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SUMMARY

Heat waves are, amongst other weather hazards, projected to increase in frequency and intensity
due to climate change. This increase has already been evident in parts of South Africa in the
recent years. Their negative impacts are felt in many areas, including human health. This study
aims to identify the most appropriate meteorological index for forecasting heat waves over South
Africa and use it to develop an operational, numerical weather forecast based prediction system
that will issue alerts whenever heat waves are expected. Data from temperature and relative
humidity subsets from National Centers for Environmental Prediction (NCEP) Ensemble Forecast
System (EFS), and observational temperature and dew-point temperature data from the South
African Weather Service are used to evaluate and identify the most appropriate meteorological
heat index, and to evaluate the model’s skill in heat wave forecasting. A number of evaluation
matrices, including bias, symmetric external dependence index and Clayton skill scores, are used
for evaluation. Recent heat wave events are also used to identify the synoptic patterns that cause
heat waves. This is achieved by plotting the mean sea-level pressure heights and 850hPa and
500hPa geopotential heights from NCEP reanalysis data for these cases. Since there is no
evidence that the impacts of heat waves on human health have to date been conducted in South
Africa, this study uses international literature to identify the best practices that can be used to
prevent or mitigate the negative impacts of heat waves on human health. The Humidex index is

identified as the most suitable index for forecasting heat waves over South Africa and has benefit



in the skill of up to five days ahead. This implies that heat wave warnings can be issued with
confidence 1-5 days ahead of the phenomenon. Eight heat wave cases were identified between
2011 and 2015, and most of them occurred over the eastern interior of the country. These heat
waves are caused by the presence of a broad surface trough over the interior that extends from
the tropics, with no moisture influx from the Indian Ocean (10), along with an upper-air high-
pressure system over the central interior. Heat waves over the east coast are caused by the
presence of a ridging high or continental high that are located in such a way that the east coast
is on an off-shore flow. A ridging high that would normally cause berg winds and veld fires over
the Western Cape is also the cause of heat waves. The heat-health watch-warning systems in
other parts of the world are effective due to the involvement of different stakeholders. The same
approach is recommended for adoption over South Africa. With the involvement of different
sectors, and with the health sector taking the lead, the system is expected to accomplish the
desired outcome.

Keywords: Heat index, Heat wave, Heat-health Watch-warning, Humidex, Weather systems.



Preface
Climate change has become an evident reality in the recent years. It has also been projected to

cause an increase in the intensity and frequency of severe weather phenomena, including heat
waves. Records of observed heat waves show that heat waves over South Africa have become
more frequent since 2011. These heat waves were associated with hazards ranging from water
scarcity to death of outdoor workers. Hence, it is of utmost importance to conduct research on
heat waves and develop a heat action plan to help prevent and mitigate the negative impacts of

heat waves.

The aim of this study is to develop a comprehensible heat watch-warning system for South Africa,
which will consist of a model-based meteorological forecast and a guidance plan for heat waves.

The specific objectives are to:

> ldentify from a range of options the best index for defining heat waves over South

Africa.

» ldentify the synoptic weather systems that caused the recent heat waves during
summer months.

» Verify the Ensemble Forecast System model’s skill in predicting heat waves

» Construct the heat-health watch-warning system.

» Outline the implications and mitigation measures that can be employed whenever
heat waves are predicted. The implications and mitigation measures are based on
literature studies from other parts of the world and are developed as a guide to best

practices from international literature.

Chapter 1 gives a background on the nature of heat waves, their negative impacts and a literature
study on the impacts of heat waves on human health as well as heat action plans from other parts
of the world. It further outlines the aim, objectives and benefits of this study. The data and methods
used to achieve the goals of this study as well as the heat wave indices selected for this study
are discussed in Chapter 2. Data from temperature and relative humidity subsets from National
Centers for Environmental Prediction Ensemble Forecast System, and observational temperature
and dew point temperature data from the South African Weather Service are used to derive and

evaluate the heat indices. Mean sea-level pressure heights and 850hPa and 500hPa geopotential



heights from NCEP reanalysis data are used to identify the weather systems that caused heat

waves over South Africa.

Five heat indices are selected for this study, and their skill in predicting extremely hot events is
examined in Chapter 3. Single extremely hot events were examined because it is assumed that
an index that can skilfully forecast single extremely hot events can also skilfully forecast prolonged
extremely hot events, also referred to as heat waves. This evaluation also examines the skill of
the EFS. A number of heat waves were reported in the recent years. The weather systems that

caused these heat waves are discussed in Chapter 4.

Chapter 5 outlines the implications and mitigation measures that can be employed whenever heat
waves are expected and give insight into the nature of heat waves. Chapter 6 contains the

summary, conclusions and recommendations.

vi



ACKNOWLEDGMENTS

This dissertation has been a success through the contribution of various parties. | would like to

appreciate each one of them for their assistance.

I would first and foremost like to appreciate my God, who gave me life, strength and grace to carry

out this study.

| also appreciate Prof. W.A. Landman and Dr. R. Garland for guidance and supervision. I'm
grateful for your patience and faith in me.

To Dr. F. Engelbrecht thanks for the advice to conduct research on heat waves.

Thanks to the South African Weather Service for allowing me to use their resources to conduct
this study. Thanks to my Research colleagues for assisting me in various ways, also for inspiring,

advising and supporting me.

My gratitude goes to Applied Centre for Climate and Earth Systems Science for funding this study.
Thanks to Dr. N. Sweid for your help and faith.

Thanks to my late mom for encouraging me to study further.
| appreciate my husband, M. Mulovhedzi for encouraging and assisting me through this study.

Finally, | would like to appreciate University of Pretoria for affording me the opportunity to conduct

this study.

Vii



Table of Contents

1= Tox =T = o) o PR ii
SUMMARY ettt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaan il
= = Vot PRSP PPPPPPP %
ACKNOWLEDGMENTS ... vii
[ S IO T A = I PP X
LIST OF FIGURES ....cooieiiiiiiiiiiieeeeeeeee ettt ettt ettt e ettt et et et e e e et ee e e e eeeeeeeeeeeaeeaaeeeeaeeeeeeeeeeeeees Xi
LIST OF ABBREVIATIONS .....cottiiiiiiiiiiiiiitite ettt ettt ettt e e e e e e e e e e e e e e e eeeeees Xiii
(04 o Vo e I I [ o o 11 o 1o o SRR 1
1.0, BACKGIOUN ...ttt 1
1.2, IMPACLS Of NEAL WAVES ....vvuiiii e e e e et e e e e e e e e e aa e e e aae s 2
1.3. The heat watCh-Warning SYSTEIM .......uucii i e e e e e e e e e e arar e e e e 5
I LT T o o T =T = o 7
1.5, AIM @Nd ODJECLIVES ...ttt e e e e e e ettt e e e e e e e e e e tatar e e e eaaes 8
1.6, BEINEFILS ...ttt s e e 9
1.7, PrOJECE OULINE ... 10
CHAPTER 2: Data and methodology .......cccooooieieeeeeeeeee e 11
P22 I [ 11 o To [T 1o T o PP 11
2.2. The heat wave foreCcast iINAEX ...........couviiiiiiiiiiii e 11
2.2.1. ThE NCEP EFS ... et e et e e 11
W R @ ] o 11T 4= 14 [ F= Lo = = 12
ARG T =V 10 E= Vo] o T 411 o o 12
2.3. The weather systems that caused heat waves over South Affrica ...........cccevvveiiiiieenniennn, 16
2.3.1. NCEP rEANAIYSIS 2 ... .euiiiiiiiiiiiiiiiiiiiiiitiiiiiebie bbb beesessesnnennnes 16
2.4. The heat-health watCh-warning SYStEM ........cccooiiiiiiiiiiie e 17
AT}/ 4T 01T L= OO USRPPPPRRPPN 18
CHAPTER 3: The performance of different heat indices in predicting extremely hot events over
Yo 101 AN o> S 19
1 700 O 1 11 e To [ [ 1T o TSP 19
3.2, EVAIUALION TESUILS ...ttt et e e e e e ettt e e e e e e e e e eeeeaan e e e e aaeeennne 19
3.3 SYNOPSIS .t 31
CHAPTER 4: The weather circulation patterns that caused heat waves over South Africa ....... 33
o I | 11 oo ¥ ox 1 0] o PP 33
4.2. The weather patterns responsible for observed heat waves ..............cccvvvvviiiviiiiiiiiiinnnnn. 34
4.2.1. The average Circulation PAIEINS ......cccoeeiiieeeeee e 34



O O 1 =) 11 [ |1 42

G TS Y 1 T0] o ] I S P T T O P EP TP T PP TP PP PTTTTPTPPRPTRRTRRN 52
CHAPTER 5: The heat-health watch-warning system for South Africa.............cccooeeeeeeeeeeieeee, 54
L0 N 7= Tox (o | {0 1T P SSSPPPPPRPRN 54
5.2. Understanding NEAt WAVES ..........ciiiiiiiiiiiiiiii ettt e e e e e e e e e e e et e e e e aaeaeannes 54
5.2.1. DefiNING NEAL WAVES ........uuiiiiiiiiiiiiiiiiiiiiiiiei e snnesnnnnnnes 54
5.2.2. The heat-health watch-warning SYSteM ...............uuuiuuiiiiiiiiiiiiiiiii e 57
5.2.3. Potential heat-health riSK fACIOrS ...........uuuuiuiiiiiiiiiiiiiiiiiiii e 57
5.2.4. Preventative measures for Neat Waves.............uoiiiiiiiiiiiiiiiei e 60
5.3. International heat wave notification and response plans..........ccccccvvvvviveiiiiiiiiiiiieiiiieeee, 61
5.4. Heat-related illness and treatment (reSpPoONSE MEASUIES)..........cuvvuiieieeeeereeeriiiiaeeeeaeeeannnns 65
5.5. The heat-health watch-warning system for South Africa..........ccccceeeiiiiiiiiiiiiie e, 67
5.5.1. Proposed considerations and structure for a heat-health watch-warning for South
L T 69
5.5.2. IMPIEMENTALION ... e e e e e et e e e e e e e eraaas 70
5.5.3. Target POPUIALION ......oeiiiiiie e e e e e e et e e e e e e e e eraaaas 71
5.5.4. SYSTEM EVAIUALION ......uuiiiiiiiiiiiiiiiiiiiii bbb nnnnes 72
5.5.5. Public awareness and education of heat Waves .................uueeiimmiiiimiiiimniiniini. 72
5.6, DISCUSSION ...ttt ettt ettt et e et et et e e et e e e e e e e e e e aaas 73
CHAPTER 6: Discussions and CONCIUSIONS..........cuuuuuiiiiieeeeieieiiiiies e e e et e e e e e eeerena e eaees 75
6.1. The performance of different heat indices in predicting extremely hot events over South
o 75
6.2. The weather circulation patterns that caused heat waves over South Africa................... 75
6.3. The heat-health action plan for South AfriCa............ccooviiiiiii 76
(SR L= Todo ] o 4] 0 0]=T 0o F= 1A 0] 0 S 7SRRI 76
(O VN e oy B o L] (=T =T o= TR 77



LIST OF TABLES

Table 1.1: The number of hours of sunlight during different seasons of the year
(adapted from Southern AER, 2001)

Table 2.1: Summary of selected Bio-meteorological indices. T=surface temperature
(°C), e=water vapour pressure, Td=dew-point temperature (°C) and RH=relative
humidity (%) (Veneckova et al., 2011; Bureau of Meteorology, 2014, Steadman, 1994;
SAWS, 2014; Brotherhood, 2008; Yousif and Tahir, 2013).

Table 2.2: List of evaluation schemes that are used to evaluate the bio-meteorological
indices under investigation, where a=number of hits, b=number of false alarms,
c=number of misses and d=number of correct negatives (Ferro and Stephenson,
2011; Jolliffe and Stephenson, 2003; National Research Council, 2006).

Table 3.1: Summary of areal average skill scores per lead-time for each evaluation

scheme

Table 4.1: Location/spatial distribution of heat waves that were recorded in the media
and by SAWS between 2011 and November 2015 (eNCA, 2014; Health24, 2015;
news24, 2015; The Citizen, 2015; SAWS, 2016; eNCA, 2015a; News24, 2011;
News24, 2015a; IOL, 2015; News24, 2015b; SABC, 2011; de Jager, 2015; Sowetan,
2013; News24, 2013; SABC, 2014; News24, 2012).

Table 5.1: Summary of heat wave planning strategies used internationally
(Department of Human Services, 2009; USEPA, 2006; WHO, 2009; Pascal et al.,
2005).

Table 5.2: The direct impacts of heat waves: symptoms of heat illnesses and the
treatment thereof (City of Casey, 2015; Department of Human Services, 2009; Pascal
et al., 2005; US Department of Health and Human Services, 2016).

14

17

20

35

62

66



LIST OF FIGURES
Figure 1.1: Number of heat waves (HW) and heat wave days recorded by the SAWS.

The blue line is a trend line for the number of heat waves, which shows that heat wave
occurrences are generally increasing with time.

Figure 2.1: Spatial distribution of stations (red circles) used for the study.

Figure 3.1: Areal average bias scores for selected heat indices through the entire
domain.

Figure 3.2: Areal average HSS scores for selected heat indices through the entire
domain.

Figure 3.3: Areal average hit rate scores for selected heat indices through the entire
domain.

Figure 3.4: Areal average (A) EDI and (B) SEDI scores for selected heat indices through
the entire domain.

Figure 3.5: Areal average ETS scores for selected heat indices through the entire
domain.

Figure 3.6: The spatial distribution of 1- to 5-day lead-time Clayton skill scores (CSS) for
HUM (A-E, respectively).

Figure 3.7: The spatial distribution of 1- to 5-day lead-time Critical success index (CSI)
for HUM (A-E, respectively).

Figure 3.8: The spatial distribution of 1- to 5-day lead-time External dependence index
(EDI) for HUM (A-E, respectively).

Figure 3.8: The spatial distribution of 1- to 5-day lead-time External dependence index
(EDI) for HUM (A-E, respectively).

Figure 3.10: The spatial distribution of 1- to 5-day lead-time Probability of detection
(POD) for HUM (a-e, respectively).

Figure 4.1: General circulation patterns at mean sea level pressure for heat wave events
that were reported over the Western Cape from 2011 to November 2015. The averaging
was done for each day of the heat wave events over the Western Cape as depicted in
Table 4.1 above. The average is for 12:00 GMT of each case day for the NCEP
reanalysis.

Figure 4.2: The average circulation patterns that caused heat wave events over the
Western Cape from 2011 to November 2015, at 500h Pa (top) and 850 hPa (bottom).

13

21

22

23

25

26

27

28

29

30

31

36

Xi



Figure 4.3: The average surface temperature for heat wave events that were reported
over the Western Cape from 2011 to November 2015.

Figure 4.4: General circulation patterns at mean sea level pressure for heat wave events
that were reported over the eastern and north-eastern parts of the country

Figure 4.5: The average circulation patterns that caused heat wave events over the
north-eastern parts of the country between 2011 and November 2015, at 500hPa (top)
and 850hPa (bottom).

Figure 4.6: The average surface temperature for heat wave events that were reported
over the eastern and north-eastern parts of the country between 2011 and November
2015.

Figure 4.7: The average circulation patterns at sea level that caused the heat wave over
the Western Cape on (a) 15th, (b) 16th, (c) 17th and (d) 18th January 2012.

Figure 4.8: The circulation patterns at 850 hPa (blue) and 500 hPa (red) that caused the
heat wave over the Western Cape on (a) 15th, (b) 16th, (c) 17th and (d) 18th January
2012.

Figure 4.9: The circulation patterns at sea level that caused the heat wave over large
parts of the country on (a) 16th, (b) 17th and (c) 18th January 2014.

Figure 4.10: The circulation patterns at 850 hPa (blue) and 500 hPa (red) that influenced
the heat wave over large parts of the country on (a) 16th, (b) 17th and (c) 18th January
2014.

Figure 4.11: The circulation patterns at sea level that caused the heat wave over the
eastern interior on the 4th (a), 6th (b), 8th (c), 10th (d), 11th (e) and 12th (f) October 2015.

Figure 4.12: The circulation patterns at 850 hPa (blue) and 500 hPa (red) that caused
the heat wave over the eastern interior on the 4th (a), 6th (b), 8th (c), 10th (d), 11th (e)
and 12th (f) October 2015.

Figure 5.1: Effects of urban heat island (Taken from Department of Human Services,
2009).

Figure 5.2: Daily excess mortality and outside temperatures in France in August 2003

(Poumadere et al., 2005). The x-axis is the days of the month.

39

40

41

42

44

45

48

49

50

51

55

56

Xii



LIST OF ABBREVIATIONS

APT
AWS
CSl
CSS
DJF
DSI
EDI
EFS
EHE
ETS
FAR
GPH
HI
HSS
HUM
10
ITCZ
MSLP
NCAR
NCEP
NWS
POD
RDA
SAW
SAWS
SEDI
USA
WBG
WHO

Apparent temperature
Automatic Weather Station
Critical success index
Clayton skill scores
December-January-February
Thom discomfort index
External dependence index
Ensemble Forecast System
Extreme heat events
Equitable threat scores
False alarm ratio
Geopotential heights

Heat Index

Heidke skill scores
Humiture

Indian Ocean

Inter-Tropical Convergence Zone

Mean sea level pressure

National Centre for Atmospheric Research

National Centers for Environmental Prediction

National Weather Service
Probability of detection
Research Data Archive
Discomfort index from SAWS
South African Weather Service

Symmetric external dependence index

The United States of America
Wet-bulb global temperature

World Health Organization

Xiii



CHAPTER 1: Introduction
1.1. Background

Located between 22 °S and 35 °S, South Africa experiences a number of days with extremely

high temperatures (temperatures that may have an effect on human health and other sectors)

Table 1.1: The number of hours of sunlight during different seasons of the year (adapted from
Southern AER, 2001)

Length of Time from Sunrise to Sunset for Various Latitudes on Different Dates
Northern Hemisphere (read down)
Latitude March 20 June 21 Sept 22 Dec 21
12 hr 12 hr 12 hr 12 hr
00
12 hr 12.6 hr 12 hr 11.4 hr
10°
12 hr 13.2 hr 12 hr 10.8 hr
20°
12 hr 13.9 hr 12 hr 10.1 hr
30°
12 hr 14.9 hr 12 hr 9.1 hr
40°
12 hr 16.3 hr 12 hr 7.7 hr
50°
12 hr 18.4 hr 12 hr 5.6 hr
60°
12 hr 2 months 12 hr 0 hr
70°
12 hr 4 months 12 hr 0 hr
80°
12 hr 6 months 12 hr 0 hr
90°
Latitude Sept 22 Dec 21 March 20 June 21
Southern Hemisphere (Read up)




every year, especially during summer when the Southern Hemisphere is tilted towards the sun
and the sun’s rays are shining directly at the Tropic of Capricorn (23,5 °S) (Southern AER, 2001).
Extreme temperatures during summer over South Africa are also as a result of long hours of
exposure to the sun’s radiance at a high intensity since solar radiation travels through a smaller
width of the atmosphere (Burgress, 2009). Table 1.1 depicts that the number of hours of sunlight
over South Africa are highest during the summer (over 13 hours) and lowest during winter. Long
hours of sunlight during summer months are a further source of extreme heat events and heat
waves. Another cause of extreme temperatures is the synoptic weather systems that influence
South Africa during summer months. There can be days when temperatures in parts of the
country are expected to be extremely high. If this is expected to persist for more than two

consecutive days, then heat wave warnings need to be issued.

Most nations consider heat waves as a persistence of high temperatures, usually with high
humidity, for three or more days (Peng et al., 2011). For example, in a study of heat waves over
Africa, a heat wave was defined as a period of three or more consecutive days when the daily
maximum temperature exceeds the 90" percentile for DJF season (Lyon, 2009). In Australia,
heat waves are defined whenever the combined effects of high temperatures and excess heat
are higher than usual for at least three days within the local climate (Steffen et al., 2014). Frich
et al. (2002) define heat waves as a period of at least five consecutive days with maximum
temperatures exceeding the 1961-1990 daily maximum temperature anomaly by 5 °C. The
National Weather Service from the United States of America (USA) defines a heat wave as a
period of two or more days with abnormally and uncomfortably hot and unusually humid weather
conditions (NOAA's National Weather Service, 2016).

Prediction and issuing of early warnings for heat waves are essential since they may have severe
negative impacts on human health, economy, air quality, agricultural production, etc. (Sheridan
and Kalkstein, 2004). Also, anthropogenic climate change is projected to bring with it an increase
in the frequency of heat waves/extreme temperatures, which can intensify droughts, increase

the risk of fires and mortality rates (Risbey & Tryhorn, 2006; Peng et al., 2011).

1.2. Impacts of heat waves

Heat waves are considered as significant weather hazards and have a wide range of negative
impacts on human health, economy and the environment (Sheridan and Kalkstein, 2004). They

may also result in loss of agricultural production and livestock, resulting in food shortage and



bankruptcy of farmers, forest fires, inadequate supply of clean drinking water, power failures and

power cuts as a result of water shortage (Jendritzky, 2000).

Heat waves may also cause life-threatening diseases and sicknesses in humans, such as heat
stroke, heart disease and heat cramps. The young, elderly, sickly and overweight are most
vulnerable to such heat-related diseases (Nicholls et al., 2009). The physiological reaction to
excessive heat generates an increase in circulation in order to boost heat loss through radiation
and evaporative cooling by sweat (Kalkstein and Sheridan, 2004). The increase in circulation
leads to an increase in cardiac output until the body can no longer maintain a healthy temperature

balance hence death may occur.

Low income and poor population groups are more prone to the effects of heat since they do not
have sufficient resources to aid in mitigation. Residents in towns and cities are also susceptible
to the effects of excessive heating due to the effect of heat islands (Nicholls et al., 2009; Voogt,
2004). In towns and cities heat is stored in bricks, walls and concrete (Bureau of Meteorology,
2012). Also, the building materials and structure, and human and industrial activities in cities
contribute to the climate thereof. As a result, nights become warmer during heat waves, the city’s
warmer nights result in excessive thermal stress on humans, which then leads to increased
mortality in urban areas. Citizens in cities are also exposed to higher levels of air pollution,
making them more vulnerable to illness and mortality during heat waves. Humans living in areas
located in temperate regions may also be exposed to conditions suitable for the spread of vector-

borne diseases, such as malaria, during heat waves (Voogt, 2004).

During periods of heat waves in towns/cities, energy demand for air conditioning may increase
(Voogt, 2004). According to the Eskom Demand Side Management Fact Sheet, in the summer
heat, air conditioners are many people’s appliance of choice to keep cool and usually with
thermostats set at 18 °C or even lower (Eskom, 2010a). Use of air conditioners may release more
heat as well as greenhouse gases into the atmosphere (Eskom, 2010b). Degrading air quality
may also cause or contribute to an increase in mortality or an increase in irrevocable or
unbearable reversible illnesses (Peach, 1997). According to the World Health Organization
(WHO) report, clean air is one of the basic requirements of human health (WHO, 2005).
Furthermore, this WHO report states that more than 2 million untimely deaths every year can be
ascribed to urban outdoor air pollution and its effects. Amongst other ilinesses, poor air quality
may cause respiratory illnesses, asthma, bronchitis, non-fatal heart attack and hypertension

(Resosudarmo et al.,, 2002). Humans with these conditions or illnesses are most likely to



experience difficulties or even mortality during heat waves (Palecki et al., 2001; Ebi and Meehl,

2007) These health problems in turn negatively impact the economy.

During heat waves, water supply and quality may be affected, especially among the low-income
and poor populations. Poor water quality may affect human health drastically, by causing
diseases such as cholera, Mycobacterium Avium Complex (one of the most common infections
causing death in HIV-infected individuals), and other infections caused by bacteria, protozoa,
protozoan parasites, parasitic worms and fungi (CSIR, 2010). According to CSIR (2010),
populations in areas of low-water supply may suffer severe dehydration during periods of
sustained heating, resulting in many hospital admissions or even deaths. Decreased water
quality and supply may also have a negative impact on irrigation, commercial forestry

plantations, mining, industry, power generation as well as domestic sectors (CSIR, 2010).

The impacts of heat waves have been studied in other parts of the world. Excessive heat claims
more lives each year than many other causes of fatalities in the USA (NOAA, 2012). NOAA
(2012) also reports that the disastrous heat wave of 1980 in the USA claimed over 1 250 lives
and 700 deaths were attributed to heat during the heat wave of 1995 over Chicago. NOAA (2012)
further reports that approximately 50 000 lives were claimed as a result of the heat wave in

August 2003 in Europe.

Over 300 deaths were attributed to excessive heat during the period of June-July 1954 in the
USA (Westcott, 2011). Most of the deaths in this study were in the 50-90 year age group and
also, retail, agriculture and water-supply services were greatly impacted during the period. From
1979 to 1999, about 8 015 deaths in America were associated with excessive heat exposure and
nearly 15 000 lives may have been claimed during the hot summer of 2003 in France, Europe
(Kalkstein and Sheridan, 2004).

Chinganon et al. (1996) studied the impacts and responses to the mid-July 1995 heat wave over
the USA. The heat wave caused 830 deaths nationally, of which 525 were in Chicago. The
research showed that most of the fatalities were elderly. Further investigation on the cause of
these deaths revealed that many factors played a part, including inadequate heat wave warning
systems, power failures, questionable death assessments, inadequate ambulance and hospital

facilities, heat island, and lack of resources for fans and air conditioning.



The Department of Human Services of the State Government of Victoria, Australia assessed the
health impacts of the heat wave over Victoria in January 2009 (State of Victoria, 2009). The
report shows that this heat wave has had a massive impact on humans, especially on the elderly
(over 65 years old). It was found that during the event there was a 46% increase in total
emergency cases, increase in cases of conditions that were directly related to heat and cardiac
arrests, and the number of patients that died on arrival in hospitals. A State of Victoria (2009)
report further shows a 62% increase in total all-cause mortality of which most occurred in those

75 years or older.

Guirguis et al. (2014) investigated the impacts of heat waves on human health in six sub-regions
of California: the north and south coasts, central valley, Mojave Desert, southern deserts, and
northern forests. The study was focused on the recent cases of heat waves (1999 - 2009). The
study was done through the application of canonical correlation analysis on daily maximum
temperature and morbidity data. Morbidity data was in the form of unscheduled hospitalizations
throughout the entire study period, from which 19 cases of heat waves spanning a period of 3-15
days were identified. The results showed an average of 7% increase in hospital admissions on
peak heat wave days. A significant impact was seen in people suffering from conditions such as
respiratory diseases, vascular diseases, dehydration, acute renal failure, renal failure and mental
health. The results further showed that the health impacts differed with region and seasons.

In an analysis of the French episode of a heat wave in August 2003, Poumadere et al. (2005)
discussed the relationship between heat waves and natural and social factors. They reported
almost 15 000 deaths, an excess of 60% over expected mortality for the period. Poumadére et al.
(2005) further stated that factors such as urban living conditions, poverty, isolation, ill-health,
dehydration, age and gender, as well as heat stroke also had an impact on drastically increased

mortality rate.

1.3. The heat watch-warning system

In order to mitigate these health impacts, heat watch-warning systems (also referred to as heat-
health watch-warning systems or heat watch/warning systems) have been developed in many
countries (e.g. Nicholls et al., 2009 and Greene et al., 1996). These are weather-forecast
systems that are used to issue public alerts whenever heat wave phenomena are expected, with

the aim to prevent or mitigate heat-related impacts on human health (Kovats and Kristie, 2006).



The systems consist of a meteorological-based heat wave forecast and a public health action

plan.

Sheridan and Kalkstein (2004) developed a synoptic-based heat watch-warning system over the
USA. They used both health data (mortality) and weather data (i.e. air temperature, dew-point
temperature, pressure, wind and cloud cover) to develop the algorithm. Threshold levels above
which some alert or emergency response would be recommended were then developed. Heat
watch-warning systems, when applied along with mitigation activities such as media
announcements, are effective in alleviating the effects of heat waves (Greene et al., 1996).
Currently, South Africa does not have such a system; however, a similar system developed for

South Africa may have comparable positive impacts.

After considering the deadly impacts of heat waves over the USA, the National Weather Service
(NWS) improved on its efforts to send early warnings for heat waves to the public and relevant
stakeholders (NOAA, 2012). The NWS devised the Heat Index (HI), also referred to as apparent
temperature, to issue these heat wave warnings, provided the HI value exceeds 105 °F for at
least two consecutive days. The warning system was mainly developed for the public,
state/health officials and the media, and gives details on the extent of the heat wave, the persons
at risk and the safety rules for reducing the risk (NOAA, 2012).

A project called EuroHeat was developed by WHO in collaboration with the European
Commission for the European region (Menne and Matthies, 2009). The goal of this project was
to help improve public health responses to heat waves in the European region by developing a
heat-health plan. This development was conducted as a result of climate change being projected
to lead to an increase in frequency and intensity of heat waves, which may have major impacts
on human health. Menne and Matthies (2009) consider this system to be effective in reducing

health problems and mortality caused by heat waves.

A heat wave of July 1999 over the Mid-western USA (which consists of lllinois, Indiana, lowa,
Kentucky, Michigan, Minnesota, Missouri, Ohio, and Wisconsin) had similar conditions to those
of the heat wave of 1995, but resulted in fewer mortalities compared to 1995 (Palecki et al.,
2001). The damage due to this heat wave extended to road infrastructure and electricity supply
amongst others. According to this study, the heat wave watch system has helped save hundreds

of lives that could have been lost during this period. It is further indicated that the response from



the community was effective and could be improved further by utilizing more communication

mediums.

1.4. Research need

South Africa is located in an area where the sun’s rays are perpendicular to the northern parts
of the country during summer months, resulting in intense, frequent heating thereof. The synoptic
systems that influence summer weather may also result in the occurrence of heat waves. The
circulation patterns include subtropical anticyclones, easterly lows, and subtropical lows,
westerly waves, ridging anticyclones, west-coast troughs, thunderstorms and tropical cyclones
(Tyson and Preston-Whyte, 2000).

Also, based on the projection of climate change extreme weather events, heat waves are
expected to increase in frequency and intensity (Risbey & Tryhorn, 2006; Peng et al., 2011).
According to the South African Weather Service (SAWS), over the past years, South Africa has
already experienced an increase in extreme weather events that have resulted in the loss of
lives, damage to infrastructure and property (SAWS, 2012). Figure 1.1 depicts the number of
heat wave events and heat wave days, as defined by SAWS, that have been observed over
South Africa from 1993 to 2015 (Fig. 1.1). SAWS definition of a heat wave is at least three

The number of heat wave events and days recorded by SAWS
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Figure 1.1: Number of heat waves (HW) and heat wave days recorded by the SAWS. The blue line is
a trend line for the number of heat waves, which shows that heat wave occurrences are generally

increasing with time.



consecutive days when the average temperature for the warmest month at a station was
exceeded by 5 °C. The blue line shows the trend for heat wave events over the years, which is
on an increase. This corresponds with the projections for climate change that show an expected
increase in extreme events such as heat waves (Risbey & Tryhorn, 2006; Peng et al., 2011).
The figure further depicts that heat waves over South Africa have become more frequent.

Projections from climate change and its impacts have raised an interest among scientists to
investigate the impacts of climate change (particularly, heat waves) on human health over South
Africa. Currently, there is extensive research being undertaken by a number of scientists on the
subject. A recent paper by Wichmann (2017) used relative humidity, temperature and “City-level
all-cause non-accidental mortality data” to study the association between apparent temperature
and mortality in three major Cities of South Africa, namely, Cape Town, Durban and
Johannesburg. The study was carried out using apparent temperature thresholds of 18,6 ‘C; 24,8
‘C and 18,7 °C for Cape Town, Durban and Johannesburg, respectively. Results showed that the
elderly (= 65 years old) were more at risk, especially in Cape Town and Johannesburg.
Furthermore, Cape Town elderly women were more at risk than elderly men. This gives
anecdotal evidence that heat impacts human health and may even cause fatalities. News24 has
also reported a death case of a construction worker in southern Paarl, Western Cape (News24,
2012). Three of his co-workers were admitted to hospital and treated for dehydration. It was
suspected that the cause of his death was heat-related. It was reported that temperatures on
that day were hovering between 36 °C and 43 °C in the Paarl and the rest of Cape Town. For
these reasons, this research will study the different aspects of heat waves and also develop an

early warning system for heat waves that will help minimize their negative impacts.

This study will create a warning system for heat waves over South Africa based on the forecasts
produced by numerical weather prediction models and best practice guides/action plans
informed by heat-health action plans from other parts of the world. The purpose of the guide will
be to provide recommendations for the types of health warnings and intervention methods that
could be applied in South Africa, as well as information on the methodologies used to draft heat-

health plans.

1.5. Aim and objectives

The project’s aim is to develop a comprehensible heat watch-warning system for South Africa.
The system will be derived from temperature and humidity forecast data produced by the

National Centers for Environmental Prediction (NCEP) Ensemble Forecasting System (EFS).
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This system shall comprise guidance products for heat waves and give insight into the nature of

heat waves and their health impacts in South Africa. The specific objectives are:

» ldentify from a range of options the best index for defining heat waves over South
Africa.

» Identify the synoptic weather systems that caused the heat waves during summer
months.

» Verify the EFS model’s skill in predicting heat waves

» Construct the heat-health watch-warning system

» Outline the implications and mitigation measures that can be employed whenever
heat waves are predicted. The implications and mitigation measures will be based on
literature studies from other parts of the world and will be developed as a guide for

best practices from international literature.

1.6. Benefits

Though the impacts of heat waves on human health have not been studied and no heat watch-
warning system for societal benefit has been developed for South Africa, there is evidence from
studies done in other parts of the world that such a system may be very helpful in reducing the
impacts, or even death due to heat waves. A study by Confalonieri et al. (2007) used actual
mortality data from 1995-1998 for the city of Philadelphia to evaluate the effectiveness of heat
watch-warning system. They showed that within 4-5 warning days during the study period
approximately 117 lives were saved by the implementation of the system. Michelozzi et al.
(2005) evaluated their heat watch-warning system for the summer of 2003 over Rome. The
research indicated that the model forecasted most days when there were excess deaths in the
city. Issuing early warnings is essential for mitigating, or even preventing disaster as a result of

severe weather.

The heat-health watch-warning system developed in this study will give warnings for heat waves
a day to 14 days before the event. When effectively communicated through mitigation activities
such as the media, the system will help prevent/alleviate damage and even prevent loss of lives
(Greene et al., 1996). The Department of Health, as well as other relevant stakeholders can also
take the appropriate mitigation actions to protect those most vulnerable. This collaboration

should also aid in reducing economic strain on the country during periods of heat waves.



1.7. Project outline

Chapter 2 describes the data (both model and observational) used to conduct this study, the
evaluation methods and indices used. In Chapter 3 the skill scores for each index are discussed
and the index with the highest skill is identified.

In Chapter 4, the dominant weather systems on the heat wave days that were recorded by
SAWS and other media are discussed and summarized. Chapter 5 outlines the implications and
mitigation measures that can be employed whenever heat waves are expected and give insight
into the nature of heat waves. The mitigation measures are based on literature studies from
other parts of the world and are developed as a guide to best practices from international

literature. Chapter 6 contains the summary, conclusions and recommendations.
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CHAPTER 2: Data and methodology

2.1. Introduction

The aim of this study is to construct a comprehensible heat-health watch-warning system over
South Africa. This development is done using model forecast data (temperature and relative
humidity) from the NCEP EFS (Toth et al., 1996). Prior to the development of the heat watch-
warning system, the NCEP model has to be evaluated to assess the quality of its forecasts. This
evaluation helps the users to know how much they can rely on the heat wave forecast system
and model forecast in general. Forecast verification involves the comparison of model forecasts
against observations to which they pertain (National Research Council, 2006). Surface
temperatures and relative humidity from the NCEP model forecasts are used for evaluation of
the model against observational data from SAWS Automatic Weather Stations (AWS’s). The

observational data are obtained from the archive database of the SAWS.

2.2. The heat wave forecast index

2.2.1. The NCEP EFS
The chaotic nature of the atmosphere, as well as uncertainties from the initial conditions, make

it hard to predict the future state of the atmosphere at a certain lead time (Wilks, 2006).
Ensemble forecasting is a way to address this problem and so reduces uncertainty in the

forecast outcome.

Ensemble forecasting has been operational at NCEP since December 1992 (Toth et al., 1996).
More ensemble members were added in March 1994 and 17 forecasts are run daily with the
NCEP global model, for a 16-day lead time. The model uses three control forecasts: T126 and
T62 resolution at 00:00 UTC and T126 resolution at 12:00 UTC, and makes 14 other perturbed
forecasts at T62 resolution.

SAWS has started using subsets of NCEP EFS for short and medium range forecasting (up to
16 days ahead) since March 2000 (Tennant et al., 2006) In 2004, the products downloads were
done at 2.5x2.5" resolution, for 23 ensemble members. In September 2005, downloading 1x1’
resolution ensemble subsets for 45 members at 6-day lead time began. Ensemble members for
1x1" products were increased to 60 for a 14-day lead time in June 2006. The subsets have been

kept in the archive system of SAWS since 2007.
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Toth et al. (2001) have studied the benefits of using ensemble forecasts instead of an equivalent
or higher resolution control forecast. In Toth et al. (2001), the 14—member set of the T62
horizontal resolution NCEP ensemble was evaluated against the Medium Range Forecast
model (T62 resolution) and T126 for the period of April — June 1999. The outcome of the study
shows that it is more beneficial to use ensemble forecasts because they provide more detailed
forecast probability distribution and they are able to discriminate high predictability from low
predictability cases. A study on the application of the NCEP EPS to medium range forecasting
in South Africa has shown similar results (Tennant et al., 2006). According to Tennant et al.
(2006), using NCEP ensemble forecasts reduces the instance of missed events in forecasts and

is useful in estimating confidence in forecasts.

It is, however, important to note that skillful models need to be used in order to capture the
predictability of the atmosphere. For this reason, the NCEP model will be evaluated for its ability
to predict extremely hot events. Ensemble forecast data for 1x1° resolution are used to conduct
this study. The data is first bias corrected. Bias correction is a process to suppress large-scale
errors that are often found within the regional domain in the dynamical downscaling procedure
(Kanamaru and Kanamitsu, 2007). In this study, average bias for each station for the entire
period is calculated and added to the ensemble average temperature.

2.2.2. Observational data
SAWS archives observational (synop) data from about 200 AWS in its database on a daily basis.

The location of these AWS’s is shown in Figure 2.1. The observations include temperature and
dew point temperature. In cases where relative humidity is required to calculate a heat index, it
is derived from temperature T ("C) and dew point temperature Td (‘C): R=100-5(T-Td), where R

is the relative humidity.

2.2.3. Evaluation methods
Forecast verification is the assessment of forecast quality, the association between forecasts

and observation to which they pertain (Wilks, 2006). Forecast verification is critical for ensuring
that forecast products are accurate, skillful and reliable, and also efficiently and effectively meet
the public’s needs (Gordon and Morimoto, 2000). The purpose of verification is to give
information to the model users about the uncertainty and the performance of the forecasts
(National Research Council, 2006).
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In order to evaluate the NCEP’s ability to predict recent heat waves, daily data for September —
March for the years 2010 — 2013 is used. Five heat indices from different parts of the world are
selected for this study. The indices are calculated for single-day phenomena (extreme events),
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Figure 2.1: Spatial distribution of stations (red circles) used for the study.

meaning that the model is evaluated for its ability to forecast extreme events. The index with the
highest skill will be used to develop the heat watch-warning system as well as for further study.
The heat wave indices examined include discomfort index from SAWS (SAW), Humiture (HUM),
apparent temperature (APT), wet-bulb global temperature (WBG) and the Thom discomfort
index (DSI) (Veneckova et al., 2011). The heat indices are used at different weather centres and
they each have defined thresholds that are investigated in this study. Table 2.1 depicts the
formulae and selected threshold values for these indices. These thresholds are the values that
indicate extreme temperatures, and if exceeded for three consecutive days or more, they

indicate heat wave phenomena.
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SAWS is the authoritative voice on weather and climate in South Africa and has developed, as

one of its products, the discomfort index. The index calculates the impact of heat stress on

Table 2.1: Summary of selected Bio-meteorological indices. T=surface temperature (°C), e=water vapour
pressure, Td=dew-point temperature (°C) and RH=relative humidity (%) (Veneckova et al., 2011; Bureau
of Meteorology, 2014, Steadman, 1994; SAWS, 2014; Brotherhood, 2008; Yousif and Tahir, 2013).

Index Equation Threshold
SAW 2T+RH(T+24)/100 110
HUM 7.5Td 36

T+(e-21); where e=6.11 X ez73.7+Td

APT -2.653+0.994T+.368Td2 33
DS T-0.55[1-0.01(RH)](T-14.5) 25
WBG 0.567T+0.393e+3.94; where e=6.11x | 30

humans by taking into account the combined impact of temperature and humidity (SAWS, 2014).
Threshold values for the levels of discomfort are: 90-100 =very uncomfortable, 100-110 =
extremely uncomfortable and110+ = hazardous to health (SAWS, 2014).

HUM is used at the Canadian Meteorological Service. The warning system thereof has the
following thresholds defined in it: 15-25 °C for low to moderate risk, 26-29 °C for high risk, 30 -
35 °C for very high risk and >36 °C for extreme risk for heat disorders (Brotherhood, 2008). This

study identifies all cases with 36 °C or more as extreme cases.

The Bureau of Meteorology, Australia, uses AP to predict and issue heat wave warnings.
Apparent temperature is the combined impact of temperature and humidity on humans
(Steadman, 1994). For this study, 33 “C is selected as the threshold value for extremely hot

events and is used to investigate the model skill in predicting extremely hot events.
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TDI is one of the famous formulae for calculating discomfort index based on temperature and
relative humidity (Yousif and Tahir, 2013). Discomfort conditions thereof are:

e TDI <21 No discomfort

o 21 =<TDI < 24 Less than 50% of people feel discomfort

o 24 <TDI < 27 More than 50% of people feel discomfort

e 27 < TDI < 29 Most of people feel discomfort.

e 29 < TDI < 32 Very strong discomfort

e TDI = 32 Medical emergency (Thom, 1959). 27 °C was selected as a threshold for

extreme events.

WBG is also used at the Canadian Meteorological Service as an indicator of risk to human health
due to heat. Indicators of the level of risk are:
e <20=Low,
e 21 - 25 = Moderate to high,
e 26 -29 = High - Very high, and
e 30 and above = Extreme (Sports Medicine Australia, 2014). 30 °C is used in this study
as a threshold for extreme events.
For heat indices in this study, values that the meteorological centres considered as extreme
danger/heat values are taken as thresholds for extreme events.

To evaluate the indices above, the first step is to calculate based on the equation/definition, each
index for the observations and for the forecasts, e.g. calculate apparent temperature values for
observations and for the forecasts. Secondly, the cases when heat waves were
observed/forecasted, when certain thresholds were exceeded (i.e. develop a contingency table)
were identified, and then the accuracy, reliability and skill for each index was calculated. Table
2.2 depicts the list of evaluation schemes that are used, formulae and skill measures and

threshold values thereof.

Forecast verification is the process of evaluating forecast quality by measuring attributes such as
bias, accuracy, discrimination, reliability and skill (Wilks, 2006). Bias is the correspondence
between average forecasts and average observations. Accuracy measures correspondence
between individual forecasts and observations. When an average is taken over all observations,
the difference between conditional mean forecasts and unconditional mean forecasts is a

measure of discrimination. The correspondence of conditional mean observations and conditional
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forecasts averaged over all forecasts is an indication of reliability. Skill indicates how well a
forecast performs relative to a climatology or persistence (Wilks, 2006; Jolliffe and Stephenson,
2003; National Research Council, 2006).

Heat waves are considered as rare severe events. Verifying forecasts of rare is complex, partly
because scores decline to trivial values as events become rarer (Ferro and Stephenson, 2011).
This phenomenon may give the impression that rare events cannot be skilfully forecasted
irrespective of the forecasting system being used (Stephenson et al., 2008). To address the
shortcomings associated with verifying forecasts for rare events, Ferro and Stephenson (2011)
have developed the external dependence index (EDI) and the symmetric external dependence
index (SEDI). These are used in this study in addition to the other skill measures.

2.3. The weather systems that caused heat waves over South Africa

2.3.1. NCEP reanalysis 2
NCEP Reanalysis 2 is a dataset of the National Centre for Atmospheric Research’s (NCAR)

Research Data Archive (RDA). The data is freely available for download online in Grib format
(Saha et al., 2011). Reanalysis data combines a numerical model and observations to generate
an estimate of the atmosphere and is useful for research and monitoring (Curry, 2011).
Atmospheric representation from the weather forecasts derived from reanalysis data has high

accuracy and is very close to observations.

To identify the weather systems that caused the recent heat waves over South Africa (from 2011
- 2015), NCEP reanalysis 2 dataset is used (Saha et al., 2011). Geopotential heights at 850hPa
and 500hPa, and mean sea level pressure subsets are downloaded for this study and used to
plot and identify the weather systems that caused recent heat wave phenomena. The weather
systems were analysed at 12:00 GMT when maximum temperatures are measured. The coarser
resolution dataset (2.5 x 2.5) is selected for its smoother appearance (compared to the higher
resolution data), which makes it appear much similar to the synoptic maps from SAWS. A
composite analysis of the systems is further employed according to the geographical location of
the heat wave events in order to better understand the systems that caused heat waves at
different locations of the country. The composite analysis also assists in highlighting common
features and identify synoptic systems that may be associated with heat waves (Gonzalez-

Aleman et al., 2015; Thomas and Martin, 2007).
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Table 2.2: List of evaluation schemes that are used to evaluate the bio-meteorological indices under investigation,
where a=number of hits, b=number of false alarms, c=number of misses and d=number of correct negatives (Ferro
and Stephenson, 2011; Jolliffe and Stephenson, 2003; National Research Council, 2006).

Scheme Formula measure:
a=hits, b=false alarms, c=misses and d=correct
negatives.
Bias Bias [(at+b)/(a+c) Bias;
perfect score=1,
over-forecast>1,
under-forecast<1
Critical success [CSI [|a/(a+b+c) accuracy;
index 0 = worst
1 =best
False alarm ratio [FAR |b/(a+b) Reliability and Resolution
0 = best
1 = worst
Probability of POD |a/(a+c) Discrimination
detection 0 = worst
1 = best
Heidke skill HSS |2(ad-bc)/((a+c)(c+d)+(a+b)(b+d)) skill (proportion correct that would be achieved
scores by random forecasts that are statistically
independent of the observations)
< 0 worse than reference
0 close to reference forecast
1 perfect
Clayton skill CSS |(ad-bc)/((a+b)(c+d)) skill - conditional relative frequency of the yes
scores outcome given yes forecasts

1 = perfect forecast

0 = random forecast

Equitable threat |ETS |[(a-arer)/(a-arer+b+c); where arei=(a+b)(a+c)/n Skill - ratio of success
scores 1 = perfect

0 =worst
External EDI |(log FAR —log POD)/(log FAR +log POD) rare events skill
dependence 1 -best
index
Symmetric SEDI |(log FAR —log POD-log(1-FAR)+log(1-POD))/(log rare events skill
external FAR +log POD+log(1-FAR)+log(1-POD)) 1 -best
dependence
index
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2.4. The heat-health watch-warning system

The heat-health watch-warning system for South Africa comprises of the meteorological forecast
and a heat action plan. The meteorological forecasts are based on the heat index that is identified
as the most appropriate for South Africa (in Chapter 3). The heat action/prevention plan is derived
from a comprehensive literature study from other parts of the world.

2.5. Synopsis

The data for assessing the quality of the model forecasts (model and observational data) have
been discussed. Data for studying the weather systems that caused the past recent heat waves
and data for developing a heat-action plan that is recommended for South Africa were also
discussed. Evaluation schemes for identifying the most suitable heat index for South Africa, hence
evaluating the model performance have been outlined. The next chapter gives the results of this

model evaluation and the performance of selected heat indices over South Africa.
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CHAPTER 3: The performance of different heat indices in

predicting extremely hot events over South Africa

3.1. Introduction

In this chapter the results of the evaluation of selected heat indices over South Africa are
discussed. The purpose is to identify the most skillful index that could be used to develop a heat
watch-warning system for heat waves over South Africa. The final outcome of this work is for the
system to be developed and tested and to be made operational at SAWS. Thereafter the

information can be disseminated to relevant stakeholders whenever heat waves are forecast.

To identify the most appropriate heat index for South Africa, each one of the selected indices is
calculated for each day of the study period (for all available cases) and evaluated against the
observations. Evaluation schemes stated in Chapter 2 are utilized. This is done for forecasts up
to a 14-day lead-time. An extreme event is identified whenever each threshold in Table 2.1 is
exceeded, and those extreme events are used for the study. The assumption is made that any
index that can skilfully forecast single-day extreme events can also do the same for prolonged

extreme events, i.e. for heat wave events lasting several days.

Since the model data used are derived from the NCEP model, the skill also depends on the quality
of the model forecast data. The NCEP model forecasts have been examined over South Africa
and been found to have benefit in the skill of the 1-7 day forecasts, in that the ensembles have
reduced instances of missing events compared to single deterministic forecasts (Tennant et al.,
2006). Ensemble forecasting generally addresses errors associated with numerical model
forecasting (Toth et al., 2001).

3.2. Evaluation results

All selected indices (SAW, HUM, APT, WBG and DSI) are evaluated for 1 — 14 day lead-times
and the results are summarized in Table 3.1. Evaluation schemes in Table 2.1 are used and the
index with a relatively better performance for each scheme and lead-time is entered in the

appropriate column (Table 3.1).
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Table 3.1: Summary of areal average skill scores per lead-time for each evaluation scheme

APT APT APT APT APT APT APT APT APT APT APT APT APT APT

HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM

HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM

HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM

HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM

HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM

HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM

ETS HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM

HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM HUM == = =

APT has the least areal average bias and false alarms through all lead times. It is also most
reliable and has the highest resolution. HUM shows better scores and skill as far as the rest of
the selected evaluation schemes are concerned. This result implies that HUM has the best
discrimination (POD and HR), and is most skillful as far as areal average evaluation scores are

concerned.

Figure 3.1 depicts the areal average bias scores for all five selected indices. APT bias scores are
lowest and closest to 1, the perfect score, through all lead times. The scores follow a decreasing
trend (drawing closer to 1) from 1-day to 5-day lead times, and thereafter begin to fluctuate. HUM
is second after APT, then WGT. TDI and SDI over-forecast the most through all lead time. All the
indices, except APT, over-forecast extreme events at all lead times.

Due to its dependence on the bias, areal average HSS is also one of the schemes that converge
to zero for extreme events (Raghavendra, 2014; Stephenson et al., 2008). Figure 3.2 supports
this fact clearly. HUM has relatively high scores for HSS. SDI follows, and APT has the lowest
scores. Scores generally follow a decreasing trend with increasing lead-time. Skill scores for HUM
are above 0.4 only from 1- to 5-day lead-time.
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Figure 3.1: Areal average bias scores for selected heat indices through the entire domain.
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Figure 3.2: Areal average HSS scores for selected heat indices through the entire domain.
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Areal average HR (POD) scores are also low (Fig. 3.3). This is expected for rare events, where
hits are far less than correct negatives (Doswell et al., 1990). According to Figure 3.3, HUM has
the highest discrimination for extremely hot events. It is followed by SDI and the rest, but APT has
the lowest level of discrimination. The skill generally becomes lower with increasing lead time.
This result is what is expected of forecast skills (Shrestha et al., 2013).

Areal average HIt rate scores
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Figure 3.3: Areal average hit rate scores for selected heat indices through the entire domain.

Standard evaluation schemes such at ETS, CSI, POD, etc. approach zero for high threshold
amounts (extreme events). This notion is because they are sensitive to bias. However, EDI and
SEDI schemes have been proven to be most appropriate for evaluating extreme rare events such
as extremely hot events (Raghavendra, 2014; Stephenson et al., 2008). It is interesting to notice
that areal average EDI and SEDI skill scores follow a similar trend and that only HUM has some
skill (even though it is low) (Fig. 3.4). The other heat indices are always below the line of no skill
(zero). This result is because SEDI and EDI scores depend on FAR and POD and their FAR
scores are high while their POD is low. HUM has positive EDI and SEDI scores because of its
high POD scores. The scores show a slight increase in skill from 1- to 4-day lead-time, and
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hereafter follow a decreasing trend with increasing lead-time. A sharp decrease in skill begins at

the 6-day lead-time.

ETS is one of the traditional scores used to verify deterministic forecasts of rare binary events
such as extremely hot events, but has a disadvantage that it has zero scores for very rare events
(Raghavendra, 2014; Stephenson et al., 2008). This, in turn, can lead to a misconception that
rare events cannot be evaluated (Raghavendra, 2014). Figure 3.5 below depicts this fact: only
HUM has notable scores, and they are very low. APT, TDI, SDI and WGT show no skill as far as
ETS is concerned. This result implies that only HUM has a ratio of success in forecasting
extremely hot phenomena (Jolliffe and Stephenson, 2003). Figure 3.5 further depicts that the little
skill that ETS has generally decreases with increasing lead-time, though there is a slight,
insignificant increase between 1- and 4-day lead-times. A sharp decrease in skill with lead-time
begins at the 6-day lead-time.

According to Tennant et al. (2006) and Candille et al. (2007) the use of model-generated
probability forecasts are beneficial and display reasonable skill up to 7-day lead-times. In this
study, most evaluation schemes generally show great benefit up to 5-day lead-time. This lead-
time is believed to be sufficiently long for issuing a heat wave alert and for stakeholders to prepare
for it (USEPA, 2006). Itis also evident that HUM shows more skill in most cases, hence the spatial
distribution of performance is also investigated only for HUM heat index, for 1-5 day lead-times.
Areas of interest include the north-eastern interior and coastal areas. The reason is the western
and north-western interior are often very hot, so the inhabitants are most likely to adapt easily to
extreme heat and least likely to suffer the impacts thereof.
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Figure 3.4: Areal average (A) EDI and (B) SEDI scores for selected heat indices through
the entire domain. 25
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Figure 3.5: Areal average ETS scores for selected heat indices through the entire domain.

CSS generally decreases to zero with increasing lead-time along the areas of interest (Fig. 3.6).
Figure 3.6 further depicts that extremely hot events occur more frequently when forecast than
when not forecast over the coastal areas (Kluver, 2008). The central interior provinces show no
skill throughout as far as CSS scheme is concerned. The Eastern Cape seems to have more skill
than the rest of the provinces of interest, and the skill generally vanishes with increasing lead-
time. Parts of the Western Cape show significant CSS skill in forecasting extreme events, and it
also vanishes with increasing lead-time. KwaZulu-Natal also has some CSS skill, and its

magnitude fluctuates through the lead-times.
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Figure 3.6: The spatial distribution of 1- to 5-day lead-time Clayton skill scores (CSS) for HUM
(A-E, respectively).

Skill, as far as CSl is concerned, generally decreases with increasing lead-time over the areas of
interest (there are more shades of red-yellow over the coastal and eastern interior at 1-day lead
time, and decreases to the least at 5-day lead time) (Fig. 3.7). KwaZulu-Natal shows more skill
than all the other provinces of interest, although the skill fluctuates through increasing lead-time.
Parts of the Western Cape also show significant CSI skill. These are parts where several heat
waves, of which some were fatal, were reported recently (e.g. News24, 2012; eNCA, 2015a;
eNCA, 2015b; Eyewitness News, 2015). There is no skill in predicting extreme events over North-
West and Gauteng through all the lead-time, and little skill over Limpopo Province and
Mpumalanga.
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EDI and SEDI scores follow a similar pattern, although EDI values are higher (Fig. 3.8 and Fig.
3.9). This supports the results depicted in Figure 3.4 above. There are higher EDI and SEDI skills
over the Limpopo Province on 1-day lead-time, followed by the Western Cape. The skills become
lower with increasing lead-time. This result implies that there higher skill and confidence in the
forecasts at 1-day lead-time and it decreases with increasing lead-time (Tennant et al., 2006).
Parts of the central interior also show some EDI and SEDI skill. The rest of the areas of interest

show no EDI or SEDI skill. This finding is due to the high rate of false alarms and fewer hits.

Critical success index (CSI) for HUM
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Figure 3.7: The spatial distribution of 1- to 5-day lead-time Critical success index (CSI) for HUM
(A-E, respectively).
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Figure 3.8: The spatial distribution of 1- to 5-day lead-time External dependence index (EDI) for
HUM (A-E, respectively).

Discrimination for extremely hot events, as defined by POD, has notable spatial extent of high
scores over large parts of the country (Fig. 3.10). Discrimination over the areas of interest is
highest over large parts of Limpopo and vanishes with increasing lead-time. North-West, the

Western and Eastern Cape, and the Free State possess discrimination that fluctuates through the
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lead-times. On average, POD decreases slightly with lead-time. Gauteng and Mpumalanga show

no discrimination throughout.
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Figure 3.8: The spatial distribution of 1- to 5-day lead-time External dependence index (EDI)
for HUM (A-E, respectively).
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Figure 3.10: The spatial distribution of 1- to 5-day lead-time Probability of detection (POD) for HUM (a-e,

respectively).

3.3. Synopsis

Based on the results of the evaluation of selected heat indices on their ability to predict extremely
hot events, HUM has, for the most part, the best performance compared to the rest of the indices.
For this reason, it was decided to further develop an operational heat wave forecast system at
SAWS based on the HUM only. HUM is also selected for further use in this study. All the indices
are underperforming. This result could be caused by the fact that extremely hot events are rare,
have “hits” that are far less than “correct negatives” or any other unidentified cause (Doswell et
al., 1990).
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It is important to note, however, that HUM only takes into account the effects of temperature and
humidity. This may be a limiting factor as the same temperature and humidity can have different
effects in different parts of the world. Demography and adaptation are other factors to consider
when developing heat forecast systems since South Africa is geographically located in an area of
variable climatic conditions (Dyson, 2000; Victorian Government Department of Human Services,
2009). All these factors should be taken into account when developing the operational heat wave

forecast system (not part of this study).

The performance generally decreases with increasing lead-time. It is interesting to note that the
performance of HUM is generally skillful up to 5-day lead-time, which is still sufficient period for
stakeholders to prepare for a forecasted extremely hot event, and heat waves in particular. It is
also notable that parts of the Western Cape have significant performance in predicting extremely
hot events. EDI, SEDI and POD schemes show that the Limpopo Province has the highest
performance (skill and discrimination). The model shows little to no ability in predicting extremely
hot events over Gauteng and the Free State.

To further add value to the skillful model forecasts, there is need to understand that the occurrence
of heat waves is dependent on the meteorological conditions. Further study on the weather
systems that cause heat waves over South Africa is also done and is discussed next. This will
help weather forecasters stay on the lookout for heat waves whenever such systems are
forecasted or observed. The model skill for predicting such weather systems is expected to be
good up to five days ahead of the event.
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CHAPTER 4: The weather circulation patterns that caused

heat waves over South Africa

4.1. Introduction

The knowledge and understanding of weather systems that cause heat waves are critical to
weather forecasters and atmospheric scientists. Due to its geographical location, South Africa is
influenced by tropical, subtropical and temperate weather circulation systems (Taljaard, 1995a).
The circulation patterns include subtropical anticyclones, easterly lows, and subtropical
lows/troughs, westerly waves, ridging anticyclones, west-coast troughs, thunderstorms and

tropical cyclones (Tyson and Preston-Whyte, 2000).

The subtropical anticyclones are high-pressure circulations that are deep and tilted upward from
the surface towards the north-west (Tyson and Preston-Whyte, 2000). They are associated with
divergence in the near-surface wind field, strong subsidence throughout a deep layer, the
occurrence of inversions, fine clear conditions and little or no rainfall. When prevailing for
extended periods in summer, subtropical anticyclones may produce severe heat waves and
aridness. Subtropical anticyclones in the upper air are most likely during dry summers and are
associated with subsidence (Karoly, 2015; Tyson and Preston-Whyte, 2000). When these high-
pressure systems are located in the upper air in summer, they produce clear, fine weather (Tyson
and Preston-Whyte, 2000).

Tyson and Preston-Whyte (2000) showed that easterly waves and lows are usually associated
with the Inter-Tropical Convergence Zone (ITCZ) and the warm humid easterly winds between
the ITCZ and the subtropical high-pressure belt. Typically in summer, they extend from Namibia
to the central interior of the country and are also flanked by the Indian Ocean high and the Atlantic
Ocean high (Taljaard, 1995a). West of the easterly waves and lows are clear skies, hot conditions
with no rainfall. Thunderstorms may occur within a convergence zone, extending 200-300 km
north-eastward of the trough and often form squall lines that advance from the south-west.
Subtropical lows, westerly waves, ridging anticyclones, thunderstorms and tropical cyclones tend
to produce heavy rainfall over South Africa during summer months (Tyson and Preston-Whyte,
2000).
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Ridging anticyclones are associated with berg winds over the south and south-east coasts when
they are located over the central interior, and berg winds over the Western Cape when they are
located over the southern parts of the country (Tyson and Preston-Whyte, 2000). They are also
associated with subsidence with clear, fine and hot weather.

In this chapter, the weather systems that caused heat waves in the recent years are identified.
Such understanding will help meteorologists stay on the lookout for heat waves whenever such

systems are forecasted or observed, so they can issue warnings to relevant stakeholders.

4.2. The weather patterns responsible for observed heat waves

In this study, cases that were reported mainly by SAWS and the media between 2011 and 2015
are used to investigate the weather systems that influenced heat waves in different parts of South
Africa. Identified cases are 24-26 October 2011, 13-15 November 2011, 15-18 January 2012, 23-
28 January 2013, 16-18 January 2014, 14-17 February 2014, 7-11 February 2015, 4-12 October
2015 and 7-12 November 2015 (SAWS, 2016; eNCA, 2014; Health24, 2015; News24, 2015a;
The Citizen, 2015; eNCA, 2015a; eNCA, 2015b, eNCA, 2015c, News24, 2011; News24, 2015b;
IOL, 2015; News24, 2015c; SABC, 2011; de Jager, 2015; The Sowetan, 2013; News24, 2013;
SABC, 2014; News24, 2012). From these cases, it can be seen that 2015 has experienced the
longest heat waves of all selected. Based on the cases above, the average duration of each heat

wave event is four days.

Table 4.1 depicts the spatial distribution of the heat wave cases that were reported by SAWS and
other media between 2011 and November 2015. Most of these heat waves occur over the north-
eastern interior, with Gauteng experiencing the most of them. No heat wave was reported in the
Eastern Cape during this period. Heat waves that occurred in the Western Cape have a much
smaller spatial extent compared to the ones in the north-eastern interior and has observed heat
waves during mid-January and February. January has the highest number of heat wave events
for the study period, followed by February. Heat waves that occurred at the end of spring and

beginning of the summer season (October and November) occurred in the north-eastern interior.

4.2.1. The average circulation patterns
To further understand the nature of heat waves over South Africa, NCEP reanalysis data are used

(Saha et al., 2011). In order to understand the circulation patterns from sea level to the upper
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Table 4.1: Location/spatial distribution of heat waves that were recorded in the media and by SAWS between
2011 and November 2015 (eNCA, 2014; Health24, 2015; news24, 2015; The Citizen, 2015; SAWS, 2016;
eNCA, 2015a; News24, 2011; News24, 2015a; IOL, 2015; News24, 2015b; SABC, 2011; de Jager, 2015;
Sowetan, 2013; News24, 2013; SABC, 2014; News24, 2012).

Heat wave case Location

24-26 October 2011 Gauteng Province

13-15 November 2011 | Free State, Gauteng, Limpopo, Mpumalanga and North West Province
15-18 January 2012 Western Cape (Cape Town)

23-28 January 2013 Gauteng, Limpopo, the Northern Cape and North West

16-18 January 2014 Gauteng, Free State, North West province, Northern Cape and Limpopo
14-17 February 2014 Western Cape (Cape Peninsula)

7-11 February 2015 Gauteng and North West

4-12 October 2015 Limpopo, Mpumalanga and Gauteng

7-12 November 2015 Gauteng, Mpumalanga, Limpopo and parts of North West

atmosphere, geopotential heights (GPH) at 850 hPa and 500 hPa, and mean sea-level pressure
(MSLP) are plotted for the study. The events are grouped and averaged according to their
location: heat waves over the Western Cape and events over the north-eastern parts,
respectively, in order to investigate further the general circulation patterns influencing heat waves

over each location. This analysis is conducted for identified cases at 12:00 GMT of each case.

General patterns causing the heat waves listed above over the Western Cape are depicted in
Figures 4.1 and 4.2. Figure 4.3 depicts the spatial distribution of average maximum temperatures
during the heat wave days. It can be seen that temperatures were highest over parts of the
Western Cape where hear waves were reported (Fig. 4.3). On average, the weather patterns that
influence heat waves at mean sea level are a ridging anticyclone (Atlantic Ocean high),
accompanied by a tropical trough (Fig 4.1). The ridging high (centered south of the country)
extends to the eastern parts of the country, while the tropical trough extends from Namibia to the
south-west coast. Ridging highs are characterized by subsidence over the Western Cape, which

results in clear, fine and hot weather (Tyson and Preston-Whyte, 2000). The two weather systems
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are positioned in an offshore area of the Western Cape, accompanied by an easterly to north-
easterly flow. Berg winds are most likely under such conditions, and they are also characterized
by subsidence and very hot conditions (Taljaard, 1995b).

Average MSLP for cases that were reported over the WC
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Figure 4.1: General circulation patterns at mean sea level pressure for heat wave events that
were reported over the Western Cape from 2011 to November 2015. The averaging was done for
each day of the heat wave events over the Western Cape as depicted in Table 4.1 above. The

average is for 12:00 GMT of each case day for the NCEP reanalysis.

At 850 hPa, a ridging high-pressure system, with its center located over the south-eastern parts
of the country (slightly northeast of the mean sea-level one), with a tropical low-pressure system
located over northern Namibia places the Western Cape in an area of offshore flow (Fig. 4.2). At
500 hPa, an upper-air high is located directly above the Western Cape (Fig. 4.2). This high is
slightly northwest of the surface high. This configuration of the high-pressure systems supports
the theory stated by Tyson and Preston-Whyte (2000), that anticyclones are tilted north-west
towards the north-west. As stated above, these systems are associated with strong subsidence,

with fine, hot and clear conditions. When these anticyclones are observed for extended periods,
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they are known to bring heat waves and desiccation (Tyson and Preston-Whyte, 2000). This
finding is also in line with the definition that heat waves are very hot conditions that are observed

for extended periods (at least three days) (Peng et al., 2011).

Cases where heat waves were observed over the central, eastern and north-eastern parts of the
country during the study period are also averaged and depicted in Figures 4.4 and 4.5. Figure 4.6
depicts the average maximum surface temperatures for the cases. During this period, the
composite map shows the highest temperature over parts of the north-eastern interior, where the
heat waves were experienced. At mean-sea level, a deep trough extends from the tropics to the
central interior and the Atlantic high is ridging over the southern tip of the country (Fig. 4.4). The
flow along the east coast is parallel to the coastline. A tropical low is located over Namibia and
connects to a surface low (heat low) south-eastern parts of the country (Fig. 4.5). A high-pressure
system (continental high) is situated over the north-eastern parts of the country; with a flow parallel
to the coastline further north (Mozambique) and an offshore flow over the east coast. This is in
agreement with the study of Taljaard (1995a) concerning the mean January (summer) patterns at
850 hPa, except that there is no influx of moisture from the Indian Ocean. A broad upper-air high
is situated over the northern parts of the country at 500 hPa (Fig. 4.5). This corresponds to the
theory for upper-air patterns for fine weather during summer as shown by Tyson and Preston-
Whyte (2000). The systems above are situated in such a way that the north-eastern and eastern
parts of the country are in an area of subsidence. The flow along the east coast is offshore. This
creates favourable conditions for berg winds and strong subsidence along the east coast,
subsidence with fine and dry weather conditions over large parts of the interior or even heat waves

if they persist for extended periods (Tyson and Preston-Whyte, 2000).
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Figure 4.2: The average circulation patterns that caused heat wave events over the Western Cape
from 2011 to November 2015, at 500h Pa (top) and 850 hPa (bottom). 33
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Figure 4.3: The average surface temperature for heat wave events that were reported over the Western
Cape from 2011 to November 2015.
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Figure 4.4: General circulation patterns at mean sea level pressure for heat wave events that were

reported over the eastern and north-eastern parts of the country
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Figure 4.5: The average circulation patterns that caused heat wave events over the north-eastern
parts of the country between 2011 and November 2015, at 500hPa (top) and 850hPa (bottom). 41




A\;eﬁguge Surface temperature for cases over the NE of SA

1854 L S—e=tam, (G
215 L ____________ 33
245 - 4 2. (e 30
£ ? . 27
275 . __________ ___________ __________
: : : z4
305 . Y SRR __________ _ __________ _______ 21
' 18
338
15
365 2
9

395

425

S

10E 16E  20E 2BE 30E 35E 40E 45E  BOE
Figure 4.6: The average surface temperature for heat wave events that were reported
over the eastern and north-eastern parts of the country between 2011 and November
2015.

4.2.2. Case studies
To further study the weather systems that influence heat waves over different parts of South

Africa, a few of the cases listed in Table 4.1 above were selected for further study. One case was
selected for a heat wave over the Western Cape, another one for a heat wave over the Northern
Cape and KwaZulu-Natal and the last case for a heat wave that affected the north-eastern interior
of the country.

On 15 - 18 January 2012, a severe heat wave was reported over the Western Cape, in which a
fatality of a 55 year-old male construction worker, due to heat exhaustion, was reported in Paarl
and five of his colleagues were admitted to hospital (News24, 2012; SAWS, 2016). Temperatures
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in parts of the Western Cape reached the upper 30’s and lower 40’s. A deep trough at mean sea
level, extending from the tropics across the western interior to the west coast was observed
throughout the heat wave event, placing the Western Cape in an area of strong offshore flow (Fig.
4.7a-d). This created favourable conditions for hot weather as well as berg winds.

At 850 hPa, a trough extended from the tropics to the western interior, flanked by a ridging
anticyclone over the south-eastern parts of the country from the 15th to the 18th (Fig. 4.8a-d).
The ridging Indian Ocean high was situated south of the country on the 15th (Fig. 4.8a) and
gradually moved off the south-east coast from the 16th to 18th (Fig. 4.8b-d). An upper-air high
was tilting north-west of the surface high and centered over the south-west coast on the 15th (Fig.
4.8a). It broadened and moved eastwards so that it tilted north-west of the surface high from the
16th to 17th (Fig. 4.8b-c). By the 18th, the upper-air high was located off the south-east coast,
slightly above the surface high (Fig. 4.8d). Throughout the period, the Western Cape was located

in the area of strong offshore flow at the surface and strong subsidence.
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Figure 4.7: The average circulation patterns at sea level that caused the heat wave over the Western Cape
on (a) 15th, (b) 16th, (c) 17th and (d) 18th January 2012.
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Figure 4.8: The circulation patterns at 850 hPa (blue) and 500 hPa (red) that caused the heat wave over
the Western Cape on (a) 15th, (b) 16th, (c) 17th and (d) 18th January 2012.
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On 16 — 18 January 2014, parts of the Northern Cape, Gauteng, KwaZulu-Natal, Limpopo, North
West, and the Free State were hit by a heat wave (SAWS, 2016; eNCA, 2014). This was a short-
lived, wide-spread heat wave. A report given to eNCA (2014) by weather authorities from SAWS
stated that the heat wave was due to an upper-air high-pressure system. Mean sea-level pressure
patterns depict a tropical cyclone over Madagascar, and it moved south from the 16th to the 18th
(Fig. 4.9a-c). A broad trough extended over the western interior from the 16th to the 17th, flanked
by the Atlantic Ocean high ridging over the south-west coast on the 16th (Fig. 4.9a-b). The Atlantic
Ocean high ridged further eastward on the 17" (Fig. 4.9b) and reached the east coast by the 18th,
forcing the trough to move to the central interior (Fig. 4.9¢). There was an offshore flow over the
east coast on the 16™ and 17". On the 18", the surface trough at mean sea level over the central
interior continued to strengthen, flanked by the ridging high that extended to the east coast (Fig.
4.9¢). As a result, the east and south coasts experienced air flow parallel to the coastline (no
moisture influx), the eastern interior was located east of the trough with no moisture influx from

the east coast, and the Northern Cape was located at an area of subsidence.

Figure 4.10 depicts the weather circulation patterns for the 16 — 18 January 2014 at 850 hPa and
500 hPa. At 850hPa, a high-pressure system was located along the west coast, and it moved
eastward from the 16th to the 18th, placing the parts of the country that reported a heat wave east
of the 850 hPa high (Fig. 4.10a-c). An upper-air high, at 500 hPa, had settled over the country
from the 16" to the 18™, causing strong subsidence over the country. This supports the report
given to eNCA (2014) above. The position of the upper-air high (at 500 hPa) and the broad surface
trough at mean sea level created favourable conditions for the heat wave over parts of the country.
Throughout the heat wave phenomenon, a low-pressure system was evident over Madagascar
area, where the tropical system was located. This tropical cyclone may have contributed to the
occurrence of the heat wave, since tropical cyclones are associated with fine and dry conditions

to their west, over the central and western plateau (Tyson and Preston-Whyte, 2000).

The last case was a prolonged heat event in the hottest year on record (WMO, 2016; Health24,
2015; News24, 2015c; The Citizen, 2015; SAWS, 2016; eNCA, 2015c). It was reported over the
Limpopo Province, Mpumalanga and Gauteng on 4 - 12 October 2015. The heat wave had severe
impacts ranging from restrictions in water supply in several municipalities, drowning of 11 children
and one adult, the entire farming industry and wildfires in parts of the Limpopo Province (SAWS,
2016). Figures 4.11 and 4.12 depict the weather-circulation patterns that caused this heat wave.
Mean sea-level pressure patterns show that a broad trough over the country was dominant

throughout the heat wave event (Fig. 4.11a-i). The trough was located over the western interior
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on the 4th (Fig. 4.11a). On the 6th, the trough moved further north as a high-pressure system
moved into the eastern parts of the country (Fig. 4.11b). The trough broadened to cover the entire
country by the 8" (Fig. 4.11c). The trough extended to the east coast on the 10th, as a cold front
was passing over the western interior with the Atlantic High ridging behind it (Fig. 4.11d). After
the cold front had passed, the Atlantic Ocean High ridged into the east coast, allowing the trough
to cover large parts of the country (Fig. 4.11e). By the 12th, the surface trough extended from the
tropics to the central interior (Fig. 4.11f). Throughout the heat wave event, the Limpopo Province,
Gauteng and Mpumalanga were located in an area of generally northerly flow and subsidence,

experiencing extreme heating and receiving no moisture.

The general patterns at 850hPa show that a ridging high over the north-eastern parts of the
country was dominating throughout the heat wave event, placing Limpopo, Gauteng and
Mpumalanga in an area of subsidence (Fig. 4.12). An upper air high extended to the northern and
north-eastern parts of the country, and it tilted upwards towards the north to north-west of the
surface ridging high (Fig. 4.12). The high pressure systems were associated with subsidence over
the northern and north-eastern parts of the country, particularly Limpopo, Gauteng and
Mpumalanga. They also caused the clear conditions and subsidence in the area. This also
supports the findings on the average circulations that affect heat waves over the north-eastern

interior in Fig. 4.4 and 4.5.
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Mean sea-level pressure patterns for 16 - 18 January 2014
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Figure 4.9: The circulation patterns at sea level that caused the heat wave over large parts of the
country on (a) 16th, (b) 17th and (c) 18th January 2014. 48
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Figure 4.11: The circulation patterns at sea level that caused the heat wave over the eastern interior on the 4th

(a), 6th (b), 8th (c), 10th (d), 11th (e) and 12th (f) October 2015.



Circulation patterns for 4 - 12 October 2015

a - h b\, >
H . 1880 . F : d : - h L
: . : : : D : : : ;

Figure 4.12: The circulation patterns at 850 hPa (blue) and 500 hPa (red) that caused the heat wawvlover the
eastern interior on the 4th (a), 6th (b), 8th (c), 10th (d), 11th (e) and 12th (f) October 2015.



4.3. Synopsis

It is evident from the cases reported over South Africa between 2011 and November 2015 that
the eastern interior, and particularly Gauteng, is most likely to experience heat waves. October
and January are the months with the highest number of the heat waves. Heat waves over the
Western Cape had a small spatial extent, whereas the heat waves over the north-eastern parts
of the country mostly had a large spatial extent. The heat waves (over the Western Cape) were
observed during the months of January and February.

All the heat waves observed were characterized by a strong upper-air high-pressure system over
the affected area. The upper-air high was coupled with other weather systems at mean sea level
and at the surface:

=  Western Cape
Heat waves observed over the Western Cape were caused by a broad trough over the
western interior coupled with a ridging high over the southern to south-eastern parts of the
country at mean sea level and at 850 hPa. This synoptic configuration allows for strong
offshore flow (easterly flow), subsidence, adiabatic heating of subsiding air, berg winds
and clear skies. If these conditions continue for extended periods, they result in heat
waves occurring.

= East coast
A ridging high over the east coast or continental anticyclone, located in such a way that
the east coast experiences an offshore flow (westerly flow), caused heat waves over the
east coast. These conditions are favourable for subsidence, strong heating and clear
skies. The east coast may also experience berg winds.

= Eastern interior
Heat waves over the eastern interior resulted from a broad trough extending from the
tropics to the central interior, with a northerly flow over the north-eastern interior, flanked
by a ridging high over the southern parts of the country at mean sea level. Under these
conditions, no moist air from the Indian Ocean flows into the north-eastern parts of the
country, and the upper-air high causes strong heating and subsidence.

It is also important to note that based of the work on Lyon (2009), heat waves are also very likely

during El Nino events when droughts are expected.

Information on synoptic configurations leading to heat waves is useful to meteorologists, in order
for them to stay on the lookout for heat waves whenever weather conditions associated with such
synoptic systems are expected or observed for a period of three or more days. In order to make

weather forecasts/alerts for heat waves effective, meteorologists need to collaborate with other
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stakeholders that can assist in heat hazard mitigation/prevention and to identify the best practices
for heat mitigation over South Africa. The next chapter outlines these based on literature studies

from other parts of the world.
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CHAPTER 5: The heat-health watch-warning system for South

Africa

5.1. Background

Heat waves have hazardous impacts on a wide spectrum of sectors including agriculture,
economy, environment, water, power supply, and human and domestic animal health (Sheridan
and Kalkstein, 2004; Jendritzky, 2000). Heat waves can cause a significant increase in human
mortality (Hattis et al., 2012). In addition, it is projected that heat wave events will increase in
frequency and intensity due to climate change (Risbey and Tryhorn, 2006; Peng et al., 2011).
Therefore, there is a need for attention from meteorologists and all sectors that can assist in
mitigating the effects of heat waves. This is especially relevant for South Africans as many like to
spend their summer days in swimming pools and beaches, others are outdoor workers, and others
have pre-existing medical conditions that put them in great danger during heat waves. The young

and elderly are also most likely to suffer severely during heat waves (Nicholls et al., 2009).

The purpose of this chapter is to study the different heat action plans that were implemented in
other parts of the world and highlight aspects that are most relevant to South Africa. Heat-health
watch-warning systems are aimed at better preparing affected citizens for an upcoming heat
wave, information sharing and coordinating response. This will help alleviate the impacts of heat

waves on the health of affected populations.

5.2. Understanding heat waves

5.2.1. Defining heat waves
As stated earlier in chapter 1, there is no internationally accepted definition of heat waves (Peng

et al., 2011). This is because local factors such as humidity, demographics, urban or rural design
issues and acclimatization may result in different health impacts of the same temperatures on
populations at different geographical locations (Department of Human Services, 2009; Pascal et
al., 2005). For this reason, it is important to have a localized definition of heat waves that takes in
to account local factors. Accurately defining and forecasting heat waves is one aspect that
determines whether the heat-health watch-warning and response system will be effective or not
(USEPA, 2006).
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Late afternoon temperature (°C)

In this study, it was discovered that, of all the indices that were investigated, humidex is the most
appropriate. Humidex only takes into account temperature and relative humidity. The heat wave
forecast system that will be developed for SAWS comprises a meteorological forecast and health
aspect (estimated impacts/health implications of the heat waves and their preventative
measures). The meteorological forecast will be improved to take into account factors such as local
climate for more accuracy, skill and value. Therefore heat waves are defined whenever the

humidex threshold for at least 36°C is forecast for at least three consecutive days countrywide.

As further research is done to improve the forecast, such as including other meteorological factors
and studying local health impacts, localized humidex thresholds will be identified and will be used
instead. Localized humidex thresholds are the local humidex values/temperatures that are most
likely (assumed) to result in health outcome, such as mortality, on the local populations. At these

humidex values health outcome increases, e.g. mortality increases. These are the same humidex
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Figure 5.1: Effects of urban heat island (Taken from Department of Human Services, 2009).
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values at which the heat wave alerts will be issued and they take into account climatic conditions
amongst other characteristics of each location (USEPA, 2006). This is because South Africa is

located in an area of variable climatic conditions.

It is most critical for health experts to be involved in the development of a heat wave forecast
system. Their inputs will provide the most accurate localized health impacts of the expected heat
waves, which SAWS can then incorporate into the weather forecasts. It is important that
epidemiological studies are conducted for each part of the country would have to be conducted
before the exact health impacts of each humidex threshold are definite (Department of Human
Services, 2009).
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Figure 5.2: Daily excess mortality and outside temperatures in France in August 2003
(Poumadere et al., 2005). The x-axis is the days of the month.
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5.2.2. The heat-health watch-warning system
A heat-health watch-warning system is a weather-forecast system that is used to issue public

alerts whenever heat wave phenomena are expected, with the aim to prevent or mitigate heat-
related impacts on human health (Kovats and Kristie, 2006). It links heat wave (meteorological)
forecasts with public-health action plans. Implementation of public-health measures for heat wave
phenomena is essential and it helps to prevent heat-related illnesses and mortalities in the
community and in institution that care for vulnerable individuals, e.g. the elderly and the sickly
(Kovats and Kristie, 2006).

In many countries, heat-health watch-warning systems have been developed (e.g. Nicholls et al.,
2009; Greene et al., 1996). In order for a heat-health watch-warning system to be effective, it

must comprise:

» An accurate weather forecast for the region of interest,
» A comprehensive heat-health action plan,

> Effective response measures and
>

Stakeholder involvement (Kovats and Kristie, 2006).

This implies that for an effective heat-health watch-warning system for SOUTH AFRICA weather
forecasters would have to collaborate with health experts and other relevant stakeholders that
can easily communicate or assist the affected public. This includes the media, caregivers at old
age homes, caregivers to young children and hospitals.

Since it was shown in this the study that the model can confidently forecast extreme temperatures
up to 5 days in advance, it means that heat wave forecasts will be issued from 1-5 days before
the event. The heat wave forecast systems in Toronto and Philadelphia, US, also issue heat wave
warnings 1-5 days ahead and they were proven to be effective (USEPA, 2006). It is important to
note, however, that predicted heat waves will need to be monitored continuously in case of any

changes in the forecasts.

5.2.3. Potential heat-health risk factors
It is essential to investigate and understand the factors that increase the risk of heat-related

illnesses or deaths (Nitschke et al., 2013). Factors that can increase heat illnesses and mortality
include physiological factors and age, socio-economic factors, pre-existing medical conditions,
adaptation to extreme heat, gender, medication and behaviour (McGregor et al., 2015). These
are potential health factors and their impacts may differ from one location to another. These
factors are assumed for SOUTH AFRICA until epidemiological studies are done to identify the

factors that are applicable to each part of the country. These factors can be divided into factors
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on heat waves, which in turn affect human health and potential factors on humans. Factors on
heat waves include the timing, duration and intensity of the phenomenon and the urban heat
island (Zacharias et al., 2014; Menne and Matthies, 2009; Chinganon et al., 1996, Steffen et al.,
2014).

» The duration and intensity of the phenomenon: The longer the duration of heat waves, the
higher the mortality they cause (Zacharias et al., 2014). Heat wave events that last longer
and are more intense have a greater impact on mortality (Menne and Matthies, 2009).

» Urban heat island: Heat islands, because of their nature to retain heat, intensify the heat
waves in cities. Elderly people in urban areas are amongst those who are most vulnerable
to the impacts of heat waves (Chinganon et al., 1996). Figure 5.1 depicts the effects of a
heat island. Though the temperature is more pronounced during the night, the figure
depicts that urban areas are most likely to suffer the impacts of high temperatures because
of the construction materials thereof (Department of Human Services, 2009). During heat
waves, overnight temperatures are high, providing no relief from the daytime heat (Steffen
et al., 2014). Heat waves may put stress on power supply in urban areas, which in turn
may result in citizens not able to operate air conditioning and refrigerators (Jendritzky,
2000).

Potential factors on humans include:

» Age: Several studies have shown that the elderly (65 years old and above) and young
(under the age of five) are very prone to the effects of heat waves (Kovats and Kristie,
2006; Palecki et al., 2001; Menne and Matthies, 2009; Westcott, 2011; Department of
Human Services, 2009). Elderly people are most vulnerable because their bodies have
reduced ability to regulate its internal temperature, and they are most likely to be unfit,
have pre-existing illnesses, disabled or on medication (Ebi and Meehl, 2007). Ebi and
Meehl (2007) further explain that children are also most vulnerable to heat waves because
they are most likely to suffer dehydration. Elderly people are also most prone to
hyperthermia and heat stroke, which most likely cause mortality (Loughnan et al., 2012).
Most of the fatalities that occurred during a heat wave over the US, occurred in 1999 and
were females over 70 years old (Palecki et al., 2001). A study by LoVecchio et al. (2005)
shows that 6% of the deaths that occurred as a result of heat waves between 1979 and
2002 in the United States were children. Wichmann (2017) conducted a study that
confirmed that even in SA, the elderly (=65 years old) are more vulnerable to heat

exposure.
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» Gender: Females are said to be more prone to heat mortality and illnesses (Kovats and
Kristie, 2006; Zacharias et al., 2014; Menne and Matthies, 2009). A study done by
Poumad’ere et al. (2005), depicted in Figure 5.2 shows that there were more female
mortalities during the French heat wave in 2003. A study by Wichmann (2017) found that
elderly women from Cape Town are most vulnerable to heat exposure. However, a study
in the US shows that more men than women died during the heat wave in 1995 (Palecki
et al., 2001).

» Behaviour: Outdoor workers and people that engage in excessive outdoor exercise are
exposed to a lot of heat because they are outside and are most likely to suffer dehydration,
which may cause dizziness and even death (Dash and Kjellstrom, 2011; Xiang et al.,
2015). Sufficient intake of non-alcoholic fluids is critical for reducing dehydration and
chances of dying as a result during heat waves (Ebi and Meehl, 2007). Eating heavy or
hot meals can increase the rate of metabolism, which may increase the amount of heat
the body must dissipate (USEPA, 2006). Staying in a vehicle, especially with closed or
slightly opened windows can cause hyperthermia, which may even result in death (NOAA,
2015). According to NOAA (2015) children, the elderly and the sickly are at an increased
risk of dying due to staying in vehicles for a long time during hot weather. People who
have air conditioning but decide not to use it are also prone to heat illnesses (Department
of Human Services, 2009). Wearing heavy, dark clothing can lessen the body’s ability cool
itself through evaporation of perspiration and wearing clothing that overly exposes the skin
to the sun can limit the body’s ability to evaporative cooling by increasing the risk of
sunburn (USEPA, 2006).

» Socio-economic factors: There is some evidence that humans with a lower socioeconomic
status and those with less social support (e.g. single, divorced, widowed) are at an
increased risk of illness or mortality during heat wave events (Menne and Matthies, 2009).
Individuals living in low-income areas usually do not have air conditioners to keep
themselves cool during heat waves, or cannot afford to operate them and cannot use
windows for ventilation at night due to high chances of crime in the area (Chinganon et
al., 1996; USEPA, 2006). As a result, this places them at a high risk of heat illness or
mortality during heat waves.

» Unfit or overweight: Unfit and overweight people also have difficulty in regulating their
body temperature due to their low physical activity or their fatty tissues’ limited ability to
conduct heat (their tendency to retain more heat), preventing a proper heat flow (Ebi and
Meehl, 2007; US Department of Health & Human Services, 2016).
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Pre-existing medical conditions: Conditions such as cardiovascular and respiratory
diseases may lead to fatalities during heat waves (Ebi and Meehl, 2007). Persons with
diabetes, kidney disease or mental iliness are also likely to suffer severely during heat
waves (Department of Human Services, 2009).

Medication: People on medication for conditions such as asthma, depression, insomnia,
diabetes, heart conditions and epilepsy, overweight and obesity may experience major
challenges during heat waves (Palecki et al., 2001; Ebi and Meehl, 2007; Department of
Human Services, 2009). This is because the medication can cause dehydration or alter
central thermoregulation, hence affecting physiological and behavioural responses or may
even have side effects that can cause them to be unaware of their bodies’ inability to cope
with extreme heat (Ebi and Meehl, 2007). Some medication can also cause drowsiness
and lessen the ability to avoid heat or change blood pressure, which may cause dizziness
and fainting (Kovats and Kristie, 2006; Sports Medicine Australia, 2008).

5.2.4. Preventative measures for heat waves
Recent heat waves over South Africa have had drastic impacts on human health, some even

caused fatalities (e.g. News24, 2012; eNCA, 2015a; eNCA, 2015b; Eyewitness News, 2015).

Such incidents are preventable and can be prevented in the future, but effective prevention

requires a hands-on approach to preparedness, planning and response, and it requires the

involvement of multiple disciplines (WHO, 2006; WHO, 2009). Recognizing the risk and applying

the preventative measures could reduce the effects of heat waves on human health (Akompab et

al., 2013). Some preventative measures against heat-related illnesses or death include (Nitschke
et al., 2013, Akompab et al., 2013; USEPA, 2006; US Department of Health & Human Services,

2016):

>
>
>

Y

Using wet cloth on neck and face;

Staying indoors and keeping blinds and curtains closed;

Reducing/avoiding outdoor activities, or even limit them to morning and evening hours as
much as possible;

Staying in cooler places;

Opening the house in the evenings;

Regular intake of fluids, preferably water. This helps replace salts and minerals that the
body loses through heavy sweating. Patients whose doctors have put on water pills or
restricted the fluid intake amount should enquire how much they should drink during hot
weather;

Individuals working in the heat should continually check on each other’s condition;
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» Avoiding meals that are hot and rich in protein since they increase metabolic rate. This, in
turn, increases the amount of heat that the body must dissipate;

» Children, the elderly and the sickly should not be left unattended in a parked car, even if
the windows are cracked open. This is because cars have a tendency to heat up fast,
placing them at a risk of heat stroke or even death;

» Avoid drinking alcohol since it has an impairing effect on the brain and individuals cannot
discern when they are experiencing the negative impacts of heat;

» Limit intake of very cold drinks as they can cause stomach cramps;

» Wearing light-weight, light-colored, loose-fitting clothing and avoid exposing skin to the
sun. Sun burn causes loss of body fluids, reduces the body’s ability to cool itself, and
causes pain and damage to skin;

» Putting on light-colored, wide-brimmed sun hats or umbrellas with sunglasses;

» Health attendants or organizations should preferably communicate with electricity- and
water-supply services providers to ensure services are not cut off during severe heat
waves;

» The medical services should also increase the number of staff on duty during heat waves;

A\

Swimming pools should extend their operating hours; and
» In order to assist the vulnerable, e.g. the elderly, increase social contact.

5.3. International heat wave notification and response plans

Heat waves, and any other severe meteorological events, may be well-understood and well-
forecasted, but if there has been insufficient preparation and response they may still cause severe
negative impacts on human health (USEPA, 2006). It is therefore, critical to have a response plan
that also outlines preparations that will help prevent or mitigate the negative consequences of

heat waves whenever they are observed.

A recent study on the impacts of heat on human mortality over parts of South Africa (Cape Town,
Johannesburg and Durban) has shown that higher apparent temperature values have increased
on mortality, especially the elderly (Wichmann, 2017). There is no evidence of other studies on
the impacts of heat on human health in South Africa. For this reason, it is not known exactly how
heat waves have affected the different populations over South Africa. However, from studies in
other parts of the world, it can be concluded that heat waves are a health hazard and can be life-
threatening (e.g. Guirguis et al., 2014; NOAA, 2012; Westcott, 2011; Sheridan and Kalkstein,
2004; Nicholls et al., 2009; Voogt, 2004; Palecki et al., 2001; Ebi and Meehl, 2007). It is also
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understood from these studies that many of the negative health impacts of heat waves can be
prevented or lessened through effective notification and response plans or programs (USEPA,
2006; Nicholls et al., 2009; Greene et al., 1996; Matthies and Menne, 2009; Palecki et al., 2001).
The plans developed in other parts of the world generally comprise preparedness (planning and
raising awareness of heat wave hazards), prevention (eradicating/lessening the negative health
impacts), response (ways to respond to heat waves impacts, providing rescue and relief in cases
of emergency) and recovery (to assist affected humans to recover and function at an effective
level) (Department of Human Services, 2009). These plans all start with a meteorological forecast
that has high reliability, a good understanding of the heat-health relationship and end up with a

comprehensive heat action plan (notification and response plan) (Pascal et al., 2005).

USA Department of Human Services (2009) studied the different strategies that were used in heat
wave planning internationally, and they are summarised in Table 5.1. Each one of these heat
wave plans starts with a meteorological forecast and involves the participation of other
stakeholders. Stakeholder involvement increases the value of a weather forecast because the
affected populations are able to take necessary preventative actions or respond more effectively.

Table 5.1: Summary of heat wave planning strategies used internationally (Department of Human
Services, 2009; USEPA, 2006; WHO, 2009; Pascal et al., 2005).

Area Heat wave planning strategy

Canada (Department of = Hot weather response plan:

Human Services, 2009) e Providing heat alerts and safety measures to relevant

stakeholders (general public, pet owners, boarding homes).

e Collaboration with stakeholder (e.g. to cease utility
disconnections for owing citizens, to provide cooling
centers and transport to cooling centers, to ensure that
fountains have sufficient water).

e Planning roles and responsibilities of different response
agencies.

e Follow-up from previous summer using reports and

reviews.
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England

(Department of Human

Services, 2009)

Victoria,

Heatwave Plan for England — Health protection and Reducing

Harm from Extreme Heat and Heatwaves:

During summer months the Met Office issues
meteorological forecasts and collaborates with institutions
such as the Department of Health to determine the health
impacts and levels of response.

Other stakeholder participation includes the Department of
Health disseminating advice and information to the general
public, and social and health-care professionals that work
directly with vulnerable populations; hospitals and nursing
homes ensuring that vulnerable citizens under their care
stay in cooled areas; and the media disseminating heat
wave alerts and advice before and during heat waves.
Buddy checks amongst the citizens was also encouraged.
The plan also includes a long-term, multi-agency planning
for adaptation and mitigation of the impacts of climate
change.

Australia | Victorian Heatwave Strategy developed by the Department of

(Department of Human | Human Services:

Services, 2009)

Europe

(WHO, 2009)

The department established a heat-alert system that issues
heat wave alerts to councils and departmental staff.
Developed a heat wave planning guide in local councils.
Stakeholder participation includes the media in providing
information to the general public, ambulance and other
emergency services’ involvement, and encouraging utility
agencies not to cease service even to owing citizens during
heat waves.

The department went further to organize a climate change
conference where heat wave health impacts were
discussed, commissioned research to further improve heat
wave forecasting and funded 13 pilot projects to develop

and implement heat wave plans in 22 local councils.

Extreme weather/heat wave warning and public response

improvement — EuroHEAT:

63



It includes a timely and accurate alert system.

Stakeholder involvement: to provide heat-related health
information plan, provide/monitor of cooling areas, provide
care for vulnerable populations, the involvement of health
and social care specialists, and real-time evaluation of the
system.

Stakeholder involvement and periods when they are
required have been clearly defined, e.g. local
meteorological services issue/update warnings whenever
thresholds are expected to be reached, local health care
authorities  communicate the warnings, General
practitioners/health care professionals advice on changes
of medication/treatment whenever temperatures require so,
special follow-up of vulnerable individuals by health
services and health centers throughout the summer
season, etc.

Communication strategy includes printed leaflets,
information distribution via vast media, and information and
advice to medical specialists via the internet.

During heat waves, health data for the further
understanding of its impacts and for monitoring of the
effectiveness of the heat action plan is collected. This
includes mortality data, hospital admissions, and
emergency phone calls.

The EuroHeat includes a long-term urban planning to

reduce heat wave impacts.

US (Philadelphia and Extreme Heat Events (EHE) plan

Toronto)

(USEPA, 2006;
Department of Human
Services, 2009)

The program comprises four main aspects:

Prediction — where a weather forecast for heat waves is
issued 1-5 days in advance and is made accessible to
relevant stakeholders.

Risk assessment — where health specialists work together

with weather forecasters in estimating (developing criteria

64



for) the health impacts the forecasted EHE, identifying high-
risk individuals and identifying heat-related deaths.
Notification and response — where the timing, severity, and
duration of EHE are broadcasted to the public, along with
appropriate mitigation and safety/response measures.
Mitigation — where reduction measures for the effects of
heat island are developed and promoted. Only mitigation

has not been evaluated.

France The Heat Health Watch Warning System:

(Pascal et al., 2005) The system is activated yearly from 1 June — 30 September. This

is done at four levels of the action plan:

Level 1: Where it is run for caution throughout the season.
Level 2: When the thresholds at any location are expected
to be reached within three days.

Level 3: When the thresholds are reached.

Level 4: When the thresholds are reached and the
phenomenon is prolonged, or even reach exceptional levels

such as drought.

The plan was based on a study conducted for June — August 1970-

2003, using both meteorological and mortality data. The forecast

system was found to be reliable up to 5 day lead time.

5.4. Heat-related illness and treatment (response measures)

Heat waves may have direct (e.g. heat ilinesses such as heat cramps and heat stroke) or indirect

impacts (e.g. worsen heart diseases) on human health (Pascal et al.,, 2005). The ability to

recognize the symptoms of heat illnesses is critical in order to take necessary actions to prevent

further impacts and mortality, and also to commence treatment (City of Casey, 2015). Table 5.2

shows the different symptoms of heat-illnesses and the treatment thereof. If the first four

categories of heat-illness symptoms do not cease after using recommended treatment then it is

recommended that the patient immediately seeks assistance from a health professional (City of

Casey, 2015). These symptoms may be caused by dehydration as a result of strenuous activities

during heat waves, and heatstroke may be fatal because the body is unable to prevent its

temperature from rising rapidly (Department of Human Services, 2009).
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Table 5.2: The direct impacts of heat waves: symptoms of heat illnesses and the treatment thereof

(City of Casey, 2015; Department of Human Services, 2009; Pascal et al., 2005; US Department

of Health and Human Services, 2016).

Symptoms | Description Treatment
Heat rash Heat rash is a skin irritation that results from @ This is usually not a serious
excessive sweating during hot, humid weather. It | condition and may be treated by
has an appearance of a red cluster of pimples of moving to a cool, drier
blisters on the neck, upper chest, in the groin, | environment.
under the breasts or in elbow crinkles.
Sunburn Skin turns red, becomes painful and very warm | Sunburn usually causes minor
due to heat exposure. discomfort and may heal within a
week, but it may also be severe,
causing fever, fluid-filled blisters
or severe pain. See a doctor in
this case or if sunburn occurs in
children less than one year old.
Make sure not to break blisters
and avoid repeated sun
exposure.
Cramps and | Cramps — muscle pains/spasm in the abdomen, | Rest and take more fluids.
Oedema arms or legs.
Oedema - swelling of feet and ankles
Syncope Syncope - fainting and dizziness Lay the person down, remove
and clothing that can prevent them
Exhaustion _ . . from breathin roperly, give
Exhaustion — muscle pains/spasm in the ¢ propery, g
) them cool fluids and use a wet
abdomen, arms or legs. It may cause rapid heart
- cloth.
rate, muscle cramps, weakness, dizziness,
headache, nausea, vomiting or fainting.
Heatstroke | Heatstroke — it occurs when the body is no longer | Immediately seek assistance

able to regulate its temperature and may occur

within 24 hours of heat exposure. Symptoms of

from a health professional. While

waiting for a health professional,
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heatstroke include an extremely high body
temperature, no sweating, rapid, strong pulse,
dizziness, nausea, confusion or fainting, and
severe headache. Heat stroke may cause

permanent disability or death if not treated

try as much as possible to cool
down the victim by taking them to
a shady area, fanning them
vigorously, placing them in a cool

shower, sponging or spraying the

urgently. person with cool water.

Factors that may cause heat-related illnesses include environmental and job-specific factors (US
Department of Labour, 2016). Environmental factors include high temperature and humidity, direct
sun exposure or extreme heat and lack of breeze or wind. Job-specific factors include the type of
work (how strenuous it is), and the type of clothing and equipment being used. This applies
especially to outdoor workers or individuals involved in outdoor activities, and can be prevented
through their employer’s involvement in providing water and shade at their work sites, allowing
them to do the hardest work during the mornings and evenings, and through training their workers
on the risk factors of heat waves and related preventative measures (US Department of Labour,
2016). Training resources need to be made available by the Weather Service or Health

Department.

5.5. The heat-health watch-warning system for South Africa

Heat-health watch-warning systems assist in preventing and mitigating the negative impacts of
heat waves if weather forecasts for heat waves are incorporated with effective notification and
response plans (Greene et al., 1996). To propose a system for South Africa, a number of actions
from other parts of the world (listed in Table 5.1) were selected. This system is developed for
meteorologist, and they are supposed to collaborate with other stakeholders such as health
professionals, hospitals, media and social caregivers. The system is currently built for the whole
country and it requires review on a regular basis in order to make necessary adjustments that
take into consideration local factors that influence the impacts of heat waves on human health.
There is need to conduct epidemiological studies to help improve the system. Regular reviews of
the system by meteorologists and related stakeholders will help identify other relevant
stakeholders and vulnerable individuals, who will help make necessary adjustments to the

system.

One of the most critical components of the system is identifying heat-related deaths and illnesses.

During heat waves, health examiners would have to state if the primary cause or main contributing
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factor to morbidity/mortality heat exposure for internal body temperatures exceeding 40 °C or if
the person experienced illness or mortality after staying in an enclosed area without adequate
cooling (USEPA, 2006). This is referred to as direct attribution method episode analysis (Sarofim
et al., 2016; WHO, 2003). With regards to mortality, excess mortality is projected by taking away
expected mortality from observed mortality (WHO, 2003). Statistical methods are another way to
identify heat-related deaths and illnesses. These methods involve investigating if the heat
conditions were associated with increased illness or death compared to the longer-term average
(Sarofim et al., 2016).

Previous records for heat waves show that heat waves over South Africa are most likely to occur
between September and March (SAWS, 2014; SAWS, 2016). For this reason, the heat-health
watch-warning system is planned to be activated between spring and fall. The meteorological
forecasts for the system are run daily for caution and heat alerts are issued 1-5 days ahead of
forecasted heat wave events. Though health data collection for further study is continuous, health

professionals should ensure that it is collected during heat waves events in affected areas.
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5.5.1. Proposed considerations and structure for a heat-health watch-warning for South Africa

*Planning — Identify relevant participants (sectors) in case of heat waves, and cIearD
define their role in mitigating/preventing heat-health impacts and the times they will
be required to participate.

*Develop heat wave planning guide with an emergency plan.

Spring *Activate meteorological forecasts and run daily (until end of March) for caution.

onset *Plan communication and community outreach strategies.

*Plan health data collection strategy. )

*Preparedness — prepare for prospective heat waves: Educate the public and train health/social professioneb
about heat waves.

« Offer special training to employers of outdoor workers, care-givers at old age homes and school teachers so they
can give training to the people under them.

* Report observed/forecast events.

* Information sharing: Continue educating the public on the different aspects of heat waves via different media
(radio, TV, print media).

* Run meteorological forecast system on a daily basis and be on a lookout for heat waves.

J

* Collaborate with stakeholders such as media (communicating heat warnings). \
» Communicate warnings.

* Ensure meteorological forecasts are easily accessible to stakeholders e.g. constantly update media warnings/
update website for forecasts.

Upto 5 days

head of o ; ) . e
;r;;ct:d * Develop criteria for health impacts of predicted heat waves and identify high-risk individuals.
W ANEVE « Monitor the forecast for any possible changes.

* Get all participants ready to play their role.
*Increase emergency staff and coordinate response.

* Provide heat alerts and response measures to stakeholders that will reach vulnerable populations and the general public. \
» Ensure stakeholder participation.
» Ensure emergecy plan is operational and lookout for emergencies.
« real-time evaluation of the system.
* communicate warnings.
. * Collect health data and study heat-health impact.
SIS . dentify heat-related deaths.
GEEIRVENER .« verify the accuracy of meteorological forecasts.
 Ensure notifications are sent more frequently than days before the heat wave event.
» Extend operating hours at cooling centres such as malls.
» Special follow-up on vulnerable individuals to ensure their wellbeing. /

J

* Review meteorological forecasts. Evaluate meteorological forecasts, especially for days for which the model
predicted heat waves.

* Review response plan/planning guide.
* Long-term planning for response (to reduce health impacts).

AEIAEEIE « Commission research to improve heat wave forecasting, communication and to study the impacts of climate
WEVTEERS  change on heat waves.

Mar * Measure heat-on-health impact using attribution and/or statistical methods.
* Amend heat response plan, where necessary.
» Conduct an epidemiological study to help identfy/adjust thresholds. j
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Stakeholder education during seasons when heat waves are likely to occur and during heat wave
events is one of the most critical components of this action plan. This includes educating the
general public, and it is discussed further below. In this heat action plan, outdoor and community
workers should receive specialized training that advises them on how to avoid heat illness for
themselves. The training should include teachings on risk factors, heat-related illness, symptoms,
treatment, and prevention procedure. Caregivers for other vulnerable populations should also
receive similar training and online questionnaires. Online questionnaires are aimed at giving
feedback that will help evaluate the effectiveness of the system. Children may be further educated
using posters or pamphlets, games and graphics at schools, on television or print media.
Employers of community/outdoor workers can further mitigate or prevent heat illness by providing
water and shade, and allow the workers to rest often or even do the hardest work in the mornings

and evenings.

5.5.2. Implementation
Heat waves are most likely to occur between spring and autumn every year. For this reason, the

heat-health watch-warning system in this study is proposed to run operationally from September
of every year until April of the following year. The HUM index is used, and the heat wave forecast
system will continually be revised and improved to cater for the differences in the climatic
conditions in various parts of South Africa and the population’s ability to adapt to local climate
(Kovats and Kristie, 2006; USEPA, 2006). The heat watch-warning is activated once HUM

exceeds the threshold at each location.

The first step in developing or issuing an effective and reliable heat watch-warning system is to
issue a timely, accessible and accurate meteorological forecast (USEPA, 2006). Based on
Chapter 3, the forecasts can be relied on for up to five days ahead. Hence, the public and
stakeholders will be notified whenever the model forecasts heat wave events five or fewer days
ahead. This should allow everyone affected ample time to prepare and avoid the negative impacts

of heat waves as much as possible.

The second step is to issue appropriate heat impact warnings (to explain what are the most likely
heat impacts for area expecting heat waves) for each HUM threshold and location. The impact

warnings are currently based on literature studies and it is recommended that health specialists
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do further research on this issue and get accurate impacts of each HUM index at each station
location. In the USA, a weather-response committee that comprises of different agencies and
specialists was formed, and they define health impacts for heat waves at the onset of summer
and evaluate them after the season has passed to see if there is a need for
corrections/adjustments (USEPA, 2006).

Another step that needs to be taken is to identify other necessary participants in developing and
improving the system. They would have to assist in the notification, response and mitigation. This
includes the media (internet, television, radio, and newspapers - to send out weather forecasts
from meteorologists, and expected health impacts and response measures from health
specialists), ambulance and emergency services (to provide assistance and to operate a toll-free
telephone line in cases of emergency), hospitals (to increase staff during heat waves), agencies
that work with the general public (to extend notifications to the general public, especially the
technologically disadvantaged), government agencies (water and sanitation, electricity, transport
—to ensure services are provided during heat waves), swimming pool services (to keep swimming
pools open for extended hours during heat waves), social care agencies such as nursing homes
(to give extra care to the elderly during heat waves), etc. (Department of Human Services, 2009;
USEPA, 2006).

5.5.3. Target population
Heat waves may cause life-threatening diseases such as heat stroke, heart diseases, and heat

cramps, or even cause mortalities in the elderly, the sickly, the overweight, and young children
(Nicholls et al., 2009). Low-income and poor population groups are also prone to the effects of
heat waves because they do not have sufficient means to combat the effects of heat waves. The
climate in towns and cities makes the citizens thereof prone to the effects of heat waves (Nicholls
et al., 2009). Populations in areas of low water supply may suffer severe dehydration during
periods of sustained heating, resulting in many hospital admissions or even deaths. Decreased
water quality and supply may also have a negative impact on irrigation, commercial forestry

plantations, mining, industry, power generation as well as domestic sectors (CSIR, 2010).

Heat waves are most likely to affect some people more than others, depending on different
factors. In order to establish the exact impacts of heat waves on human health and mortality, and
to identify the exact citizens that should take extra caution during heat waves at specific locations
over South Africa, there would be a need for epidemiologic studies to be conducted at such

locations (Benmarhnia et al., 2015). The study should also aim to identify methods to classify
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heat-related mortality for each location and how they should be reported (Azhar et al., 2014). Until
the study is done, citizens or caregivers to citizens listed in the paragraph above and in section
5.2.3 are advised to take extra caution during heat waves and it should be ensured that they are

well educated whenever heat waves are forecasted.

5.5.4. System evaluation
In order to monitor the effectiveness of the heat-health watch-warning system and to identify its

shortcomings, it needs to be evaluated whenever heat waves are observed. Other countries that
have evaluated their heat-health warning systems include Italy (relationship between
meteorological forecasts and mortality), Hungary (the effectiveness of communication strategy in
the heat action plan), France, and England (awareness of the heat action plan in the social and
healthcare sectors) (WHO, 2009). The heat wave forecast system comprises of mainly two
aspects, the meteorological (weather forecast for the spatial and temporal distribution of expected
heat waves) and health aspect (estimated impacts/health implications of the heat waves and their

preventative measures), each one requiring a specialized evaluation.

The meteorological forecast system for heat waves is evaluated after every incidence of a heat
wave event by meteorologists at SAWS. Evaluation methods as discussed in chapter 3 are used.
It is essential to evaluate the performance of a public weather forecast to ensure that it efficiently
and effectively meets the public’s needs and it is forecast accurately (Wilks, 2006; Jolliffe and
Stephenson, 2003).

The second part of the system, assessing the health impacts on human health, would be led by
health professionals. For effective evaluation, they will need to use suitable quantification
methods as well as accurate health data (USEPA, 2006). The third part is to evaluate the
effectiveness of the communication strategy by using methods such as questionnaires and
surveys. These can be made available online, especially for caregivers and those who are
technologically advanced. Hard copies can also be made available in public areas such as
libraries, swimming pools, hospitals, etc. and collected by relevant professionals for further study

and improvements of the system. This can be done during and after the heat waves.

5.5.5. Public awareness and education of heat waves
Lack of understanding of the implications of heat waves and their impacts may result in the public

taking poor response measures or even ignoring/not being aware when they are being negatively
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impacted by heat waves. It is, therefore, critical to ensure stakeholders are educated about the

risk, impacts and response measures for heat waves (USEPA, 2006).

One way to ensure stakeholders are educated may be via the media, such as radio/television
where meteorologists or/and health specialists may host a teaching session and also open
discussion for questions (USEPA, 2006). Other strategies recommended by USEPA (2006)
include organizing programs for schools, special education for caregivers to the vulnerable
populations (listed in 5.2.3 above) and special education to employers of community/outdoor

workers.

5.6. Discussion

There is a great need for improved understanding of mortality and morbidity patterns as a result
of heat waves over South Africa. There is a need to understand how heat illness and mortality
can be avoided and how the preventative measures differ between different parts of the country.
This can be done by applying and continuously improving the recommended heat-health watch-

warning system for South Africa.

Stakeholder involvement is highly necessary for a heat-health action plan to be effective. It is
therefore recommended that SAWS meteorologists collaborate with the media, health department
and health care professionals, hospitals, caregivers at old age homes and pre-schools,
emergency and ambulance services, utility agencies, and other relevant stakeholders. Messages
sent the public should also encourage buddy checks, especially to elderly and isolated

populations.

One of the most important stakeholders that meteorologists need to work with is health
professionals because they can study, map vulnerability and develop heat thresholds that are
relevant to each location, which will take into account all the other factors that affect human health
during heat waves (in addition to meteorological factors). Examples of studies that investigated
health impacts and the methods thereof include WHO 2003; Basu and Samet 2002; Rooney et
al., 1998; Chinganon et al., 1996; Greene et al., 1996; Medina-Ramon et al., 2006; and Zacharias
et al.,, 2014. The media can be the most useful and effective source of communication to the

general public since most communities have access to it in one way or the other.

73



Water and electricity are very critical utilities during heat waves, so it will be needful for the
relevant stakeholders or meteorologists to communicate with and encourage utility agencies not
to cease services to anyone during heat waves. Since parts of South Africa, especially rural areas,
suffer water scarcity in general, water and utility departments should then be requested to make
special provision for water in those areas and to ensure that the supply is available throughout
the heat wave events. This practice is necessary because water is essential for alleviating the
effects of heat waves. If the departments supply water by vehicle or at a central point for a large
population, then they should ensure supply in the early hours or later in the day when it is cooler
to minimize heat exposure during heat waves. South Africa has been experiencing load shedding
in the recent years. It is recommendable that requests be sent to Eskom to ensure electricity

supply throughout the heat wave event.

Social-care professionals should also be requested to provide cooling centers and the transport
department to make transport to these cooling centers easily accessible. Communications and
advices sent to the public should include buddy checks to ensure that the sickly, elderly and
isolated are given sufficient attention and care during heat waves. The relevant stakeholders have
an additional task for public awareness and to ensure the public and all relevant stakeholders are

educated on heat waves and their impacts.

74



CHAPTER 6: Discussions and conclusions

A study to identify the most suitable index for forecasting heat waves over South Africa and to
examine the NCEP EFS has been conducted. Additionally, synoptic systems were identified that
caused heat waves over different parts of the country. A proposed heat-health action plan to
mitigate or prevent the negative impacts of heat waves have also been outlined. This chapter
summarises the findings of this study and also outlines the recommendations.

6.1. The performance of different heat indices in predicting extremely hot events
over South Africa

The spatial and temporal evaluation of selected heat indices from different parts of the world, for
the study period, reveals that the HUM has the best performance compared to the rest of the
indices. This is the heat index that is proposed for developing an operational heat wave forecast
system for South Africa and it is reliable up to 5 days ahead. It is notable that all of the selected
indices have poor performance in evaluating extremely hot events. This is most likely to be as a
result that extremely hot events are rare, with hits far less than correct negatives.

6.2. The weather circulation patterns that caused heat waves over South Africa

Understanding the weather systems that caused heat waves over South Africa in the past will
help meteorologists stay on the lookout for heat waves whenever such weather patterns are

observed or forecast. From cases that were reported between 2011 and 2015, it can be noted

= that no heat waves were reported over the Eastern Cape,

= most of the heat waves were reported over the north-eastern interior with Gauteng
experiencing most of them, and

* heat waves over the Western Cape have a much smaller spatial extent.

= January has the highest number of heat waves and these heat waves been on a general
increase in duration and frequency in the recent years.

This confirms the projections for the impacts of climate change.

Grouping the heat wave events into heat waves over the Western Cape and heat waves over the
north-eastern (which includes the central interior and east coast) show that heat waves over the
Western Cape were characterized by a ridging Atlantic Ocean high accompanied by a trough that
extends from the tropics, through Namibia to the Western Cape at sea level and 850 hPa level,

and an upper air high at 500 hPa level centred over the Western Cape. These are the same
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conditions that are most likely to cause veld fires and berg winds. General circulation patterns
during heat waves over the central, eastern and north-eastern parts of the country were a deep
surface trough extending from the tropics to the central interior accompanied by a ridging high
over the southern coast at mean sea level and an upper-air high at the 500 hPa level. Selected
individual cases show the same results. A case for the east coast shows that there was an
anticyclone ridging into the eastern parts of the country (causing an offshore flow) over the east
coast at mean-sea level and an upper air high situated over the central interior to the east coast.
In all occurrences of heat waves, there was an upper air high over the affected area associated

with other surface circulation patterns.

6.3. The heat-health action plan for South Africa

The heat-health watch-warning system comprises two aspects, i.e. the meteorological forecast
and a heat wave guide. The heat wave guide outlines a list of actions to reduce the risks to human
health, the stakeholders that are required and their responsibilities. The stakeholders include the
health sector, social-care sector, some other public agencies, professionals working with
vulnerable individuals and the general public. Applying the steps recommended in this heat action
plan is sure to reduce the impacts of heat waves on human health and mortality. The system also
requires continual improvements that take into account other factors of heat on human health.

6.4. Recommendations

= The health sector should be consulted with regards to the current considerations and
structure for a heat-health watch-warning for South Africa.

= Further study on the weather systems that cause heat waves need to be conducted in
order to quantify the findings of this study.

= Since the existing heat wave forecast system only takes into account temperature and
relative humidity, other local factors such as demography and adaptation to local climate
need to be considered in order to increase the quality of the forecasts. Other factors such
as demography and adaptation need to be taken into account when developing the

operational heat wave forecast system.
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