
MlTlGATlON OF HYPERTHERMIA IN OUT OOOR 

ENVIRONMENTS FOR THE ELDERLY 

A Thesis 

Presented to 

The Faculty of Graduate Studies 

of 

The University of Guelph 

by 

NIMMt BHATIA 

In partial fulfilment of requirements 

for the degree of 

Master of Landscape Architecture 

June, 1997 

O Nimmi Bhatia, 1997 



National Library Bibliothèque nationaie 
du Canada 

Acquisitions and Acquisitions et 
Bibliographic Services services bibliographiques 

395 Wetlington Street 395, rue Wellington 
Ottawa ON K1A ON4 OFlawaON KtAON4 
Canada Canada 

The author has granted a non- 
exclusive Licence allowing the 
National Library of Canada to 
reproduce, loan, distdmie or sel1 
copies of this thesis in microfonn, 
paper or electronic formats. 

The author retains ownership of the 
copyright in this thesis. Neither the 
thesis nor substmtial extracts from it 
may be printed or othewise 
reproduced without the author's 
permission. 

L'auteur a accordé une licence non 
exclusive permettant à la 
Bibliothèque nationale du Canada de 
reproduire, prêter, distribuer ou 
vendre des copies de cette thèse sous 
la forme de microfiche/nlm, de 
reproduction sur papier ou sur format 
électronique. 

L'auteur conserve la propriété du 
droit d'auteur qui protège cette thèse. 
Ni la thèse ni des extraits substantiels 
de celle-ci ne doivent être imprimés 
ou autrement reproduits sans son 
autorisation. 



ABSTRACT 

Mitigation of Hyperthermia in Outdoor 
Environments for the Elderly 

Nimmi Bhatia 
University of Guelph 

Advisor: 
Dr. Robert D. Brown 

Cornmittee: 
Dr. Teny J. Gillespie 

Currently, one of the key issues facing Our society is the aging population. 

Many elderly people have been found to have a declining physiology which 

affects their ability to themoregulate, particularly during extremes in 

temperature. As a result, hypothermia and hyperthermia could be life 

threatening conditions for the elderly population. 

Current design trends have focused prirnarily on improving the quality of 

indoor spaces as a method of rnitigating the effects of heat and cold related 

illnesses. Very little attention has been directed to microclimatic design for 

outdoor spaces in the prevention of hypothemia and hyperthermia. 

An extensive review of existing literature on the conditions of hypotherrnia 

and hyperthemia, physiology of elderly people, and microclimatic design 

techniques has been conducted. Example design responses from lndia and 



New York have been used to illustrate a variety of microclimatic techniques. 

A design critique of Stone Lodge identified some typical outdoor design 

problems and possible microclimatic design recornmendations. 
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1.0 INTRODUCTION 

One of the pressing issues that face our society in the upcoming 

rnillennium is the aging population. Of the many problems that face the 

aged in the future, this research will focus on the declining physiology of the 

elderly which would affect their ability to thermoregulate in temperature 

extremes. Senior citizens were found to be less capable as a population of 

tolerating heat or cold stress which would make them more susceptible to 

suffering (and possibly dying) from hypothermia and hyperthemia. 'The 

elderly appear to be less affective at maintainhg normal body temperature 

than young adults. This applies to both cold exposure and heat exposure, as 

suggested by a disproportionately high occurrence of hypothemia and heat 

stroke in the elderly." (Rooke, Savage and Brengelmann, pg. 1 1 , 1994). 

Although the conditions of hypothemia and hyperthemia had been 

explored in depth for the general population, little had been investigated for 

the elderly population. 

Current literature dealing with the cure or treatment of hypothenia 

and hyperthemia revolved around the medical arena. Preventative 

measures focused primarily on making indoor spaces of homes for the aged 

more thenally cornfortable. Unfortunately, very little had been explored in 

the realm of outdoor design as a method of prevention or healing from 

hypothermia and hyperthemia. 



2.0 THE PROBLEMS 

Hypothermia and hyperthermia could be life threatening conditions 

for the elderly population. It had been found that the elderly tended to have 

a declining physiology which would make ît very difficult for them to manage 

heat and cold stress dunng climatic extremes. 

Furthenore, hypothemia and hyperthermia seemed to be difficuft to 

diagnose correctly as symptoms could easily be rnistaken for other diseases 

or conditicris. In many cases, heat and cold stress would often tngger other 

underlying medical problems with the elderly and therefore, the statistics of 

how many people actually suffer or die of hypothemia and hyperthenia 

every year were often unknown or questionable. The experts shared the 

opinion that the nurnber of deaths due to heat [and cold] stress is likely to be 

significantly greater than revealed in the official statistics since many 

medical conditions are exacerbated by heat [and cold] stress, and although 

death may be immediately due to conditions due to myocardial infraction or 

respiratory distress, these conditions rnay not have been fatal in the absence 

of heat stressn (Femie, pg. 2, 1989). 

To remedy the problems associated with heat and cold stress, much 

attention had been focused on medical solutions, educating the elderly and 

health care providers in homes for the aged, and in creating thermally 

cornfortable indoor spaces. Although these methods were necessary and 

beneficial, there was a gap in ternis of design solutions for outdoor spaces 

as a means to deal with some of the problems. 



The exclusive focus on design of indoor spaces excluded the elderly 

from their outdoor environment. This often caused elderly people to become 

more isolated, which further exasperates many problems associated with 

hypotherrnia and hypertherrnia. 

3.0 PROBLEM STATEMENT 

With the life threatening seriousness of hypothermia and 

hyperthermia, particularly with the elderly population, this research will 

attempt to determine: 

Can landscape design help in the prevention of 

hypothermia and hyperthermia for the elderly population. 

3.1 Goal 

The goal of this research was to specifically understand how the 

physiology of elderly people was unique with respect to thenoregulation 

and how landscape architects could use this information in design. 

3.2 Objectives 

The main objectives of this research were: 

1 .) To seek an understanding of how elderiy people differ from the general 

population in tenns of themoregulation. 



2.) To determine how microclimatic design efforts for elderly people might 

differ from the design application for the general population. 

3.) To formulate a set of design tools and principles that could be utilized in 

designing for elderly people 

4.0 METHODS 

4.1 Literature Review 

A review of current literature was conducted to determine: 

i) physiological makeup of elderly people and if there were any differences 

from the general population, 

ii) an understanding of the medical conditions of hypothermia and 

hyperthemia and how they related to the elderly population, and 

iii) how this information could be applied in a microclimatic design context. 

A variety of sources were used to gain knowledge and information on 

the subject such as: medical joumals; books and joumals on geriatrics and 

physiology of elderly people; books pertaining to microclimatic design; and 

books with international design examples. 

4.2 Consultation With Experts 

Several experts in the field of gerontology were consulted to 

determine how the elderly were affected by hypothemia and hyperthermia. 

These experts were asked questions relating to the conditions of 



hypothermia, hyperthermia, and the physiology of elderly people. The 

experts also further reviewed this research to identify any gaps or 

discrepancies in the physiological and medical information presented. 

These experts included: Dr. Olga Malott, Professor, Studies of Aging, 

University of Waterloo; Dr. Rory H. Fisher, Professor of Geriatric Medicine, 

Sunnybrook Health Science Centre, University of Toronto; Dr. Geoff Femie, 

Director of Centre for Studies of Aging and Professor, Department of 

Surgery, Sunnybrook Heaith Science Centre, University of Toronto; and Dr. 

Joeseph Tindale, Professor of Gerontology, Family and Consumer Studies, 

University of Guelph. 

4.3 Observations Of Microclimatic Spaces 

Observations and analyses of outdoor spaces in three different areas 

were undertaken. Microclimatic landscapes in Ontario, New York, and lndia 

were observed in order to gain knowledge and understanding of a variety of 

design responses to climatic extremes. 

4.4 Synthesis of Research 

This research has been synthesized into a variety of charts that were 

further analyzed to detenine any relationships that existed between 

microclimate, design, and how they related to the elderly population. A 



cornparison was also done on the differences between design for the elderly 

population and the general population. 

Analyses of microclimatic elements have been conducted, including; 

basic characteristics of each microclimatic element; principles in 

rnanipulating each of the microclimatic elements; and design tools that could 

be utilized to influence microclirnatic elements. 

Analysis of this information was synthesized on a chart that included 

each of the microclimatic elements and how they could be used for design 

specific to the elderly population as compared to design for the general 

population. 

4.5 Application Of Research 

This research has been applied in the form of example design 

responses for the elderly population. This included a variety of pictures to 

illustrate current and theoretical microclimatic approaches to design. 

A design critique of Stone Lodge (home for the aged) identified some 

typical microclimatic design problems. An anlysis of the site was conducted 

where measurements were taken and applied to the COMFA cornputer 

mode1 to determine energy budgets. An analysis of terrestrial radiation 

emitted from objects was done to detemine the effectivness of materials in 

ternis of microclimate. This area was compared to another site with respect 

to energy budgets and landscape materials, Some conclusions and 

recommendations were made to improve the microclimate of the space. 
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5.0 HYPOTHERMIA AND HYPERTHERMIA 

Hyperthennia or heat çtroke is a serious, life threatening medical 

condition where the thenoregulation mechmisrn cannot sufficiently cool 

the body, therefore causing the body temperature to rise to above normal 

levels (St. John Ambulance, 1995). Conversely, Hypothermia is also a life 

threatening condition where the temperature regulating mechanism cannot 

sufficiently conserve heat and the human body temperature falls far below 

nomal. 

Human beings are horneothermic mammals that strive to rnaintain a 

constant inner body temperature of about 37°C despite the outdoor ambient 

temperatures (Grayson & Kuehn, 1979). Although the temperature will Vary 

depending on what part of the body is measured, the most critical 

temperatures to maintain are those of the core or deep body (Wicks, 1978). 

The core body consists of the most critical intemal organs such as the 

brain, heart, lungs, liver, and upper digestive tract (Grayson and Kuehn, 

1979) and thermoregulation of these organs is necessary for sunrival. The 

rest of the body which consists of muscle mass, skin, and fat is not critically 

affected by consistent temperatures for adequate functioning (Grayson and 

Kuehn, 1979). Therefore, if the core temperature decreases or increases 

significantly above approximately 37*C, the person is susceptible to suffer 

from hypothemia or hyperthermia. 

Therrnoregulation of the human body could be seen as a 3 

compartment concept which includes: the core, containing vital organs; the 



muscle mass; and the shell or skin and subcutaneous tissue (Grayson, and 

Kuehn, 1979). In elderiy people, only a 2 compartment concept would apply 

because many of them tend to have difficulty wlh mobility and be sedentary 

in nature. Studies have suggested that "nursing home residents in North 

Amenca are extremely inactive. Their level of activity barely exceeds their 

resting metabolic raten (Bar-or, pg. 29 1989). The 2 compartment concept 

would include the core and the shell, as the muscle mass was often inactive 

and is seen as part of the shell (Grayson and Kuehn, 1979). 

Hypothemia and Hyperthermia are serious problems that face the 

elderly, particularly during climate extrernes. if the transfer of heat from the 

body to the environment is excessive, the body suffers from heat debt. This 

causes the core temperature to decrease and therefore, increases the 

danger of hypothenia. Conversely, If the transfer of heat from the 

environment to the body is excessive, the body suffers from heat gain. This 

causes an increase of the core temperature which could possibly ttigger 

hyperthermia. 

Studied have indicated that "in the United States, mortality rates from 

hypothemia and hyperthermia are the highest in the elderly. The nsk 

increases with age and is the highest in those over age 85" (Rabbins, pg. 73, 

1989). Previous research has also shown that "...the risk of morbidity and 

mortality dunng climatic heatwaves [and cold] is substantially increased in 

humans greater than 60 years of age (Amstrong and Kenney, pg. 2162, 

1 993). 



5.1 Hypotherrnia 

51.1 Exoaenous Factors 

There were many extemal factors that could predispose elderly 

people to cold stress and could contribute to hypothemiia. 

One of the most significant exogenous factors was weather. This 

would include exposure to cold, wind, and any extrema temperatures. 

During the winter season, elderly people could also suffer from hypothermia 

indirectly as a result of falling or being injured due to ice and snow, 

prolonged exposure, and inadequate clothing level. 

Socioeconomic factors which would include social isolation, poor 

heating systerns, inadequate housing, and poor nutrition, could also 

predispose the elderly to hypothemia. Elderly people who suffer from such 

factors were often alone and did not have suffident resources to take care of 

themselves. 

Medication could also be a significant contributor to hypothemia, 

particularly if the elderly take drugs affecting circulation and metabolism. 

These may include sedatives, hypnotics, tranquilizers, and antidepressants 

which elderly people often do use (Wicks, 1979). 

ûther exogenous factors included: a decreased functional status, as 

accomplishing basic daily tasks became physically difficult; alcohol as it 

blocked the vasoconstrictive response to cold, dulled sensation, and 

affected mental processes; inadequate support systems with no one 

available if an emergency situation would anse; and physical immobility 
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which often resulted in elderly people becoming inactive due to difficulty in 

movement. (Hirvonen, pg. 566, 1979). 

5.1.2 Endoaenous Factors 

There were several intemally based factors which consisted of a 

range of illnesses and conditions that could further predispose the elderly to 

hypothermia. 

Endocrine gland disorders (such as. thyroid, pituitary, adrenal glands) 

are conditions that would affeci (among other things) the metabolism of the 

body. These glands would produce hommes that are carried in the 

bloodstrearn to help regulate functions in other parts of the body (Webster 

Dictionary, 1990) such as hypothyroidism. Metabolism is an important 

thermoregulation process because it "...converts the chemical energy 

inherent in food into biochemical energy stored wRhin the body. Much of the 

potential energy is converted into heat necessary for rnaintaining the 

constancy of body core temperature in ali homeotherms." (Grayson & Kuehn, 

pg. 73, 1979). 

Other indogenous factors would include: neurological disorders such 

as head injurÎes, cerebrovascular accidents, paraplegia; mental impairment 

and confusional states; conditions causing vascular (vessels for the 

transport of blood) collapse; severe infections (pneumonia, sepsis) (Wicks, 

pg. 8, 1978); malnutrition; stroke; diabetes; cardiovascular disease; and 

depression (Robbins, pg. 76, 1 989). 
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5.1.3 Phases of Hv~othermia 

Clinical aspects of hypothemia could be divided into three phases 

which would range from mild to moderate to severe hypothemia. 

Mild hv~othermia would exist when core body temperature reached 

between 35°C to 32.2OC (Robbins, 1989). The initial responses to cold 

would include: vasoconstriction of the skin artendes; an increase in pulse 

rate during the early stages; diuresis (excessive unnation); general fatigue 

or weakness; and confusion (Robbins, 1989). Also at this stage, there was a 

slowness in movement, clumsiness in walking, slurred speech (due to 

impaired nervous transmission), apathy, indifference or lack of emotion, and 

the normal protective mechanism of shivering was often absent in the elderiy 

(they did not often cornplain of cold at this stage) (Wicks, 1 978). 

Moderate to severe hvpothermia would exist when the core body 

temperature falls below 32.2"C (Robbins, 1989). The responses to cold at 

this stage would include: pale, cold, and dry skin; çwelling, sometimes of the 

face; a low or unrecordable blood pressure; slow respiratory and heart rate 

(bradycardia) (Wicks, 1978); slow reflexes; atrial (upper chambers of the 

heart that receive blood frorn the veins) and ventricular (lower chambers of 

the heart from which the blood is forced into the arteries) arrhythmias 

(irregularity of the hearts beating); hypoventilation (slow breathing); cyanosis 

(condition of the skin where it tums blue from insufficient oxygen in the 



blood), and possibly coma (Robbins, 1989). Also at this stage, shivering 

was not observed but muscular rigidity was cornmon; myxedema (a disease 

caused by failure of the thyroid gland) where the skin would dry and thicken 

and both physical and mental activity become irnpaired (Websters 

Dictionary, 1990); mental processes were slow and consciousness was 

impaired and later lost; and impairment of cerebral functions (such as 

analgesia, hallucinations, and other disturbances of consciousness) 

(Hiwonen, 1 979). 

Severe hvpotherrnia would include serious disturbances of function in the 

vital organs with rnuitiple artenal thrombosis (clotting of the blood in the 

heart or blood vessel) that would affect particularly the heart, intestines and 

pancreas, and the outcome was most likely fatal. (Wicks pg. 10, 1978) 

"The process is one of progressive confusion, slowing speech, loss of 

control over muscle movements, slow responses in general. Hypothemic 

elderîy people do not necessarily look ill, but the skin is pale or looks bluish 

due to oxygen in the blood, and is sometimes quite puffy body parts which 

are nomally protected feel cold to the touch and the most valuable 

diagnostic measure is to place the hand on the patient's abdomen." (Wicks 

pg. 10, 1978). 



S. 1.4 Conventional Treatment 

Rapid or slow reheating of the patient would be necessary depending 

on what phase the patient was suffen'ng from. 

In mild hypothermia, treatment should be of passive rewarming. The 

patient should be removed from the cold environment, insulated properly 

and put in a wam area (greater than 21 O C )  (Robbins, 1989). 

Active reheating, which would include hot water, hot air blown into the 

lungç, and electric blankets, must be done carefully as it could cause 

paradoxical core hyperthermia and shock (Robbins, 1989). 

Vigorous active rewamiing (for severe hypothermia) could be 

dangerous whereas slow spontaneous rewarming at -5-I0C/hr would be 

preferred (Robbins pg. 75, 1989). 

5.2 Hyperthermia 

5.2.1 Exoaenous Factors 

There were many extemally based factors which could make elderly 

people prone to hyperthermia. For example, studies have shown that 

"...debilitated, functionally impaired elderly are most prone to heat illness 

during times of high outdoor temperature associated with high relative 

hurnidity" (Robbins, pg. 74, 1989). 

Some significant exogenous factors would include: weather, such as 

excessive ba t ,  solar radiation, extremes in temperature, and excessive 

exposure; socioeconomic factors where some elderly could not afford air 
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conditioning, had inadequate living standards, and poor nutrition; isolation 

where there were no support systems in place; medication such as 

phenothiazines, anticholinergics, diuretics (diminishes body fluids), beta- 

blockers (blocks sympathetic response), and vasodilators; alcohol as it 

would impair autonomie responses (part of the nervous system controlling 

involuntary functions Le. the heart, glands), du11 sensation and mental 

processes (Robbins, 1989). 

5.2.2 Endoaenous Factors 

There were many intemally based reasons why elderly people may 

suffer from hyperthermia. These conditions may either be aggravated by 

heat stress or predispose the elderiy to hyperthermia. These factors include: 

cardiovascular disease; infection; dehydration; stroke; agitation; 

hyperthyroidism (Robbins, 1989); dementia; diabetes; cerebro-vascular 

accident; fever; obesity (Femie, 1989). 

Out of these conditions, dehydration was one of the most significant 

and preventable factors. "Elderly residents are at particularly high risk of 

dehydration because of factors which include: low body water, low ability to 

concentrate urine, inadequate thirst and the use of diuretics" (Femie, pg. 2 

1 989). 

In heat waves, the elderly generally manifested problems associated 

with cardiovascular (heart attacks) and cerebrovascular (stroke) disease 

(both diseases are reiated to blood flow). There tended to be an increase in 

14 



blood flow to the penphery (through vasodilation- dialation of the blood 

vessels) to increase body heat transfer to the environment. This could create 

an increase in cardiac demand which may trigger cardiac failure (Robbins, 

1989). 

5.2.3 Phases of Hvperthermia 

The main phases of hyperthermia could be divided into three distinct 

conditions which would include heat syncope, heat exhaustion and heat 

stroke. 

Heat svncoDe is a temporary loss of consciousness that is caused by a drop 

in blood pressure. It can be characterized by a pooling of blood in body 

extremities; reduced blood flow to the brain; sudden weakness or fatigue; 

pallor (pale face / skin); blurred vision and reduced visual field (grey-out); 

syncope or fainting (black-out, mornentary effect often lasting not more than 

30 seconds) (Bernard, and Kenney, 1 989). 

Heat exhaustion would occur when the core body temperature reaches 

between 38OC and 40°C. At this stage, the elderly would suffer from 

dehydration due to 

concentrated urine 

water and electrolyte 

(colour and odour); 

depletion; excessively dry mouth; 

uncoordinated rnuscular function; 

diuiness or lightheadedness; headaches; fatigue or muscular weakness; 

weak pulse and nausea (Bernard, and Kenney, 1989). There would be 
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further problems of muscle cramps and volume depletion; mild confusion; 

and lethargy (Robbins, 1989). 

Heat stroke is the most serious of the three conditions. it would occur when 

the core (rectal) temperature reached 40°C or greater. iî could be 

characterizad by a sudden failure of the thenoregulatory system; 

inadequate circulatory transfer of heat from the core; absence of sweating; 

unexpected, irrational behaviour; convulsions; coma or decreased level of 

consciousness (Bemard, and Kenney, 1989). Other associated problems 

would include severe central nervous system dysfunction (psychosis, 

delirium, coma); anhidrosis (hot, dry skin); cerebral edema (swelling of the 

brain); rhabdomyolysis (damage to the muscles); renal failure (kidney); 

myocardial damage (inflammation of the heart); fluid and electrolyte 

abnormalities; infections; and shock (Robbins, 1989). 

5.2.4 Conventional Treatment 

The standard treatment for heat syncope would be to assist patient to 

lie down and provide plenty of drinking water or other fluids (Bernard, and 

Kenney, 1 989). 

For heat exhaustion, rest should be encouraged as well as restriction 

of movement. Fluid replacement would be necessary, which may include 

small quantities of semi-liquid foods, if the person is conscious (Bernard, 



and Kenney, 1989). Also, passive cooling would be required by moving the 

elderly penon to a cool environment. 

For the treatment of heat stroke, immediate, aggressive, and effective 

cooling would be required such as the use of fans; cold sponge, water, or ice 

baths; vigorous body fluid replacement and support therapy (Robbinç, 

1989). At this stage, it would also be necesçary tu transport the elderly 

person to an appropnate medical facility as soon as possible for subsequent 

care (Bernard, and Kenney, 1989). 

5.3 Summary Of Hypothermia And Hyperthermia 

Essentially, the endogenous factors were often underlying conditions 

that affect either the circulatory response for conserving heat or the 

metabolic response to generate heat (Hirvonen, 1979). As a result, this 

would make elderly people more susceptible to illnesses related to heat and 

cold. According to Dr. Rory Fisher of Sunnybrooke Hospital, these 

conditions need to be appropriately diagnosed and treated medically. 

Design intervention should aim to make the area more accessible, 

cornfortable and help in the functioning of the elderly person (Feb. 1997). 

Although hypothermia and hyperthermia were usually the result of a 

combination of exogenous and endogenous factors, exposure to cold or 

heat seemed to be the overriding cause (Wicks, 1978). 

Design intervention should aim to assist in the prevention of 

hypothemia and hyperthermia well before the onset of phase one. Once an 



elderly person begins to experîence syrnptoms associated with phase one, 

medical alert would be advised as they could slip into phase two or three 

quite quickly (Fisher, 1997). 

6.0 THE ELDERLY POPULATION 

6.1 Physiologie Thermoregulation Of Elderly People 

The elderly population can be divided in to three main groups baçed 

on their age. Elderly people between the ages of 65 to 75 years old would 

be considered as young-old; 75 to 85 years would be mid-old; and 85+ 

would be old-old (Fisher, 1997). Although every one is unique due to their 

own physiological make up, thermoregulation tended to dirninish or become 

impaired in the mid-old to old-old groups (Fisher, 1997). 

The elderly were particularly susceptible to suffer from extremes in 

cold and heat due to their declining physiology coupled with the previously 

mentioned exogenous and endogenous factors related to their age and 

surrounding climate. 

Furthemore, hypothermia and hyperthermia were found to be 

extremely diNicult tu diagnose with elderly people. This was primarily 

because they tended to feel little discornfort to extremes in temperature, and 

therefore, there were few warning signals until it was too late. 

The diagnoses of heat and cold related illnesses was also considered 

to be quite complex as symptoms could be easily mistaken for other 

diseases. It has been found that there tends to be a substantial increase in 
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serious medical conditions during environmental stress such as extrernes in 

heat or cold. Although they rnay not be hypothemia or hyperthermia 

directly, th8 serious conditions are triggered by the heat and cold (Robbins, 

1 989). 

Other physiological reasons why the elderly may be at risk would 

include the following: 

Thermal reauiation 

Thermal regulation in general tends to be less efficient in the elderly 

than in young people and recovery from heat or cold stress was often 

slower. Non shivering thennogenesis [heat production by the body which is 

not due to shivering] was found to be diminished and shivering response 

was less efficient in producing heat (Robbins, 1989). In many cases, elderly 

people lost their shivering response, and as a result "...an elderly person 

may not cornplain of or feel the cold but will be losing heat at such a rate that 

body temperature will fall." (Clark, and Edholm, pg. 162, 1985). 

Generally, the body achieves thennoregulation through the 

hypothalamus in the brain. There are outputs that are connected from the 

hypothalamic controller in the brain to the skin which is responsible for 

temperature regulation. The most important of these are blood vessels, but 

there are also nerves which run to sweat glands and to the piloerecti 

muscles which cause goose-pirnplesn (Wicks, pg. 7, 1978). 



Thermal ~erception 

The perception of temperature changes tended to become blunted 

with age. This was primanly a resuit of a decrease in sensory receptors and 

degenerative changes that could occur in the aging skin. Many elderly 

people often would not sense discornfort caused by temperature fluctuations 

and therefore may not appreciate hazardous temperatures as readily as 

younger people (Robbins, 1989). Furthenore, it was found that the elderly 

had a reduced ability to "...discriminate between changing environmental 

temperatures as compared to young subjects." (Khogali. and Hales, pg. 191, 

1983). This was seen through an experiment that was conducted where 

"...nine elderly (70-82 years) men and four young (16-20 years) men were 

exposed for two hours to climatic heat at rest. Subjects had the option of 

inducing 20-second bursts of cool air whenever they wanted ... The aged 

subjects resorted significantly less to this option, even when their core 

temperature was higher than that of the younger people" (Femie, pg. 49, 

1989). 

Autonornic nervous svstern 

The autonornic nervous system becomes impaired with age (Robbins, 

1989). This is the part of the nervous system controlling involuntary functions 

as the heart or glands which play a critical role in temperature regulation. 



Vasoconstrictor and vasodialator resgonsa 

The impairnent of conserving or releasing heat was also caused by 

the circulatory responses of cutaneous vasodilation and cutaneous 

vasoconstriction. This response to cold or heat was found to be absent in 

about 20% of elderly people (Robbins,1989). The vasoconstrictor/ 

vasodialator response could be affected by the nenres or drugs that cause 

constriction or dialation of the blood vessels which are an important 

mechanism to conserve or dissipate body heat. 

Cutaneous vasodilation is a process where heat transported in the 

blood stream would pass through the vessels from the interior of the body, to 

the skin surface, and back again. Therefore, there would be an increase in 

the amount of blood that passed through the skin where heat is transported 

and lost into the environment. This process is important for releasing heat 

from the body in order to keep it cool (Wicks pg. 7, 1978). 

Cutaneous vasoconstnction is a process that would reduce the 

amount of blood that flowed through the skin vessels. Therefore, the amount 

of heat transported tu the skin and lost to the environment would be 

decreased (Wicks pg. 7, 1978). 

There-seemed to be a small proportion of elderly who could not 

vasodialate or constrict in extremes in temperature (Robbins, 1989). 



Sweatinn 

One of the main defense mechanisrns for coping with heat stress was 

sweating. Sweating was the major mechanism for heat l o s  when ambient 

temperatures exceeded that of the core, and it was found to be markedly 

impaired in the elderly. 'The elderly usually begin to sweat at a higher core 

body temperature and the volume of sweat is diminished" (Robbins, pg. 74, 

1989). "Although older people retain the same number of sweat glands, the 

output from each gland is lower. A combination of reduced sweating and 

reduced blood flow to the skin diminishes the ability of the elderly to regulate 

their body temperature" (Fernie, pg. 36, 1989). 

Bodv water 

The amount of body water tended to decline with age, "...bath in 

absolute volume and as a percentage of total body rnass. The implication is 

that at any given level of dehydration, there is a relative loss of fluid from the 

tissues" (Femie, pg. 42 1989). This problem was further aggravated 

because "...older perçons have a diminished thirst response to water 

deprivation, placing them at risk of dehydration under a variety of 

circumstances (Sanders, pg. 17, 1996). The effects of reduced body water 

and dehydration resulted in the reduced ability ta dissipate body heat. 

Because the elderly population could not depend on their internat 

thermal regulatory mechanisms, extemal means wefe necessary to help 

them maintain an adequate cor8 body temperature. There is only a narrow 



range of climatic conditions at which physiologic thermoregulation per se is 

effective. To function normally beyond that range one must employ 

behavioral means. These should elher enhance the shielding of the body 

from the hostile climate (e.g. clothing, staying in the shade or indoors [during 

hot periods]) or reduce the heat/ cold stresses (ventilation to enhance 

evaporation or sweat, air conditioning to reduce air temperature and 

humidity, fumace to increase air temperature)." (Femie, pg. 47, 1989). 

Therefore, microclimatic landscape design could greatly assist the 

elderly to maintain a relatively consistent core body temperature by keeping 

ambient temperatures relatively steady. 

7.0 WARNlNG SYSTEMS 

Because hypothermia and hyperthermia were considered to be life 

threatening for elderly people, homes of the aged should have some type of 

waming system available for early detection. 

There were essentially two categories of early warning systerns which 

included passive and active systems. 

7.1 Passive Warning System 

The passive method of detemining whether an elderly person was 

suffenng from heat or cold stress was based on observation and 

consultation. The process of this system included the following: 



staff should become alert during heatwaves or cold spells, 

staff should be educated with identifying phases of hypothemia and 

hyperthemia in case of an emergency and, 

risk assessrnent for elderly people should be conducted to 

identify those at the highest risk 

7.2 Active Warning System 

Active waming systems were primarily technology that could take 

precise measurernents and determine actual risk levels for elderly people. 

One possible device that could be used to identify alert levels was the 'wet 

bulb globe temperature' (WBGT). 

Wei Bulb Globe Temperature 

The WBGT was a device that could be effectively used during the 

summer season. The level of heat related risk to the elderly could be 

determineci through WBGT measurements. This device would measure the 

globe temperature, the air temperature and the relative hurnidity of an area 

and calculate a numerical WBGT value. This value could then be used to 

detemine the alert or waming level of a place based on heat stress (Figure 

7.1). 

The main problem associated with the WBGT technology was that 1 

was inadequate for measuring outdoor conditions. Akhough the shape of 

bulb does not make a difference for indoor spaces, it is not appropriate for 
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outdoor spaces. A cylindrical shape woufd be characteristic of a human 

being in outdoor spaces and would have a more representative distribution 

of solar radiation (Brown and Krys, 1990). A hot-wire anemometer would 

also be required to adequately measure the wind. 

FIGURE 7.1 THE WET BULB GLOBE TEMPERAiURE DEVICE 

Source: Bernard and Kenney, 1989 

wet bulb s 
(humidity) 

The WBGT technology could be a very useful tool for detenining risk 

levels of outdoor spaces, if it could be modified for measuring ambient 

conditions. Further research meds to be conducted in the area of how to 

make such a device work for the outdoor environment. 



ALERT LEVELS 

The Ministry of Community and Social Services and Ministry of 

Health in conjunction with a number of medical experts, devised a set of 

procedures that would help in the prevention and management of hot 

weather related illnesses. These procedures corresponded to levels of alert 

based on WBGT readings during times of hot weather. The main objective 

of these procedures was to "keep the residents cool and hydrated." 

(Bernard, and Kenney, pg. 1 1, 1989). 

There were essentially three alert levels to this system. Using 

hyperthermia as the example, the levels would include: summertime 

practice; intervention alert; and emergency alert. 

If the WBGT value was 23OC, summertime practices should be 

employed. However, if the value was between 24°C and 29OC. then the 

area should be in an intervention alert. Finally, if the values were greater 

than 2g°C, the area would be in an emergency alert. 

Summertime Practices: 

Summertime practices were recommended procedures that should 

be implemented during the beginning of the summer season. They included 

necessary actions that were mainly preventative in nature and should be 

taken in order for elderiy residents to be protected dunng watm weather. 

Summertirne practices should be observed up until the WBGT temperature 

begins to rise above 22°C (Bernard, and Kenney, 1989). 



Summertime oractices include: 

staff training 

risk assessrnent 

resident care and education 

-fluid intake 

-clothing 

-outdoor activities (Bernard, and Kenney, 1989). 

Intervention Alert 

These practices extend and build upon the surnmertime practices. 

Intervention alert should be activated when the WBGT temperature reaches 

between 23°C and 29°C. Elderly people who were assessed to be in the 

'high risk' category should be closely and accurately rnonitored for fluid 

intake and visible heat stress. Elderly people should also be restricted to a 

single layer of clothing and physical activity or activities causing exertion 

should be restricted (Bernard, and Kenney, 1989). 

Practices include: 

water intake 

nutrition and nourishment monitoring and modification 

revision of menus so minimal heat producing food preparation is required 

suspend al1 alcoholic beverage intake 

monitor for over-hydration 



maintain intake and output records for every high risk resident for the 

monitoring of fluid balance. 

closely observe residents for symptoms of heat illnesses (Bemard, and 

Kenney, 1 989). 

At this stage, a dangerous situation would exist where senous heat 

related illness or death were likely despite preventative measures. 

Emergency alert should be activated when the WBGT reached 29°C or more 

(Bemard, and Kenney, 1989). Residents should be moved to a safe area 

and action should be taken quickly as to limit exposure times of al1 residents, 

especially those in the high risk category. 

Emeraencv alert steps 

high risk residents should be moved immediatety to a cooler area, 

residents who were previously identified as medium rkk and who currently 

have febrile illness, acute infection, diarrhea or vomiting should be re- 

classified as high risk and be moved immediatefy to a cooler area, 

remaining residents should be monitored and removed from emergency 

alert area within a 4 hour period. Until they are rnoved, steps should be 

taken ta lowering their levels of heat stress by other means such as 

engineering controlç (Le. spot fans; portable spot cooling air conditioners 

etc.) (Bernard, and Kenney, 1989). 



In conjunction with eariy waming systems, microclimatic landscape 

design could also play a critical role to help in the prevention of 

hyperthemia and hypothermia in elderly people. 

In Canada, cfirnate was found to be the main cause of accidental 

hypothemia and hyperthemia among elderly people. Current literature and 

design efforts had centered primarily on improving indoor environments and 

living conditions. In much of the literature, solutions for preventing 

hypothermia and hyperthemia had focused on keeping elderly people 

indoors in tirnes of climatic extrernes. Unfortunately, this solution would not 

only isolate elderly people, but would also disconnect them from their 

outdoor environment. This would ultimately prevent elderly people from 

getting the positive physical and mental benefits derived from exposure to 

nature and garden settings. 

Microclimatic design can be defined as "the condition of the solar and 

terrestrial radiation, wind, air temperature, humidity and precipitation in a 

small outdoor space."(Brown and Gillespie, pg. 1, 1995,). These elements 

could be manipulated by objects in the landscape through design to 

enhance desimble microclimatic effects in outdoor spaces of nursing homes 

for the aged. 

The focus of microclimatic design should aim to create cornfortable 

outdoor spaces that were sensitive to the issues of hypothermia and 

2 9  



hypothemia arnong elderly people and should be beneficial to their overali 

health and weli being. Microclimatic design should allow elderiy people to 

maxirnize their choices in ternis of either being irtdoors or enjoying the 

outdoors in adverse clirnatic conditions without the fear of risking their lives 

or well being. 

An investigation of the characteristics and principies of the 

microclimatic elements was conducted in order to detemine how they could 

be rnanipulated. Furthemore, a variety of design tools were identified that 

could be used by the landscape architect to achieve desired microclimatic 

results. 

8.1 Microclimatic Elements 

There were basically six main clirnatic elements that could greatly 

influence microclimate which included (Brown and Gillespie, 1995): 

solar radiation 

terrestrial radiation 

wind 

air temperature 

relative humidity 

precipitation 

Each of these elements had unique characteristics that could be 

efFectively manipulated to create microclimatically cornfortable places. fable 

8.1 outlines some of these basic characteristics 
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8.2 Principles Of Microclimatic Elements 

There were many basic principles that were associated with each of 

the microclimatic elernents. These could greatly assist in directing design 

efforts to achieve the desired goals. Table 8.2 outlines some of the basic 

principles associated with the microclimatic elements. 

These principles could be useful in determining what design tools 

were available and appropriate for the designer to use. 

8.3 Design Tools 

The design principles could be realized through the application of a 

varïety of tools available to the landscape architect. Eight tools have been 

identified which could help manipulate the clirnatic elements as per the goal 

of the design. 

colour - be used to affect albedo, aesthetics, perceptions 

materials - solid, porous, natural, artificial, transmissivity 

structures - built form, objects, organization and layout, height 

water - albedo, added moisture in air, evaporative cooling, aesthetic 

technology - high tech and low tech 

topography - layout, orientation 

vegetation - deciduous, coniferous, transmissivity, canopy, height 

orientation - spaces and objects relative to Sun and wind direction 

Table 8.3 illustrates what design tools were available to either 

mitigate or enhance the various microclimatic elements. 





Elements and Desian Tools 
hlicroclimatic elements 

JTenestrial Radiation 

I 

Wind 

Air Temperature 

Relative Humidiy l  

- - - 

Desian Tools 
@vegetatkn-deciduous trees intercapt more radiatbn when they have kaves than when ieaflsss; trammiosivity of trees - - ---- ----- .- 

vacy wlth s p c k s  & can reduce radbtlon under trees deperdhg on kaves 81 f d i  (not an radiation is i n t e r c e s d  
---_I_C_I - -- 

or absorbed by baves) ---- ---- ---- -----.--- - - 
.colourç/albedo-hi& re flect ionmsdar energy re f lected into area; high absorbslori=solar energy absorbed away f rom area -- _-II_I__ .. ---- ---- - ---+--+__ - .. - 
vnaterials-trarrsmis~~ty. capacity t o  store heat - ---- -- -----.-------------- 

aorPentationangle, locatbn and direction of object can enhance the Sun (southern enposure) or reduce it (northern exposure) - ----- 
atopcgraphy-variation in tenain will have shadey slde and sunny side -- - - - - . - -  
astructures-depending on t h e  of day di season, k l g h t  can shade areas; overhangs provide shade; sdfd structures have -------- - 
low trammissiviiy & b l o e h a r  -- radiation 

..-__-------_I-.- 

mwater-radiation is reflected through atkdo .-- d --------- --_.- --- A 

atcchndogy-solar katers; mirrors 
.materials-kat capacity & conduction capacity of materiak will influence tonestrial radiation levek emitted by objects 

--I_-_C__ .- 

@vegctatimbuffers terrestrail radiation comming from high temperature objects 
-.-- -- - 

awater-cools objects and buffers high terrestrial radiation -- -- 
.orientaththe a m n t  of surfse area facing a space (vkw factor) will Influence net tenestria! ndiatkn 

---.- A---- - 
~stnicturerbuildings 6 structures can lose more terrestrial radiation t o  a ckar sky based i n  its view factor --- ---- ..- -. ---.. --.-- --- 
.techndociv-radiath haater or coolins cdk - - 
*structwosize, porosity & proximity affect wind, tall structures cause high speeds 4 turbulance; structures can --------- - .---- A---- --- 
break-up or deflect the wlnd --- ---CI--_- - -- -- --------C----- 

avegetation-evergrem, deciduous trees & hedges can buffcr or diffuse wind; affects direction & speed -- -- --- --a- 

*orientationlacatton and direction of spaces or objects can obstnict M enhance wind fbw 
-.-----.----- - -- 

@topoeraphy-bndforms can cause wlnd to change direction or speed: high wlndspceûs on windward slde of r hiII at  the top. 
-----_I___- - -- 

but kmr wind spesd on the lee of the Ml; topography can bo modifkd t o  m a t e  protccted pockets or funnel wind/ventilation -- - _ - - - - . . -  --- -_-- - 
mmateriaî-porusity w i l  affect the speed of wind and ako the ability of wind to pas through an object into a space; demer -- - ---- -----+ -- -- 
materiak reduce s p d  but affect oniy a small area; permeable objects have b e r  effects on speedç but affect a larger area - -- -------- 
a techridosy-fans 
*vegctat&hade and dame canopy can trrp c d  air (in iu, ancloseci space) t o  modify air temperature a littls 

----II-- --. - 
*structwe-roof dtsign can drain air into space; encbsed spaces can trap a favorabie microclimate 

Ph-- --- 
ewatcr-can c d  the air through evaporation in low humidiy 

-_1_-----_ .. 
.topognphy-cod a t  fbws dam slo(m & pook agaim any obstnictlons; that spacc wHI have i c o o k r  temp (frost pockets) -- - - . - , - - - _ _ _ _ _  A--.- 

atectrndogy-heaten or air conditioners 
------->----+ --.--- - _ - . -  ___ 

.NOTE: these t o o k G d  t o  wwk together t o  mite any impact on air temperature 
~stnictwes-ovehangs, enclosed or senii-enclased areas protect against precipitation _ . -  - --__ -_._ - -.. * 

* v c ~ e t a t ~ v a p o t n w a ~ i r a t  ion(mfnimurn Impact) - - _ _  _-._ 

.structures-enclosed spaces may have siightty different re!. humidity than the sunoundhg area -- - - - -  -- .- ---_-_ . --.- 
owater-avaportation of water in times of low humidity aml high temperatures will be cooling 

-----. - - -  ---- . . - -  _ - _ _ _ _ C _ . _  _--+ .-- _ _ _ . -  

atcchnology- eookn or m k t e G  --. - -  -- -- --- . --- -- .. . ___ - -- _____ - - 
.NOTE: these tads need t o  work together t o  make any impact on relative hurnidity 



9.0 DESIGN APPROACH 

For the application of the above microclimatic information to a 

particular site, there were basically two design approaches that could be 

taken which included the intuitive approach or the rational approach (Brown 

and Gillespie, 1995). 

9.1 Intuitive Approach 

The intuitive approach to design would correspond to a casual 

process. In this approach, designers would use their knowledge of 

microclimate, thenal  cornfort, and design, then make value judgments and 

decisions based on their understanding of what would work. This approach 

was not based on specific calculations or measurements of microclimate, but 

rather the principles. Aithough this process was informa!, it did have a few 

steps that should be followed in order to achieved desired results. 

These steps included (Brown and Gillespie, 1995): 

i) microclimatic goals should be determined 

ii) clear objectives should be outlined 

iii) determine the time and financial resources available 

iv) activities, seasons, and tirne of year should be determined 

v) reevaluate goals and objectives based on steps iii and iv 

vi) decide on the approach 



The intuitive approach to design was considered most appropriate "if 

you have little time, a small budget, and no real obvious microclimate 

problems.." (Brown and Gillespie, pg. 153, 1995). 

9.2 Rational Approach 

The rational approach to design related to a more cornplex and 

thorough process for arriving at microclimatic design solutions. This process 

incorporated the steps from the intuitive approach and built upon them by 

including further steps such as (Brown and Gillespie, 1995): 

i) conducting an inventory of clirnate data and site data 

ii) map and anafyze site characteristics that modify the climate 

iii) superimpose proposed intenrentions 

iv) apply microclimatic design tools to achieve desired results 

v) testing the design i.e. waterflume, wind tunnel, cornputer modeling. 

The rational approach to design would be appropnate in situations 

where "you cari afford the tirne and budget, or if you have a major 

microclimate problem.." (Brown and Gillespie, pg. 154, 1995). Therefore, 

when designing for the elderly population, the rational approach would be 

appropnate and even necessary. This was primarily due to the fact that 

hypothemia and hyperthemia could be life threatening problems unless 

every aspect of microclimatic design was carefully conducted in order to 

help in the prevention of these conditions. 

The following flowchart illustrates the process of the rational and 

intuitive approaches to design. 



Design Approach Flow Chart 

Source: Brown and Gillespie, 1995. 
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10.0 ANALYSIS: DESIGN FOR THE ELDERLY POPULATION 

According to Dr. Rory Fisher of Sunnybrooke Health Science Centre, 

there seemed to be a greater problem in Canada wlh hyperthennia than 

with hypothermia. During the winter season, elderfy people knew it was cold 

outside through direct perception and experience. As a result, they tended to 

avoid the outdoors in general. Therefore, in many cases, hypothermia was 

not a direct problern of climate per se, but mainly through socio-economic 

status affected by climate (Fisher, 1997). Elderly people that were homeless 

or very poor, suffered or died from hypothermia every winter due to factors 

such as inadequate heating, poor nutrition, alcohol abuse etc. (Fisher, 

1 997). 

The other main risk associated with winter was that elderly people 

could suffer from falls and related injuries due to ice and snow. Often times, 

elderly people were unable to move once they had fallen and therefore, 

suffered from hypothermia due to prolonged exposure. Falls and injuries 

also made even healthy elderly people immobile and as they become 

unable to generate heat within their body through movement (Fisher, 1997). 

According to Dr. Fisher, hyperthermia was a more significant problem 

in Canada due directly to climate. In his experience, there were a great 

number of elderly people that suffered from hyperthennia every year during 

heat waves (1 997). 

One of the reasons that may have contributed to this problem was that 

aîthough most homes had heating, not al1 of them (particularly homes for the 
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aged) had air conditioning and therefore, the elderly could not escape the 

heat (Femie, 1989). The lack of air conditioning was due pnmarily to an 

incorrect perception that elderly people were always cold and preferred 

warm temperatures. m e r e  was a perception that the elderly did not like air 

conditioning and drafts that was reinforced by the image of elderly dressed 

in coats or sweaters on the hottest of days. The emphasis was on 

exhausting air since cooling or tempering were not thought to be necessary 

in Ontario" (Femie, pg. 2 1989). 

Another more significant problern was that many elderly people often 

did not realize that they rnay be dehydrated. As a result, they did not 

replenish their fluid intake which oiten had very serious consequences. 

Coupled with the dehydration factor was the problem of incorrect perception 

or assessrnent of temperature. During the surnmer season, elderly people 

could misjudge heatwaves or exceptionally hot weather, especially 

associated with high humidity. They may find thernselves caught in 

uncomfortably hot environments where they rnay becorne quite dehydrated 

and do not realize it, which could make them increasingly susceptible to 

hyperthermia. 

Also, another reason why elderly people may suffer more from hot 

weather than cold could a difficulty in acclimatization. When a person is 

newly exposed to a climatic heat stress [such as heatwaves], ... he or she will 

respond initially with an increased physiologic heat strain, reduced physical 

ability and a subjective discornfort" (Fernie, pg. 40, 1989). fherefore, 



although clirnatic heatwaves are not common in Ontario, they still present a 

health hazard because elderiy people have not adapted to such extremes in 

temperature. 

1 0.1 Design Intervention 

Phases of Hvpothermia and Hv~ertherrnia 

Due to the life threatening seriousness of hypothermia and 

hyperthenia, design efforts should intervene before the onset of phase one 

of both conditions. According to Dr. Fisher, once an elderly person began to 

exhibit the signs of phase one of hypothermia or hyperthermia, medical 

intervention was required immediately. This was primarily because an 

elderly person could slip from phase one to phase two or three quite quickly 

with very serious consequences, even death (Fisher, 1997). Therefore, 

design should aim to be preventative in nature rather than attempting to cure 

the problern. 

Exoaenous Factors 

Design should also focus on alleviating many of the exogenous 

factors that directly or indirectly contribute to hypothermia and hypertherrnia. 

Therefore, design should airn to make spaces more: 

accessible 

functional 



rnicroclimatically sensitive 

safe 

cornfortable 

socially supportive and interactive. 

Endoaenous Factors 

Design had a very limited capacity for alleviating many of the 

endogenous factors contnbuting to hypothemia and hyperthermia. The 

endogenous factors previously outlined were mainly underlying conditions 

that could trigger the cold and heat related illnesses. They needed to be 

appropriately diagnosed and treated medically (Fisher, 1997). Design may 

be able to alleviate symptoms of depression to a certain degree, but mainly 

education and supervision were required to mitigate or monitor the effects of 

endogenous factors. 

1 0.2 Goal of Microclimatic Design for the Elderly 

As previously mentioned, the elderly tend to have a declining 

physiology such as blunted thermal perception and diminished responses 

which made them unable to effectively respond to extremes of hot or cold 

ternperatures. Therefore, it was important that they were in environments 

that were sensible in ternis of microclimate or such places should be 

provided for them. 



The goal of microclimatic design should be to create a relatively 

thermostatic environment with moderate to minimum variation for outdoor 

spaces where al1 extremes are reduced or modified. Spaces should be 

highly and completely designed for microclimate. 

10.3 Design for the Elderly Population Vs the General 

Population 

Microclimatic Design for elderly people was found to be quite 

distinctive and unique when compared to design for the general population. 

Because hypothermia corresponded to core body temperatures of 35°C and 

below, and hyperthemia corresponded to core body temperatures of 39°C 

and above, this acceptable temperature band narrowed with age (Femie, 

1989). As a result, extra attention should be given to design for the elderly 

population than that of the general population. Table 10.1 illustrates a 

cornparison of how the individual microclimatic elements should be treated 

for the elderly population versus the general population. 





The general conclusion based on this chart was that spaces for the 

elderly population should be very highly designed so that al1 aspects of 

microclimate are seriously considered in al1 cases. Design for the general 

population could be more casual in nature. Every aspect of microclimate 

need not be considered as their physiology will compensate and help with 

thermoregulation during extremes in temperature. 

The main philosophy of microclimatic design differed for elderly 

people as compared to the general population. For the elderly population, 

design played a senous role where the goal reached far beyond mere 

comfort levels, but rather to the health, well being, and possible survival of 

elderly people. For the general population however, microclimatic design 

should simply aim to provide a more themally cornfortable environment. 

Design efforts should be camed out in conjunction with education and 

supetvision to be most effective in the prevention of hypothermia and 

hyperthermia. Depending on the season or time of year, attention should be 

given ta the activity level, clothing level, time of day and the length of 

exposure that an elderly person had to the outdoor environment. 'Several 

laboratory-based experiments have indicated that the elderly, as a group, 

have a shorter tolerance time in the heat during re st... or exercise." (Fernie, 

1989). For example, during a heatwave in summer, elderly people should: 

be told that there is a heat wave with exceptionally high temperatures; be 

encouraged and reminded to drink plenty of fluids; wear loose, light and 



single layered clothing; must not be outdoors when the Sun is at its highest 

intensity; and engage only in passive activities. 

11 .O EXAMPLE DESIGN RESPONSES 

The following illustrations show a variety of design responses for the 

summer season frorn northern lndia and New York City. The examples 

depict microclimatically sensitive spaces that illustrate a num ber of design 

tools and principles working together. 

New York City had a number of pocket parks that were a refuge to 

many people during times of hot weather. Figure 11.1 shows a view of 

Paley Park, which used a number of design tools to maxirnize on 

microclimatic efforts. The design tool used in thiç example included water, 

materials, vegetation, colour, and structure. 

The watennrall in the background had moving water which, due to its 

cooler temperature, reduced emissions of longwave radiation and was also 

an effective fom of evaporative cooiing. This was primarily because the 

rippling effect increased the surface area of the water which resulted in a 

greater amount evaporated. The ovemead canopy which was suggested by 

the tree trunks, diffused the incorning solar radiation and allowed for a 

shaded seating area. The creeping ivy was grown at a human scale and 

further reduced the albedo of the light wall, and provided 

evapotranspirational cooiing. The surrounding building structures enclosed 

the space which isolated the area and maximized most microclimatic efforts. 
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The height of the buildings also further blocked incoming solar radiation. 

The movable fumiture was also critical in the design as 1 would allow 

people to maximize their choice as to where they want to be in the space. 

F I G U E  1 1.1 PALEY PARK 



Figures I l  -2, 11 -3 and 11.4 al1 iltustrate various angles of Greenacre 

Park in New York City. Figure 11.2 shows a popular sitting area that 

seerned considerabty coder in contrast to the surrounding hot microclimates 

within the city. This park had a considerable amount of vegetation which 

enhanced its cooling efforts. The overhead canopy diffused incoming solar 

radiation and provided shade over the space. The ivy and shrub materials 

on the edges reduced the reflective quality of the walls, intercepted 

terrestrial radiation that could be ernitted from the buildings, and provided 

evapotranspirational cooling. There was also an overhang structure or trellis 

that intercepted a larger amount of solar radiation and provided an area of 

dense shade. The surrounding buildings enclosed the space while further 

blocking solar radiation. The colours in this space were mainly dark which 

reduced the reflection of sotar radiation into the space. 

%üRE 1 1.2 GREENACRE PARK 



Figure 11.3 is another view of the same park as the above example. 

This view shows the waterfall that was broken up over many tiers which 

increased the surface area of the water. The waterfall not only drowned out 

the noisy sounds of the city, it also was a good source of evaporative 

cooling for the park. 

FIGURE 11.3 GREENACRE PARK, WATERFALL 



Figure 1 1.4 is a view of the lower level of Greenacre Park. This area 

was located just in front of the waterfall. This was an exceptionally cool 

pocket within the park as cold air was being trapped due to the change in 

elevation. The vegetation behind the lower area further trapped the cool air 

as it evaporated from the waterfall. The movable fumiture in the park allowed 

users to sit wherever they pleased. 

FIGURE 1 1.4 GREENACRE PARK, LOWER LEVEL 



Figure 1 1.5 illustrates a vegetative pergola in Central Park, New York 

City. This pergola was effective in diffusing solar radiation from the walkway 

while also being quite aesthetically pleasing. It could also be useful for 

providing shaded areas for sitting or other activities. 

FIGURE 1 1.5 VEGETATIVE PERGOLA 



There were also many microclimatic design examples in the town of 

Beas, which was located in northem India. Figure 11.6 shows two 

illustrations of a jali. A jali is a latticed structure, in this case made of 

concrete, that was often used in many gardens and homes throughout India. 

Jalis were effective in diffusing solar radiation during the rnorning and 

evening when Sun angles were low and provinding solid shade during high 

Sun angles. The lattice structure would also allow for the cross ventilation of 

breezes which would make them quite effective in endosed gardens or 

courtyards. 

FIGURE 1 1.6 JALI STRUCTURE 



FIGURE 11.6 CONTINUED JALI STRUCTURE 



Figure 11.7 are two examples of the same garden from different view 

points. This was a semi enclosed garden with a vegetated jali wall on the 

left side of both pictures. The surrounding vegetation provided shade to 

parts of the garden white it reduced the albedo of some of the light coloured 

surfaces such as the jali wall. The vegetation would also be effective in 

intercepting some of the terrestrial radiation emitted from the heavy brick 

walls that enclosed the space. For this space to be more effective, it should 

have more shade trees to provide an overhead canopy that would intercept 

the aftemoon Sun. An added water feature would be a good source of 

evaporative cooling. Also. fountains would provide drinking water to help 

prevent dehydration. Moveable seating would also be beneficial to allow 

people to maximize their choices as to where they want to be in the garden. 

Transition zones are areas that buffer the indoor and outdoor 

environment. They are extremely useful in times of marginal weather such 

as rain, intense Sun, or snow. Figure 11.8 is an example of a transition zone 

that had an overhead roof structure with ceiling fans. ft was a unique place 

that provided shelter to people who wanted to be outdoors, but did not want 

to be in the direct Sun or rain. This space allowed people to interact with 

other people instead of forcing them to remain indoors during adverse 

weather conditions. This area was heavily used during the late moming and 

afternoon when the Sun was quite intense. The gazebo was located 

adjacent to the transitional zone. It was also effective in blocking solar 

radiation and allowing for ventilation. 



FIGURE 11.7 SEMI ENCLOSED GARDEN 



FIGURE 11.8 TRANSlTIONAL ZONE AM> GAZEBO 



The use of technology could be quite effective in order to achieve 

microclimate objectives. Figures 1 1.9 and 1 1.1 0 illustrate an overhead 

removable roof structure with water misters and ceiling fans. The roof 

consists of a metal frame with pipes used for transporthg water, and a 

removable cloth or canvas type material covering the structure. This is 

effective in blocking solar radiation from the space and using evaporative 

cooling techniques through the misters. Although this structure had an 

industrial appearance, it could be refined in its design to be more 

aesthetically appealing for any space. 

FIGURE 11.9 FLEXIBLE ROOF STRUCTURE AND MISTERS 



FIGURE 11.10 FLEXIBLE ROOF STRUCTURE, MISTERS, AND CEILING FAN 



The variety of examples from New York and lndia were illustrations of 

some effective microclimatic techniques. Many lessonç and ideas could be 

leamed from international examples and applied focally to achieve desired 

microclimates and reduce energy budgets. Elernents of these examples 

could be used to modify microclimates by employing either simple rnethods 

such as tree canopies or overhangs, or technological methods such as 

misters and water walls. Desired microclimates could be effectively achieved 

by applying a combination of elements that could work together in an 

enclosed area to reduced energy budgets of a site. 

12.0 DESIGN CRITIQUE OF STONE LODGE 

Stone Lodge is a home for the aged that is located in Guelph, Ontario. 

It was an example of a senior's complex that required extensive 

microclimatic design modifications to make it acceptable for users during the 

summer months. Although the main areas within the indoor environment 

were air conditioned and provided a number of facilities for residents, little 

attention was focused on the outdoor area. 

1 2.1 Resident Profile 

During the time of this study, Stone Lodge had 129 elderly residents. 

The average age of the elderly living there was about 86 years old with 5 of 

those residents being over 90 years old. Therefore, many of the elderly 



people could possibly have a declining physiology as they would belong in 

the mid-ofd to old-old category. 

It was found that many of the elderly residents also suffered from 

endogenous conditions that would make them more susceptible to 

hyperthemia. Of the 129 senior residents, 3 suffered from diabetes, 3 from 

Parkinson's disease, 2 were obese, 4 had pacemakers, and 25 suffered 

from dementia (Bolster, 1997). These conditions specifically would put 

many of them at risk of suffenng from heat illness (Bernard and Kenney, 

1989). 

Many of the elderly residents were taking specific types of medication 

that would also predispose them to heat illness. it was found that the use of 

diuretics, antihypertensives (beta-blockerç, alpha-blockers, calcium channel 

blockers), anticholinergic dnigs, antidepressents, were quite commonly 

used amongst the elderly living at Stone Lodge (Bolster, 1997). Also, it was 

very common for elderly people to use a combination of these medications 

together. Many of these medications would affect circulation, metabolism. 

sympathetic response. and body fluids (Bernard and Kenney, 1989). These 

medications would inevitably effect the physiological responses to 

thenoregulation. 

1 2.2 Analysis Of Site 

The main building was a one stoiy structure that had light grey 

painted walls in the front, a darker blue colour on the sides and back, 
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and a large black roof (figure 12.1). The building had about six outdoor 

sitting areas with benches (figure 12.2). The rnost popular of these 

sitting areas was at the front entrance (figure 12.3). It faced a south east 

exposure and received full moming Sun. During the summer, elderly 

people enjoyed sitting in the front area throughout the day, the most 

popular times being from about 2:00 p.m. until the evening (Bolster, 

1997). Although this area was not the most microclirnatically desirable, 

it was however the only place that had a lot of activity and provided a 

view of the street. 

FIGURE 12.1 MAiN BUILDING 



FiGURE 12.2 MAIN SIRING AREAS 



The building had a fairly thin strip of grassed area that encircled the 

building, as seen in many of the photographs. The remainder of the front 

area was hardscape which included a sidewalk and road. The sidewalk 

was of a very I 

would result in 

included only a 

ight coloured concrete and the road was light grey which 

a high albedo. There was insignificant landscaping, which 

few shrub beds and a few deciduous tree saplings. Figure 

12.4 is a site plan which illustrates the most popular sitting area located in 

the front of the main building. 

In general, the most popular outdoor sitting area did not seem to be 

microclimatically suitable and currently, would not protect the elderly 

residents from heat related disorders. 

FIGURE 12.3 MAIN SZTZ?NG AREA 





1 2.3 Analysis of Climate Data 

An analysis of climate data was conducted to determine the amount of 

solar radiation gain, wind direction and velocity, and relative hurnidity. The 

calculations based on this information would indicate what times of day a 

person would receive the most amount of solar radiation. The calculations 

were based on the climate data charts and a skychart for the Guelph area. 

Table 12.1 and Table 12.2 are climate data charts that outlined two 

typical summer days in Guelph which included June 30, and August 5, 1996. 

Figure 12.5 is a skychart for the 40" latitude. The skydiart indicates 

the altitude and angle of the Sun for any given day, month, and time of year. 

FIGURE 12.5 SKYCHART 

Source: Brown and Gillespie, 1995 



Table 12.1 Climate Data for June 30, 1996 

HOURLY CLlMATOLOGlCAL DATA, UNlVERSiiY OF GUELPH, ELORA RESEARCH STATION 

Day 182 
1996 June 30, Sunday 

Avg RH. 
% 
86 
8 7  
88 
90  
89  

Net Rad 
Wfm2 
-28 
-29 
-6 
-27  
-25 

Solar Rad 
W/m2 
-6 
-6 
- 6 
- 3 
3 

' ~ r .  

12:OO a-m. 
1 :O0 am. 
2:00 a.m. 
3:00 am. 
4:00 am. 

, 

Avg Temp 
DegC 
24.9 
24.6 
24.5 
24.2 
24.3 

'~recip. 
mm 

. 

O 

Wind Speed 
Km/hr 
21 -3 
19  
20.1 
16.9 
19.4 

336 
29.1 
MJtm2 

Dir 
Deg 
256 
257 
256 
266 
271 

Water Table 
cm 
133 
133.2 
133.3 
133.7 
134 

209 
18.1 
MJ/m2 

86 25.2 19 289 136 



Table 12.2 Climate Data for August 5, 1996 

HOURLY CUMATOLOGICAL DATA, UNIVERSTTY OF GUELPH, ELORA RESEARCH STATION 

Day 218 
1996 August 5, Monday 

i ~ r .  1 Precip. l~ofar   ad 1 Net Rad ( h g  R.H. ( A V ~  ~ e m p l  ~ i n d  ~peed( Dir 1 ~ a t e r  Table 

12:OO a m .  
1:00 a.m. 
2:00 am. 
3:00 a.m. 
4:00 a.m. 
5:00 a m ,  
6:00 a.m. 
7:00 a.m. 
8:00 a.m. 
9:00 a.m. 
10:OO a m .  
11:00 am. 
12:OO p.m. 
1:00 p.m. 
200 p.m. 
3:00 p.m. 
4:00 p.m. 
5:00 p.m. .. 

6:00 p.m. 48  d-21 8 1 25.4 11 146 202.5 

mm 

0.2 

W/m2 
-3  
-3 
-3 
-3 
O 
52  
174 
413 
564 
723 
819 
910 
932 
835 
642 
622 
210 
206 

Wlm2 1% DegC 
15.8 
15.6 
15.4 
14.9 
14.5 
14.1 
15.8 
18.8 
21.3 
23.7 
25.4 
26.4 
27.1 
27.3 
27.4 

-33 

-36 
-36 
-37 

105 
1 04 
1 03 
1 04 

Krn/hr 
6.4 
6.3 
5.8 
5.9 
4.4 
6.2 
5.6 
3.6 
5.3 
6.8 
12.1 
13.6 
14.8 
13.9 
12.4 

4 1 5  
1 04 
97  

175 
170 
154 

-33 1105 

202.5 
202.5 
202.5 

Deg 
6 4  
6 7  
5 6  
4 3  

3 7  
.50 
6 5  
112 
136 
169 
168 
176 
176 
167 
171 

- 1 
78 

1243 
335 
474 
555 
633 
676 
588  
43 1 

72 
73 
76 

cm 
201.6 
201.4 
201.7 
201.7 
201 -9 
201 -8 
202.1 
202.1 
202.2 
202.4 
202.5 
202.5 
202.5 
202.5 
-202.5 

1 06 
1 07 
1 06 
100 
87  
82 
78 
7 4  
73 
7 2  

27.7 
27.4 
26.6 

12 
12.6 
11.8 



Calculations were made for 6:00 am., 12:OO noon, and 3:00 p.m. for 

each of the days to determine the amount of radiation received by a person. 

The formula used was: T = (Wtan e)/x. The value K indicated solar radiation 

measured on a flat plate at the weather station (obtained frorn the climate 

data charts). This value was divided by the tangent of the solar elevation 

angle, which was obtained by reading the time and date on the skychart and 

detemiinhg the closest alititude angle. The resultant value was divided by sr 

to estimate the amount of radiation received by a vertical cylinder which is 

representative of a human being (Brown and Gillespie, 1995). 

June 30 

6:00 a.m.: 226Aan20 = 6201 x = 1 97 W/m2 

Wind: moderate to strong, north west direction 

Auaust 5 

6:00 a.m.: 174/tan15 = 6491 IE = 206 W/m2 

12:OO P m . :  932Aan70 = 3391 x = 107 W/m2 

3:00 pm.: 6Wtan45 = 622/ x = 197 W/m2 

Wind: light to moderate, south direction 



In both cases, the calculations revealed that a person would receive 

the mosi amount of solar radiation gain during the early moming and late 

aftemoon hours. These results indicated that the sun angles were more 

directly striking the person dun'ng the moming and late aftemoon. Reflected 

radiation would also be quite high during these times. At noon, the solar 

radiation received would be considerably less than the moming or 

aftemoon. Although at this time the Sun angles would corne from directly 

above, they would strike the person at an oblique angle (Figure 12.6). 

FIGURE 12.6 SOLAR RADLATION RECEIVED BY A PERSON 

n A-M. 



These calculations indicate that an elderly person sitting in the 

favoured front area at Stone Lodge, would receive a considerable amount of 

heat gain through solar radiation and reflected radiation from the Iight 

surfaces. 

12.4 AnaIysis of Microclimate 

Through direct observations, it was obvious that the main sitting area 

at Stone Lodge would be uncomfortable during overheated periods. 

However, it was important to determine how uncomfortable it would be for 

elderly people and what could be done to mitigate this problem. This was 

accomplished by detemining the energy budget of a person by using the 

COMFA formula. The COMFA formula is 'based on heat budget equations 

that describe more cornpletely the flows of energy to and from a person in 

any landscape." (Brown and Gillespie, pg. 76, 1995). 

The energy budget of a person could be detemined by calculating 

the arnount of incoming and outgoing flows of energy. if the resultant value 

was below a negative threshold, the person would be cool or cold. If the 

value was above a positive threshold, the person would be overheated. A 

value near zero would indicate a balance of energy flow and the person 

would be thermally cornfortable (Brown and Gillespie, 1995). 

Therefore, the COMFA equation is: 

Budget = R, + M - Conv - Evap - Tr,, 



The components of this equation include: total amount of solar and terrestrial 

radiation absorbed by a person (u; the metabolic rate based on activity 

level (M); heat lost or gained through convection (Conv); heat lost by 

evaporation of water, either through perspiration or respiration; and the 

amount of terrestrial radiation emitted by a person (TrBmmM) (Brown and 

Gillespie, 1 995). 

The COMFA cornputer program also accounted for the clothing level 

and permeability of clothes wom by a person. At Stone Lodge, it was as 

observed that many of the elderly men wore primarily short sleeve shirts with 

long pants, socks and shoes. The women similarly wore long pants or skirts 

with leggings, and short sleeve shirts. Therefore, based on the clothing 

wom, a value of 75 was given for the insulation level and 150 for 

permeability to input into the COMFA formula (Appendix A). 

Measurements were taken at the site to determine the air 

temperature, relative humidity, radiation received by a person (radiation 

themorneter or 'Iittleman'), wind speed and longwave or terrestrial radiation 

ernitted by the main objects in the site. These measurements were then 

inputted into the COMFA program to determine the comfort level of elderly 

people. 



The following chart indicates the various comfort levels of a person based on 

energy budget values. 

Budget (VV/rn? Interpretation 

Budget -150 Would prefer to be much wamer 

-150 c Budget c -50 Would prefer to be warmer 

-50 < Budget c 50 Would prefer no change 

50 c Budget c 150 Would prefer to be cooler 

150 < Budget Would prefer to be much cooler 

Source: Brown and Gillespie, 1995 

This chart would be valuable in interpreting comfort levels for the general 

population based on their energy budget and existing outdoor conditions. 

Because the elderly population have been found to have lower 

tolerances to heat and cold stress, a narrower range of comfort values would 

be required. It would be desirable to achieve an energy budget close to 

zero. This would mean that the energy gained is balanced with the energy 

lost and would result in thermosatesis. Although this state would be 

extrernely difficult to achieve in the outdoor environment, a narrower budget 

that would range between -25 and 25 was presumed to be more acceptable. 

Therefore, the following chart indicates comfort levels based on energy 

budgets for the elderly population. 



Budget W/m? t nterpretation 

Budget c -75 Would prefer to be much wamer 

-75 c Budget c -25 Would prefer to be wamer 

-25 c Budget c 25 Would prefer no change 

25 c Budget c 75 Would prefer to be coder 

75< Budget Would prefer to be much cooler 

Data was collected to determine the COMFA value for three different 

areas which included Stone Lodge area A and B (refer to site plan, Figure 

12.4), and the Bullring at the University of Guelph. Measurements were 

taken for five different time periods over one and a half days (June 10, 11, 

1997), to detenine a range of comfort levels throughout the day. The 

timings included approximately 7:30 am. (Time 1 ), 10:30 a.m. (Time 2), 1 :30 

p.m. (Time 3), 4:30 p.m. (Tme 4), and 7:30 p.m. (Tirne 5). 

Areas A and B at Stone Lodge were within the main sitting area and 

represented two different site conditions that the elderly were currently 

experiencing. Area A was exposed to full Sun during the rnoming and early 

aftemoon, had very little vegetation, was adjacent to the main building and 

was surrounded by hardsurface groundscape. Area 8 was surrounded by 

grass and two shade trees which prevented soma of the direct solar 

radiation frorn reaching the area. 

The Bullring was used as an analogue of possible design 

improvements at Stone Lodge, not on its aesthetic values, but on other 

comparable parameters. These parameters included similar orientation, 

desired materials used, canopy cover, and partial enclosure. The calculated 



energy budgets based on these parameters would be a good indication of 

whether similar efforts taken at Stone Lodge would be effective in improving 

the microclimate. 

Tables 12.3 and 12.4 are sumrnaries of energy budgets for the three areas 

at various time periods for June 11, 1997 and part of the day for June 10, 

1997 (Detailed analysis in Appendix B). 

Table 12.3 Energy Budgets, June 10, 1997 

SUMMARY OF ENERGY BUDGETS (W/m2) BASED ON COMFA 

JUNE 10,1997 

Z a 

Time 4-4:30pm 
Current Budget 57 111 * 52 

W (2) 46 

10-Jun-97 
I 

Tirne 3-1 :30pm 
Current Budget 
Increase Win& 

* lndicates critically overheated tirne period (budget > 75 W/m2) 

Bull ring 

67 
W (2) 49 

Hr .-&z.~~$j*]g&$~ ?i 1. 
r *-.. , .-- 

1 [Within comfort zone for the general population (-50 < budget < 50) 

I 

33 
F*7stL --...a ,- -- - ,=-- *;.- ., =.-. .- 

',-,a.,- - -r. .Li C . U  -CI -0 1 .-,..,<,,<y. ".-*7<q&2:.:-!?-2-.:*. L i  

I 

W i i n  comfort zone for the elderîy population (-25 < budget < 25) 

Stone Lodge A 

98 * 
W ( 5 )  52 

Time 5-7:30pm 
Cuvent Budget 

Note: W (#) indicates hypothetical energy budget with wind increased to value 
shown in parentheses 

Stone Lodge B 

59 
W (3) 38 

dc2~'$~.f&y$j$~p,3; - ai) 
A.. 1 9 - V-d  

52 
lncrease Win& zzi??i . - * ., . . 

I I 



Table 12.4 Energy Budgets for June 1 1, 1997 

SUMMARY OF ENERGY BUDGETS (W/m2) BASED ON COMFA 

JUNE 1 1 ,1997 

1 1 -Jun-97 BullrÏng Stone Lodge A Stone Lodge 5 
Time 1 -7:3Oam 

1 

Tirne 2-1 0:30am 
Cunent Budget: 

-Z* .c:- - 
38 98 * 49 

lncrease Win& !z42:'i~@~>4$&:;?~-' W ( 5 )  53 
zth,'';.;;q 

W (2) 28 
L, ,+ ;&c3y33j3;*5-?3: r,- 
I 

t I I 

Time 3-1 :30pm 1 1 1 
1 Current Budget: 1 58 1 112 * 1 71 

lncrease Wind: .. W (1)48 W (4) 1 06 W (3) 47  
w (2) 37 w (4) 34 

:*-' l F-7 

W (3) 27 
-'- . - , , L. :"W;C@%t$+;: 

I 

* lndicates critically overheated time pend (budget > 75 W/m2) 

1 Iwthin comfort zone for the general population (-50 < budget c 50: 

. .  * -  

@ .- ~ . F - ? $ $ $ % ~ ~ . . ~  ~ i t h i n  comfort zone for the elderiy population (-25 < budget < 25: 

Note: W (#) indicates hypothetical energy budget with wind increased to value 
shown in parentheses 



These tables indicate that the BuIlring had the most moderate energy 

budgets throughout both days over the five time periods. Budgets were 

slightly overheated for the general population during both aftemoons and 

one evening, and exceeded the assumed comfort level for the elderly ( S 5  

W/m2) at ail times except the first observation on June 11. During overheated 

times, the addition of wind ranging frorn 1 to 5 m/s was tested to improve the 

comfort levels to those suitable for elderly people. 

At Stone Lodge however, the energy budgets indicated a tremendous 

heat gain, particularly for area A during the aftemoon time periods. Even the 

addition of soma vigorous wind at those times did not reduce the energy 

load of that space to the comfort level. Additional measures would have to 

be taken to improve the microclimate of this area. 

Area B also had rnoderate to high energy budget readings particularly 

during the afternoon time periods. This area had more shade, and also 

received a higher degree of wind than area A, which reduced the budget 

through convective cooling. The addition of more wind was usually sufficient 

to reach the assumed elderly comfort zone at this location. 

Longwave or temestrial radiation measurements were also taken of 

the significant elements within each site throughout the five time intervals. 

This would indicate the effectiveness of significant elements in variety of 

microclimatic situations such as full shade, full Sun, in windy areas etc. 

(details in Appendix C). Table 12.5 is a selection of terrestrial radiation 

fluxes emitted from objects within each site during the hottest time periods. 



June 1 O/ 

Table 12.5 Longwave Radiation Emissions (W/m2) of Site 
Objects 

ANALYSE OF LANDSCAPE OBJECTS DURING CRITICAL 
OVERHEATED PERlODS 

- 
Stone Lodge 

4-ru 

,Asphalt 554 
,Shnib bed 465 

I 
I 1 

1-10bjects measured in sun 



Table 12.5 Longwave Radiation Emissions (W/m2) (Conti n ued) 

June 1 1 /9 

June 1 1 /9 7 

Sidewalk 563 539 
Asphalt 583 576 
Shmb bed 507 

1-(0bjects rneasured in sun 

Objects measured in filtered Sun 



Table 12.6 Analysis of Longwave Radiation Emissions ( W h 2 )  

of Site Objects 

Analysis of Longwave Radiation Emissions (Wlm2) 

Elements in Shade 
I 

1 Brick Wall 

Average Wfm2 

Wood Table 
Wood Ground 
Wood Bench 
Sidewalk 
Brick Wall 
Brick Ground 
Stone Wall 
Grass 

Bracketed value indicates the number of obsenrations 
in the average 

471 (3) 
461 (1) 
460 (2) 
459 (1) 
445 (3) 
442 (3) 
428 (2) 
425 (3) 



Table 12.6 summarizes the longwave radiation emissions study by 

ordering and separating the data into sunlit and shaded categories, and 

averaging values for surfaces where more than one reading was taken. 

From this study, some general conclusions could be made regarding various 

objects and materials used within the sites. 

Grass was found to be a low emitter of energy in shade and Sun due 

to evapotranspiration cooling. This has been found to be the case with most 

vegetative materials. Brick used for the buildings and groundscape was 

among the low emitters in shade and Sun. This was due to the high heat 

capacity of the material and some energy being carried away from the 

surface through conduction. Stone materials were found to be low emitters 

in shade because their high heat capacity would not allow for much surface 

warming. This was compensated by a direct strong exposure to solar 

radiation as the surface of the Stone object was tilted towards the Sun. 

Emissions from the concrete sidewalk were near the middle of values 

obsenred for the various surfaces. Although the sidewalk would have 

thermal properties similar to asphalt, it also has a high albedo due to the 

light colour (which was not measured) and therefore does not absorb as 

much solar energy. Asphalt was a very high emitter as it had a high solar 

radiation absorption capacity and therefore became very wam. Wood 

ernissions lay toward the top end of measured values because it has a low 

heat capacity, low conduction and good solar absorption capacities. The 



colour of wood furniture was moderately da*, therefore surface 

temperatures became wam, relative to other similarly exposed landscape 

elements. 

12.5 Discussion of Microclimatic Analysis 

The BuIlring had more positive energy budget readings due to a 

combination of factors which included canopy cover, variety of materials 

used, proportion of vegetation to hard groundscape, and dark colours. The 

most significant of these factors was the diffusion of solar radiation through a 

moderately dense canopy cover. Because solar radiation is not affected by 

air temperature and greatly influences the surface temperature of objects in 

the landscape, it would be necessary (during hot periods) to "...design 

primarily to control for solar radiation. Control of wind is a secondary 

consideration." (Brown and Gillespie, pg. 73, 1995). The combination of 

other factors such as evapotranspiration from surrounding vegetation and 

grass, hard materials with good conductive capacities, and low reflectivity of 

the sun due to dark colours, also contributed to lower readings. The Bullring 

however, experienced little wind, therefore, energy could not be lost through 

convection. An increase of wind speeds would bring the energy budgets to 

levels suitable for the elderly population (as indicated by the COMFA 

cornputer mode1 in Tables 12.3 and 12.4). 

Although Stone Lodge experienced more wind, it also had very little 

shade, particularly in area A. Therefore, this area had a tremendous heat 
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load with energy budgets reaching 98 w/m2, 1 1 1 W/m2 and 1 12 w/m2 du ring 

the aftemoon periods. This was caused primarily because there were no 

efforts taken to intercept solar radiation. As a result, energy was reflected off 

light coloured materials such as the concrete sidewalk and the building 

walls. Energy was also absorbed and emitted as terrestrial radiation 

through the asphalt road which was located in front of the sitting area. 

Materials such as concrete, wood and the dry ground had low conductive 

capacities and were not able to pull energy away from the area. As a result, 

this energy was further emitted as high levels of terrestrial radiation. An 

increase of wind (as modeled through the COMFA program) would lower the 

energy budget readings a little, but not enough to deem the site cornfortable 

for elderly people. 

Area B had better energy budget readings than area A. This was 

pnmarily because it was under a moderate to light canopy cover which 

diffused some of the incoming solar radiation. This area was also exposed 

to cooling winds which rernoved energy through convection. The 

groundscape was comprised mainly of grass which further reduced energy 

through evapotranspiration. The addition of more wind would reduce the 

energy load to a degree, however, a further interception of solar radiation 

would be bendicial for this site. 

Therefore, implementing similar efforts as those at the Bullring to 

Stone Lodge and enhancing wind would make the area acceptable for 

elderly people during overheated periods. Sirnply providing shade trees to 



create a moderate to dense canopy cover would be an excellent first step, 

then directing and increasing (at times) winds would also help to achieve a 

desirable microclimate at Stone Lodge. Changing materials and colours 

such as (moderately dark) brick and grass groundscape, ivy on walls, and 

increased vegetation will further help achieve a desirable comfort level. An 

overhanging canopy attached to the building, a gazebo, and outdoor fans 

would al1 reduce the energy load of the site. These efforts in conjonction 

would create a microclimatically desirable area that would be acceptable for 

the elderly population in the prevention of hyperthermia. Although not tested 

for winter conditions, the added protection of trees to break up the natural 

wind, and the rernoval of outdoor fans would be expected to create a 

microclimate less prone to hypothemia than the present situation. Similar 

research needs to be done on microclimate for cold conditions to determine 

energy budgets and effectiveness of materials during winter. 

1 2.6 Design Modifications 

it is clear that this site would require further design efforts to make it 

microclimatically acceptable. The following list of design tools indicates what 

could be used to maximize microclimatic efforts. 

Veuetation: Dense shade trees should be located throughout the area and 

particulariy on the south side of the space. This would provide an overhead 

canopy which would greatly diffuse radiation received duMg noon when the 

Sun is directly overhead. Hedges located on the east and west side of the 
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space would intercept early moming and late aftemoon solar radiation when 

Sun angles are low. Creeping *by would also reduce the reflective quality of 

the light coloured walls and provide evapotranspirational cooling. 

Structure: A jali coutd be located on either one or al1 sides of the space as 

an alternative to taIl hedges. It wouid provide enclosure to the garden, 

intercept low sun angles, and still allow passage of winds. An overhanging 

structure or vegetative pergola located by the front doors and main walking 

areas would intercept solar radiation and would be beneficial where people 

enjoy congregating most. Moveable seating would allow residents to sit in 

areas suited to their cornfort level. 

Colour: Cunently, the light colours of the ground plane and building would 

reflect a considerable amount of radiation into the sitting space. Moderately 

darker colours would be beneficial as they would have a low albedo. The 

walls of the building should be repainted a darker tone and the sidewalks 

and road should be of darker coloured rnaterials. 

Materials: Groundscape materials should have high absorption capacity 

and a high conduction capacity to pull heat away from the site such as moist 

grass and brick pathways. Site fumiture could be made of wood, however, it 

would be located in the shade. Wood can absorb a considerable amount of 

solar radiation and it is a very poor conductor, therefore it gets very hot 

unless shade is provided to intercept energy received. 

Water: Drinking fountains should be located at the popular sitting areas for 

the convenience of the residents and to remind them to replenish fluids. 



Water features with some form of moving water will benefit the space 

through evaporative cooling. 

Technoloav: Water misters and air coolers could also be used in 

conjunction with, or in place of water featureç. They both would reduce 

energy through evaporative cooling. Outdoor fans would also greatly assist 

in cooling efforts through convection, as determined by the COMFA 

modeling. 

13.0 CONCLUSION 

This research had found that hypothemia and hyperthermia could be 

life threatening conditions particularly for the elderly population. Elderly 

people were more susceptible to suffer frorn heat and cold stress more than 

younger people due to a combination of many specific exogenous and 

endogenous factors coupled with their declining physiology. As a result, 

design efforts should be treated differently for the elderly than the general 

population. Design shoufd attempt to compensate for the declining ability of 

the elderly to thermoregulate. For this reason, it would be extremely 

necessary for outdoor spaces for elderly people to be microclimatically 

sensitive. The general population would not need to depend on a 

rnicroclimatically sensitive design for suivival, although it may be desirable. 

It had also been determined that although design could not assist in 

curing the patient that suffered from extensive heat or cold stress, it could 

however, assist in the prevention of hypothemia and hypeithermia. 
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For design to be effective in prevention, extra care and attention 

should be given to each of the microclimatic elements and how they could 

be rnanipulated to create desirable outdoor spaces in homes of the aged. 

Outdoor spaces must be completely designed for microclimate with the 

primary goal being to buffet- al1 exttemes in order to create a relatively 

thennostatic environment. 

The summer season was found to be critical for elderly people due to: 

dehydration; incorrect or misperception of heat waves; poor acclimatization ; 

inadequate air conditioning in homes; medications and medical conditions 

which would make elderly susceptible to heat illness. The most significant 

times of the day to focus design efforts, would be during the summer season, 

in the moming and late aftemoon. At these times, solar radiation gain tends 

to be the highest for a person. At Stone Lodge, energy budgets derived from 

the COMFA formula identified exactly how overheated a person would 

become at that site. Also, a further analysis of elements within the site 

indicated that changes should be made in ternis of the groundscape, colour 

of the building, addition of vegetation, a dense ovehead canopy, and 

enhancernent of wind. The landscape archlect should try to utilize as many 

of the toolç possible as to maximize microclimatic efforts. 

By focusing on creating cornfortable microclimatic outdoor spaces, 

coupled with education and an effective monitoring system, elderiy people 

wili be able to enjoy the outdoor environment wlhout the fear of rnortality or 

morbidity from hypothemia and hyperthennia. 



14.0 AREAS OF FURTHER RESEARCH 

Areas for fumer research would include: 

Using the rational method of design, conducting a complete analysis of a 

site and taking required measurements. Then applying microclimatic 

principles to the site and testing the results. This design should be therrnaily 

cornfortable throughout the year accommodating the hot and cold seasons. 

Developing some type of early waming system for outdoor spaces that will 

take into account comfort levels for the elderly population. 

Fomulating a more cornplete, holistic design that not only takes into 

account the prevention of hypothermia and hyperthermia, but also other 

main problems and conditions that affect the elderiy population. 
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APPENDIX A 

lnsulation and Permeability Values 

Iniulatian and femabil i ty Values of borne fypiical Clothing 
Eniemblei, for Appiication in COMFA Cakulationi 

r'a P 

A: T-shirt, short prnts, wcb, ninning rhoes 50 175 

U: T-shirt, long pants, da, s h o a  or bots 75 i 50 

C: T-shirt, long prnts, rock, shoa, windbnrkrr 100 1 00 

D: Shirt, long prnts, iocb, rhacr, windbnrker i 45 65 

Et Shirt, long prnts, s&, shocl, sweater 175 125 

F: Shirt, long prnts, rocks, rhacr, sweater, wiridbrukn 450 50 

= imuttion vrluc (dm) and P = pemeability of tlothing tmcmble 

Source: Brown and Gillespie, 1995 

Metabolic Rates based on Activity Level 

Mctab~lic Rate5 (My foi S e l e a d  Activities 

W WhP) 
Sleeping 5 0  

Standing, sitting 90 

Worlàng at r dak or driving 95 

Standing, light wok  

Short s p u ~  of intense activity 600 

Source: Brown and Gillespie, 1995 



Energy Budgets Based on COMFA for June 10 & 1 1,97 

COMFA CALCULATIONS FOR JUNE 10,1997 

Relative Humidity % 1 25 1 23 1 27 

June 1 0, 1997: Time 3 

Metabolic Rate 
Clothing Level 
P e m a  biky 
Air Temperature O C  

Wind Speed m/s 

1 :45 pm. 
Bulln'ng 

90 
75 

150 
29 
1 

Radiation Therrnometer O C  

Current Budget 
Radiation Absorbed 

2:15 p.m. 
Stone Lodge A 

90 
75 

1 50 
30 
1 

30 

Perspiration 
Convection 
Emitted 

lncrease wind speed ta: 
New Budget 

2:3S p.m. 
Stone Lodge B 

90 
75 

150 
28 
1 

67 
388 

lncrease wind speed ta: 
New Budget 

lncrease wind speed to: 
New Budget 

32 

16 
18 
373 

29 

91 
409 

3 
37 

4 
24 

59 
1 

395 
1 S 
16 

1 373 

16 
35 

371 

4 
64 

5 
52 

3 
I 

38 , 

2 
49 

4 
23 

1 

3 
73 



COMFA CALCULATIONS FOR JUNE 10,1997 

June 10, 1997: Tirne 4 

Metabolic Rate 

Jincrease wind speed to: 1 2 I 2 f 2 

Cuvent Budget 
Radiation Absorbed 
Pers pin tion 
Convection 

, Emitted 

(New Budget 1 37 1 101 1 46 

5:04 p.m. 
Bullring 
90 

Clothing Level 1 75 
Permea bility 150 
Air Temperature "C 1 28 

57 
381 
16 
21 
372 

4:30 p.m. 
Stone Lodge A 

lncrease wind speed to: 
New Budget 

4:45 p.m. 
Stone Lodge 8 

75 
150 
29 

112 1 52 

B 

lncrease wind speed to: 
New Budaet 

75 
150 
28 

Wind Speed m/s 1 
Relative Humidity % 1 23 
Radiation Themiorneter OC 1 29 

432 
16 
18 
373 

3 
24 

1 I 

4 
18 

90 

390 
16 
38 
371 

90 

1 
21 
33 

5 
69 

2 
23 
29 

- 

3 
33 



COMFA CALCULATIONS FOR JUNE 10, 1997 

BuIlring [ Stone Lodge A Stone Lodge B 
Metabolic Rate 90 1 90 90 

P e m a  biiity 
Air Temperature "C 
, Wind Speed m/s 
Relative Humidity % 
Radiation Thermometer O C  

Current Budget 
Radiation Absorbed 
Perspiration 
Convection 
Emitted 

150 
27 
O 

26 
28 

lncrease wind speed to: 
New Budget 

52 
372 
18 
17 
373 

150 
25 
1 

28 
26 

1 
37 

2 
-5 

C 1 I 

- 

150 
26 
1 

29 , 

26 

33 
368 
18 
33 

370 

Increase wind speed to: 
New Budget 

t8  
358 
18 
38 
369 

I 

1 
22 

1 
1 

14 

2 
22 

2 
1 



COMFA CALCULATIONS FOR JUNE 1 l , f  997 

I I Bull ring 1 Stone Lodge A 1 Stone Lodge 6 1 
1 Meta bolic Rate 1 90 1 90 1 90 1 
Clothîng Level 
Permea bility 
Air Temperature 'C 
Wind Speed m/s 
Relative Hurnidihr % 

Current Budget 
Radiation Absorbed 
Perspiration 
Convection 
Emitted 

75 
150 
22 
O 

47 

I 

22 
359 
19 
33 

1 
-22 

I 1 

75 1 75 

lncrease wind speed to: 
New Budget 

150 
18 
O 
54 

-8 
340 
20 
43 

1 
-7 

150 
19 
O 

55 

r 

14 
360 
20 
41 
367 369 366 



COMFA CALCULATIONS FOR JUNE 1 1, 1 997 

1 June 1 1, 1 997: Time 2 1 10:12 am. ( 1 0:38 am. 1 1 0:4S a m -  1 
I 

Metabolic Rate 

Wind Speed m/s 1 O 1 1 1 1 1 

Clothing Level 
P e m a  bility 

BuIlring ( Stone Lodge A 
90 1 90 

LCurrent Budget 1 38 1 98 1 49 1 

Stone Lodge B 
90 

75 
150 

Relative Humidity % 
Radiation Thennometer OC 

Air Tem~emture "C 1 25 

75 
150 

38 
26 

Radiation Absorbed 
Penpira tion 
Convection 
Emitted 

- 

75 
1 50  

30 

lncrease wind speed to: 
New Budget 

26 

32 
32 

364 
17 
22 

371 

36 
28 

1 
18 

2 
28 

L I 

I 

lncrease wind speed to: 
New Budget 

I 

41 4 
15 
14 

373 

lncrease wind speed to: 
New Budget 

3 86 
17 
35 

370 
I 

1 
93 

5 
53 

1 

1 
46 

3 

2 
-2 

3 
17 

3 
76 



COMFA CALCULATlONS FOR JUNE 1 1, 1997 

June 1 1, 1 997: Tirne 3 

Metabofic Rate 
Clothing Levef 
P ermeability 
Air Temperature "C 
Wind Speed m/s 
Relative Humidity % 
Radiation Themiorneter "C 

1 :22 p.m. 
BuIlring 

90 

Current Budget 
Radiation Absorbed 
Perspiration 
Convection 

, Emitted 

75 
150 
29 
O 
30 
28 

lncrease wind speed to: 
New Budget 

1 5 0  p.m. 
Stone Lodge A 

90 

58 
372 
16 
11 

374 

lncrease wind speed to: 
,New Budget 

158 p.m. 
Stone Lodge 0 

90 
75 

150 
32 
1 

25 
34 

1 
48 

1 

lncrease wind speed to: 
' ~ e w  Budget 

75 , 
150 
29 
1 

27 
30 

112 
41 6 
14 
3 
376 

2 
37 

1 I 
3 3 4 

27 1 1 08 1 34 
1 

lncrease wind speed to: 
New Budsiet 

71 
395 a 

16 
22 

372 

1 
111 

f 

1 
2 

58 

2 
7 10 

4 
15 

- - 

3 
J 

47 

4 
1 07 

I 



COMFA CALCULATIONS FOR JUNE 11,1997 

Wind Speed m/s O 1 1 

Radiation Themmeter O C  - 28 28 27 
I 

1 

June 1 1, 1 997: Time 4 

L 

Metabolie Rate 
Clothing Level 
Permea biliity 
Air Temberature "C 

4:22 p.m. 
Bullring 

,Current Budget 
Radiation Aborbed 
Perspiration 
Convection 
Emitted 

1 

, lncrease wind speed to: 
New Budget 

lncrease wind speed to: 
New Budget 

4:45 p.m 1 453 p.m. 

52 
371 

, Stone Lodge A 

L 

2 1 3 
25 19 

Stone lodge B 
90 

75 a 

150 
27 

90 
75 

150 
28 

56 
383 

2 
21 

90 
75 
150 
27 

44 
371 
17 
24 
371 , 

1 

t 
36 

16 
15 
373 

1 
39 

I f  
24 

371 

2 
33 



COMFA CALCULATIONS FOR JUNE 1 1, 1 997 

Current Budget 49 44 42 
Radiation Absorbed . 371 366 . 366 

lncrease wind speed to: 1 1 1 
New Budget 3 2 28 24 

1 

2 
1 7  

lncrease wind speed to: 
New Budget 

- 

2 
6 

2 
15 



APPENDIX C 

Terrestrial Radiation Ernitted by Objects at thr 

Stone Lodge 
Bullring - June 14 1997 

BniIring - June 11,1997 

t Bullring and 

L 1 0 b j e c t  rneaured in fidl sun 

m o b j e c t  measured in shade 

Object measured in filtered su 



Stone Lodge - June 10,1997 
Area A 

Area B 

1 lobject meaured in full sun 

Object measured in shade 

Object measured in Iiltered sun 



Stone Lodge - June 11,1997 
Area A 

(70bject meaured in full sun 

0 b j e c t  measured in shade 

Object measured in filtered sun 
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