣ ¸ΦΤ ¸ŀƴƎΣ {ΦΤ ¸ǳΣ ½ΦΤ WƛŀƻΣ IΦΤ ½ƘŀƴƎΣ ¸ΦΤ aŀΣ .ΦΤ ½ƘƻǳΣ WΦ 9ũŜŎǘ ƻŦ ŘƛǳǊƴŀƭ ǘŜƳǇŜǊŀǘǳǊŜ ǊŀƴƎŜ ƻƴ 

ƻǳǘǇŀǝŜƴǘ Ǿƛǎƛǘǎ ŦƻǊ ŎƻƳƳƻƴ ŎƻƭŘ ƛƴ {ƘŀƴƎƘŀƛΣ /ƘƛƴŀΦ 9ƴǾƛǊƻƴΦ {ŎƛΦ tƻƭƭǳǘΦ wŜǎΦ LƴǘΦ нлнлΣ нтΣ мпосςмппуΦ 

ώ/ǊƻǎǎwŜŦϐ 
нфΦ ½ƘŀƴƎΣ ¸ΦΤ tŜƴƎΣ aΦΤ ²ŀƴƎΣ [ΦΤ ¸ǳΣ /Φ !ǎǎƻŎƛŀǝƻƴ ƻŦ ŘƛǳǊƴŀƭ ǘŜƳǇŜǊŀǘǳǊŜ ǊŀƴƎŜ ǿƛǘƘ Řŀƛƭȅ ƳƻǊǘŀƭƛǘȅ ƛƴ 

9ƴƎƭŀƴŘ ŀƴŘ ²ŀƭŜǎΥ ! ƴŀǝƻƴǿƛŘŜ ǝƳŜπǎŜǊƛŜǎ ǎǘǳŘȅΦ {ŎƛΦ ¢ƻǘŀƭ 9ƴǾƛǊƻƴΦ нлмуΣ смфςснлΣ нфмςоллΦ 

ώ/ǊƻǎǎwŜŦϐ 
олΦ [ƛƴΣ IΦΤ ½ƘŀƴƎΣ ¸ΦΤ ·ǳΣ ¸ΦΤ ·ǳΣ ·ΦΤ [ƛǳΣ ¢ΦΤ [ǳƻΣ ¸ΦΤ ·ƛŀƻΣ WΦΤ ²ǳΣ ²ΦΤ aŀΣ ²Φ ¢ŜƳǇŜǊŀǘǳǊŜ ŎƘŀƴƎŜǎ ōŜǘǿŜŜƴ 

ƴŜƛƎƘōƻǊƛƴƎ Řŀȅǎ ŀƴŘ ƳƻǊǘŀƭƛǘȅ ƛƴ ǎǳƳƳŜǊΥ ! ŘƛǎǘǊƛōǳǘŜŘ ƭŀƎ ƴƻƴπƭƛƴŜŀǊ ǝƳŜ ǎŜǊƛŜǎ ŀƴŀƭȅǎƛǎΦ t[ƻ{ hb9 

нлмоΣ уΣ ŜссплоΦ ώ/ǊƻǎǎwŜŦϐ 
омΦ {ƘƛΣ vΦΤ ²ŜƛΣ ·ΦΤ [ƛǳΣ ¸ΦΤ aŜƴƎΣ ·ΦΤ ½ƘǳΣ ²ΦΤ ²ŀƴƎΣ aΦΤ ²ŀƴƎΣ ¸ΦΤ YŀƴƎΣ CΦΤ .ŀƛΣ ¸ΦΤ bƛŜΣ ¸ΦΤ Ŝǘ ŀƭΦ !ƴ ŜũŜŎǘ ƻŦ 

нпπƘƻǳǊ ǘŜƳǇŜǊŀǘǳǊŜ ŎƘŀƴƎŜ ƻƴ ƻǳǘǇŀǝŜƴǘ ŀƴŘ ŜƳŜǊƎŜƴŎȅ ŀƴŘ ƛƴǇŀǝŜƴǘ Ǿƛǎƛǘǎ ŦƻǊ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ 

ŘƛǎŜŀǎŜǎ ƛƴ ƴƻǊǘƘǿŜǎǘ /ƘƛƴŀΦ 9ƴǾƛǊƻƴΦ {ŎƛΦ tƻƭƭǳǘΦ wŜǎΦ LƴǘΦ нлнмΣ нуΣ пртфоςпрулпΦ ώ/ǊƻǎǎwŜŦϐ 
онΦ ½ƘŀƻΣ vΦΤ [ƛΣ {ΦΤ /ƻŜƭƘƻΣ aΦΤ {ŀƭŘƛǾŀΣ tΦIΦbΦΤ IǳΣ YΦΤ IǳȄƭŜȅΣ wΦwΦΤ !ōǊŀƳǎƻƴΣ aΦWΦΤ DǳƻΣ ¸Φ ¢ŜƳǇŜǊŀǘǳǊŜ 

ǾŀǊƛŀōƛƭƛǘȅ ŀƴŘ ƘƻǎǇƛǘŀƭƛȊŀǝƻƴ ŦƻǊ ƛǎŎƘŀŜƳƛŎ ƘŜŀǊǘ ŘƛǎŜŀǎŜ ƛƴ .ǊŀȊƛƭΥ ! ƴŀǝƻƴǿƛŘŜ ŎŀǎŜπŎǊƻǎǎƻǾŜǊ ǎǘǳŘȅ 

ŘǳǊƛƴƎ нлллςнлмрΦ {ŎƛΦ ¢ƻǘŀƭ 9ƴǾƛǊƻƴΦ нлмфΣ сспΣ тлтςтмнΦ ώ/ǊƻǎǎwŜŦϐ 
ооΦ DŀǎǇŀǊǊƛƴƛΣ !Φ 5ƛǎǘǊƛōǳǘŜŘ ƭŀƎ ƭƛƴŜŀǊ ŀƴŘ ƴƻƴπƭƛƴŜŀǊ ƳƻŘŜƭǎ ƛƴ wΥ ¢ƘŜ ǇŀŎƪŀƎŜ ŘƭƴƳΦ WΦ {ǘŀǘΦ {ƻƊǿΦ нлммΣ 

поΣ мςнлΦ ώ/ǊƻǎǎwŜŦϐ                                            

опΦ .ƘŀǎƪŀǊŀƴΣ YΦΤ DŀǎǇŀǊǊƛƴƛΣ !ΦΤ IŀƧŀǘΣ {ΦΤ {ƳŜŜǘƘΣ [ΦΤ !ǊƳǎǘǊƻƴƎΣ .Φ ¢ƛƳŜ ǎŜǊƛŜǎ ǊŜƎǊŜǎǎƛƻƴ ǎǘǳŘƛŜǎ ƛƴ 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ   ŜǇƛŘŜƳƛƻƭƻƎȅΦ LƴǘΦ WΦ 9ǇƛŘŜƳƛƻƭΦ нлмоΣ пнΣ ммутςммфрΦ ώ/ǊƻǎǎwŜŦϐ 
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Chapter 4: Manuscript Addressing Objective 3 

Chapter 4 presents a manuscript addressing o jecti e num er   which in estigated if season and 

spatial synoptic classification (SSC) weather types modify the association  etween the temperature 

 aria ility (TV), respiratory disease ( D), and cardio ascular disease (CVD) hospital admissions 

in Cape Town during 2011–2016. 

 

The manuscript was summited to International Journal of Biometeorology. The manuscript is 

titled “Effect modification by season and weather types of the association between temperature 

variability and hospital admissions in Cape Town, South Africa.” 

The contents of this chapter are the same as the manuscript that is currently being 

reviewed in the journal referred to above. For consistency and presentation purposes, the 

sectional numbering was amended to be consistent with the chapter numbering. 
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4.1. Abstract 12 

There is an increasing interest in examining the health risks of weather due to synergic effects produced by 13 

multiple environmental and meteorological factors, such as air masses or weather types. However, evidence is 14 

limited in low- and middle-income countries, such as South Africa. In this study a quasi-Poisson regression model 15 

and a distributed lag nonlinear model were used to assess the associations between cardiovascular disease (CVD) 16 

and respiratory disease (RD) hospital admissions and temperature variability (TV) relative to season and each of 17 

the seven distinct spatial synoptic classifications (SSC) weather types (Dry moderate [DM], Dry polar [DP], Dry 18 

tropical [DT], Moist moderate [MM], Moist polar [MP], Moist tropical [MT], and Transition [TR]) in Cape South 19 

Africa. CVD risks were higher during the warm season, while RD risks were higher during the cold season. 20 

According to the seven SSC types, a stronger TV-CVD association occurred during MT weather conditions, with 21 

the most significant risks observed after four days of exposure (6.72% [95% CI:1.95%, 11.71%]). Immediate risks 22 

of TV on RD appeared with DM conditions (3.35% [95% CI:0.92%, 5.83%]). Grouping SSC categories by similar 23 

temperature and humidity characteristics (e.g., both tropical types), a modified association was observed, 24 

especially for the 15–64-year age group during tropical conditions for the CVD admissions. The 0-14- and 15-64-25 

year age groups for RD hospital admissions appeared more vulnerable during dry and transitional weather 26 

conditions, respectively. Synoptic methods may assist in further seasonal characteristics and classifying the effects 27 

of temperature variability on health. 28 

Keywords Cardiovascular disease, respiratory disease, hospital admissions, spatial synoptic classification, South 29 

Africa 30 

 31 

 32 

 33 
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4.2. Introduction 34 

Several studies across the globe were conducted to associate different climate variability and change indicators 35 

with increased risks of morbidity and mortality. The impact of heat and cold spells on health is one of the most 36 

intensely studied aspects of climate and health relationships (Kalkstein and Greene 1997; Kalkstein et al. 1996) 37 

Most of these studies were conducted in high-income countries (Basu 2009; Basu and Samet 2002), with a few 38 

conducted in developing countries, such as South Africa (Amegah et al. 2016). The health effects associated with 39 

climate and weather indicators varies spatially and geographically. For example, a global study on the burden of 40 

mortality associated with non-optimal temperature observed that the temperature-related mortality burden and its 41 

temporal changes showed distinct geographical variations (Zhao et al., 2021). In recent years, the number of 42 

weather and health-related studies conducted in South Africa using different weather metrics, such as ambient 43 

temperature (Wichmann 2017), apparent temperature (Bühler et al. 2023; Olutola et al. 2023), and temperature 44 

variability indexes (Makunyane et al. 2023; Pedder et al. 2021) has increased. However, most studies focused 45 

mainly on analysing the impact of weather indexes on health outcomes, with few investigating the combined 46 

effects of other environmental and meteorological factors, such as air masses or weather types, on health 47 

outcomes. No study that explored the interaction between air masses or weather types and weather indexes on 48 

health in sub-Saharan Africa, could yet be located. 49 

Synoptic climatological methods, such as the spatial synoptic classification (SSC), have been applied previously 50 

in environmental studies to investigate the influence of weather types or air masses on health (Fonseca-Rodríguez 51 

et al. 2020; Hondula et al. 2014; Kim and Lee 2019; Urban and Kyselý 2018). The SSC traditionally considers 52 

ambient weather conditions at a station to classify each day into one of the six weather type categories, namely 53 

dry polar (DP), dry moderate (DM), dry tropical (DT), moist polar (MP), moist moderate (MT), moist moderate 54 

(MM) plus a transitional (TR) category classified as days in which one weather type yields to another, based on 55 

significant shifts in pressure, dew point, and wind over the day (Kalkstein and Greene 1997; Kalkstein et al., 1996; 56 

Sheridan, 2002). The SSC framework is similar to the Bergeron air mass classification, although it  focuses mainly 57 

on ambient weather conditions, meaning that it does not take upper-level conditions into account and does not 58 

consider the origin or source of air masses (Sheridan 2002). While the original SSC required a complex 59 

identification of ‘seed days’ typical of each weather type throughout the year, the recently developed SSC version 60 

3.0 (hereafter referred to as SSC; http://sheridan.geog.kent.edu/ssc3.html) has automated this process, by using 61 

metrics of just five variables: a station's latitude; the month of the year; the mean, and standard deviation of the 62 

variable for the month; and annual temperature range to identify the typical conditions of each weather type that 63 

serve as the basis for classification of each day into a weather type category.  64 

Because of its holistic approach, the synoptic methodology is found to be a more appropriate method of evaluating 65 

the suit of weather variables that can impact health, instead of the traditional dependence upon apparent 66 

temperature (a combination of temperature and humidity). Humans respond to the entire suite of weather 67 

conditions acting in concert simultaneously, not to elements individually (Kalkstein and Greene, 1997; Kalkstein 68 

et al. 1996) Previous studies already addressed the application of the SSC on health-associated adverse health 69 

impacts with oppressive weather types of MT+(combination of the warmest and most humid conditions) and DT 70 

to some extent (Hondula et al., 2014; Sheridan, 2002). 71 

http://sheridan.geog.kent.edu/ssc3.html
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Accordingly, the hypothesises of the current study, that in the presence of other meteorological conditions, the 72 

effects of temperature variation (TV) on CVD and RD hospital admissions depend on the level of dryness or 73 

moisture of that day. Consequently, this study applied the SSC approach for the first time in sub-Saharan Africa 74 

to assess weather-related health outcomes, specifically to: (1) describe climatological characteristics of SSC 75 

weather types in the City of Cape Town, South Africa, during 2011–2016; (2) to identify dominating weather 76 

types associated with increased cardiovascular and respiratory hospital admissions; (3) to examine the association 77 

between temperature variability and cardiovascular and respiratory hospital admissions within the distinct SSC 78 

weather types in the City of Cape Town.  79 

4.3. Materials And Methods 80 

4.3.1. Hospital admission data and meteorological data 81 

In a previous publication, the health outcome and meteorological data set have been described (Makunyane et al. 82 

2023). Briefly, hospital admission data (CVD: I00-I99 and RD: J00-J99) and meteorological data for the study 83 

period were obtained from seven private hospitals in the City of Cape Town, as well as the South African Weather 84 

Service (SAWS).  85 

4.3.2. Spatial synoptic classification data 86 

 The SSC propounds an analytical framework that tests the hypothesis that multiple environmental and 87 

meteorological variables may influence human health's biological and physiological response to the weather 88 

(Hondula et al. 2014; Kalkstein et al. 1996; Sheridan 2002). The SSC data for the City of Cape Town was obtained 89 

from http://sheridan.geog.kent.edu/ssc3.html (Accessed: June 2023). In this study, modification by the six weather 90 

types, namely (Dry moderate [DM], Dry polar [DP], Dry tropical [DT], Moist moderate [MM], Moist polar [MP], 91 

Moist tropical [MT], and Transition [TR] was explored (Sheridan 2002). DM weather type is characterized by 92 

mild temperatures and dry air, DP is characterized by cold temperatures, low humidity (dry air) and minimum 93 

cloud cover and it has similar characteristics with continental polar air mass. DT weather type is characterized by 94 

hot temperatures, very dry air, little cloud cover or sunniest conditions and it has similar characteristics with 95 

continental polar air mass. MP weather type is characterized by cold temperatures, humid air, cloud cover is 96 

overcast, and it has similar characteristics with maritime polar conditions. MT weather type is characterized warm 97 

temperatures, humid air, cloudy in winter and partly cloudy in summer and has similar characteristics with 98 

Maritime tropical air masses. MM is characterized by warm temperatures, humid air and mostly overcast 99 

conditions. TR weather type is defined as days in which one weather type yields to another, based on large shifts 100 

in pressure, dew point, and wind over the course of the day. For a more comprehensive description of the SSC 101 

procedure, refer to Kalkstein et al. (1996) and Sheridan (2002). In addition, a recategorizing of the SSC types 102 

from a humidity standpoint was performed as follows(Kim and Lee 2019): 1) Moist: a combination of MM, MP 103 

and MT weather types; 2) Dry: a combination of DM, DP, and DT weather types; and 3) a transitional (TR) 104 

category. From a temperature standpoint, the recategorization was performed as follows: 1) Moderate: combining 105 

MM and DM weather types; 2) Polar: combining DP and MP weather types; 3) Tropical: combining DT and MT 106 

weather types; and 4) a Transitional (TR) category. 107 

http://sheridan.geog.kent.edu/ssc3.html
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4.3.3. Time series modelling 108 

To estimate the overall effect of season and weather types on the TV and cause-specific hospital admission 109 

association, a quasi-Poisson regression with stratification was applied. TV was defined by calculating the standard 110 

deviation of the minimum and maximum temperatures during exposure days. For example, TV at 0-1 day of 111 

exposure was calculated using the standard deviation of the minimum temperature on the same day as exposure, 112 

maximum temperature on the same day of exposure, minimum temperature a day after exposure and maximum 113 

temperature a day after exposure (Guo et al. 2016). As in previous studies (Rahman et al. 2022; Tian et al. 2019), 114 

several lengths of TV up to 0-7 days of exposure were assessed separately. Furthermore, SSC on the day of 115 

admission was used to estimate the TV-modified effect up to 0-7 days of exposure (Kim and Lee 2019). 116 

The analysis was stratified by seasons (warm (January to April and September to December) and cold (May to 117 

August)) (Adebayo-Ojo et al. 2022), age groups (0-14, 15-64, and ≥65-years), and gender (females and males). 118 

Each time series model for the different strata included indicator variables for the day of the week and public 119 

holidays and was adjusted for temporal trends using a natural cubic spline for a calendar day with seven (7) 120 

degrees of freedom per year (d.o.f). Furthermore, the model included a cross-basis function for the daily mean 121 

temperature to adjust for nonlinear and delayed effects. The impact of meteorological and other environmental 122 

variables was controlled using moving averages corresponding to TV exposure days. 123 

The core regression model was defined as: 124 

ὉÌÏÇὣ ‌ ‍Ὕὠ —Ὕὠ ȡὛὛὅ‗Ὠέύ ὴόὦὲίὙὌ‏ ȟσ ὲίὸὭάὩȟχz φ ὧὦȢὸάὩὥὲ 125 

Where ὣ is the daily count of CVD or RD hospital admissions on the day, i, Ὕὠ  represents temperature 126 

variability on the day i, with 0-7 days of exposure. Ὕὠ  ȡ ὛὛὅ is the interaction term between TV on different 127 

exposure days and SSC weather types. Ὠέύ and ὴόὦ are categorical variables controlling for day-of-week and 128 

public holiday variability, ὲίὙὌ ȟσ is the natural cubic spline for relative humidity on the day corresponding 129 

with the exposure day, ὲίὸὭάὩȟχz φ is the natural splines of calendar time (7 df/year * 6 years), and ὧὦȢὸάὩὥὲ 130 

is the cross-basis function controlling for nonlinear and delayed effects of daily mean temperature. A natural cubic 131 

spline with four d.o.f was used for the daily mean temperature and the lags (0-21 days). The models were adjusted 132 

for the effects of NO2, SO2, and PM10 separately. 133 

4.4. Results 134 

4.4.1. Descriptive statistics and climatological characteristics 135 

Approximately 65% of CVD hospital admissions occurred in the warm season, and 58% of RD hospital 136 

admissions occurred in the cold season (results not shown here). The daily average of RD hospital admissions 137 

during the cold season (33.2) was higher compared to the warm season (24.3). Table 1 shows the climatological 138 

distribution of each weather type. Overall, the most frequent weather types in the City of Cape Town during 2011–139 

2016 were DM (740 days) and MT (457 days), with mean daily temperatures of 16.1°C and 21.2°C, respectively. 140 

Per season, MM and DM dominated in winter, and MT and DM dominated in summer (Figure 1). The highest 141 

mean daily temperature, 21.9°C, was recorded for DT, however, it had the lowest relative humidity. MP was the 142 
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most humid weather type with colder temperatures than all the other SSC weather types, except for DP. The 143 

distribution of temperature variables over different exposure days did not fluctuate much within each weather 144 

type. The lowest temperature variability (4.85°C) was recorded for MP over 0-2 days of exposure.  145 

Table 3 presents the correlations between TV (only reported for TV0-1) and hospital admissions according to 146 

season and SSC weather types.  Correlations between TV and daily hospital admissions by age group showed 147 

inconsistency according to season or SSC type. During the warm season, correlations between TV and CVD 148 

hospital admissions were positive during MT weather type for all ages com ined (ρ=0.1 6, p  alue< 0.01), the 149 

15-64 years (ρ=0.0969, p  alue< 0.01) and ≥65 years (ρ=0.15 , p  alue< 0.01). Positive and significant 150 

correlations were observed during DM, DT and MT weather types for RD hospital admissions for all age groups, 151 

except for the ≥65 years age group. From humidity standpoint, positive and significant correlations were only 152 

observed during dry weather type for RD hospital admissions for all ages combined (ρ=0.111, p  alue< 0.01), 0-153 

14 years (ρ=0.14 , p  alue< 0.001), 15-64 years (ρ=0.02 8, p  alue< 0.01) and ≥65 years (ρ=0.0 9, p  alue< 154 

0.05). Positive correlations and significant correlations were observed during moist weather type for all age groups 155 

except for the 0-14 years age for CVD hospital admissions group (ρ=0.0098, p  alue> 0.05) and the ≥65 years 156 

age groups for RD hospital admissions (ρ=0.0 25, p  alue> 0.05). From temperature standpoint point, positive 157 

and significant correlations were only observed during tropical weather condition except for the 0-14 years for   158 

CVD hospital admissions (ρ=0.0282, p  alue> 0.05). No significant correlations were observed during the cold 159 

season.160 
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Table 1: Climatological characteristics per individual weather types in the City of Cape Town, during 2011–2016 161 

 Variable 
DM 

(N=740) 

DP 

(N=115) 

DT 

(N=160) 

MM 

(N=387) 

MP 

(N=101) 

MT 

(N=457) 

TR 

(N=160) 

Overall 

(N=2131) 

TV 

0-1 day 5.86 ± 1.82 5.20 ± 1.31 7.91 ± 1.85 4.83 ± 1.69 4.56 ± 1.59 5.83 ± 1.37 5.45 ± 2.19 5.70 ± 1.88 

0-2 days 5.55 ± 1.50 4.88 ± 1.09 7.02 ± 1.59 5.10 ± 1.58 4.85 ± 1.60 5.72 ± 1.16 5.55 ± 1.68 5.55 ± 1.54 

0-3 days 5.48 ± 1.33 4.91 ± 1.06 6.62 ± 1.34 5.21 ± 1.40 5.10 ± 1.52 5.64 ± 1.03 5.54 ± 1.41 5.51 ± 1.35 

0-4 days 5.48 ± 1.23 4.97 ± 1.01 6.34 ± 1.14 5.28 ± 1.22 5.18 ± 1.46 5.60 ± 0.926 5.53 ± 1.26 5.50 ± 1.21 

0-5 days 5.51 ± 1.14 5.02 ± 1.00 6.20 ± 0.997 5.31 ± 1.08 5.27 ± 1.38 5.55 ± 0.855 5.49 ± 1.17 5.50 ± 1.11 

0-6 days 5.52 ± 1.08 5.10 ± 0.979 6.11 ± 0.898 5.32 ± 0.979 5.32 ± 1.29 5.54 ± 0.795 5.45 ± 1.08 5.50 ± 1.03 

0-7 days 5.53 ± 1.02 5.17 ± 0.942 6.03 ± 0.843 5.33 ± 0.922 5.34 ± 1.22 5.54 ± 0.746 5.42 ± 1.01 5.50 ± 0.967 

Other Climatological variables 

Temperature 16.1 ± 2.74 11.0 ± 1.45 21.9 ± 3.13 15.4 ± 2.14 12.3 ± 1.57 21.2 ± 1.94 16.4 ± 3.84 17.1 ± 3.96 

Humidity 68.3 ± 7.74 71.6 ± 7.90 55.5 ± 5.06 79.5 ± 5.75 79.9 ± 7.68 70.6 ± 6.62 72.4 ± 9.28 70.9 ± 9.45 

Tapp 13.2 ± 2.73 8.11 ± 1.45 19.0 ± 3.13 12.5 ± 2.14 9.45 ± 1.57 18.3 ± 1.93 13.5 ± 3.84 14.2 ± 3.95 

 162 
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 163 

Figure 1: Distribution of SSC weather types according to seasons in the City of Cape Town 2011–2016. Seasons were defined as warm (Jan-April, September-164 
December) and cold (May-August) 165 

 166 

 167 
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Table 2: Descriptive statistics of cardiovascular and respiratory-related hospital admissions according to SSC type in the City of Cape Town 2011–2016 168 

 Variable 
DM 

(N=740) 

DP 

(N=115) 

DT 

(N=160) 

MM 

(N=387) 

MP 

(N=101) 

MT 

(N=457) 

TR 

(N=160) 

Overall 

(N=2131) 

CVD hospital admissions Mean (standard deviation) 

  All ages 25.4 (13.0) 24.3 (12.1) 26.9 (13.6) 26.9 (12.6) 23.2 (12.6) 25.6 (13.4) 25.9 (12.8) 25.7 (13.0) 

  15≤age ≤64 12.5 (7.06) 11.5 (6.45) 13.3 (7.33) 13.3 (6.78) 11.6 (7.12) 13.1 (7.19) 12.9 (6.85) 12.8 (7.01) 

 Age ≥65 12.6 (6.88) 12.6 (6.68) 13.4 (7.35) 13.4 (6.84) 11.4 (6.24) 12.3 (7.19) 12.8 (6.90) 12.7 (6.94) 

 Females 10.6 (5.97) 10.7 (5.80) 11.0 (6.12) 11.2 (5.81) 9.59 (5.55) 10.7 (6.12) 11.0 (6.00) 10.8 (5.95) 

 Males 14.8 (8.03) 13.7 (7.43) 16.0 (8.47) 15.6 (7.90) 13.6 (7.99) 14.9 (8.29) 14.9 (7.79) 15.0 (8.05) 

RD hospital admissions Mean (standard deviation) 

  All ages 28.4 (13.4) 31.2 (13.3) 24.4 (12.6) 31.0 (12.7) 29.0 (12.7) 22.1 (11.3) 27.7 (12.5) 27.4 (13.1) 

  0≤age ≤14 14.0 (7.41) 15.3 (7.74) 11.9 (7.18) 15.2 (7.41) 14.5 (6.91) 10.4 (6.59) 13.9 (7.30) 13.4 (7.40) 

  15≤age ≤64 9.41 (5.67) 9.91 (5.76) 7.94 (5.16) 10.2 (5.23) 9.60 (5.33) 7.75 (4.82) 9.10 (5.48) 9.11 (5.41) 

  Age ≥65 4.99 (3.02) 5.94 (2.84) 4.51 (2.58) 5.60 (3.08) 4.95 (2.58) 3.96 (2.42) 4.71 (2.89) 4.87 (2.89) 

  Females 14.6 (7.43) 16.2 (7.36) 12.3 (6.59) 16.0 (7.36) 14.8 (7.16) 11.0 (6.01) 13.9 (6.84) 14.0 (7.22) 

  Males 13.8 (7.09) 15.0 (6.79) 12.1 (6.96) 15.0 (6.55) 14.3 (6.67) 11.2 (6.15) 13.8 (6.92) 13.4 (6.87) 

169 

 170 
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Table 3: Correlations between the TV and number of daily hospital admissions according to seasons and SSC type in the City of Cape Town 2011–2016 171 

  CVD hospital admission RD hospital admissions 

Season SSC All ages 0≤age ≤14 15≤age ≤64 Age ≥65 All ages 0≤age ≤14 15≤age ≤64 Age ≥65 

Warm  DM -0.0491 0.0371 -0.0254 -0.0705 0.146** 0.178*** 0.0535** 0.0973* 
 

DP -0.118 -0.195 -0.225 0.0278 0.116 0.313 -0.088 -0.0762 
 

DT 0.0961 0.0464 0.0388 0.136 0.228** 0.278** 0.0863** 0.151 
 

MM 0.0844 -0.0404 0.0717 0.0904 0.126 0.117 0.0495 0.041* 
 

MP 0.132 0.0983 0.0687 0.190 0.0546 0.0532 0.0769 -0.0229 
 

MT 0.136** 0.0393 0.0969** 0.153 ** 0.181*** 0.203*** 0.102*** 0.0907 
 

TR 0.0365 0.140 0.0936 -0.0297 -0.0742 -0.084 -0.0771 0.0619 
 

Dry a 0.0148 0.0128 0.012 0.015 0.111** 0.143*** 0.0278** 0.079* 
 

Moist a 0.126**   0.0098 0.096** 0.138*** 0.0971* 0.103** 0.0514* 0.0725 
 

TR a 0.0365 0.140 0.0936 -0.0297 -0.0742 -0.084 -0.0771 0.0619 
 

Moderate b  -0.0171 0.017 -0.0042 -0.0296 0.132*** 0.155*** 0.045*** 0.107** 
 

Polar b 0.0392 -0.0273 -0.0368 0.126 0.0799 0.156 0.0058 -0.0349 
 

Tropical  0.119 ** 0.0282 0.0669 ** 0.151*** 0.200*** 0.234*** 0.0851*** 0.128** 
 

TR b 0.0365 0.140 0.0936 -0.0297 -0.0742 -0.084 0.0058 0.0619 

Cold DM 0.062 -0.0511 0.0744 0.043 0.183 0.187 0.123 0.124 
 

DP 0.0972 0.099 0.0255 0.143 0.098 0.052 0.086 0.147 
 

DT -0.0163 -0.162 0.107 -0.139 0.279 0.321 0.132 0.207 
 

MM 0.0131 0.0076 0.0255 -0.0018 0.052 0.071 0.003 0.041 
 

MP 0.186 0.0727 0.248 0.0926 0.130 0.167 0.107 -0.027 
 

MT -0.082 0.187 -0.0669 -0.105 0.159 0.170 0.099 0.082 
 

TR 0.134 -0.0928 0.0843 0.167 -0.032 -0.071 -0.010 0.058 
 

Dry a 0.101 -0.0183 0.102 0.0856 0.122 0.132 0.070 0.086 
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  CVD hospital admission RD hospital admissions 

Season SSC All ages 0≤age ≤14 15≤age ≤64 Age ≥65 All ages 0≤age ≤14 15≤age ≤64 Age ≥65 
 

Moist a 0.0039 0.0207 0.0368 -0.0311 -0.012 0.009 -0.022 -0.038 
 

TR a 0.134 -0.0928 0.0843 0.167 -0.032 -0.071 -0.010 0.058 
 

Moderate b  0.140 -0.0373   0.0244 0.0011 0.111 0.124 0.063 0.067 
 

Polar b 0.130 0.0691 0.131 0.125 0.128 0.116 0.099 0.097 
 

Tropical  0.245 0.122 0.224   0.236 0.219 0.243 0.107 0.158 
 

TR b 0.134 -0.0928 0.0843 0.167 -0.032 -0.071 -0.010 0.058 

* P-value<0.05, **P -value<0.01, ***P -value<0.001. 

a Among the seven SSCs, [DM], [DP], and [DT] were combined into 'Dry', [MM], [MP], and [MT] into 'Moist', and [TR] was 'Transition'. 

b Among the seven SSCs, [DM] and [MM] were combined into 'Moderate', [DP] and [MP] into 'Polar', [DT] and [MT] into 'Tropical', and  TR. 
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4.4.2. Temperature variability effects on hospital admissions modified by season 173 

Cold season 174 

CVD and RD hospital admissions, due to temperature variations were fitted according to season and SSC weather 175 

conditions, and the estimated results showing season and SSC-specific estimates for TV over several exposure 176 

days are presented in Table 4 (CVD) and Table 5 (RD). During the cold season, TV increased the risks of CVD 177 

hospital admissions except at longer exposures (0-6 and 0-7 days). The risks of TV on CVD hospital admissions 178 

peaked at 0-2 days of exposure [2.67%, 95%: -0.29% -5.71%] and thereafter decreased until 0-7 days of exposure. 179 

TV positively and significantly affected RD hospital admissions during all exposure days. However, only 180 

significant effects appear at 0-2 and 0-7 days of exposure. The strongest impact [3.15%, 95% CI:0.21%-6.17%] 181 

of TV on RD hospital admissions appeared at longer exposures (0-7 days). 182 

Warm season 183 

During the warm season, TV had a positive and statistically significant effect on CVD hospital admissions during 184 

all exposure days except at 0-1 day, where the impact of TV was positive, however, not significant [2.17%, -95% 185 

CI: 0.05%-4.43%]. The risks of TV on CVD peaked at longer exposure days (0-6 and 0-7 days) in the warm 186 

season. In contrast, the risks of TV on RD hospital admissions peaked at short exposures (0-1 days) [3.58%, 95%: 187 

1.35%-5.85%] and decreased until 0-7 days of exposure. In general, the risks of CVD hospital admissions were 188 

higher than the risks of RD hospital admissions during the warm season on most exposure days.  189 

4.4.3. Effect modification of the association between TV and hospital admissions by SSC 190 

weather types 191 

Table 4 (CVD) and Table 5 (RD) present SSC-specific estimates for TV over several exposure days. The 192 

association between TV and hospital admissions generally differed according to synoptic weather conditions. 193 

According to the seven SSC types, immediate and adverse effects of TV on CVD hospital admissions were 194 

observed with MT weather conditions, with the highest effect estimates appearing at 0-3 days of exposure [6.72%, 195 

95% CI: 1.95%-11.71%] and thereafter the risks started to decrease until 0-7 days of exposure. For RD hospital 196 

admissions, positive and statistically significant effects appeared at 0-1 day [3.35%, 95% CI: 0.92%- 5.83%] and 197 

at 0-2 days of exposure [2.79%, 95% CI: 0.32%-5.32%] during DM weather conditions.  198 

From a temperature perspective, positive and significant effects of temperature variation on CVD hospital 199 

admissions appeared during moderate and tropical weather conditions. The greatest effect estimates were observed 200 

at longer exposures (0-7days) during moderate weather conditions [2.19%, 95% CI: 0.16%-4.26%] and at 0-3 201 

days of exposure during tropical conditions [4.76%, 95% CI: 1.15%-8.50%]. For RD hospital admissions, positive 202 

and significant effects of temperature variation appeared only during moderate weather conditions, with the most 203 

significant effects [3.03%, 95% CI: 1.11%-4.99%] occurring at short exposures (0-1 day).  204 

From a humidity perspective, statistically significant effects of TV on CVD hospital admissions were detected 205 

during the dry weather conditions and at longer exposure days, precisely at 0-5 days of exposure [2.45%, 95% CI: 206 
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0.34%-4.60%], at 0-6 days of exposure [2.17%, 95% CI: 0.11%-4.28%] and 0-7 days of exposure [2.13%, 95% 207 

CI:0.00%-4.31%]. The most significant effects [2.92%, 95% CI: 0.84%-5.05%] of temperature variability on RD 208 

hospital admissions appeared at short exposures (0-1 day) during dry weather conditions.  209 

In addition, age-specific effects were assessed, reporting for only short (0-1 day) and prolonged exposure days (0-210 

7 days). The 15-64-year age group had a high risk of CVD hospital admissions due to exposure to TV during most 211 

weather conditions. However, the elderly had increased risks of CVD hospital admissions during DM, and MT 212 

weather conditions (Figure 2: A). From a temperature standpoint, the elderly had the highest risk of CVD hospital 213 

admissions during moderate weather conditions. The 15-64-year age group had the strongest effect estimates for 214 

polar and tropical weather conditions. Similar results were observed when assessing TV risks on CVD hospital 215 

admissions at longer exposure days (0-7 days) (Figure 2: B), although the risks attenuated and were no longer 216 

significant during most weather conditions. 217 

Age-specific effects of TV on RD hospital admissions differed per SSC weather type. According to the seven 218 

weather types, the 0-14-year age group was more at risk of RD hospital admissions during DM conditions. The 219 

15-64-year age group had the highest risks of RD hospital admission during the DP, MM, and TR days. From the 220 

humidity standpoint, the 0-14-year age group had increased risks during the days with low humidity (dry) and the 221 

15-64-year age group during TR days. From a temperature standpoint, positive and significant increases were 222 

observed in all age groups during moderate weather conditions. However, the most significant effect estimates 223 

were observed for the 15-64-year age group during TR days (Figure 3:A). At longer exposure days, according to 224 

the seven SSC types, the 0-14-year age group was more vulnerable during DP, DT, MM, and MT weather 225 

conditions. From a humidity and temperature perspective, the highest estimates appeared during TR days for the 226 

15-64-year age group. 227 
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Table 4: Percentage change increase (95% CI) in all age cardiovascular hospital admissions associated with an inter-quartile range (IQR) increase in temperature 228 
variability (ᵒC) on different exposure days, adjusting for time trends, and seasonal variation, day of the week, and public holidays by synoptic weather type 229 
and season. 230 

Seasons or SSC type    Exposure days    

0-1 0-2 0-3 0-4 0-5 0-6 0-7 

Overall 2.21(0.57, 3.88) 2.74(1.06, 4.44) 2.55(0.92, 4.20) 2.24(0.61, 3.89) 2.51(0.90, 4.16) 2.24(0.64, 3.87) 2.19(0.52, 3.89) 

Cold  2.36(-0.49, 5.30) 2.67(-0.29, 5.71) 1.19(-1.65, 4.11) 0.13(-2.70, 3.04) 0.52(-2.40, 3.53) -0.30(-3.33, 2.82) -0.76(-4.01, 2.60) 

Warm  2.17(-0.05, 4.43) 2.37(0.13, 4.65) 2.31(0.10, 4.57) 2.24(0.01, 4.53) 2.71(0.45, 5.02) 2.85(0.60, 5.14) 2.85(0.65, 5.09) 

Dry moderate (DM.) 1.02(-1.52, 3.63) 0.95(-1.62, 3.59) 0.50(-1.94, 3.00) 1.09(-1.31, 3.54) 2.09(-0.26, 4.50) 2.21(-0.09, 4.57) 2.63(0.24, 5.07) 

Dry polar (DP.) -1.48(-10.26, 8.15) -0.68(-9.18, 8.61) -0.14(-7.76, 8.11) 2.97(-4.58, 11.13) 1.01(-5.72, 8.23) -1.49(-7.69, 5.13) -3.77(-9.83, 2.70) 

Dry tropical (DT.) 2.94(-2.57, 8.76) 3.06(-2.26, 8.67) 3.70(-1.70, 9.39) 2.59(-3.03, 8.53) 1.86(-3.90, 7.97) 0.65(-5.10, 6.75) -1.26(-7.12, 4.97) 

Moist moderate (MM) 0.91(-3.33, 5.33) 2.04(-1.92, 6.15) 1.92(-1.80, 5.79) 0.38(-3.29, 4.19) -0.12(-3.78, 3.69) -1.34(-4.95, 2.42) -1.63(-5.35, 2.22) 

Moist polar (MP) 2.50(-5.21, 10.8) 3.43(-3.20, 10.50) 3.13(-2.85, 9.49) -0.02(-5.49, 5.76) -1.19(-6.41, 4.33) -1.27(-6.39, 4.13) -2.16(-7.37, 3.35) 

Moist tropical (MT) 5.31(0.21, 10.7) 5.87(0.86, 11.14) 6.72(1.95, 11.71) 4.58(-0.02, 9.39) 2.55(-1.87, 7.17) 3.04(-1.28, 7.55) 2.79(-1.64, 7.42) 

Transition -0.06(-4.95, 5.09) 1.60(-3.52, 6.99) 4.12(-1.07, 9.58) 3.53(-1.63, 8.96) 1.81(-3.12, 6.99) 1.28(-3.55, 6.34) 0.42(-4.45, 5.53) 

Dry a 1.68(-0.50, 3.91) 1.66(-0.57, 3.95) 1.22(-0.94, 3.42) 1.75(-0.40, 3.94) 2.45(0.34, 4.60) 2.17(0.11, 4.28) 2.13(0.00, 4.31) 

Moist a 1.89(-1.29, 5.17) 2.57(-0.48, 5.72) 2.66(-0.25, 5.66) 0.82(-2.02, 3.75) 0.12(-2.68, 2.99) 0.11(-2.65, 2.96) 0.14(-2.71, 3.07) 

Transition a 1.36(-5.87, 3.38) 0.16(-4.62, 5.18) 2.53(-2.36, 7.66) 2.15(-2.75, 7.30) 0.98(-3.75, 5.95) 0.87(-3.79, 5.75) 0.42(-4.29, 5.37) 

Moderate b 1.53(-0.51, 3.61) 1.89(-0.14, 3.97) 1.37(-0.59, 3.36) 1.32(-0.63, 3.31) 2.14(0.17, 4.14) 1.86(-0.08, 3.85) 2.19(0.16, 4.26) 
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Seasons or SSC type    Exposure days    

0-1 0-2 0-3 0-4 0-5 0-6 0-7 

Polar b 0,62(-5.25, 6.86) 1.06(-4.22, 6.63) 0.97(-3.77, 5.94) 0.56(-3.91, 5.23) -0.57(-4.75, 3.79) -1.12(-5.15, 3.09) -2.48(-6.54, 1.77) 

Tropical b 3.7 (0.03, 7.55) 3.84(0.17, 7.64) 4.76(1.15, 8.50) 3.80(0.17, 7.57) 2.46(-1.13, 6.19) 2.82(-0.74, 6.51) 2.14(-1.51, 5.94) 

Transition b -0.63(-5.24, 4.20) 0.59(-4.23, 5.65) 3.18(-1.75, 8.36) 3.20(-1.75, 8.41) 1.71(-3.05, 6.71) 1.60(-3.10, 6.52) 0.79(-3.95, 5.76) 

Bold indicates significance. 
a Among the seven SSCs, [DM], [DP], and [DT] were combined into Dry, [MM], [MP], and [MT] into Moist, and [T] was Transition. 
b Among the seven SSCs, [DM] and [MM] were combined into moderate, [DP] and [MP] into Polar, [DT] and [MT] into tropical, and [T] was Transition 
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Table 5: Percentage change increase (95% CI) in all age respiratory hospital admissions per age group for every 1°C in TV0-1 days per IQR increase by synoptic 232 
weather type and season 233 

 

Seasons or SSC type 

Exposures days 

0-1 0-2 0-3 0-4 0-5 0-6 0-7 

Overall 2.77(1.21, 4.36) 2.43(0.84, 4.05) 1.14(-0.40, 2.70) 1.33(-0.21, 2.90) 1.17(-0.36, 2.72) 0.87 (-0.64, 2.40) 0.89(-0.68, 2.49) 

Cold 2.26(-0.24, 4.84) 2.66(0.07, 5.32) 0.63(-1.84, 3.17) 1.29(-1.21, 3.86) 1.99(-0.59, 4.64) 2.22(-0.48, 5.00) 3.15(0.21, 6.17) 

Warm 3.58(1.35, 5.85) 2.28(0.05, 4.55) 0.94(-1.23, 3.17) 0.78(-1.40, 3.01) 0.19(-1.99, 2.42) -0.26(-2.40, 1.93) -0.48(-2.57, 1.65) 

Dry moderate (DM) 3.35 (0.92, 5.83) 2.79 (0.32, 5.32) 0.99 (-1.33, 3.37) 0.56 (-1.70, 2.88) 0.06 (-2.14, 2.31) -0.28 (-2.41, 1.90) -0.11 (-2.31, 2.13) 

Dry polar (DP) 0.19 (-7.80, 8.87) 0.52 (-7.26, 8.94) 0.88 (-6.09, 8.37) 0.81 (-5.89, 7.98) -0.27 (-6.31, 6.16) 1.01 (-4.72, 7.09) 0.23 (-5.46, 6.26) 

Dry tropical (DT) -1.40 (-6.80, 4.32) -0.63 (-5.89, 4.93) 0.08 (-5.28, 5.74) 0.88 (-4.74, 6.82) 1.21 (-4.61, 7.39) 0.97 (-4.88, 7.18) -0.75 (-6.67, 5.55) 

Moist moderate (MM) -0.58 (-4.49, 3.50) 0.02 (-3.64, 3.81) -0.38 (-3.83, 3.20) 1.23 (-2.26, 4.86) 1.94 (-1.59, 5.59) 2.31 (-1.22, 5.96) 2.78 (-0.87, 6.56) 

Moist polar (MP) -0.24 (-7.19, 7.24) -1.07 (-7.02, 5.26) 0.73 (-4.73, 6.50) 1.45 (-3.70, 6.87) 2.23 (-2.77, 7.48) 2.44 (-2.47, 7.60) 2.90 (-2.17, 8.23) 

Moist tropical (MT) -0.20 (-5.14, 5.01) -0.90 (-5.75, 4.20) 0.54 (-4.14, 5.45) 0.86 (-3.78, 5.73) 2.19 (-2.42, 7.02) 1.74 (-2.71, 6.40) 0.38 (-4.10, 5.08) 

Transition -1.11(-5.72, 3.72) -1.19 (-5.95, 3.80) 1.60 (-3.24, 6.68) 2.84 (-2.04, 7.95) 3.47 (-1.25, 8.41) 2.97 (-1.64, 7.80) 2.73 (-1.96, 7.65) 

Dry a 2.92(0.84, 5.05) 2.64 (0.49, 4.84) 1.05 (-1.00, 3.15) 0.76 (-1.27, 2.83) 0.19 (-1.77, 2.19) -0.04 (-1.95, 1.91) -0.10 (-2.07, 1.91) 

Moist a -0.08 (-3.09, 3.02) -0.25 (-3.12, 2.71) -0.05 (-2.79, 2.77) 0.95 (-1.80, 3.77) 1.87 (-0.87, 4.70) 1.91 (-0.80, 4.69) 2.12 (-0.66, 4.99) 

Transition a -0.18(-4.55, 4.39) -0.60 (-5.14, 4.16) 1.83 (-2.81, 6.69) 2.83 (-1.86. 7.75) 3.43 (-1.12, 8.20) 2.85 (-1.61, 7.51) 2.92 (-1.64, 7.70) 

Moderate b 3.03(1.11, 4.99) 2.76 (0.84, 4.72) 0.87 (-0.98, 2.74) 1.05 (-0.79, 2.92) 0.75 (-1.08, 2.62) 0.49 (-1.33, 2.34) 0.77 (-1.11, 2.70) 
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Seasons or SSC type 

Exposures days 

0-1 0-2 0-3 0-4 0-5 0-6 0-7 

Polar b 0.02 (-5.28, 5.63) -0.48 (-5.29, 4.56) 0.97 (-3.41, 5.55) 0.83 (-3.30, 5.12) 0.65 (-3.24, 4.69) 1.13 (-2.65, 5.06) 0.91 (-2.95, 4.92) 

Tropical b -0.74(-4.29, 2.94) -0.93 (-4.49, 2.76) 0.33 (-3.22, 4.01) 0.28 (-3.32, 4.02) 1.00 (-2.63, 4.77) 0.60 (-2.96, 4.30) -0.89 (-4.51, 2.86) 

Transition b -0.67 (-5.06, 3.92) -1.10 (-5.62, 3.65) 1.77 (-2.87, 6.63) 2.40 (-2.27, 7.29) 2.82 (-1.70, 7.55) 2.24 (-2.20, 6.87) 1.88 (-2.64, 6.61) 

Bold indicates significance 
a Among the seven SSCs, [DM], [DP], and [DT] were combined into Dry, [MM], [MP], and [MT] into Moist, and [T] was Transition. 
b Among the seven SSCs, [DM] and [MM] were combined into moderate, [DP] and [MP] into 'Polar,[DT] and [MT] into tropical, and [T] was Transition 

234 
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235 

Figure 2: Percent increase in CVD hospital admissions per degree Celsius (°C) increase in TV in the 

individual weather types. (A) At 0-1 day of exposure and (B) at 0-7 days of exposure 
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 239 

Figure 3: Percent increase in RD hospital admissions per degree Celsius (°C) increase in TV in the 

individual weather types. (A) At 0-1 day of exposure and (B) at 0-7 days of exposure 
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4.5. Discussion 240 

4.5.1. Principal findings 241 

This is the first study conducted in Africa to investigate the effect modification of the association between TV and 242 

hospital admissions by season and spatial synoptic weather types. The findings of this study suggest that TV is 243 

associated with an increased risk of CVD and RD hospital admissions in Cape Town. The risk of hospitalisation 244 

for CVD was higher during the warm season. In contrast, RD hospital admissions were strongly associated with 245 

temperature variability during the cold season, particularly in longer TV exposures (0-7 days). A more significant 246 

increase in CVD hospital admissions appeared in MT weather conditions and DM weather conditions for RD 247 

hospital admissions. Season, SSC weather types, and age modify the TV-hospital admission association. Age-248 

specific risks differed by exposure days and SSC weather type. The 15-64-year age group generally had a higher 249 

risk of CVD hospital admissions during most weather conditions, except during DM, and MP conditions where 250 

the elderly were more likely to be hospitalised. Age-specific TV risks on RD hospital admissions differed by 251 

weather types and exposure days. During short TV exposure days, children were more at risk of TV during DM 252 

weather conditions. However, at long TV exposure days (0-7 days), children had higher risks of RD hospital 253 

during most weather conditions, except during TR days where the greatest and most significant risks were 254 

observed for the 15-64-year age group. The elderly were more at risk of RD hospital admissions during cool, 255 

cloudy, and humid days and light precipitation (i.e., MP and moist weather conditions from a humidity 256 

standpoint). 257 

4.5.2. Meteorological characteristics of the City of Cape Town 258 

Cape Town has four distinct seasons, autumn (1 March – 31 May), winter (1 June – 31 August), spring (1 259 

September – 30 November), and summer (1 December – 28/29 February), as defined by SAWS. The City of Cape 260 

Town has a Mediterranean-style climate with a Kӧppen-Geiger climate classification Cbs, (Tyson and Preston-261 

Whyte, 2000) with wet winters and dry, warm summers. Average temperatures are the highest in summer and the 262 

lowest in winter. These patterns are well demonstrated in the current study. The average temperatures were the 263 

lowest during the coldest weather types (DT and MP) and highest with hot weather types (DT). These weather 264 

patterns may affect vulnerable subpopulations' cardiovascular and respiratory systems, especially children, the 265 

elderly, and those with comorbidities (Kim and Lee 2019; Zha et al. 2021). 266 

4.5.3. Effect modification by season 267 

Previous studies established the presence of effect modification on health outcomes by season, air pollutants, and 268 

temperature indexes in the City of Cape Town (Adebayo-Ojo et al. 2022; Lokotola et al. 2020; Wichmann and 269 

Voyi 2012)  However, no studies extended its research to air mass and humidity conditions. Thus, the current 270 

study applied the SSC scheme to understand the health effects of temperature fluctuations on a synoptic level, 271 

considering the temperature and humidity levels.  272 

In the current study, season modified the association between TV and hospital admissions. TV-CVD hospital 273 

admissions associations were more significant during the warm season, consistent with other research that found 274 

the strongest TV-CVD associations in the warmer and monsoon season (Rahman et al. 2022). In contrast, a study 275 
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in China found increased myocardial infarction hospital admissions associated with temperature change during 276 

the cold season (Lam et al. 2018). Positive effects of TV on RD hospital admissions appeared in both seasons 277 

which aligns with a study in Spain that reported that cold and hot temperatures impacted respiratory hospital 278 

admissions (Martinez-Nicolas et al. 2015). Much of Spain has a similar climate as the City of Cape Town. The 279 

risks of RD hospital admissions were higher during the cold season (especially at longer exposure days) compared 280 

to TV effects during the warm season. A study conducted in China on elderly populations also reported higher 281 

risks of emergency respiratory hospital admissions during the cold season (Sun et al. 2018). Another study only 282 

found a significant association between TV and RD hospital admissions in winter (Rahman et al. 2022). Winter 283 

TV was generally associated with higher risks of RD emergency hospital admissions, and summer variability was 284 

associated with higher risks of CVD hospital admission. 285 

4.5.4. Linking hospital admissions with SSC 286 

TV effects on CVD hospital admissions were immediate in all weather conditions except during DP and 287 

transitional days. MT had adverse impacts on hospital admissions for cardiovascular diseases. Previous studies 288 

observed a similar effect on cardiovascular mortality by hot weather types (DT and MT) (Fonseca-Rodríguez et 289 

al. 2020; Sheridan and Lin 2014). Similar to research conducted in 45 large US cities (Kalkstein and Greene 290 

1997), a more significant impact on cardiovascular hospital admissions by MT than DT was observed in the 291 

current study. In contrast, a study conducted in the Czech Republic found a higher impact of CVD mortality 292 

produced by DT weather type (Urban and Kyselý 2018). From a humidity standpoint, high risks of CVD hospital 293 

admissions were observed on moist days. High humidity levels can affect the cardiovascular system in several 294 

ways. The body uses a thermoregulation process which uses several mechanisms to maintain an optimum internal 295 

body temperature of approximately 37°C (Osilla et al. 2022). For example, when high humidity levels, sweating 296 

and vasodilation occur to cool off or promote heat loss through radiation (Osilla et al. 2022; Zeng et al. 2017). 297 

Furthermore, behavioural adaptions, such as using air conditions and adjusting activity levels might help regulate 298 

the body's temperature (Hanna and Tait, 2015). From a temperature standpoint, significant effects of TV on CVD 299 

were observed during tropical weather conditions. Tropical weather conditions are classified by hot temperatures, 300 

high humidity levels and heavy rainfall (Kalkstein and Greene 1997; Kalkstein et al. 1996), these conditions can 301 

have an impact on cardiovascular health. A combination of these weather conditions and exposure to tropical 302 

weather conditions frequently results in dehydration. Blood's viscosity, or thickness, may rise as a result, making 303 

it more challenging for the blood to move through blood vessels (Keatinge et al. 1984; Neild et al. 1994). This 304 

can be especially risky for those who already have cardiovascular issues since it raises the possibility of fainting 305 

or other cardiovascular problems.  306 

The respiratory system, which is extremely sensitive to temperature variability, is an indicator for climate change 307 

and variability, oversees supplying the body with oxygen and removing carbon dioxide, and is highly sensitive to 308 

changes in temperature (D’Amato et al. 2015; Mirsaeidi et al. 2016). Previous studies associated respiratory 309 

diseases, such as asthma and pneumonia with temperature fluctuations and frequent changes in meteorological 310 

condition (Basu, 2009; Feng et al., 2021). In this current study, adverse TV risks on RD hospital admissions were 311 

observed with DM and DP weather types. DM had a higher impact on RD hospital admissions than other weather 312 

types. In contrast, a previous study conducted in Sweden observed high-temperature effects during moist tropical 313 
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weather (Fonseca-Rodríguez et al., 2020). The difference might be due to the weather metrics used. The previous 314 

study focused on summer temperature variability. From a humidity and temperature standpoint, moderate and dry 315 

weather conditions were associated with higher risks of RD hospital admissions. Low humidity levels can cause 316 

dryness in the respiratory system which can irritate and inflame the nasal passages, throat, and lungs. This can 317 

further increase the risks of respiratory illnesses, like flu, bronchitis, and the common cold (Sterling et al. 1985). 318 

Several biological mechanisms influence the relationship between temperature and respiratory diseases. 319 

Furthermore, it is clear from the current study that temperature changes can significantly impact respiratory health 320 

and that understanding these relationships is vital for public health interventions and disease prevention. 321 

4.5.5. Vulnerability according to age group 322 

Susceptibility varied by age groups for each weather condition. For example, children (0-14-years) were more 323 

susceptible to RD hospital admissions during DM and dry conditions (from a humidity standpoint). This is similar 324 

to a previous study which obtained more apparent results in children younger than 10-years. Specifically, the 325 

strongest effects were observed during dry weather conditions in spring and moist season (Kim and Lee 2019). 326 

Children's mucous membranes in their respiratory systems can become dry from low humidity levels, which 327 

increases their susceptibility to respiratory infections (Sterling et al. 1985). In general, the 15-64-years age group 328 

was more vulnerable to CVD hospital admission during most weather conditions except during DMdry moderate 329 

weather conditions where the elderly had the highest risks. There are several plausible reasons why the 15-64 age 330 

group had the highest risks, first according to census 2016, 65.7% of the population in Cape Town is dominated 331 

by those of working age (i.e. 15-64 years age group) (Small 2017). Second, this age group has high prevalence of 332 

risks factors such as high blood pressure, high cholesterol, diabetes, obesity, smoking, and physical inactivity. All 333 

these factors might also be related to job strain (GBD 2020; Nyberg et al. 2013) and combined, makes this age 334 

group prone to the grave effects of temperature fluctuations.  335 

4.5.6. Delayed and lagged effects up to eight preceding days 336 

Prior studies showed that the effects of hot temperatures on CVD and RD health outcomes can last up to five days 337 

after exposure and effects of cold temperatures can last between 10 to 20 days after exposure (Wang et al. 2021). 338 

Similarly, in the current study, the effects of TV appeared to last for several days after exposure depending on the 339 

weather conditions or SSC weather type. However, during hot weather types (DT and MT), the effects of TV 340 

lasted up to eight days of exposure. During MM conditions, positive effects of TV lasted up to five days of 341 

exposure. TV effects were delayed during DP and TR weather types with positive effects appearing after four 342 

days of exposure. Contrary to the previous study, (Kim et al, 2019) TV effects on RD hospital admission appeared 343 

to last up to five days during cold weather types. Furthermore, delayed effects were observed during DT, MM, 344 

and MT SSC weather types. The difference might be due to the different exposure variables investigated; the Kim 345 

et al., (2019) focused on mean temperature. The contrasting temporal effects observed in the current study 346 

compared to the systematic review, highlight the importance of considering specific weather conditions and 347 

exposure durations when assessing the impact of TV and humidity on CVD and RD hospital admissions. 348 

Regarding season, the effects of TV on CVD hospital admissions were delayed during the warm season and 349 

delayed for RD hospital admissions during the cold season. 350 



 

112 

 

4.5.7. Study limitations 351 

The current study has several limitations that should be acknowledged. First, the potential confounding by air 352 

pollutants was not examined, though a previous study on the health risks of TV in the City of Cape Town showed 353 

that air pollutants did not significantly influence the TV-hospital admissions association in the City of Cape Town 354 

(Makunyane et al. 2023). Second, the effects of SSC weather types per season was not assessed. Furthermore, the 355 

study focused on hospital admissions in the City of Cape Town. The study should be expanded to other geographic 356 

areas in South Africa. Additionally, the small number of hospital admissions might have reduced the precision of 357 

the estimates. 358 

4.6. Conclusions 359 

In conclusion, season, synoptic weather type, and age modify the association between TV and hospital admissions. 360 

The study found that CVD risks were higher during the warm season and the risks of RD hospital admissions 361 

during the cold season. The MM and DP weather types presented the most increased CVD and RD hospital 362 

admissions risks, respectively. TVs most potent age-specific effects were observed during the transition days for 363 

the 15-64-year age group. Children appeared more vulnerable during moist weather types and when humidity 364 

levels were low from a humidity standpoint. Application of the SSC scheme can provide insights into how 365 

atmospheric circulation patterns and synoptic weather types affect temperature and respiratory and cardiovascular 366 

hospitalisations. The occurrence of individual air masses can be forecast, providing helpful information for 367 

planning public health resources. This study's results imply that the synergistic effects of other environmental and 368 

meteorological factors should be considered when conducting risk assessments for health and climate-related 369 

work. This approach can also be applied to future climate scenarios, leading to a more comprehensive 370 

understanding of weather effects on population health. 371 
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Chapter 5: Manuscript addressing objective 4 

 

Chapter 5 presents a manuscript addressing o jecti e num er 5 which in estigated the association 

 etween TV,  D, and CVD mortality in fi e South African cities, namely Bloemfontein, Cape 

Town, Dur an, Johannes urg, and Gqe erha (formerly known as Port  liza eth) located in different 

Kӧppen-Geiger regions during the study period 2006–2016. 

 

The manuscript was summited to South African Medical Journal  and its tittled “Examination 

of the association between temperature variability and cardiovascular and respiratory 

mortality in South Africa, 2006–2016” 

The contents of this chapter are the same as the manuscript that is currently being review 

in the journal referred to above. For consistency and presentation purposes, the sectional 

numbering was amended to be consistent with the chapter numbering. 

  

https://samajournals.co.za/index.php/samj/index
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5.1. Abstract 

Background 

Evidence is limited on the impact of temperature variability (TV) on health in low-and-middle-

income countries (LMICs), such as South Africa. This study examined the association between 

TV and cardiovascular disease (CVD) and respiratory disease (RD) mortality in five South 

African cities. 

Methods  

Daily mortality and meteorological data in five South African cities (Bloemfontein, Cape 

Town, Durban, Johannesburg, and Gqeberha (formerly known as Port Elizabeth)) were 

collected from Statistics South Africa and the South African Weather Service (SAWS) from 

2006-2016. TV was calculated from the standard deviation of the minimum and maximum 

temperature during exposure days. City-specific risks were estimated using quasi-Poisson 

regression models combined with distributed lag nonlinear models, adjusting for potential 

confounders. A meta-analysis was conducted to obtain national estimates. The analysis was 

stratified by age and gender.  

Results 

A total of 213,875 cardiovascular and 114,887 respiratory deaths were recorded in the five 

cities during the study period. The risks with increasing TV were higher for RD mortality as 

compared to CVD mortality. The pooled estimates showed the highest and significant increase 

in RD mortality of 1.21(95% CI:1.04;1.38) per an increase in TV at 0-2 days from the 25th to 

the 50th percentile for all ages combined.  The elderly appeared more vulnerable to RD 

mortality than <65 years age group, with significant mortality risks per increase in TV at 0-2 

days (RR=1.18, 95% CI:1.04;1.32), 0-3 days (RR=1.16, 95% CI:1.04;1.28) and at 0-7 days 

(RR=1.12, 95% CI: 1.02;1.22) from the 50th to the 75th percentile. A stratified analysis showed 

the elderly and women as more vulnerable. The pooled results across the five cities suggested 

no statistically significant TV effect on CVD mortality. 

Conclusion 

In this study, it was demonstrated that more attention should be paid to TV in efforts to mitigate 

the grave effects of climate variability and to protect human health. The results can help in 

preparing health systems to cope with the health risks arising from climate change. 

 

Key words: Temperature variability, cardiovascular disease, respiratory disease, mortality, 

time series, South Africa 
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5.2. Introduction 

Non-communicable diseases (NCDs) are globally regarded as a cause of premature death .[1-2] 

Cardiovascular and chronic respiratory diseases are among the top five NCDs that were 

prioritised to reduce the global burden of mortality and morbidity at the third United Nations 

High-Level Meeting on NCDs.[3] A total of 71% of deaths that occur globally are attributable 

to NCDs, with 85% of these deaths occurring in low- and middle-income countries (LMICs) 

due to poor infrastructure and inadequate adaptation and mitigation strategies.[4-7] In 2017 

57,8% of all deaths in South Africa were NCDs, furthermore, diseases of the circulatory system 

(I00-I99) accounted for 18,4% of all deaths and diseases of the respiratory system (J00-J99) 

accounted for 9,5% of all deaths in South Africa.[8] 

Most global climate-related studies put more focus on the health impacts of the increases in 

mean temperatures and have paid relatively little attention to the health effects of TV.[5,9-10] 

Climate change not only causes an increase in average temperatures but also leads to greater 

fluctuations in temperature with its associated extremes.[10-12] Climate variability refers to the 

natural variations in climate patterns that occur over time, both on a regional and global scale. 

It includes variations in meteorological variables such as temperature, rainfall, and wind 

patterns.[13] Natural factors, such as changes in solar radiation or volcanic activity, or 

anthropogenic factors, such as land use or greenhouse gas emissions, are both considered as 

drivers of climate variability, and eventually, climate change. [13-14]  

To date, the impact of TV indicators on health outcomes in South Africa had been investigated 

in only two time-series epidemiological studies.[15-16] In the first study, the effects of various 

meteorological variables, including diurnal temperature range (DTR), on hospital admissions 

due to pneumonia in two government public hospitals in the Limpopo Province were 

investigated. The results indicated that an increase in pneumonia hospitalisations is 

significantly associated with an increase in DTR (an indicator of TV).[16] In the second study, 

the health effects of the composite index of inter- and intraday TV on CVD and RD hospital 

admissions in private hospitals in Cape Town were investigated. The researchers observed 

significant associations between an increase in TV and an increase in hospital admissions, even 

after controlling for several confounders.[15] The limitations of these studies include the fact 

that they are region-specific and that the results are not generalisable to other South African 

locations. Furthermore, one study used DTR as an exposure variable, which is another 

limitation as a multi-country study ascertained that the effects of TV last for several days before 
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exposure which is not captured by DTR.[10] Therefore, using an inter- or intraday TV index 

(such as DTR) might underestimate the risks of TV on health outcomes. It does not account for 

within-day variations and between days variations. These warrant more epidemiological 

studies assessing health risks associated with climate change and variability in South Africa. 

Consequently, the present study aims to extend the current knowledge on the health effects of 

climate variability and change in South Africa by examining the association between TV and 

CVD and RD mortality in five South African cities (namely Bloemfontein, Cape Town, 

Durban, Johannesburg, and Gqeberha). Secondly, stratification by age and gender was 

performed to identify potential effect modifiers of the association between TV and mortality. 

 

5.3. Methods 

5.3.1. Data collection 

Daily count data of CVD and RD deaths for the five cities were obtained from Statistics South 

Africa for the 11-year study period from 1 January 2006 to 31 December 2016. The mortality 

data were classified on the primary diagnosis and according to the International Classification 

of Diseases 10th  e ision codes (ICD10):  D (ICD10:J00−J99) and CVD (ICD10:I00−I99). 

Mortality data were stratified according to the following groups: (1) All ages combined (Total), 

(2) ages <64-years and ≥65-years, (3) females, and (4) males. Meteorological data for the five 

cities were obtained from the South African Weather Service (SAWS) and included hourly 

temperature (°C) and relative humidity (%). 

 

5.3.2. Study design and location 

For this study, a time-series epidemiological approach was followed. As a study area, five 

South African cities located in different Kӧppen-Geiger climatic zones have been included, 

namely Bloemfontein, Cape Town, Durban, Johannesburg, and Gqeberha. The geographic 

location of these cities is shown in Figure 1. These cities were also selected since they are the 

most populated cities in the country. They are therefore representative of the different climatic 

conditions experienced in South Africa with adequate data to justify the research. 
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Fig 1. Geographic locations of Cape Town, Bloemfontein, Durban, Johannesburg, and Gqeberha in South 

Africa 
 

5.3.3. Exposure definition 

As in previous studies, TV was calculated as the standard deviation of the minimum and 

maximum temperature values during the investigated exposure days. [10,17-18] For example, TV 

at 0-1 day of exposure was defined as the standard deviation of the minimum and maximum 

hourly temperatures during the same day as the health outcome (e.g., CVD mortality) and a 

day before the health outcome. TV at 0-2 days of exposure was defined as the standard 

deviation of the minimum and maximum hourly temperatures observed during the same day as 

the health outcome, a day before the health outcome and two days before the health outcome. 

Previous research reported the effects of TV on health outcomes to last for several days before 

the health outcome occurred. Therefore, the impact of TV for up to 0-7 days before mortality 

was investigated. 

  

5.3.4. Statistical analysis 

Previous studies have assumed the shape of the association between TV and health outcomes 

to be linear. [10,18-19] Contrary to these studies, a linearity test and Akaike’s Information 

Criterion (AIC) revealed that the association between TV and mortality to be non-linear and 

delayed in time for the five cities. To estimate the overall effect, a two-stage analytic approach 

using a distributed lag non-linear model (DLNM) combined with a quasi-Poisson generalised 

linear model was used to examine the exposure-response relationship and delayed effect 

between TV and mortality in the five cities. This approach has been used extensively in other 

multi-city and multi-country time-series epidemiological studies where heat-related human 

health effects, for example, hospital admissions or mortality, were investigated. [10,20-21] 
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CVD and RD mortality risks for each city were estimated in the first stage using the following 

regression model equation: 

 

ὉÌÏÇὓέὶὸ‌ ‍Ὕὠ ὲίὸὭάὩȟρρὨὪ ίὙὌȟσ ὝάὩὥὲȟ
‗Ὠέύ ίὭὲὸ‗Ὠέύ ὧέίὸ‏ὴόὦ                                                       

 

Mort indicates the daily count of CVD or RD mortality in a city, while Ὕὠ  denotes the cross-

basis matrix of TV and its lag structure in the DLNM, which differed from city to city and 

health outcome (CVD or RD). Refer to the appendix (Tables A1 and A2) for details of the 

specifications of the cross-basis function for each city. Three internal knots were placed at 

equally spaced TV percentiles (25th, 50th, and 75th) and for the lag structure, two internal knots 

at log values plus an intercept. The median (50th percentile) was selected as the reference value 

of the TV exposure variable to calculate the relative risks. The TV mortality association was 

reported at the 25th percentile, 75th percentile and 99th percentile relative to the reference value 

.ὲίὸὭάὩȟρρὨὪ denotes a natural cubic spline for calendar time to control for long-term 

and seasonal trends with df degrees of freedom for each year in the study period. The degrees 

of freedom ranged from four to eight for CVD models, and from five to nine for RD models. 

ὲίὙὌȟσ denotes the natural cubic spline with three degrees of freedom of relative humidityȢ 
ὝάὩὥὲȟ denotes a cross-basis function to account for the delayed and nonlinear effects of 

daily mean temperature. Similar to previous studies, a natural cubic spline with four degrees 

of freedom was used for the daily mean temperature and to capture the lags over time up to 21 

days.[10,18,21] The models included an indicator variable for the day of the week (Ὠέύ) and 

public holidays (ὴόὦ) which considered public holidays as well as other important events (e.g., 

election days). 

  

Additionally, to account for potential variations in the day-of-the-week (dow) variables due to 

seasonal fluctuations, the model included ὧέίὸ and ίὭὲὸ variables with yearly cycles. These 

variables were supplemented with interaction terms involving the day-of-the-week variables 

(Equations (1) and (2)).[22] 

 

ὧέίὸὧέί
ὸὭάὩς “

σφυȢςυ
                                  ρ 

ίὭὲὸίὭὲ
ὸὭάὩς “

σφυȢςυ
                                 ς 

 

In the second stage of the analysis, a meta-analysis was applied using a random effects model 

to obtain the pooled effect estimates for the TV-CVD and TV-RD mortality associations by 

age and gender. The heterogeneity of the exposure variables with the health outcomes in the 

five cities was assessed for all ages combined. A fixed-effect model was applied to summarise 

the pooled estimates where heterogeneity was insignificant, and a random-effect model was 

used where heterogeneity among the cities was suggested by a p-value < 0.1. The mvmeta 

package of the R statistical software (version 4.2.2, The R Foundation for Statistical 

Computing, Vienna, Austria) was used for the analysis. 

 

5.4. Results 

5.4.1. Descriptive statistics 

In this study, five cities were considered, covering the period from 2006 to 2016 (Table 1). In 

total 213,875 CVD and 114,887 RD deaths were recorded in the five cities. Durban had the 



 

122 

 

highest number of CVD deaths and Bloemfontein the lowest. Johannesburg had the highest 

number of RD deaths and Gqeberha the lowest. In all the cities, the highest number of CVD 

and RD deaths were observed amongst the elderly (≥65-years), while more CVD and RD 

deaths were recorded amongst females than males in all the cities. The time series of daily 

mean temperature and TV at short lags (0-1 day) and longer lags (0-7 days) for the five cities 

are displayed in Figure 2, where clear seasonal trends are depicted. 

  

5.4.2. City specific estimates 

The complex association between CVD or RD mortality and TV, at various exposure lags and 

levels, are illustrated in the three-dimensional graphs (Figures 3 and 4). The 50th percentile of 

TV level was applied as the reference level.  The mortality risks associated with an increase in 

TV (at difference exposure days) from the 50th to the 99th percentile, after adjusting for the 

confounders, are shown in Figures 5 and 6. In general, greater CVD effects appeared at short 

exposure days (0-1 day). The elderly and females were more vulnerable to die from CVD in 

most of the cities, except for Cape Town and Gqeberha. Delayed CVD risks were observed for 

males in Johannesburg. CVD risks were higher in Gqeberha as compared to the other cities. In 

general, there were positive associations between TV and RD mortality in all the cities and the 

effects appeared to last until 0-7 days of exposure. The elderly were more vulnerable to die 

from RD in Bloemfontein, Cape Town, and Johannesburg. Females were more vulnerable to 

RD deaths in Bloemfontein and Durban, while males were more vulnerable to RD deaths in 

Cape Town and Johannesburg. RD risks did not differ by age or gender in Gqeberha, while RD 

risks were generally higher in Bloemfontein and Johannesburg as compared to the other cities. 
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Fig 2. Time series distribution of TV and daily mean temperature for the five selected cities at short time 

lags (0-1 day) and longer time lags (0-7 days)
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Fig 3. Three-dimensional graphs illustrating the complex association between TV and CVD mortality in 

the five cities during the study period 2006–2016, with the 50th percentile level of TV as the reference 

level 
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Fig 4. Three-dimensional graphs illustrating the complex association between TV RD mortality in the five 

cities during the study period 2006–2016, with the 50th percentile level of TV as the reference level 
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Fig 5.  Age-specific effects of temperature on cardiovascular mortality at 0-1 days of exposure (A), 0-3 days 

of exposure (B), 0-5 days of exposure (C) and 0-7 days of exposure (D). Estimates are presented as 

relative risks (with 95% CI) per increase in TV from the 50th to the 99th percentile. 
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Fig 6. Age-specific effects of temperature on respiratory mortality at 0-1 days of exposure (A), 0-3 days of 

exposure (B), 0-5 days of exposure (C) and 0-7 days of exposure (D). Estimates are presented as 

relative risks (with 95% CI) per increase in TV from the 50th to the 99th percentile. 
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5.4.3. Meta-analysis 

The pooled results across the five cities suggested no statistically significant TV effect on CVD 

mortality. However, in general, the elderly and females were exposed to high CVD mortality 

risks with increasing TV (results not shown). In general, positive, and immediate RD mortality 

risks associated with TV at difference reference points (25th, 75th and 99th percentiles) were 

observed for all ages combined, and the risks remained positive for up to 0-7 days. An increase 

in RD mortality risks (RR=1.21 95% CI:1.04, 1.38) per TV (at 0-2 days of exposure) increase 

from the 25th to 50th percentile was observed for all ages combined. After stratification by 

age, statistically significant RD mortality risks per TV increase from the 50th to the 75th 

percentile were observed for the elderly at lag 0-2 days (RR=1.18, 95% CI: 1.04, 1.32), at lag 

0-3 days (RR=1.16, 95% CI: 1.04, 1.28) and lag 0-7 days (RR=1.12, 95% CI: 1.02, 1.22). In 

general, the elderly was exposed to a higher RD mortality risk, compared to the adults (<65-

years). Stratification by gender showed that the RD mortality risks differed by gender, refence 

points, and lags. For example, higher risks of RD mortality per TV increase from the 50th to 

the 75th percentile were observed at 0-1 days for females (RR=1.18 95% CI: 0.85, 1.50) while 

protective effects were observed for males (RR=0.99, 95% CI:0.85;1.13). In general, RD 

mortality risks were higher for males at long lags and females had higher risk at short lags.   
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Table 1. Meta-analysis of the relative risks of the association between RD mortality and TV. Models were adjusted for day of the week, public holiday, time, daily 

mean temperature and relative humidity 

Exposure Variable  Respiratory mortality 

 All ages <65 ≥65 Females Males 

TV0-1 Low a 1.04(0.90;1.18) 1.06(0.86;1.27) 0.91(0.77;1.05) 0.90(0.78;1.02) 0.96(0.83;1.08) 

 High b 0.99(0.85;1.13) 1.11(0.84;1.38) 1.04(0.89;1.19) 1.18(0.85;1.50) d 0.99(0.85;1.13) 

 Extreme high c 0.99(0.76;1.23) 0.98(0.78;1.18) 1.12(0.84;1.39) 1.04(0.65;1.43) d 0.99(0.76;1.23) 

TV0-2 Low a 1.21(1.04;1.38) * 1.22(0.94;1.50) 0.99(0.77;1.21) 0.87(0.64;1.09) 1.18(0.96;1.39) 

 High b 1.05(0.94;1.17) 1.03(0.91;1.16) 1.18(1.04;1.32) * 1(0.88;1.13) 1.05(0.94;1.17) 

 Extreme high c 1.04(0.85;1.22) 0.95(0.78;1.11) 1.12(0.91;1.35) 0.9(0.70;1.25) 1.04(0.85;1.22) 

TV0-3 Low a 1.18(0.92;1.45) d 1.05(0.84;1.25) 1.02(0.71;1.34) 0.91(0.66;1.55) 1.17(0.93;1.41) 

 High b 1.03(0.92;1.13) 1.04(0.9;1.19) 1.16(1.04;1.28) * 0.98(0.86;1.10) 1.03(0.92;1.13) 

 Extreme high c 1.01(0.79;1.22) 0.99(0.82;1.15) 1.09(0.88;1.31) 1.08(0.69;1.46) d 1.01(0.79;1.22) 

TV0-4 Low a 1.13(0.94;1.33) 1(0.80;1.20) 0.98(0.68;1.27) 0.92(0.68;1.16) 1.07(0.84;1.29) 

 High b 1.(0.9;1.09) 1(0.93;1.08) 1.07(0.97;1.17) 1.01(0.91;1.11) 1.00(0.90;1.09) 

 Extreme high c 0.95(0.77;1.33) 0.96(0.80;1.12) 1.07(0.85;1.29) 1.02(0.69;1.34) d 0.95(0.77;1.13) 

TV0-5 Low a 1.12(0.99;1.25) 1.05(0.85;1.24) 1.10(0.80;1.40) 0.98(0.75;1.21) 1.14(0.92;1.36) 

 High b 1.(0.91;1.10) 1.03(0.91;1.15) 1.09(0.98;1.19) 1.05(0.93;1.16) 1.00(0.91;1.10) 

 Extreme high c 0.98(0.8;1.15) 0.96(0.81;1.10) 1.07(0.89;1.26) 1.02(0.70;1.33) d 0.98(0.80;1.15) 

TV0-6 Low a 1.06(0.93;1.20) 1.03(0.83;1.22) 1.07(0.77;1.36) 0.96(0.72;1.20) 1.11(0.89;1.34) 

 High b 1.01(0.93;1.09) 1.04(0.94;1.14) 1.05(0.96;1.14) 1.01(0.92;1.09) 1.01(0.93;1.09) 

 Extreme high c 1.02(0.87;1.16) 0.93(0.81;1.05) 1.07(0.91;1.24) 0.96(0.66,1.27) d 1.02(0.87;1.16) 

TV0-7 Low a 1.05(0.92;1.18) 0.99(0.79;1.79) 1.02(0.73;1.32) 0.93(0.70;1.17) 1.07(0.85,1.29) 

 High b 1.05(0.97;1.14) 1.09(1.02;1.17) * 1.12(1.02;1.22) * 1.10(0.95;1.25) d 1.05(0.97;1.14) 

 Extreme high c 1.00(0.85;1.14) 0.91(0.78;1.03) 0.99(0.83;1.16) 0.90(0.72;1.07) 1(0.85;1.14) 

TV-temperature variability 
a low TV - reference at the 25th percentile 
b high TV - reference at 75th percentile 
c extreme high TV - reference at 99th percentile 
d Heterogeneity among the cities was suggested by a p-value < 0.1 from the test for heterogeneity. These cities were analysed by random effects 

*Statistically significant p-value<0.05 
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5.5. Discussion 

In this study distributed lag non-linear models, combined with quasi-Poisson generalised linear 

models were used to examine the exposure-response association and delayed effects between 

TV and mortality in five South African cities, located in different Kӧppen-Geiger climatic 

zones. The relationship between TV and mortality was found to be non-linear. This is contrary 

to findings in previous studies where a linear function for TV were considered. [10,23] However, 

prior studies that used intra- or interday TV also applied similar methods. [19,24-25] In general, a 

positive association between TV and mortality was observed in the five cities. In line with prior 

studies, the effects of TV appeared to last up to 0-7 days after exposure, [10,26-27] which 

emphasises the need to assess several lengths of TV and lags. In this study, the mortality risks 

did not increase with exposure days. Similar to Tian et al. (2019),[27] the highest risks were 

observed at 0-1 day of exposure. The difference in results might be because previous studies 

did not fully account for the non-linear and delayed effects of TV. 

 

The mortality risks varied across the five cities, with high risks observed in inland cities, 

especially in Bloemfontein, which denotes a semi-arid region. Similar to a previous study 

conducted in the semi-arid regions of China, females were more sensitive to RD mortality in 

Bloemfontein.[28] Inland cities tend to experience high TV due to physiographic factors, such 

as lack of oceans or seas, which act as moderating influences on temperature.[29] People might 

experience discomfort due to abrupt fluctuations in temperature throughout the day and 

between days, primarily because they lack adequate physiological and behavioural adaptations 

to cope with such changes.[30] People were more sensitive to mortality at long exposures to TV 

in coastal areas, such as Durban which experiences higher average temperatures, contrary to 

results by Guo et al. (2016)[10] where acute mortality risks were observed in warm areas. Further 

studies are needed to fully understand the difference in mortality in inland versus coastal areas. 

  

Consistent with previous studies, [23,31] RD mortality risks were generally higher than CVD 

risks. However, the results contradict the results of a recent study conducted in Cape Town 

which found higher risks of CVD hospital admissions as compared to RD admissions.[15] The 

difference might be due to the demographic characteristics of the study populations and health 

outcomes studied. This recent study also focused on hospital admissions, while the present 

study focused on mortality. Furthermore, the study population in the recent study was restricted 

to private hospital patients. The possible mechanism underlying the detrimental mortality risks 

associated with this needs to be explored in future. Furthermore, although several lengths of 

TV were assessed, different models were used to assess the health effects of TV on hospital 

admissions. 

  

The elderly population were likely more susceptible to TV, which is similar to findings from 

previous studies. This might be due to the degenerating thermoregulatory system linked with 

ageing, [10,27,32] as well as the greater prevalence of comorbidities, such as diabetes and 

hypertension. Furthermore, subgroup analysis showed that females were generally more 

affected by TV, which is consistent with previous studies. [33-34] Females are often considered 

more vulnerable to temperature changes due to a combination of physiological and societal 

factors. In addition, hormones, such as oestrogen, can influence how the body perceives 

temperature. Fluctuations in oestrogen levels during the menstrual cycle may contribute to 

varying temperature sensitivity in women.[35] 
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Strengths and limitations 

This study has some specific strengths. Firstly, this is the first multi-city study focusing on the 

relationship between TV and mortality in South Africa, using a composite index of intra- and 

interday variability.[10] Secondly, most of the studies that used the compositive index of TV 

assumed the association between TV and mortality to be linear.[10,18-19] In the present study, the 

non-linear and delayed effects of TV at different exposure days were investigated. Thirdly, 

cause-specific, age-specific, and gender-specific mortality was investigated. Fourthly, to test 

the robustness of the results, a range of sensitivity analyses were performed. 

 

This study also has some limitations. Firstly, this study was at the population level, and 

therefore, exposure misclassification may be a source of bias. Secondly, the cities included in 

the study are in urban areas and therefore, the results might not be generalisable to rural areas. 

However, the cities were in different Kӧppen-Geiger climatic zones. Thus, the results can be 

generalised to areas with similar climatic conditions. Thirdly, air pollutants which are known 

to confound heat and health associations were not controlled for due to the availability of 

adequate data. However, previous studies found little to no effect of air pollutants on the overall 

results. [15,36] Fourthly, stratification by season was not performed. 

 

Conclusion 

This study advances the knowledge of mortality risk factors in South Africa. The study found 

a positive association between TV and mortality. The increased risks of death due to TV 

highlight the importance of assessing the health effects of other indicators of climate change, 

and not only focusing on mean temperature. However, little to no statistically significant effects 

of TV on CVD mortality were observed, with the elderly and females more vulnerable. 

Significant RD mortality risks were observed at the national level. Furthermore, the elderly 

were more vulnerable to RD mortality; in terms of gender in general, females were more 

vulnerable. Further research can provide a more comprehensive understanding of the mortality 

risks associated with TV exposure, allowing for more targeted and evidence-based policies and 

interventions. This study could help policymakers and clinicians to inform public health 

strategies and clinical practices aimed at reducing mortality rates and improving the overall 

health of the population, especially among vulnerable groups, like the elderly and females. 
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Appendix 

 
Table A 1. Specifications of the cross-basis function of TV by city when the outcome was CVD mortality 

City TV Lag structure 

Bloemfontein ὰὭίὸ ὪόὲͼὲίͼȟὨὪ τ ÁÒÇÌÁÇὪόὲͼὦίͼȟὨὩὫὶὩὩσȟὯὲέὸίὰὯ 
Cape Town ὰὭίὸ ὪόὲͼὲίͼȟὨὪ τ ÁÒÇÌÁÇὪόὲͼὦίͼȟὨὩὫὶὩὩσȟὯὲέὸίὰὯ 
Durban ὰὭίὸ ὪόὲͼὲίͼȟὨὪ τ ὥὶὫὰὥὫὪόὲͼὲίͼȟὨὪ τȟὯὲέὸίὰὯ 
Johannesburg ὰὭίὸ ὪόὲͼὲίͼȟὨὪ τ ὥὶὫὰὥὫὪόὲͼὲίͼȟὨὪ τȟὯὲέὸίὰὯ 
Gqeberha ὰὭίὸ ὪόὲͼὲίͼȟὨὪ τ ὥὶὫὰὥὫὪόὲͼὲίͼȟὨὪ τȟὯὲέὸίὰὯ 
ὲί natural cubic spline with four degrees of freedom 

ὦίК – B-spline with three degrees of freedom 

Lk – quantile (TV01, c (.25, .50, .75), na.rm = T) 

 

 

 
Table A 2. Specifications of the cross-basis function of TV by city when the outcome was RD mortality 

City TV Lag structure 

Bloemfontein ὰὭίὸ ὪόὲͼὲίͼȟὨὪ τ ÁÒÇÌÁÇὪόὲͼὦίͼȟὨὩὫὶὩὩσȟὯὲέὸίὰὯ 
Cape Town ὰὭίὸ ὪόὲͼὲίͼȟὨὪ τ ÁÒÇÌÁÇὪόὲͼὦίͼȟὨὩὫὶὩὩσȟὯὲέὸίὰὯ 
Durban ὰὭίὸ ὪόὲͼὲίͼȟὨὪ τ ὥὶὫὰὥὫὪόὲͼὲίͼȟὨὪ τȟὯὲέὸίὰὯ 
Johannesburg ὰὭίὸ ὪόὲͼὲίͼȟὨὪ τ ὥὶὫὰὥὫὪόὲͼὦίͼȟὨὩὫὶὩὩσȟὯὲέὸίὰὯ 
Gqeberha ὰὭίὸ ὪόὲͼὲίͼȟὨὪ τ ὥὶὫὰὥὫὪόὲͼὲίͼȟὨὪ τȟὯὲέὸίὰὯ 
ὲί natural cubic spline with four degrees of freedom 

ὨὪ =degrees of freedom 

ὦί- B-spline with three degrees of freedom 

lk- quantile (TV01, c (.25, .50, .75), na.rm = T) 
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Table A 3. CVD and RD mortality in five South African cities, 2006–2011 

 Bloemfontein Cape Town Durban Johannesburg Gqeberha 

CVD 

Total 15348 60654 62623 51653 23597 

Age groups      

  <65-years 6899 22811 27529 24562 10408 

  >65-years 8442 37791 35007 26907 13179 

  Missing 7 52 87 184 10 

Gender      

  Females 8260 31377 33308 26258 12977 

  Males 7073 29214 29278 25182 10603 

  Missing 15 63 37 213 17 

RD 

Total 13298 24417 30071 34584 12517 

Age groups      

  <65-years 9796 12588 21361 23489 7805 

  >65-years 3493 11768 8604 10794 4701 

  Missing 9 61 106 301 11 

Gender      

  Females 6262 10895 14266 16093 5845 

  Males 7017 13450 15764 18239 6650 

  Missing 19 72 41 252 22 
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Chapter 6: Manuscript addressing objective 5 

Chapter 6 presents a manuscript addressing objective number 5 which investigate the effect 

of modification of weather types on the association between TV, RD, and CVD in five 

South African cities, namely Bloemfontein, Cape Town, Durban, Johannesburg, and 

Gqe erha located in different Kӧppen-Geiger regions during the study period 2006–2016. 

 

The Manuscript was submitted to Environmental Research, and it is titled “Effect 

modification of the association between temperature variability and mortality by spatial 

synoptic classification weather types in five South African cities”. 
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Temperature variability and daily mortality interactions with spatial weather type and 

season in five South African cities. 
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1. School of Health Systems and Public Health, Faculty of Health Sciences, University of Pretoria, 

Pretoria, South Africa. 
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Highlights 

¶ We in estigated the association  etween temperature  aria ility and cardiorespiratory 

mortality, along with possi le effect modification  y season and spatial synoptic 

classification (SSC) weather types. 

¶ Temperature  aria ility increases was associated with mortality at national le el. 

¶ Mortality risks were higher during the warm season as compared to the cold season. 

¶ The effect was modified  y season, SSC weather types, gender, and age. 
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6.1. Abstract 

This study investigated the effects of temperature variability (TV) on cardiorespiratory 

mortality and its modification by spatial synoptic classification weather types and season in 

fi e South African cities located in different Kӧppen-Geiger climatic zones.  City-specific daily 

death counts, meteorological data and daily SSC weather type calendar were obtained from 

2006 to 2016. Quasi-Poisson generalised linear regression and distributed lag non-linear model 

(DLNM) were used to estimate the association between the TV and cardiorespiratory (CVD: 

I00-I99 and RD: J00-J99) mortality. The study further examined vulnerability by age (<65 or 

≥65) and gender (females or males). In total,  28  62 deaths occurred during the study period 

in the five cities. At national level, a 1°C increase in TV at lag 0 was associated with a 

significant increase of 1.08 (95% CI:1;1.17) in cardiorespiratory mortality. Higher effects of 

TV were observed in the warm season (RR=1.15, 95% CI: 1; 1.29). Stratified analysis showed 

individuals ≥65-years and females were more sensitive to TV in the warm season, while 

individuals <65-years and males were more vulnerable during the cold season. For the entire 

study population, greater association was observed during moist tropical (MT) weather 

conditions in Bloemfontein (1.87 95% 0.96-3.63), dry tropical (DT) weather conditions in Cape 

Town (1.27 95% CI0.83-1.95), moist moderate (MM) weather conditions in Johannesburg 

(1.35, 95% CI:0.51-3.56), and during transitional (TR) weather conditions in both Durban 

(1.17, 95% CI0.63-2.19) and Gqeberha (1.35, 95% CI:0.51-3.56). Our findings demonstrate 

that mortality risks of TV differ by season and SSC weather types. It is anticipated that the 

results presented in the present study will increase awareness among the public health 

community and policy makers regarding climate-related factors that make it challenging to 

provide a straightforward assessment of the effects of temperature changes on human health. 

Key words: cardiorespiratory, mortality, weather types, South Africa, effect modification. 
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6.2. Introduction 

Climate change affects health in a myriad of ways (WHO, 2021). Previous studies associated 

climate change with worse human health (Rocque et al., 2021). Global warming might not only 

increase annual ambient mean temperatures, it can also increase temperature variation (Cheng 

et al., 2017; Guo et al., 2021). The health effects of temperature variability (TV) occur over 

several days and can be delayed in time (Guo et al., 2016; Liu et al., 2023; Makunyane et al., 

2023a; Wang et al., 2021; Yang et al., 2018). For example, a study in China found that 

increased daily TV was associated with increased risks of cardiovascular and respiratory 

mortality at longer exposure days (Yang et al., 2018). Prior studies that investigated  effects of 

intra- (e.g. diurnal temperature range) or interday (temperature changes between two adjacent 

days) TV separately, might have underestimated mortality risks related to TV, since they did 

not consider the lag effect (Guo et al., 2016; Liu et al., 2023; Wu et al., 2022). 

Several studies used a wide variety of techniques to examine the relationship between health 

outcomes and a suite of weather variables, including a spatial synoptic classification (SSC) 

scheme (Fonseca-Rodríguez et al., 2019; Fonseca-Rodríguez et al., 2021; Hondula et al., 2014; 

Kim and Lee, 2019; Nunez, 2023; Sheridan and Lin, 2014; Vanos et al., 2015). For example, 

exposure to SSC weather types was associated with increased emergency medical service calls 

for cases related to asthma incidents (Nunez, 2023). A study conducted in Sweden also 

associated tropical weather conditions with increased risks of cardiorespiratory mortality at 

short lags (Fonseca-Rodríguez et al., 2020). SSC is a classification system that categorises 

weather conditions into one of seven distinct categories based on their atmospheric patterns, 

allowing for a more comprehensive analysis of the relationship between weather and their 

potential impact on human health (Hondula et al., 2014; Sheridan, 2002). The application of 

SSC in epidemiological or health-related studies has been undertaken by relatively few 

researchers (Hondula et al., 2014; Kim and Lee, 2019), especially in developing countries.  

A previous study showed that temperature modified the association between ischaemic stroke 

hospital admissions and diurnal temperature range (DTR) (intraday indicator for TV). 

particularly, a significant interactive effect between DTR and temperature was observed (He 

et al., 2021). In this study, an attempt is made to investigate whether ambient weather 

conditions modify the TV-mortality association. Consequently, the objective of this study was 

to investigate whether season and SSC weather types modify the association between TV and 

cardiorespiratory mortality in five South African cities using quasi-Poisson time series models 
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along with distributed non-linear models. Specifically, this study assessed (a) the association 

between TV and cardiorespiratory mortality in five South African cities; (b) the effect of season 

on cardiorespiratory mortality and TV association; (c) the effect of synoptic weather types on 

cardiorespiratory mortality and TV association.Vulnerability by age and gender was also 

investigated. 

6.3. Materials and Methods 

6.3.1. Study population 

This study was performed in fi e South African cities located in different Kӧppen-Geiger 

climatic zones, namely Bloemfontein, Cape Town, Durban, Johannesburg, and Gqeberha 

(formerly known as Port Elizabeth). Mortality data for each of the five cities for the period 1 

January 2006 to 31 December 2016 was obtained from Statistics South Africa. The daily totals 

of cardiorespiratory mortality (hereafter referred to as mortality) stratified by age (<65 and 

≥65) and gender were calculated by aggregating daily counts of cardiovascular disease (CVD) 

(I00−I99) and respiratory disease (RD) (J00−J99). Total cardiorespiratory mortality pro ides 

a comprehensive understanding of mortality related to both respiratory and cardiovascular 

causes, which are often interrelated. Examining the combined mortality provides a better 

understanding of the shared risk factors and develops targeted interventions to address them. 

6.3.2. Meteorological and other environmental data 

Meteorological data including hourly temperature (°C), relative humidity (%), wind speed 

(km/h) and rainfall (mm), and barometric pressure (kPa) was obtained from the South African 

Weather Service (SAWS). Temperature variability for the preceding two days (TV0-1) was used 

as the exposure variable. This was motivated by a previous study conducted in the same region 

which showed that highest mortality risks of TV were observed at 0-1 day of exposure 

(Makunyane et al., 2023a). It was derived using the standard deviation of the minimum 

temperature at lag 0, maximum temperature at lag 0, minimum temperature at lag 1 and 

maximum temperature at lag 1 (Guo et al., 2016; Tian et al., 2019). The SSC weather-type 

calendar classifying a day’s meteorological conditions into one of the se en weather-type 

categories, namely dry moderate (DM), dry polar (DP), dry tropical (DT), moist moderate 

(MM), moist polar (MP), moist tropical (MT), and transition (TR) was downloaded from  

http://sheridan.geog.kent.edu/ssc3.html. It uses the stations’ latitude and weather data to 

classify each day into one of the seven distinct weather type categories. 

http://sheridan.geog.kent.edu/ssc3.html
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6.3.3. Statistical methods 

A previous study in South Africa revealed the association between TV and mortality to be non-

linear and delayed in time (Makunyane et al., 2023a), similar to several previous studies this 

ascertained that the impact of climate and weather indicators on health does not only depend 

on the presence or absence of the exposure variable, but also varies through time (Guo et al., 

2016; Tian et al., 2019; Zha et al., 2021). To assess the shape of the association between TV 

and mortality, a natural cubic spline was applied and Akaike Information Criterion (AIC) were 

used to select the model with minimum AIC values, these approaches were used in previous 

studies (Cheng et al., 2017; Tian et al., 2019). Consequently, a linear function was used for TV 

for the City of Cape Town and Johannesburg. A natural cubic spline with four degrees of 

freedom was used for TV and a B-spline with three degrees was used to capture the lag space 

up to 21 days in Bloemfontein. A natural cubic spline with four degrees of freedom was used 

for both TV and to capture the lag space up to 21 days in Durban and Gqeberha. For the 

distributed lag non-linear models (DLNM) functions of TV, three internal knots were placed 

at equally spaced temperature percentiles (25th, 50th, and 75th). In line with previous studies, 

several confounders were controlled for, and AIC was used to select the optimum model 

options for each variable included in the model (Cheng et al., 2017; Gasparrini, 2014; Guo et 

al., 2016; Zha et al., 2021). 

Long term trends (time) were controlled for using natural cubic spline with varying degrees of 

freedom for each city summarised in Table A1. Indicator variables were used to control for the 

potential variations in the day of the week and public holiday’s variables due to seasonal 

fluctuations between TV and mortality. To account for the non-linear and delayed effects of 

daily mean temperature, a DLNM term was included in the model. Specifically, a natural cubic 

spline function with four degrees of freedom was used for daily mean temperature, and to 

capture the lags over time up to 21 days. Three internal knots were placed at equally spaced 

temperature percentiles (25th, 50th, and 75th). To adjust for the confounding effects of relative 

humidity, a natural cubic spline with three degrees of freedom was used. 

Consequently, the mortality risks in each city were estimated using the following model: 

 ὉÌÏÇὣ ‌ Ὕὠ ὲίὸὭάὩȟρρὨὪ ίὙὌȟσ ὝάὩὥὲ‗Ὠέύ

                       ὴόὦ‏  
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Such that ὉÌÏÇὣ  is the expected count of cardiorespiratory mortality on day Ὥ, Ὕὠ   and 

ὝάὩὥὲ denotes two dimensional cross-basis matrices produced by DLNM for TV index and 

daily mean temperature respectively, Ὠέύ and ὴόὦ denotes indicator variables for day of the 

week and public holiday. The overall cumulative effects of TV up 21 days was reported, the 

selection of 21 days was based on the evidence from prior studies effects of hot temperatures 

that can last up to five days after exposure and effects of cold temperatures up 21 days after 

exposure (Wang et al., 2021). To examine whether season or weather types modified the effects 

of TV on mortality, an analysis of variance (ANOVA) test was used to test whether there is 

significant interaction between TV and season or weather types, and if there was, then the 

stratification was performed.  

Effects of TV on mortality were presented as relative risks (RR, with 95% CI of TV increases) 

(5% and 95% percentiles of TV) along specified lags (0, 7, 14, and 21) with the median as the 

reference point. A stratified analysis was also conducted to explore the associations across age 

groups and gender in each city. 

All data analysis were performed in R statistical software (v4.1.2; R Core Team 2022), with 

the ‘DLNM’ package used to fit the relationship between TV and mortality. 

6.4. Results 

6.4.1. Descriptive statistics 

In total, 328 762 deaths occurred during the study period in the five cities (Table A2). The 

highest number of deaths were observed in Durban and the lowest were observed in 

Bloemfontein. In terms of age groups, the highest number of daily deaths was observed for the 

adults (<65-years) age group for all the cities, except for Cape Town where 58.3% of deaths 

were in the elderly group. In terms of season, the highest number of deaths occurred during the 

warm season.  

Figure1 and Table A3 show the distribution of the daily SSC weather types by season. The 

order of the frequencies of the weather types from the highest in each city was as follows, DM, 

DT, TR, MT, DP, DP, MM, and MP in Bloemfontein. DM, MM, MT, TR, DT, DP, and MP in 

Cape Town. MT, DM, MM, TR, MP, DP, and DT in Durban. DM, DT, MT, TR, MM, DP, and 

MP in Johannesburg. DM, MM, MT, DP, MP, and DT in Gqeberha.  The highest proportions 

of the SSC weather types during the warm season were as follows, DT (25.2%) and DM 
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(14.2%) in Bloemfontein, DM (21.7%) and MT (20.7%) in Cape Town, MT (24.6%) and MM 

(9.3%) in Durban, DM (17.4%) and MT (16.4) in Johannesburg, and MT (23.1%) and DM 

(18.8%) in Gqeberha. DM accounted for most of the days during the cold season in all the five 

cities. 

Figure 2 and Table A4 show the characteristics of mortality by each of the seven SSC weather 

types. During the warm season, the daily average cardiorespiratory mortality were higher on 

DT days in Bloemfontein, on DP days (N=44) in Cape Town, on DM (N=371) and TR (N=188) 

days in Durban, on DP (N=70) days in Johannesburg, and on DT (N=27) Gqeberha days. 

During the cold season, the daily average of cardiorespiratory deaths was higher on 

DM(N=818) days in Bloemfontein, on DT (N=35) and TR (N=121) days in Cape Town, on 

MP (N=20) and DM (N=393) days in Durban, on TR (N=129) days in Johannesburg, and on 

DT (N=41) and TR (N=213) days in Gqeberha. 
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Fig 1. Frequency distribution of SSC weather types according to seasons in five South African cities, during 2006–2016. The whole study period was divided into 

warm (January to April, and September to December) and cold (May to August) seasons 
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Fig 2. Daily cardiorespiratory mortality in the five cities by season and spatial synoptic weather types during 2006–2016 
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6.4.2. Association between TV and cardiorespiratory mortality 

Fig.3 and Fig.4 present the cumulative overall relative risk (RR) (95% CI) of mortality along 

TV, with TV referenced at the 50th percentile in each city. The 95% CIs are represented by the 

shaded areas. The estimated associations for mortality and TV peaked at low TV values and 

kept decreasing and protective effects were then observed. However, in Bloemfontein and 

Gqeberha, the associations started to increase again when TV crossed the 50th percentile. In 

Durban, the mortality risks peaked again at extremely high TV values.  

With the 50th percentile of TV as the reference (10°C in Bloemfontein, 7°C in Johannesburg 

and 5°C in Cape Town, Durban, and Gqeberha respectively), the RR for mortality associated 

with TV at lag 0, lag 0-7, lag 0-14 and lag 0-21 days for the full year are presented in Table 1. 

For the full year, the strongest effect of TV was observed at lag 0 for Bloemfontein (2.07, 95% 

CI: 0.85-5.03), Cape Town (1.05, 95% CI: 0.95-1.17), Johannesburg (1.12, 95% CI: 0.95-1.33) 

and Gqeberha (1.21, 95% CI: 0.45-3.27). In contrast, the strongest effect of TV was observed 

at lag 0-21 days for Durban (3.42, 95% CI: 0.79-14.88) (Table 1). Meanwhile, season-specific 

analysis showed stronger effects of TV during the cold season in Bloemfontein, Durban, and 

Johannesburg. In contrast, stronger effects were observed during the warm season in Gqeberha 

(Table A5). Furthermore, Figure 5 shows season-specific lag-response curves for the cities 

where a TV mortality association was non-linear and delayed. Significant effects were 

observed from lag 9 to 21 during the warm season in Bloemfontein and the greatest effects 

were observed at lag 21 in the cold season. The highest effects were observed at lag 5 in Durban 

during the warm season and at lag 2 during the cold season. In Gqeberha, the highest effects 

were observed at lag 2 and lag 4 during the warm and cold seasons respectively.  

In terms of age, the effect estimates were greater for older individuals ≥65 except in Cape 

Town. The risks were similar across the age groups in Johannesburg. According to season, the 

risks were generally greater for people ≥65-years during the warm season and higher for people 

<65-years during the cold season (Table A.5). Females were more vulnerable to TV than males 

for the full year, however, the risks were similar for females and males in Cape Town (Table 

1).  During the warm season, females had higher risks of mortality in all five cities, except for 

Johannesburg. Males were generally at more risk of dying during the cold season (Table A.4). 

Table 2 shows the season-specific pooled association between TV and mortality at lag 0. 

Stronger TV effect (RR=1.15, 95% CI: 1;1.29) was observed in the warm season for the entire 

population. Higher risks of TV-related mortality (RR=1.38,95% CI: 1.14;1.63) were observed 

in the cold season for the <65-years age group and in the warm season for individuals ≥65-

years (RR= 2.46, 95% CI: 1;3.91). Females were more vulnerable in the warm season and 

males were more vulnerable during the cold season. 
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Fig 3. Overall RR (95% CI) of mortality with TV referenced at 50th percentile in Bloemfontein, Cape Town, and 

Durban, from 2006–2016. The 95% CIs are represented by the shaded parts 
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Fig 4. Overall RR (95% CI) of mortality with TV referenced at 50th percentile in Johannesburg and Gqeberha, 

from 2006–2016. The 95% CIs are represented by the shaded parts 
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Table 1. Cumulative effects of TV on daily cardiorespiratory mortality for lag periods by city, age, and gender in South Africa, 2006–2016 

 RR (95% CI)     

City Total <65 ≥65 Female Males 

Bloemfontein      

Lag 0 2.07 (0.85;5.03) 1.31 (0.42;4.13) 3.56 (0.93;13.59) 2.77 (0.82;9.32) 1.48 (0.43;5.17) 

Lag 0-7 0.96 (0.81;1.15) 0.89 (0.7;1.11) 1.1 (0.84;1.44) 0.87 (0.68;1.11) 1.08 (0.84;1.39) 

Lag 0-14 1.1 (0.93;1.3) 1.05 (0.85;1.3) 1.15 (0.9;1.47) 1.14 (0.91;1.44) 1.06 (0.84;1.33) 

Lag 0-21 0.85 (0.26;2.83) 1.11 (0.25;5.06) 0.5 (0.08;3.23) 1.44 (0.28;7.53) 0.47 (0.09;2.49) 

Cape Town      

Lag 0 1.05 (0.95;1.17) 1.14 (0.97;1.34) 0.99 (0.87;1.13) 1.1 (0.96;1.27) 1.01 (0.87;1.16) 

Lag 0-7 0.98 (0.94;1.02) 0.95 (0.89;1.01) 1 (0.95;1.06) 0.96 (0.91;1.02) 1 (0.94;1.06) 

Lag 0-14 0.91 (0.76;1.09) 0.79 (0.59;1.05) 1.01 (0.8;1.28) 0.84 (0.65;1.08) 0.99 (0.77;1.27) 

Lag 0-21 0.85 (0.61;1.17) 0.66 (0.4;1.09) 1.02 (0.67;1.55) 0.73 (0.46;1.15) 0.98 (0.63;1.54) 

Durban      

Lag 0 1.27 (0.73;2.2) 1.11 (0.52;2.37) 1.51 (0.67;3.41) 1.67 (0.79;3.56) 0.95 (0.42;2.13) 

Lag 0-7 0.92 (0.81;1.04) 0.84 (0.71;1) 1.02 (0.85;1.23) 0.94 (0.79;1.11) 0.9 (0.75;1.08) 

Lag 0-14 1.58 (0.89;2.78) 1.26 (0.56;2.85) 1.94 (0.87;4.32) 1.8 (0.83;3.93) 1.41 (0.62;3.21) 

Lag 0-21 3.42 (0.79;14.88) 2.55 (0.31;20.77) 4.3 (0.53;34.6) 4.5 (0.6;33.81) 2.74 (0.33;23.07) 

Johannesburg      

Lag 0 1.12 (0.95;1.33) 1.15 (0.92;1.44) 1.12 (0.88;1.44) 1.16 (0.91;1.48) 1.1 (0.88;1.39) 

Lag 0-7 1 (1;1) 1 (1;1) 1 (1;1) 1 (1;1) 1 (1;1)  
Lag 0-14 0.89 (0.75;1.06) 0.87 (0.7;1.09) 0.89 (0.69;1.14) 0.86 (0.68;1.1) 0.9 (0.72;1.14) 

Lag 0-21 0.79 (0.56;1.12) 0.76 (0.48;1.18) 0.79 (0.48;1.3) 0.75 (0.46;1.22) 0.82 (0.52;1.29) 

Gqeberha      

Lag 0 1.21 (0.45;3.27) 0.58 (0.14;2.35) 2.33 (0.6;9.1) 1.28 (0.34;4.81) 1.12 (0.27;4.6) 

Lag 0-7 1.04 (0.87;1.24) 1.06 (0.82;1.36) 1.03 (0.8;1.32) 1.12 (0.88;1.42) 0.96 (0.74;1.24) 

Lag 0-14 0.98 (0.51;1.87) 1.2 (0.49;2.95) 0.78 (0.32;1.93) 0.98 (0.41;2.34) 0.96 (0.38;2.4) 

Lag 0-21 0.86 (0.14;5.41) 1.29 (0.1;16.65) 0.53 (0.04;6.77) 0.7 (0.06;8.21) 1.02 (0.08;13.77) 
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Table 2. Meta-analysis of the relative risks of the association between cardiorespiratory mortality and TV at lag 0. Models were adjusted for day of the week, public 

holiday, time, daily mean temperature, and relative humidity 

Group Full year Warm season Cold season 

Total 1.08(1;1.17) 1.15(1;1.29) 1.18(0.92;1.44) 

<65 1.14(1.02;1.26) 1.11(0.90;1.32) 1.38(1.14;1.63) 

≥65 1.72(0.88;2.56) 2.46(1;3.91) 1.06(0.73;1.39) 

Female 1.35(0.97;1.74) 1.72(0.95;2.50) 1.19(0.62;1.77) 

Males 1.04(0.92;1.15) 1.12(0.91;1.32) 2.89(0.29;6.07) 
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Fig 5. Season-specific effects of TV on cardiorespiratory mortality in Bloemfontein, Durban, and Gqeberha, during 2006–20126 

(TV referenced at the 50th percentile). The red dots and long solid lines indicate the relative risk and its 95% confidence 

interval. The Lag-response curves for Cape Town and Johannesburg are not shown since the response-exposure 

association is linear  
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6.4.3. TV and mortality interactions with SSC weather types 

Mortality due to TV was fitted according to SSC weather types and the estimated results 

showing age and gender-specific associations are shown in Table A6 and Fig 6. In general, TV 

mortality risks varied by city, age, gender, and SSC weather type on the same day as the 

mortality. For the entire study population, greater association was observed during MT weather 

conditions in Bloemfontein (1.87 95% CI:0.96-3.63), DT weather conditions in Cape Town 

(1.27 95% CI: 0.83-1.95), MM weather conditions in Johannesburg (1.35, 95% CI: 0.51-3.56), 

and during TR weather conditions in Durban (1.17, 95% CI: 0.63-2.19) and Gqeberha (1.35, 

95% CI: 0.51-3.56) respectively.  

In addition, age-specific associations were analysed (Figure 6) focusing on DM weather 

conditions and increased risks of mortality were observed among individuals <65-years in 

Bloemfontein, Durban, and Gqeberha. During DP weather conditions, individuals ≥65-years 

appeared more vulnerable in Bloemfontein and Johannesburg. A greater effect of TV on 

mortality was observed for individuals ≥65-years in Bloemfontein, Cape Town, and Gqeberha 

during DT weather conditions. Individuals <65-years were more likely to die during MM 

weather conditions in Johannesburg and Gqeberba. Positive effects were only observed for 

individuals <65-years in Cape Town during MP weather conditions. Individuals <65-years 

were more vulnerable to mortality in Bloemfontein, Durban, and Gqeberha during MT weather 

conditions. In contrast, individuals ≥65-years were more susceptible to mortality risks in Cape 

Town. During transitional weather conditions, individuals ≥65-years appeared more 

susceptible to mortality in Gqeberha, while in the other cities, the risks were similar among the 

age groups. In terms of gender, males were generally more likely to die as of cardiorespiratory 

related diseases compared to females.  
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Fig 6.  City-specific relative risks for cardiorespiratory mortality in South Africa, 2006–2016. The risk estimation 

was conducted for the entire year and the cumulative relative up to lag 7 in Bloemfontein, Cape Town, 

Durban, and Gqeberha are reported. The relative risks in Johannesburg are reported for up to lag 14. The 

risks are stratified by age and gender per spatial synoptic weather types. The SSCs were denoted as Dry 

moderate [DM], Dry polar [DP], Dry tropical [DT], Moist moderate [MM], Moist polar [MP], Moist tropical 

[MT], and Transition [R1] 
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6.5. Discussion 

6.5.1. Principal findings 

The present findings suggest that TV is associated with increased risks of cardiorespiratory 

mortality. The association is modified by season, SSC weather types, age, and gender. 

Mortality was strongly associated with TV during the cold season in all the cities except for 

Gqeberha. Mortality risks per SSC weather type differed by city, with a greater increase in 

mortality detected in MT weather conditions in Bloemfontein, DT weather conditions in Cape 

Town, MM weather conditions in Johannesburg, DM and TR weather conditions in Durban 

and Gqeberha. 

6.5.2. TV and cardiorespiratory mortality 

The number of epidemiological studies evaluating the mortality risks related to TV using a 

composite index of intra- or interday TV as an indicator is growing (Guo et al., 2016; Ma et 

al., 2019; Wu et al., 2022; Yang et al., 2018; Yu et al., 2022; Zhang et al., 2019). Most of these 

studies reported high effect estimates with increasing exposure days or lags. For example, a 

study conducted in Hubei Province, China reported that a 1°C increase in TV at 0-7 days was 

associated with a significant increase of 1.22% (95% CI: 0.29, 2.16) in cardiorespiratory 

mortality (Zhang et al., 2017). The risks of mortality peaked at 0-7 days for a study of 45 US 

cities, specifically, an increase of 0.53% (95% CI: 0.31%, 0.76%) cardiovascular and 0.62% 

(95% CI:0.26%,0.98%) respiratory mortality per 1°C increase in TV. Contrary to these prior 

studies, a study on cause-specific mortality risks in South Africa observed higher risks at short 

exposure days (Makunyane et al., 2023a), hence the present study evaluated the mortality risks 

at 0-1 day (two preceding days) for different lag structures. The effect estimates were stronger 

at lag 0 for all the cities, except for Durban where the highest effect estimates were observed 

at lag 0-21. Ding et al. (2015) also observed significantly higher cumulative effect of DTR 

(intraday TV) on cardiorespiratory at lag 0-21 days.  

In accordance with previous studies (Lane et al., 2023; Yu et al., 2022; Zhang et al., 2017), 

individuals ≥65-years of age were generally at higher risk related to TV, except for Cape Town. 

The 15-64-years age group in Cape Town were observed to have higher risks of  being 

hospitalised after exposure to TV (Makunyane et al., 2023b). High susceptibility in the <65-

years age group in Cape Town might be explained by the demographic dynamics of Cape 

Town, 69,9% of the population in Cape Town were between the ages of 15 and 64-years 

(StatsSA, 2011).  Therefore, it is recommended that preventive measures should be directed 
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toward enhancing the ability of these susceptible populations to adapt to temperature 

fluctuations. 

6.5.3. TV and mortality association interactions with season and SSC weather types 

Previous studies showed that the heat-related health effects can be modified by several factors, 

such as season, and a suite of meteorological conditions, such as air masses or weather types 

(Guo et al., 2016; Ma et al., 2019; Phosri et al., 2020; Sharafkhani et al., 2017). In line with 

prior studies, stronger TV effects were observed in the warm season (Hu et al., 2019; Ma et al., 

2019; Sharafkhani et al., 2017; Zhang et al., 2017). At national level, individuals ≥65-years 

and females were sensitive to TV in the warm season. More pronounced effects were observed 

for individuals <65-years and males in the cold season. Several epidemiological studies 

provided evidence to support that the human thermoregulation system is incapable of 

completely adjusting to temperature changes within a short interval (Hu et al., 2019; Ma et al., 

2019; Sharafkhani et al., 2017; Tian et al., 2019; Wang et al., 2021). 

The SSC approach was applied to assess the TV-related mortality association in the five cities. 

The DM weather type was the most frequent weather type in four cities and MP weather type 

was the most prevalent weather type in Durban. MP weather type was the least frequent weather 

type in Bloemfontein, Cape Town, and Johannesburg, while DT weather type was the least 

frequent weather type in Durban and Gqeberha. The large variation in weather type frequencies 

among the cities might be the plausible reason for different oppressive weather types in each 

city (Vanos et al., 2015). For instance, strong associations were observed during MT weather 

in Bloemfontein; a  study conducted in the Czech Republic obtained similar results (Urban and 

Kyselý, 2018). Prior studies associated DT weather with increased risks of cardiovascular and 

respiratory mortality (Fonseca-Rodríguez et al., 2020; Sheridan and Lin, 2014), elevated 

mortality risks were also found in Cape Town during DT weather conditions.   

The relationship between weather and health varies geographically (Hajat et al., 2010; Hondula 

et al., 2014). For example, in Johannesburg high risks of mortality were observed during MM 

weather conditions, while elevated mortality risks in Durban and Gqeberha were observed 

when one weather type transitioned into another (TR). Prior studies showed the prevalence of 

mortality to be associated with heat, especially when combined with high humidity levels 

(Fonseca-Rodríguez et al., 2021; Hondula et al., 2014; Ma et al., 2019; Psistaki et al., 2023). 

The present study supports previous research showing increased risks of mortality associated 



 

157 

 

with temperature exposures (Fonseca-Rodríguez et al., 2020; Fonseca-Rodríguez et al., 2021; 

Hondula et al., 2014; Sheridan and Lin, 2014; Urban and Kyselý, 2018). These weather type 

modifications demonstrate the importance of categorising the analysis into the weather types 

accounting for a suite of meteorological conditions, rather than focusing on one exposure 

variable (Vanos et al., 2015). 

6.5.4. Strengths and limitations 

The present study has some notable strengths. First, to the best of the author's knowledge, this 

is the first multi-city study to examine modification of TV-mortality association by SSC 

weather types and season. Second, the cities were in different climate zones, therefore the 

results can be generalised to other cities with similar populations and climatic conditions. This 

study has some limitations. First, as in many other epidemiological studies, individual exposure 

data was not used, however, meteorological data from weather stations was used. Weather data 

measured at stations does not fully capture what the individual was exposed to, and this might 

introduce exposure misclassification. Second, ambient air pollutants were not considered due 

to data availability in other cities. However, a previous study conducted in South Africa did 

not find significant contribution by air pollutants when assessing the health effects of TV 

(Makunyane et al., 2023b). Third, mortality was not classified on a finer scale, future studies 

should consider investigating a wide range of CVD and RD conditions, such as Ischemic Heart 

Diseases (I20-I25) and Chronic Obstructive Pulmonary Disease (COPD) (J40-J44). Fourth, 

season-specific effect of SSC weather types was not investigated. Future research should 

investigate season acclimatisation since the SSC weather types change in character over the 

course of the season, for example, heat events experienced in the spring would be less 

oppressive as compared to heat events in summer (Sheridan and Lin, 2014). 

6.6. Conclusion 

In summary, this study added evidence to the analysis of the relationship between TV and 

cardiorespiratory mortality. Short-term exposure to TV could increase the risks of 

cardiorespiratory mortality, with individuals ≥65-year and females experiencing high 

vulnerability to TV-related mortality. Higher risks of mortality related to TV were observed 

during the warm season. Furthermore, TV-related mortality effects could be elevated 

depending on the SSC weather type of that day. The varying effects of TV by season and 

weather types must be examined further to fully understand the influence of weather on health 

outcomes. 
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6.8. Appendix 

Table A1.  Degrees of freedom that minimises AIC values to control for seasonal and long-term trends for 

the five cities 

City Entire Year Warm Season Cold Season 

Bloemfontein 5 4 2 

Cape Town 9 5 9 

Dur an 9 5   

Johannes urg 10 6 5 

Gqe erha 8 9 4 
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Table A2: City-specific summary statistics of CVD mortality in the five cities stratified by season, age, and gender during 2006–2016 

              Age            Gender 

Cities Season Total <65 ≥65 Females Males 

Bloemfontein Overall 28646 (100) 16695 (58.3) 11935 (41.7) 14522 (50.7) 14090 (49.2) 

 Warm 17265 (100) 10197 (59.1) 7058 (40.9) 8741(50.6) 8508 (49.3) 

 Cold 11381 (100) 6498 (57.1) 4877 (42.9) 5781 (50.8) 5582 (49.1) 

Cape Town Overall 85071 (100) 35399 (41.7) 49559 (58.3) 42272 (49.7) 42664 (50.2) 

 Warm 51224 (100) 21615 (42.2) 29540 (57.7) 25449 (49.7) 25696 (50.2) 

 Cold 33847 (100) 13784 (40.7) 20019 (59.2) 16823 (49.7) 16968(50.1) 

Durban Overall 92694 (100) 48890 (52.7) 43611 (47.1) 47574 (51.3) 45042 (48.6) 

 Warm 58231 (100) 30957 (53.2) 27148 (46.6) 29884 (51.3) 28301 (48.6) 

 Cold 34463 (100) 17933 (52.0) 16463 (47.8) 17690 (51.3) 16741 (48.6) 

Johannesburg Overall 86237 (100) 48051 (55.7) 37701 (43.7) 42351 (49.1) 43421 (50.4) 

 Warm 51488 (100) 29068 (56.5) 22137 (43.0) 25208 (49.0) 25991 (50.5) 

 Cold 34749 (100) 18983 (54.6) 15564 (44.8) 17143 (49.3) 17430 (50.2) 

Gqeherba Overall 36114 (100) 18213 (50.4) 17880 (49.5) 18822 (52.1) 17253 (47.8) 

 Warm 22191 (100) 11347 (51.1) 10828 (48.8) 11518 (51.9) 10648 (48.0) 

 Cold 13923 (100) 6866 (49.3) 7052 (50.7) 7304 (52.5) 6605 (47.4) 
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Table A3. Frequencies (%) of the daily SSC in the five cities by season, during 2006–2016 

SSC weather type Season Bloemfontein Cape Town Durban Johannesburg Gqeberha 

DM O erall  4.   1.8 19.0  6.1  0.1 

 Warm 14.4 21.  9.2 1 .4 18.8 

 Cold 20.4 10.1 9.8 18.  11.  

DP O erall  .  5.1 2.0 6.   .4 

 Warm  .8 1.1 0.5 1.  0.  

 Cold  .5 4.0 1.4 4.6 2.  

DT O erall 28.  6.9 1.9 18.2 1.  

 Warm 25.2 6.1 1.5 14.8 1.0 

 Cold  .5 0.9 0.4  .4 0.  

MM O erall 5.2 20.  16.   .8 24.8 

 Warm 4.4 9.  9.  6.5 1 .1 

 Cold 0.8 11.0  .0 1.  11.  

MP O erall 2.4 4.9  .0  .9  .8 

 Warm 0.  1.4 2.5 2.6 1.6 

 Cold 1.8  .5 0.5 1.4 2.1 

MT O erall 10.2 21.  29.1 1 .0 24.  

 Warm 9.8 20.  24.6 16.2 2 .1 

 Cold 0.4 1.1 4.5 0.8 1.6 

T  O erall 10.  8.4 6.9 9.   .8 

 Warm  .5 5.4 4.  6.5 5.  

 Cold  .2  .0 2.   .2 2.5 
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Table A4. Descriptive statistics of cardiorespiratory mortality by weather types in the five cities, 2006–2016 

 

Continuation of Table A4 

Durban 

 Groups 
DM 

(N=764) 

DP 

(N=79) 

DT 

(N=75) 

MM 

(N=656) 

MP 

(N=122) 

MT 

(N=1170) 

NA 

(N=873) 

TR 

(N=279) 

Overall 

(N=4018) 

Total 24.9 ± 6.96 25.3 ± 6.35 22.7 ± 6.40 23.0 ± 6.46 22.1 ± 6.74 22.8 ± 5.67 21.5 ± 5.70 24.5 ± 6.26 23.1 ± 6.28 

<65-years 13.5 ± 5.33 13.3 ± 4.58 11.9 ± 4.74 11.9 ± 4.83 11.8 ± 4.97 12.1 ± 4.56 10.9 ± 4.11 13.0 ± 5.01 12.2 ± 4.79 

≥65 11.3 ± 3.78 12.0 ± 3.67 10.7 ± 3.87 11.0 ± 4.12 10.2 ± 3.80 10.6 ± 3.60 10.5 ± 3.69 11.5 ± 3.94 10.9 ± 3.79 

Females 12.7 ± 4.39 13.1 ± 4.28 12.1 ± 4.05 11.8 ± 4.08 11.2 ± 4.02 11.8 ± 3.79 10.9 ± 3.75 12.4 ± 3.70 11.8 ± 4.02 

Males 12.1 ± 4.27 12.2 ± 3.79 10.6 ± 4.04 11.2 ± 3.98 10.9 ± 4.00 10.9 ± 3.64 10.6 ± 3.69 12.1 ± 4.23 11.2 ± 3.94 

Bloemfontein 

 Groups 
DM 

(N=1395) 

DP 

(N=293) 

DT 

(N=1154) 

MM 

(N=208) 

MP 

(N=98) 

MT 

(N=409) 

NA 

(N=30) 

TR 

(N=431) 

Overall 

(N=4018) 

Total 7.82 ± 3.45 8.01 ± 3.48 6.54 ± 3.15 6.41 ± 3.23 7.96 ± 3.48 6.55 ± 3.16 6.50 ± 3.49 6.62 ± 3.17 7.13 ± 3.36 

<65-years 4.56 ± 2.68 4.71 ± 2.70 3.74 ± 2.44 4.02 ± 2.45 4.72 ± 2.65 4.07 ± 2.60 3.37 ± 2.99 3.62 ± 2.40 4.16 ± 2.60 

≥65 3.26 ± 1.90 3.30 ± 1.98 2.79 ± 1.83 2.38 ± 1.69 3.21 ± 2.06 2.47 ± 1.60 3.10 ± 1.67 2.99 ± 1.82 2.97 ± 1.86 

Females 3.99 ± 2.28 4.05 ± 2.41 3.27 ± 2.00 3.46 ± 2.00 4.05 ± 2.36 3.33 ± 2.15 3.33 ± 2.12 3.29 ± 2.04 3.61 ± 2.19 

Males 3.82 ± 2.19 3.95 ± 2.03 3.27 ± 2.08 2.95 ± 2.04 3.89 ± 2.11 3.22 ± 2.00 3.17 ± 2.07 3.31 ± 2.03 3.51 ± 2.12 

Cape Town 

 Groups 
DM 

(N=1277) 

DP 

(N=204) 

DT 

(N=278) 

MM 

(N=831) 

MP 

(N=197) 

MT 

(N=872) 

NA 

(N=20) 

TR 

(N=339) 

Overall 

(N=4018) 

Total 21.3 ± 5.99 24.9 ± 6.01 20.3 ± 5.77 22.4 ± 6.27 24.1 ± 5.83 18.6 ± 4.78 23.1 ± 5.17 21.2 ± 6.15 21.2 ± 6.04 

<65-years 8.97 ± 3.31 10.5 ± 3.76 8.41 ± 3.09 9.22 ± 3.41 9.97 ± 3.42 7.62 ± 2.96 8.35 ± 2.58 8.94 ± 3.45 8.81 ± 3.37 

≥65 12.3 ± 4.33 14.4 ± 3.97 11.8 ± 4.19 13.1 ± 4.44 14.1 ± 4.33 10.9 ± 3.56 14.6 ± 4.47 12.2 ± 4.41 12.3 ± 4.29 

Females 10.5 ± 3.77 12.2 ± 3.88 9.97 ± 3.65 11.3 ± 3.92 12.0 ± 3.89 9.34 ± 3.23 11.7 ± 3.74 10.4 ± 3.83 10.5 ± 3.79 

Males 10.8 ± 3.80 12.7 ± 3.70 10.3 ± 3.68 11.0 ± 3.81 12.1 ± 3.94 9.22 ± 3.20 11.4 ± 3.75 10.7 ± 3.88 10.6 ± 3.79 

Johannesburg 

 Groups 
DM 

(N=1450) 

DP 

(N=253) 

DT 

(N=732) 

MM 

(N=314) 

MP 

(N=158) 

MT 

(N=684) 

NA 

(N=37) 

TR 

(N=390) 

Overall 

(N=4018) 

Total 22.7 ± 6.78 25.4 ± 7.19 20.9 ± 6.08 19.7 ± 5.62 21.6 ± 6.91 18.5 ± 5.40 22.7 ± 6.70 21.7 ± 6.75 21.5 ± 6.64 

<65-years 12.6 ± 4.76 13.7 ± 4.90 11.6 ± 4.53 11.4 ± 4.04 12.1 ± 4.49 10.4 ± 3.88 12.9 ± 4.88 12.2 ± 4.60 12.0 ± 4.59 

≥65 9.97 ± 3.77 11.5 ± 3.89 9.23 ± 3.29 8.25 ± 3.29 9.48 ± 3.86 7.98 ± 2.99 9.59 ± 3.83 9.43 ± 3.67 9.38 ± 3.64 

Females 11.2 ± 4.32 12.5 ± 4.57 10.3 ± 3.88 9.62 ± 3.68 10.1 ± 3.99 9.14 ± 3.44 10.6 ± 3.59 10.9 ± 4.33 10.5 ± 4.15 

Males 11.4 ± 3.98 12.8 ± 4.36 10.5 ± 3.80 9.99 ± 3.66 11.4 ± 4.31 9.22 ± 3.32 12.0 ± 4.14 10.8 ± 3.94 10.8 ± 3.97 
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Continuation of Table A4 

Durban 

 Groups 
DM 

(N=764) 

DP 

(N=79) 

DT 

(N=75) 

MM 

(N=656) 

MP 

(N=122) 

MT 

(N=1170) 

NA 

(N=873) 

TR 

(N=279) 

Overall 

(N=4018) 

Gqeberha 

 Groups 
DM 

(N=1210) 

DP 

(N=138) 

DT 

(N=68) 

MM 

(N=996) 

MP 

(N=151) 

MT 

(N=994) 

NA 

(N=147) 

TR 

(N=314) 

Overall 

(N=4018) 

Total 8.81 ± 4.25 10.1 ± 4.31 10.4 ± 4.53 9.10 ± 4.29 9.93 ± 4.68 8.61 ± 3.93 8.56 ± 3.54 9.46 ± 4.24 8.99 ± 4.20 

<65-years 4.44 ± 2.80 5.01 ± 2.61 5.51 ± 2.95 4.53 ± 2.75 5.10 ± 2.95 4.37 ± 2.65 4.36 ± 2.58 4.81 ± 2.94 4.53 ± 2.76 

≥65 4.37 ± 2.48 5.07 ± 2.71 4.93 ± 2.77 4.57 ± 2.60 4.83 ± 2.78 4.23 ± 2.34 4.20 ± 2.08 4.65 ± 2.44 4.45 ± 2.49 

Females 4.58 ± 2.62 5.29 ± 2.73 5.12 ± 2.72 4.79 ± 2.74 4.93 ± 2.88 4.53 ± 2.51 4.34 ± 2.18 4.94 ± 2.62 4.68 ± 2.63 

Males 4.22 ± 2.54 4.77 ± 2.52 5.32 ± 2.74 4.31 ± 2.49 5.00 ± 2.92 4.07 ± 2.42 4.20 ± 2.35 4.51 ± 2.61 4.29 ± 2.52 

Dry moderate (DM), Dry polar (DP), Dry tropical (DT), Moist moderate (MM), Moist polar (MP) and Moist tropical (MT), and Transition type [T]. N=total number of days 

with a particular weather type. 
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Table A5. Cumulative effects of TV on daily cardiorespiratory mortality for lag 0 by city, age, and gender in South Africa,2006–2016 during the per season 

 RR (95% CI)     

City Total <65 >65 Female Males 

Bloemfontein      

O erall 2.0  (0.85;5.0 ) 1. 1 (0.42;4.1 )  .56 (0.9 ;1 .59) 2.   (0.82;9. 2) 1.48 (0.4 ;5.1 ) 

Warm 2.15 (0.68;6.  ) 1.42 (0.  ;6.2)  .52 (0.62;20.06) 2. 1 (0.49;10.8 ) 1.96 (0. 9;9.8 ) 

Cold 2.61 (0.15;46. 4) 2.9  (0.06;1 8.28) 2.48 (0.04;1 4.59) 2.2 (0.04;129.92)  .21 (0.05;18 .4 ) 

Cape Town      

O erall 1.05 (0.95;1.1 ) 1.14 (0.9 ;1. 4) 0.99 (0.8 ;1.1 ) 1.1 (0.96;1.2 ) 1.01 (0.8 ;1.16) 

Warm 1.08 (0.89;1. 2) 1.01 (0. 6;1. 6) 1.15 (0.89;1.48) 1.14 (0.8 ;1.5) 1.0  (0. 9;1. 4) 

Cold 1.08 (0.91;1.29) 1.   (1;1.  ) 0.94 (0. 5;1.1 ) 0.92 (0.  ;1.1 ) 1.2 (0.94;1.54) 

Durban      

O erall 1.2  (0.  ;2.2) 1.11 (0.52;2.  ) 1.51 (0.6 ; .41) 1.6  (0. 9; .56) 0.95 (0.42;2.1 ) 

Warm 1. 8 (0. 2;2.6 ) 0.88 (0. 6;2.1 ) 2. 5 (0.89;6.21) 1.9  (0. 9;4.  ) 0.99 (0. 8;2.58) 

Cold  . 5 (0.18;62.04) 4. 6 (0.08;2 6.  ) 4.99 (0.0 ;  2.64) 1.48 (0.0 ;  .52) 10.24 (0.15;694.9 ) 

Johannesburg      

O erall 1.12 (0.95;1.  ) 1.15 (0.92;1.44) 1.12 (0.88;1.44) 1.16 (0.91;1.48) 1.1 (0.88;1. 9) 

Warm 1.11 (0.86;1.44) 1.25 (0.89;1. 5) 1.01 (0.69;1.4 ) 1.02 (0. 1;1.49) 1.21 (0.86;1. 2)  

Cold 1. 5 (0.91;2.01) 1.52 (0.89;2.60) 1. 0 (0.  ;2.29) 1.60 (0.90;2.8 ) 1.08 (0.6 ;1.86) 

Gqeberha      

O erall 1.21 (0.45; .2 ) 0.58 (0.14;2. 5) 2.   (0.6;9.1) 1.28 (0. 4;4.81) 1.12 (0.2 ;4.6) 

Warm 2.6 (0.  ;9.28) 1.2 (0.2; . 6) 5.15 (0.9;29.66)  .64 (0.66;20.2) 1. 9 (0.29;10.95) 

Cold 0.  (0.02; . ) 0.2  (0.01;8.9 ) 0.29 (0.01;9) 0.2  (0.01;6.6) 0. 8 (0.01;14.18) 
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Table A6. Relative risks of CVD-related mortality for every 1°C in TV at lag 7 for Bloemfontein, Cape Town, Durban, and Gqeberha and at lag 14 in Johannesburg 

by SSC weather types 

City RR (95% CI)       

DM DP DT MM MP MT TR 

Bloemfontein        

Total 0.94 (0.6 ;1.  ) 0.   (0.15; .49) 1 (0.65;1.54) 0.58 (0.08; .96)  1.8  (0.96; .6 ) 0.   (0. 9;1.5 ) 

<65 1.0  (0.62;1. ) 0.18 (0.01;2. 9) 0.96 (0.49;1.8 ) 0.6  (0.0 ;1 .42)   .15 (1.09;9.1) 0.98 (0.  ;2.6 ) 

>65 0.8  (0.56;1. 4) 1.99 (0.2 ;16.96) 1.05 (0.61;1.82) 0.55 (0.06;4.9 )  1.6 (0.68; . 6) 0.6 (0.2 ;1.56) 

Females 0.8  (0.55;1. 9) 0.66 (0.06;6.8 ) 1.01 (0.5 ;1. 9) 0.2  (0.02;2.99)  1.46 (0.59; .62) 0.4  (0.18;1.26) 

Males 1.05 (0.65;1.69) 1.46 (0.19;11. ) 1.02 (0.56;1.88) 1.46 (0.11;18.  )  2.5  (0.94;6.85) 1. 2 (0.5; .45) 

Cape Town        

Total 0.9  (0.8 ;1.01) 0. 9 (0.58;1.0 ) 1.2  (0.8 ;1.95) 0.9  (0.89;1.06) 0.9  (0. 6;1.25) 1.05 (0.88;1.2 ) 1.02 (0.85;1.2 ) 

<65 0.96 (0.8 ;1.06) 0.8 (0.55;1.16) 1.56 (0.89;2.  ) 0.98 (0.8 ;1.1) 1.04 (0. 2;1.51) 0.98 (0. 9;1.22) 1.06 (0.84;1. 4) 

>65 0.91 (0.81;1.02) 0. 9 (0.5;1.25) 0.9 (0.5;1.6 ) 0.96 (0.84;1.1) 0.91 (0.59;1.4) 1.1  (0.86;1.48) 1.01 (0. 6;1. 4) 

Females 0.91 (0.82;1.01) 0.8  (0.55;1.25) 1.49 (0. 8;2.8 ) 0.91 (0.8;1.0 ) 1.05 (0. ;1.5 ) 1.01 (0.8;1.28) 1.0  (0.8 ;1. 8) 

Males 0.96 (0.8 ;1.0 ) 0. 5 (0.5;1.1 ) 1.08 (0.62;1.88) 1.04 (0.92;1.18) 0.91 (0.62;1. 4) 1.06 (0.84;1. 4) 0.98 (0. 5;1.2 ) 

Durban        

Total 0.9  (0. 2;1. 1)   0.8 (0.55;1.16)  1.15 (0.81;1.61) 1.1  (0.6 ;2.19) 

<65 1.  (0.85;2)   0.   (0.45;1. 2)  1.2  (0. 5;2.15) 1.2  (0.51;2.98) 

>65 0.   (0.51;1.16)   0.8  (0.51;1.  )  1.0  (0.6 ;1. 1) 1.25 (0.52;2.9 ) 

Females 0.82 (0.55;1.2 )   0.81 (0.49;1. 4)  1. 6 (0.84;2.2) 1.2  (0.54;2. 6) 

Males 1.16 (0. 6;1. 8)   0.8 (0.4 ;1. 4)  0.96 (0.58;1.58) 1.1 (0.44;2. 6) 

Johannesburg        

Total 0.85 (0.6 ;1.15) 0.59 (0.12;2.9 ) 0.99 (0.61;1.6) 1. 5 (0.51; .56)  0.4  (0.2 ;0.82) 1.02 (0.55;1.89) 

<65 0.9  (0.6;1.45) 0.11 (0.01;1) 0.   (0.  ;1.45) 1.9 (0.4;9.02)  0.5 (0.2;1.25) 1.05 (0. 9;2.85) 

>65 0. 8 (0.52;1.1 ) 2.21 (0.24;19.98) 1.2  (0.6 ;2. 9) 1.16 (0. 1;4. 1)  0.4 (0.18;0.89) 1 (0.45;2.21) 

Females 0.9  (0.6;1.4 ) 0.  (0.08;5. 6) 0.9 (0.44;1.82) 1.04 (0.25;4. 4)  0.4  (0.1 ;1.06) 0.66 (0.26;1.68) 

Males 0. 8 (0.52;1.16) 0.48 (0.04;5.28) 1.08 (0.55;2.11) 1.8  (0.4 ; .4 )  0.42 (0.18;0.98) 1.54 (0.65; .65) 

Gqeberha        

Total 1.1  (0. 9;1.6)   1.1  (0.  ;1.66)  1.1  (0.6 ;2.02) 1.9  (0.81;4.82) 

<65 1.16 (0. 1;1.89)   1.2  (0.  ;2.0 )  1.6 (0. 4; .45) 1.4 (0.42;4.65) 

>65 1.1 (0.6 ;1. 9)   1.09 (0.65;1.84)  0.85 (0. 9;1.82)  .21 (0.9;11.41) 

Females 1.16 (0.  ;1.84)   1.1  (0.68;1.8 )  1.14 (0.55;2.  ) 2.66 (0.82;8.6) 

Males 1.08 (0.66;1. 9)   1.16 (0.68;1.98)  1.22 (0.55;2. 1) 1. 4 (0. 9;4.55) 
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Chapter 7: General Discussion and Conclusions 

7.1. Introduction 

This chapter summarises the key findings from the five respective manuscripts, discusses their 

implications, highlights the limitations of the study, and suggests avenues for future research. 

7.2. Summary And General Discussion 

There are no studies that comprehensively investigated the effects of temperature variability 

(TV) on cardiovascular disease (CVD) and respiratory disease (RD) mortality and hospital 

admissions in South Africa using a TV index that accounts for between-day and within-day 

variation in South Africa and Africa as a whole. This thesis used time series analytical 

approaches to investigate the relationship between TV and cause-specific hospital admissions 

and mortality, along with possible effect modification by season and spatial synoptic 

classification (SSC) weather types. Vulnerability by age and gender was also investigated. 

Overall, a positive association between TV and the health outcomes was observed. The risks 

of being exposed to TV differed by cause of hospital admission or death, age, gender, season, 

and SSC weather types.   

The aim and research questions of this thesis were realised through several objectives which 

were presented in the five manuscripts (Chapters 2 – 6). Chapter 2 answered the research 

question pertaining to the current state of published literature on the association between 

temperature variability indexes (e.g., Diurnal temperature range (DTR), temperature change 

between neighbouring days (TNC), and the standard deviation of the minimum and maximum 

temperatures during the investigated exposure days), and CVD and RD hospital admissions 

and mortality. This manuscript showed that although Africa is heavily affected by climate 

change,1 it is underrepresented within the peer reviewed literature on the health impacts of 

climate change and variability. Prior to the commencement of this thesis, there was only one 

study conducted in Africa that assessed the health effects of temperature changes using DTR 

as the exposure variable, while high temperature variations (DTR>21°C) were associated with 

increased risks of hospital admissions due to pneumonia.2 This study provided evidence for the 

need of more local epidemiological studies in order to understand which factors are associated 

with increased risks of hospital admissions and mortality in South Africa. 
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Chapters 3 and 5 investigated the association between TV and health outcomes. Chapter 3 

answered the question whether there is an association between TV and CVD and RD hospital 

admissions in the City of Cape Town. In line with previous studies,3-6 a positive association 

between TV and CVD and RD hospital admissions was observed in Cape Town between 2011 

and 2016. The effect of TV on CVD hospital admissions peaks on 0-2 days of exposure for 

CVD hospital admissions and on 0-1 day of exposure for RD hospital admissions. Furthermore, 

the results indicated that the elderly were more likely to be hospitalised due to RD diseases and 

the 15-64-years age group were more likely to be hospitalised due to CVD. Males in Cape 

Town were more sensitive to TV compared to females.7  

Chapter 5 presented the association between TV and CVD and RD mortality in five South 

African cities (Bloemfontein, Cape Town, Durban, Johannesburg, and Gqeberha (formerly 

known as Port Elizabeth)) located in different climate zones. This chapter showed that at 

national level, people are more vulnerable to RD mortality related to TV exposure, with the 

elderly and women being more sensitive to exposure to TV. These results are consistent with 

previous studies that investigated the association between TV and mortality.8-10 Although 

positive associations between TV and CVD mortality risks were observed, the risks were not 

significant, and they were generally smaller than the risks of RD mortality. Furthermore, this 

chapter showed that the health risks of TV differed by location, with people staying in inland 

cities appearing to be more sensitive to TV exposure. Sensitivity to temperature is subject to 

personal preferences, acclimatisation, and the accessibility of climate control options, for 

example, air conditioning or heating.11-12 While inland cities might have a large temperature 

range, the way people respond to it varies and such factors needs to be taken into account when 

assessing temperature-related effects. 

Chapters 4 and 6 investigated effect modification of the association between TV and health 

outcomes by season and spatial SSC weather types. The SSC system categorises weather 

patterns based on their synoptic characteristics,13 and these patterns influence factors such as 

temperature, humidity, and air quality.14-16 For example, hot weather can increase the risk of 

heat-related illnesses, such as heatstroke and heat exhaustion, while cold weather can lead to 

cold-related health issues, such as hypothermia.17-18 Chapter 4 showed that the risks of 

hospitalisation were elevated during certain SSC weather types, for example, according to the 

seven SSC weather types, stronger TV-CVD hospital admissions associations were observed 

during the moist tropical (MT) weather type and stronger TV-RD associations were observed 
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during the dry moderate (DM) weather type. Chapter 6 assessed the relationship between 

cardiorespiratory mortality and TV, along with possible effect modification by season and SSC 

weather types in five South African cities (Bloemfontein, Cape Town, Durban, Johannesburg, 

and Gqeberha). Greater risks of mortality were observed during the warm season for the elderly 

and females, while individuals <6-years and males were more at risk of dying during the cold 

season. Elevated mortality risks were observed during different SSC weather types in all the 

cities.  

In general, the risks differed by age, gender, cause of hospital admissions, season, and SSC 

weather types. The results revealed that not all SSC weather types have the same impact on 

hospitalisation or mortality risks. This suggests that certain weather conditions may exacerbate 

the health risks associated with temperature fluctuations, depending on the specific health 

condition. To the author’s knowledge there are no pu lished studies that in estigated the 

interactions between TV, cause-specific hospital admissions or mortality and SSC weather 

types. Most of the studies that investigated possible effect modification by SSC weather types 

focused on the association between air pollutants and health outcomes,7,19 therefore, more 

studies of this nature need to be conducted. 

7.3. Implications Of This Research  

This thesis has some implications for heat related health warnings. 

Higher risks of RD hospital admissions or mortality associated with increased TV were 

observed. This underscores the need for targeted interventions to protect respiratory health, 

especially in urban areas where TV is often more pronounced. 

A positive association between CVD health outcomes and TV was observed in most of the 

cities. The mechanisms underlying this relationship involve the stress imposed on the 

cardiovascular system by rapid temperature changes and the exacerbation of risk factors, such 

as hypertension. Recognising this link, healthcare providers should consider TV when 

assessing cardiovascular risk and tailor interventions accordingly. 

The findings of this research have significant implications for public health policies and 

interventions. It is imperative that health authorities and policymakers recognise TV as a 

distinct risk factor and incorporate it into their climate change adaptation strategies. This might 

involve the development of targeted heat action plans, improved urban planning to mitigate 
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heat island effects, and efforts to reduce air pollution, which can exacerbate the health impacts 

of TV. 

The results of this study ascertain the need for and importance of tailored interventions, 

including outreach programmes and enhanced healthcare access, to protect these vulnerable 

groups. Additionally, community-based initiatives can help raise awareness and foster 

resilience among vulnerable populations. Understanding the health risks of temperature 

variability is a critical component of building climate resilience. Communities and healthcare 

systems must adapt to the changing climate by investing in infrastructure, emergency response 

capabilities, and healthcare services that can effectively respond to temperature-related health 

threats. Furthermore, education and awareness campaigns can empower individuals to take 

proactive measures to protect their health during extreme temperature events. 

7.4. Strengths and limitations of the thesis  

This thesis has several strengths. First, this is the first study conducted in Africa to investigate 

the association between health outcomes and TV using the composite index of inter- and 

intraday TV. Second, to the author’s knowledge, this is the first study to investigate the 

possibility of effect modification of the association between TV (changes/fluctuations) and 

health outcomes by SSC weather types. Third, this study was conducted across several cities 

located in different climate zones, therefore, the results of this study are generalisable to 

locations that were similar climate zones and population dynamics. Lastly, a range of 

sensitivity analyses was performed to evaluate the robustness of the present study’s results. 

The present study has several limitations that should be acknowledged. First, like other 

ecological and time series studies, individual level data was not available, hence, personal 

characteristics, like medical history and socio-economic statuses, were not accounted for. 

Second, the hospital admission data was only for the city of Cape Town, future studies should 

expand on this study by using public hospital data. Third, due to a lack of data availability, the 

potential confounding by air pollutants was only examined for the city of Cape Town, the 

results showed that air pollutants did not significantly influence the TV-hospital admissions 

association. Fourth, the effects of SSC weather types per season was not assessed. Prior studies 

showed that the health risks associated with SSC weather types might differ by season,16 

therefore, future studies must perform season analysis. 
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7.5. Recommendations for future research  

Several recommendations can be drawn from the results of this thesis. First, the systematic 

review showed that more epidemiological studies are needed in Africa to examine the 

region/country specific associations between climate and weather indicators and health 

outcomes, since people can acclimatise to their local climate, therefore, the risks might differ 

by region. 

This study has identified vulnerable populations, for example the 15-64-year age group in Cape 

Town were at more risk of being hospitalised due to cardiovascular related diseases after 

exposure to TV. It is recommended that further research should explore vulnerable populations 

(i.e., investigate how temperature fluctuations affect different demographic groups, such as the 

elderly, children, or individuals with preexisting health conditions). Understanding how 

vulnerable populations are impacted can inform targeted public health interventions.   

Second, Chapter 5 showed that the mortality risks of TV differed by city, and all the study 

locations included in this study (Bloemfontein, Cape Town, Durban, Johannesburg, and 

Gqeberha) were in urban areas. Individuals living in rural areas might be more vulnerable, 

therefore, it is recommended that more city-specific studies should be conducted. More 

comprehensive epidemiological studies should be conducted in other cities, as the results of 

this thesis (Chapters 5 and 6) showed that the results regarding health effects of TV vary among 

cities. 

Moving forward, a concerted effort is required from governments, healthcare institutions, and 

the global community to mitigate the health risks posed by TV. This will involve integrating 

TV considerations into public health policies, advancing climate change mitigation efforts, and 

enhancing healthcare practices. 

7.6. Conclusion  

In conclusion, the present PhD thesis aimed to investigate the complex relationship between 

TV and its associated health risks in five South African cities located in different Kӧppen-

Geiger climatic zones (Bloemfontein, Cape Town, Durban, Johannesburg, and Gqeberha). 

Time series regression models accounting for the non-linear and delayed effects of 

meteorological variables and with the SSC framework were used to associate health outcomes 

with TV. In general, a positive association between TV and the health outcomes were observed. 
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Furthermore, the risks of TV differed by age, gender, SSC weather types, health outcomes, and 

location. This thesis provided valuable insights into the health risks of TV and its implications 

in the context of climate change. The findings of the present study underscore the urgency of 

addressing TV as a critical public health concern. Understanding associations between regional 

weather patterns with different SSCs and associated health risks is crucial for Public Health 

Preparedness.  

The present study contributes to understanding the complex interplay between weather 

patterns, TV, and hospitalisation risks for specific health conditions. The findings emphasise 

the importance of considering a holistic approach to public health, considering not only air 

quality, but also weather conditions and their interactions with demographic and seasonal 

factors. Further research in this area can inform targeted interventions to reduce the health risks 

associated with adverse weather conditions, ultimately improving public health outcomes. 

Researchers and policymakers must continue to collaborate to protect the health and well-being 

of current and future generations in the face of a changing climate, developing customised 

interventions and communication plans as well as to minimise negative health outcomes 

associated with meteorological conditions. 
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