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Human settlement; the energy, transport
and industrial sectors; human health;
air quality, and changes in
ultraviolet-B radiation
1

Overview

1.1

Introduction

This chapter covers a wide range of potential impacts of climate change. It addresses the implications of global warming, sea-level rise, changed
precipitation and evaporation and stratospheric
ozone depletion for human settlement, which includes housing and infrastructure, and for the
energy, transport and industrial sectors. It also
covers the likely impacts of global warming and
stratospheric ozone depletion on human health and
air quality, and the potential overall impact on
human health and natural systems of increased levels
of ultraviolet-B ( U V - B ) radiation reaching the
earth's surface as a result of depletion of the stratospheric ozone layer.
Evaluating scientific predictions of global climate
change is the responsibility of Working Group I. At
present there are substantial scientific uncertainties
about the nature and magnitude of climatic changes
that might result from an effective doubling of C 0
concentrations in the atmosphere. However, it is
necessary to make some assumptions about changes
in climate in order to assess potential impacts which
are due to these changes. The general types of
changes that serve as a basis for the impacts assessments are described below. They are not intended to
be definitive. The assessments in each section of
this report summarise studies in the literature that
are based on varying assumptions about climate
change; those assumptions are generally described
for each study cited. Many impact assessments are
based on projections of a particular General Circulation M o d e l ( G C M ) for long-term equilibrium
conditions due to an equivalent C 0 doubling in
radiative forcing, while others assume a particular
change in temperature, precipitation, or other
variables. Owing to the large heat capacity of the
oceans, full realisation of equilibrium temperature
increase associated with a radiative forcing is expected to be delayed a number of years.
2

2

A consensus exists among the world's leading
scientists that a continuation of the current rate of
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increase in concentrations of greenhouse gases
( G H G ) in the atmosphere will cause a significant
increase in global average annual temperatures. An
increase in G H G concentrations equivalent in
infrared absorbing effect to a doubling of preindustrial levels of C 0 is projected to occur between 2025 and 2050. This increase in concentrations of G H G could be expected at equilibrium,
according to projections of Working Group I, to
produce a rise in average annual global temperature
of 2 ° - 4 ° C . Although most climate impact scenarios
have used effective C 0 doubling, should current
emissions growth continue G H G concentrations
would be expected to rise past an effective C 0
doubling.
2

2

2

1.2 Direct impacts of global climate
change on human activity
M o d e l simulation and palaeoclimatic evidence
suggest that when climate warms, it warms more in
higher latitudes than in lower latitudes and more in
winter than in summer (Golitsyn, 1989; Schneider,
1989). A warmer atmosphere contains more water
vapour and increases the intensity of the whole
hydrological cycle, but precipitation patterns are
likely to change homogenously in time and space
(Golitsyn, 1989). Some scientists believe that in a
warmer climate the earth can be expected to experience more variable weather than now, with a likelihood of more floods and drought, more intense
hurricanes or typhoons, and more heatwaves
(Golitsyn, 1989; Hansen et al., 1989).
The expected rise in global temperatures will affect
human health, comfort, life styles, food production,
economic activity, and residential and migration
patterns. As global temperature rises, atmospheric
circulation patterns are likely to change with alterations in the frequency and seasonality of precipitation and an overall increase in the rate of evaporation and precipitation. Coupled with the associated
general rise in temperature, such changes in the
water cycle will affect water availability, agricultural
activity, flood protection practices, infrastructure
planning and natural habitats. If the intensity of the
hydrologic cycle increases, some scientists believe

that humanity and natural systems may experience
much more severe weather-related events such as
droughts, floods and extremely severe tropical
cyclones. One estimate is that an effective C 0
doubling may increase the intensity of tropical
cyclones or hurricanes as much as 40% (Emanuel,
1987). A l o n g with this potential increase in the
intensity of such storms, humanity can expect an
expansion of the area vulnerable to tropical cyclones,
with the areas of potential damage expanding
northward in the Northern Hemisphere and southward in the Southern Hemisphere, perhaps exposing
such populated areas as the eastern coasts of
Australia (Henderson-Sellers and Blong, 1989).
These projections of greater problems from tropical
cyclones are based largely on calculations of effects
of increased surface temperature. Although the area
of sea having temperatures over this critical value
will increase as the globe warms, the critical temperature itself may increase in a warmer world
(Working Group I Report). Further studies may
provide a much more definitive picture of likely
impacts of global warming on tropical cyclone
activity.
2

Together with the anticipated disruption in atmospheric circulation and storm patterns, humanity is
expected to face a significant rise in global mean
sea-level. Global warming will cause a thermal
expansion of the upper layers of the ocean and this
expansion, together with the expected melting and
movement into the ocean of some land-based
glaciers, is expected to accelerate the current sealevel rise trend. A rise of 9-29 cm is expected over
the next 40 years, or 28-98 cm by 2090 (Working
Group I Report - Summary). A rise of only 25 cm
or more in relative sea-level would displace many
residents of the delta regions of the Nile, the Ganges
and the Yangtze from their homes and livelihoods
and could render uninhabitable island nations such
as the Maldives in the Indian Ocean, and Kiribati,
Tuvalu and the Marshall Islands in the Pacific
(Tickell, 1989). This projected sea-level rise will
cause widespread coastal erosion, especially on
gradually sloping coasts such as those in the Atlantic
or G u l f Coasts of the US (Titus, 1988), or the West
Coast of Africa (Murday, 1989).
One scientist has projected that a rise of 1 m in sealevel could seriously affect nearly a hundred million
people along the coasts of China, particularly in the
Pearl River deltaic plain containing the city of
Guangxhou, the eastern half of the Yangtze River
plain, in which Shanghai is situated, the eastern half
of the North China coastal plain containing Tainjin,
and the southern half of the Lower Liao River plain
where the city of Yingkou is located (Han, 1989).
Besides sea-level rise, perhaps attributable to green-

house effect-induced global warming, tectonic factors
and groundwater withdrawal have contributed to
rapid rises in recent years in the sea-level along
many parts of China's coasts. Although sea-level
along the Chinese coast has generally risen 11.5 cm
in the past 100 years, relative sea-level rise has been
much faster in some low-lying coastal plains. Sealevel rose 0.75 m from 1954-1978 in the Pearl River
deltaic plain and 1.3 m in the North China coastal
plain around Tianjin; in recent years land settlement
caused merely by groundwater withdrawal has
exceeded 2 m in the downtown areas of Tianjin and
Shanghai (Han, 1989).
In the absence of concerted human efforts to build
coastal defences, a sea-level rise of 1 m could
inundate the port area of 1900 k m and cause
damage to nine million Japanese (Ministry of
Transport of Japan, 1989). W i t h industry in subSaharan Africa concentrated heavily in seaports,
many of which are capitals (Tebicke, personal
communication, 1989), even a modest sea-level rise
could pose a major threat to the economy and
political
infrastructure of Africa.
Chapter 6
discusses these potential impacts of sea-level rise in
more detail.
2

1.3 Observed changes in global, regional
and local climate
According to a study released early in 1989, 1988
was the warmest year of the past century in average
global temperature (British Meteorological Office
and University of East Anglia, 1989). The same
researchers reported that 1989 was the fifth warmest
year in the 134 years for which they have compiled
global temperature records and that six of the ten
warmest years on record were in the 1980s (Kerr,
1990).
Although climatologists disagree on whether the
observed increase over the past century of about
0.6 °C in average annual global surface temperature
is a clear 'signal' of greenhouse warming, or still
within the natural variability of climate, there seems
little dispute among climatologists that humanity has
already significantly reshaped the earth's climate
through such factors as the urban heat-island effect,
intensification of desertification through land degradation, deforestation and stratospheric ozone depletion. These factors, some of which have arisen quite
independently of the build-up in global concentrations of G H G , are likely to produce significant
effects on humanity, often magnifying the disruption
caused by a rapid greenhouse-induced global warming.
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1.3.1 Potential intensification of the urban Whether or not the current desertification is significantly linked to a greenhouse-induced warming
heat-island effect
trend, it is causing enormous dislocations and great
human suffering in Africa. Thousands of nomads in
Mauritania have been driven into urban areas and
refugee camps, creating great social turmoil (Dadda,
1989). The dimensions of this problem were recently summarised by Lt C o l Christine Debrah (Ret'd),
Executive Chairman of the Environmental Protection Council of Ghana:

Removal of vegetation, construction of buildings,
roads, pavement and other human transformations
of the natural environment, together with direct heat
generation from human activity, are known to cause
the temperatures of urban areas to rise above those
of surrounding rural areas. In the US this urban
heat-island effect was estimated at an average of just
over 1.1°C for a sample of 30 US cities and about
2.9°C for New Y o r k City (Viterito, 1989).
In
Moscow, U S S R , the heat-island effect is projected to
add about 3°-3.5°C to average annual temperatures
(Izrael, 1989).

As we are meeting here today, millions of
Africans are suffering from hunger and malnutrition. Vast numbers of people are moving
within and across national boundaries in search
of food, thereby creating environmental refugees. There is, of course, no accurate measure
of the extent of the crisis. But the orders of
magnitude are indicative: 150 million people
threatened by starvation or malnutrition and
an estimated 4 million refugees and returnees
and an untold number of displaced persons.

The urban heat-island effect in Shanghai, China, is
quite pronounced, with a potential intensity as high
as 6.5 °C on a calm, clear December night in 1979,
but no heat-island effect observed on days with
strong wind and heavy rain (Zhou, 1989). The
urban heat-island effect has been reduced significantly in one city by large-scale tree planting. In
Nanking, China, the planting since 1949 of 34 million
trees has been credited with a significant cooling of
the cities' average temperature (De La Croix, 1990).

Thus, in Africa, dry weather conditions have
been experienced, leading to brushfires and
further degradation of the land. (Debrah,
1989).

Although the heat-island effect has tended to enter
into global climate discussions largely in the context
of whether some of the observed global temperature
rise may be ascribed to the placement of some
thermometers in urban areas, the heat-island effect
has considerable independent significance for humanity. The rapid urbanisation of many developing
countries is transforming the landscape of many
cities. The continuing explosive growth of such cities
as Cairo (Egypt), Sao Paulo (Brazil), Mexico City
(Mexico), Lagos (Nigeria), Delhi (India) and many
other urban megalopolises is likely to effectuate a
profound alteration in the local climate. It is quite
possible that a considerable temperature amplification in many such areas, attributable to the heatisland effect alone, might be added to an already
sizeable projected temperature increase from greenhouse effect-induced global warming. Heat-stress
impacts on health, human discomfort and aggravation of urban air-pollution problems, such as smog,
are all possible consequences of an additive heatisland and greenhouse warming.

Yet some climate models project that this trend in
much of Africa is likely to be exacerbated as the
world warms, with increased drought in such places
as northwestern Africa (Druyan, 1989, Hansen et al.,
1989).

1.3.3 Regional climatic implications of
deforestation
Wide-scale deforestation, besides its contribution to
the greenhouse effect by converting trees to C 0 and
reducing vegetation available to store C 0 , also
profoundly alters local and regional climates. This
alteration can take several forms.
2

2

By removing vegetative cover, deforestation reduces
the water retention capacity of the soil, increasing
soil erosion and making lowland areas more vulnerable to flooding. Extensive deforestation appears to
have been a large factor in continental runoff.
In addition, wide-scale deforestation appears to dry

1.3.2 The growth of desertification follow-the climate of the surrounding region with studies
suggesting such effects in parts of India, peninsular
ing land degradation

Malaysia, parts of the Philippines, Ivory Coast and
the Panama Canal area and perhaps also in southwestern China, northwestern Costa R i c a and
northern Tanzania (Myers, 1988; Regie Newell,
Salati, 1984-85). The local and regional climatic
disruption, especially parching of agricultural lands,

Human actions such as overgrazing of agricultural
lands, removal of tree cover and intensive
agricultural practices have furthered soil erosion and
have accelerated desertification which in the past
was largely caused by natural climatic processes.
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may be of much greater climatic impact to many
areas than the changes produced by greenhouseinduced warming. Other human activities in addition to deforestation, eg drainage of wetlands,
summer fallowing, bush clearing, and grazing of
livestock, may also have regional climatic implications (Street, 1989).

cant drop in stratospheric ozone could affect surface
temperatures, it is not possible at this point even to
be certain of the direction of this effect: whether it
would magnify or reduce the projected rate of global
warming. Increased U V - B radiation striking the
surface of the ocean could, however, act to enhance
the warming by reducing the biomass of CO^absorbing marine phytoplankton.

1.3.4 Trends in stratospheric ozone depleThe one clearly understood interrelationship betion
There has been a certain decline of stratospheric
ozone over the middle latitudes of the Northern
Hemisphere in the past 20 years. The decrease in
total column ozone between latitudes 30 °N and
64°N has been 3% to 5.5% in the winter/early
spring months since the late 1960s. Observations in
the equatorial zone and Southern Hemisphere
(aside from Antarctica where there has been pronounced ozone loss) are too sparse to be evaluated
at this time ( N A S A , W M O Ozone Trends Panel,
1988; U N E P , 1989a).
Despite the certain ozone decrease, the information
on the increase to date in biologically certain effects
of U V - B radiation has been minimal. The major
effects of the observed ozone reduction may occur in
the winter months when, because of a low sun angle,
U V - B radiation is normally low. Thus, the observed
increases have been quantitatively quite small
( W H O , 1989). Yet, even with full implementation
of the Montreal Protocol to protect the ozone layer,
it is projected that concentrations of chlorine in the
stratosphere could roughly triple from their current
levels of about 2.7 parts per billion (Hoffman and
Gibbs, 1988). Furthermore, it is indicated that
under certain conditions, significant ozone reduction
may occur through heterogeneous reactions in such
areas as the Antarctic.
U V - B radiation in the biologically active spectrum is
projected to increase by at maximum 20-25% by
2050, but the projected depletion may vary by
latitude ( W H O , 1989). An increase of anywhere
near this magnitude could have serious consequences
for human health, forests, agriculture, the marine
food chain and materials as indicated in Section 7 of
this chapter.
Increased U V - B radiation resulting from stratospheric ozone depletion will interact with global
warming to affect such concerns as air pollution,
human health, vegetation, fisheries and natural
systems. In addition, it is likely that expected
further reduction of stratospheric ozone could have
some direct impact on the warming itself by altering
the atmospheric chemistry within the troposphere.
Although it would hardly be surprising that a signifi-

tween global warming and stratospheric ozone
depletion is the common role that man-made chlorofluorocarbons ( C F C ) and other ozone-depleting
substances play in both processes. These compounds may provide as much as 25% of the current
forcing towards global warming (Hansen et al., 1989)
and are the principal cause of stratospheric ozone
depletion.

1.3.5 Significance of rates of change
Even in the absence of such potentially additive or
multiplicative local, regional or global effects such as
urbanisation, desertification, deforestation and
stratospheric ozone depletion, the projected pace of
global warming is unprecedented in human history.
Schneider (1989) points out that a climate change
increase of 2 ° - 1 0 ° F (1.1°-5.5°C) over a century, as
projected by some emissions scenarios and models,
is some 10 to 50 times faster than the average
natural rates of change following the earth's recovery
from the last ice age.
If the rate of change is sufficiently rapid, this change
could overwhelm humanity's ability to adapt, triggering widespread refugee problems, famine and
conflict over scarce resources. Moreover, capital
equipment and facilities, such as buildings, industrial
plants and civil works, each have design lifetimes
after which replacement normally is expected.
When the rate of climate change is sufficiently rapid
and serious to necessitate abandonment or major
modification before the end of the normal lifetimes
of such investments, much greater economic costs
may be incurred.

1.4 Potential impacts of human response:
strategies to limit emissions of greenhouse gases
Humanity's growing concern over the political,
economic and ecological consequences of rapid and
large-scale climate change may itself produce major
impacts on the energy, transport and industrial
sectors, and result in changes in building design,
land use, agricultural practices, and even in air
pollution control.
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Some sectors that will experience little impact from
the direct effects of greenhouse warming, such as
increased mean temperatures, changed precipitation
and evaporation patterns, higher sea-levels and
different storm patterns, may nevertheless be very
significantly affected by public policies or consumer
actions designed to restrain emissions of G H G . A
particularly noteworthy example is the automotive
industry. A rise of 3 ° C or 4 ° C in mean global
temperatures would require only little adaptation in
engine design given the wide tolerances already
engineered into cars; yet public concern about G H G
emissions may lead to more stringent fuel economy
standards, taxes on carbon-based fuels, consumer
movement to smaller or more fuel-efficient vehicles,
and public policies or consumer shifts favouring
alternative fuels in place of gasoline, and shifts from
private automobiles to mass transit.
Concern over the growth of G H G emissions could
lead to public policies increasing taxes on gasoline or
other fossil fuels, or institution of a carbon tax,
levying higher relative charges on such high carboncontent fuels as coal compared with natural gas.
Such policies could produce some shifting among
fossil fuels, penalising coal producers while increasing markets for gas producers. Regulatory and tax
policies designed to limit emissions of G H G gases
could create greater market opportunities for energy
conservation technologies and non-carbon-based
fuels such as solar, wind, geothermal, ocean thermal,
hydrogen, fission and fusion.
Governmental policies initiated in response to
greenhouse effect concerns also may have impacts
on the structure of energy investment. Response
strategies to greenhouse effect concerns may cause
some countries to choose more reliance on nuclear
power and others to rely more on renewables, more
energy-efficient fossil-fuel technologies, or shifts
among types of fossil fuels. Non-climate-related
environmental factors may also act as constraints on
rapidly increased reliance on non-carbon energy
systems such as hydroelectric power or nuclear
power.
Increased construction of hydroelectric
projects may require considerable human resettlement and flooding of important ecological resources.
A serious constraint on increased reliance on
nuclear power will be the satisfying of public concerns regarding plant safety and adequacy of waste
disposal. Analysis of response strategies and their
implications have been undertaken within Working
Group III.
Concerns in the US in the mid 1970s over potential
depletion of the stratospheric ozone layer led to a
sharp drop in sales of C F C aerosols well before the
US Environmental Protection Agency in March 1978
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prohibited the production and use of non-essential
aerosols. Once consumers had been widely aroused
by news reports of the C F C threat to the ozone
layer, producers of non-CFC aerosols and alternative
delivery systems such as pumps and hydrocarbonpropelled sprays aggressively and successfully marketed the environmental advantages of their products. ( E P A , June 15, 1988 Regulatory Impact
Analysis; Kavanaugh et al., 1986.)
It appears too early to detect any pronounced shift
in consumer choices in response to concerns about
greenhouse emissions.
Yet environmental and
public groups are promoting product or fuel shifts
partly out of concern over emissions of G H G .
The renewable energy industry and energy
conservation technology industries are likely beneficiaries of the growing public concern about climate
change.
Consumer interest in environmentally
benign technologies may stimulate their growth.
Already some public interest groups are circulating
catalogues indicating where consumers can purchase
non-CFC refrigerators and a variety of energy saving
products.
International treaties, government regulatory policies, shifts in consumer preference for products, and
changes in public and private sector investment
patterns may all result from growing public concern
over the threat to humanity posed by rapid global
warming.
These responses may produce major
impacts on significant sectors of society, but aside
from the studies under way within Working Group
III there is little analysis allowing such potential
effects to be quantified. Accordingly, other sections
of this chapter will focus largely on such direct
effects of climate change as changes in temperature,
precipitation, wind, storm patterns, sea-level and
U V - B radiation. A high priority of climate impacts
research and analysis should be the assessment of
the potential magnitude and direction of alternative
response strategies to address climate change.

2

Summary of likely impacts of
climatic change on human
settlement

Among the most significant of all the potential
impacts of climate change are the possible effects on
human settlement, a broad term meant to encompass (i) housing or shelter, (ii) the surrounding
community, neighbourhood, village or relevant social
unit in which individuals live, (iii) the supporting
physical infrastructure (eg water and sanitation
services and communications links) and (iv) social
and cultural services (eg health services, education,

police protection, recreational services, parks,
museums etc). Several areas, eg energy, transport,
industry and human health, each of which is a
central concern of human settlement, will be addressed separately in some detail in subsequent
sections.

2.1 Scope and limitations of the assessment
There are relatively few studies on the likely impact
of climate change on communities, other than some
studies of likely implications of sea-level rise.
A principal difficulty in constructing studies of the
likely impact of climate change on human habitat is
the fact that many other factors largely independent
of climate change, eg demographic trends, technological innovation, evolving cultural tastes, employment opportunities and transportation modes, may
significantly shape where and how people will choose
to live in the future. For purposes of constructing a
model, it is convenient to hold all other factors equal
while varying only climate. Yet as Timmerman
(1989) points out, virtually the only thing we can be
sure of is that all other things will not remain equal.
One can reliably predict that certain developing
societies will be more vulnerable to climate changes
than highly industrialised countries because they are
already at the limits of their capacity to cope with
climatic events. Tropical cyclones such as Hurricane
Gilbert that ravaged Jamaica in 1988, the floods that
inundated large portions of Bangladesh in 1987 and
1988, and the drought-induced famine that has
plagued parts of Africa over the past decade are all
manifestations of the extraordinary present vulnerability of many developing countries to extreme
climatic events.

delta regions of such densely populated nations as
Egypt, India, Bangladesh and China (Tickell, 1989).
Although studies of the likely impact of climate
change on agricultural production in developing
countries are quite sparse, such agriculture is quite
vulnerable to climatic variability, and much present
hunger and malnutrition in Africa may already be
attributable to drought-induced famine.
Changes in climate could produce large impacts on
nomads and traditional societies, such as Canadian
Inuit people (Amagoalik, 1989), the Gwichin people
of Canada's Northwest Territories and Yukon
Territory, where climate change may adversely affect
hunting, trapping and fishing, which are central both
to the economy and the culture of the Gwichin
people (Kassi, 1989). Warming in the Arctic and
sub-Arctic could mean a shorter trapping season and
reduced quality of furs, a major source of income
for many Yukon Territory residents (Klassen, 1989).
With Working Group I having projected that an
effective C 0 doubling could produce a warming of
2°-5°C in winter and 3 ° - 5 ° C in summer in the
southern Sahara, it appears plausible that inhabitants
of that region, many of whom are nomads, would be
significantly affected by such changes in an already
hot climate, but little systematic study has been done
to identify the potential effect of climate warming on
nomadic peoples in hot regions such as the Sahara
or the Arabian Peninsula.
2

Studies do exist, however, in several important areas.
These include:
2.2.1.1 Vulnerability of human settlement to sea-level
rise

A i m sea-level rise is likely to cause major problems on the intensely utilised and densely populated
Asian coastal plains - producing coastline recession
of up to several kilometres, displacing coastal
2.2
Assessment of impacts
villages and depriving many people of their land and
2.2.1 An overview of potential vulnerabilityresources (Bird, 1986). A group of experts convened
by the Commonwealth Secretariat (1989) reported
of human settlement to rapid climate
that important river deltas that are likely to be
change
seriously affected by climate change include 'the Nile
in Egypt, Ganges in Bangladesh, the Yangtze and
Although there are few analyses of such potential
Hwang Ho in China, the Mekong in Indo-China, the
impacts, there is every reason to believe that if
Irrawaddy in Burma, the Indus in Pakistan, the
climate change were to occur at the high end of the
Niger in Nigeria, the Parana, Magdalena, Orinoco
projected ranges, the consequences could be serious
and Amazon in South America, Mississippi in US
for many countries, especially for developing
and the Po in Europe' (at p67). Major coastal
countries.
erosion problems are likely in South America at
population centres such as R i o de Janeiro, Brazil,
The very existence of entire island countries such as
and M a r del Plata, Argentina, (Leathcrman, 1986).
the Maldives, Tuvalu and Kiribati could be imperIn an analysis of implications of sea-level rise on
illed by a rise in the mid range of current sea-level
four Pacific atoll states, Kiribati, Tuvalu and the
rise projections. Such a sea-level rise could also
Marshall Islands (all independent nations) and
cause large population displacements in the river
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Tokelau (a territory of New Zealand), Roy and
Connell (1989) project the drowning of barrier reefs,
intrusion of saltwater into coastal groundwater
supplies, erosion of flat land, and storm damage to
ports and other coastal facilities.
Significant sea-level rise could cause considerable
damage to the southeast coastal zone of China, that
country's most developed agricultural and industrial
area. There is a possibility of the flooding and
destruction of most of the existing salterns and
seawater farms, which are important food sources
for China's coastal cities. Wide-scale destruction is
projected along the more developed areas on the
Yangtze River and Yellow River, with loss of at
least 10 million tons of grain. Additional potential
adverse effects include damage to housing, transportation and water supply, and expansion of salinised
land with destruction of the coastal ecological
environment and environmental protection facilities
(Ye, 1990).
A i m sea-level rise could inundate 12-15% o f
Egypt's arable land and 11.5% of the land of
Bangladesh (Broadus et al., 1986). Sea-level rise
already threatens the historic Kenyan town of
Lamma (Odingo, 1989). Preliminary findings of a
survey by the Ministry for Population and Environment indicate that a i m sea-level rise would produce wide-scale population displacement in
Indonesia. A case study of such impacts on the
coastal areas found significant population displacement in each of the three regencies surveyed. In
Bekasi Regency such a sea-level rise would flood
about 7000 ha of brackish water fish area, 10,000 ha
of food crops would be damaged by saltwater
intrusion, and 3300 households would lose their land.
At Karawang Regency this sea-level rise would flood
about 11,000 ha of brackish water fish area, damage
50,000 ha of agricultural land through saltwater
intrusion and deprive at least 80,000 households of
their livelihood. A i m sea-level rise a t Subang
Regency could flood about 7000 ha of brackish
water fish area, damage 20,000 ha of rice-producing
wetlands and 6000 ha of home gardens, and destroy
the livelihoods of about 81,000 farmers (Sugandhy,
1989). Recently, India has launched a major program for study of the impact of sea-level rise due to
the greenhouse effect along the coasts and islands of
India. U N E P is sponsoring similar studies of the
coasts of West Africa and East Africa.

area of sea having temperatures over this critical
value will increase as the globe warms, the critical
temperature itself may increase in a warmer world
(Working Group I Report). Some scientists argue
that the intensity of these storms may increase
(Emanuel, 1987). One severe storm in September
1988, Hurricane Gilbert, is estimated to have caused
eight billion dollars damage in Jamaica alone (Topping, 1988). Damage by tropical cyclones is a major
impediment to economic development throughout
the Caribbean region and can be expected to become an even larger factor if storm damage increases (Granger, 1989). Tropical cyclones also pose
major threats to industrialised nations, as occurred
when Hurricane Hugo in September 1989 wreaked
havoc along the Carolina coast of the U S .
2.2.1.3 Vulnerability of human settlement to flood
Floods are already a major ongoing concern of many
developing countries and this problem may be
exacerbated by global climate change. Some climate
model projections suggest that the greenhouse effect
will enhance both ends of the hydrologic cycle,
producing more instances of extreme rainfall as well
as increased drought (Hansen et al., 1989; Golitsyn,
1989). Thus, floods may become an even greater
threat as the world warms. In some instances, the
expected rise of sea-levels may aggravate the vulnerability of coastal countries to floods. The floods
of 1987 and 1988 proved very damaging to
Bangladesh, forcing millions of people from their
homes for long periods of time. Yet the people of
Bangladesh showed a remarkable resiliency in
responding to the 1988 flood, which inundated a
large portion of the country (Safiullah, 1989), and
this ability to adapt will be increasingly important to
coastal countries that will experience increased
inundation even under a low climate change scenario.
2.2.1.4 Vulnerability of human settlement to drought
or water shortages

Another section of Working Group II is developing
detailed projections of likely availability of water
resources in a warmer world. The present literature
suggests that drought may become a much greater
problem. Hansen et al. (1989) foresee drought
conditions occurring 5% of the time in the control
run (1965 to relatively recently), rising to 10% in the
1990s, about 25% in the 2020s and about 45% in
2050. An Indonesian government study of C 0
2.2.7.2 Vulnerability of human settlement to tropical doubling and its effect on three river basins, the
cyclones
Citarum River Basin in West Java, the Brantas River
Basin in East Java and the Saddang River Basin in
As sea surface temperature rises, the ocean area
South Sulawesi, projected much faster runoff, widewhich can spawn tropical cyclones (typhoons, hurriscale soil erosion and much lower water production.
canes etc) is expected to increase. Although the
2
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(Sugandhy, 1989.) Such a loss of water resources
could be expected to have considerable impact in
Indonesia, population of which is increasing rapidly.
Global warming may be expected in some regions to
lower the groundwater level, decrease the surface of
many lakes or inland waterways, and drop the water
level of such bodies. Major disruptions such as
those experienced in the Lake Chad region of Africa
could become a greater problem.
Some other
regions might benefit from more abundant water,
but accurate prediction of such regional impacts is
difficult at this point.
Farmers' responses to drought and land degradation
may take many forms. Adaptation to drought may
include
agro-pastoral management
techniques
providing for a more efficient use of reduced
rainfall. Poverty and hunger resulting from drought
may cause migration and degradation, or change of
diet. Land degradation may produce either abandonment of the land or, where investment capacity
and knowledge are available, change in cultivation
practices to improve yields and arrest land degradation (Mortimore, 1989).

mainly distributed in Quinghoi, Tibet Plateau,
Quilianshon Mountains, Tionshon Mountains, A l t a i
Mountains, Doxirganling and Xiaoxingongling
Mountains in northeast China, and Inner Mongolia.
The layer of permafrost is located normally at 1.5¬
5.0 m in depth and is about 0.5-2.0 m thick (Ye,
1990).
If the temperature were to rise by 0.5°C and remain
stable for 10-20 years, it is projected that about 5%
of the permafrost in China would thaw out, while a
40-50% thawing is projected for a 2 ° C rise over 10¬
20 years. Projected impacts of such a thawing
include a large a area of thaw settlement and slope
landslide with destruction of highways, railways and
housing built on permafrost (Ye, 1990).
2.2.1.7 Vulnerability of human settlement to health
problems associated with climate change

Climate change may threaten the health of large
numbers of people. Flooding and storm surges
associated with sea-level rise could increase the
incidence of water-borne diseases. Opportunistic
diseases could afflict those weakened by famine or
malnutrition. Wide-scale disruption of communities
could include psychological stress among
2.2.1.5 Vulnerability of human settlement in some
environmental refugees.
Degradation of water
countries to loss of biomass
quality or sanitation
faculties could put more
pressure on public health faculties. These and other
A major threat to developing countries posed by
health effects are discussed in more detail in Secglobal warming may be acceleration of depletion of
tions 2.2.3 and 6.
biomass cover as a result of increased drought. This
could be an especially severe problem in Africa,
where energy supply for 40-odd oil importing count2.2.2 Implications of climate change for
ries comes from biomass to a very large degree:
economic activity
upwards of 80% in most countries and over 90% in
Owing to the complexity of developed countries and
some (Tebicke, personal comment, 1989). Africans,
the majority of whom depend on biomass also for
the fact that many factors largely independent of
housing, furniture, implements, utensils etc, could
climate change - employment changes, technological
experience greater scarcity for such uses.
innovation, changes in terms of trade and currency
values, and land use policies - will affect human
2.2.1.6 Vulnerability of human settlement to rapid habitat, it appears quite difficult to isolate changes
which are due to global warming from other changes
thawing of the permafrost
that might occur. Some assessments exist in the
Climate models have generally projected that arctic
following two areas:
and subarctic areas are likely to warm more rapidly
than the average global temperature increase. Such
(i) Modification of supplies and consumption pata rapid warming could result in a significant thawing
terns
of the permafrost in the subarctic, producing major
disruption to buildings, roads and bridges, adversely
Climate change can be expected to have differential
affecting the stability of some existing structures and
regional impacts on the supply and cost of various
forcing changes in construction practice (French,
types of food and fibre, and on availability of water.
1989).
This changing availability of resources could be
reflected in changed diets, production patterns and
employment levels. One study has projected that an
Permafrost areas of China, which account for about
effective C 0 doubling could produce a major water
18% of that country's total territory, appear highly
shortfall
for New Y o r k City equal to 28-42% of the
vulnerable to thawing, according to a recent Chinese
planned
supply
in the Hudson River Basin. The
government assessment. This permafrost zone is
least expensive means of adding this capacity, it is
2
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• increased life of vehicles and other metal objects
owing to reduced use of salt for snow and ice
mitigation (Goklany, personal communication,
1989).

calculated, would be a $3 billion project to skim
Hudson River floodwaters into additional reservoirs
(Miller, 1989).
(ii) Changes in the physical and social environment
The physical environment may be transformed as a
result of direct effects of climate variability:

There is a wide number of potential indirect effects
that may follow changes in climatic variability.
These include:

• loss of property from natural disaster including
storm surge that would be aggravated by sea-level
rise. (This is a particularly significant factor in
the Caribbean region (Granger, 1989) and has
recently contributed to huge losses in the southern
US as well.)

• potential abandonment or relocation of industrial
sites as a result of climate change. Changes in
availability of natural resources, particularly water,
may affect the viability of industrial facilities that
are dependent on such resources.

• effects of weather variables on housing and street
conditions. An effective C 0 doubling is expected
to save the American city of Cleveland, Ohio,
$US4.5 million annually in reduced snow and ice
removal costs and $700,000 per year from reduced
frost damage to roads and bridges. Yet the same
study projects that global climate change, largely
sea-level rise, would require at least $600 million
in additional public sector capital investment in
the Greater M i a m i area of Florida over the next
century. A i m sea-level rise would require
raising most bridges to ensure sufficient underclearances. Such a sea-level rise could infiltrate
the base of about a third of the streets of Dade
County, Florida, necessitating added public reconstruction costs of $250 million and large additional
costs to building owners to improve drainage,
raise yards and pump sewage to mains (Miller,
1989).
2

• effects on construction materials.
The same
Urban Institute study of added infrastructure
needs in Cleveland, Greater M i a m i and New
York City associated with climate change found
minimal effects on sewer pipe corrosion in M i a m i ,
and annual reductions, in 1987 US dollars, of
$700,000 in frost damage to roads, $500,000 in
road maintenance and $200,000 in road reconstruction, all in Cleveland. An analysis of impacts
of climate variability on construction in the UK
notes that high humidity and high temperatures
weaken alumina cement, and low humidity and
high evaporation rates lead to plastic cracking of
concrete (Parry and Read, 1988). A i r pollution
poses threats to metals and other building materials (Graedel and M c G i l l , 1986). Should climate
change exacerbate air pollution, these materials
effects could increase.
• stress on sewerage and septic waste systems
resulting from increases in frequency of stormwater surcharging and potential overflows.
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• changes in traffic resulting from climate-induced
changes in transport modes.
Water resource
changes could reduce or increase use of barge
traffic, thereby changing traffic on competing
transport modes such as railways or roads.
• changes in building design to accommodate to
climatic change. These could include road layout
affecting the placing of buildings, greater use of
new, more weather-tolerant materials and greater
attention to landscaping to reduce the urban heatisland effect.

2.2.3 Migration and resettlement
Migration and resettlement may be the most threatening short-term effects of climate change on human
settlements. People may decide to migrate in any of
the following cases:
• loss of housing (because of river or sea flooding
or mudslides);
• loss of living resources (like water, energy and
food supply or employment affected by climate
change);
• loss of social and cultural resources (loss of
cultural properties, neighbourhood or community
networks, particularly in the case of a devastating
flood).
In developing countries, changes in commodity
prices or foreign trade practices may trigger largescale migration. The declining demand for natural
rubber reportedly caused significant migration in
Thailand, Malaysia and Indonesia (Simmons et al.,
1977).
Migration may occur following a decline in living
standards or a total loss of livelihood following land
degradation (itself possibly due to an earlier migration toward marginal land unable to support over-

cultivation) or a major 'natural' disaster like flooding
or drought. The vulnerability of human settlements
to climatic events is particularly great in developing
countries, where high population densities and
growing urban congestion are likely to increase the
sensitivity to and potential magnitude of natural
disasters.
'Environmental refugees,' people displaced by
degradation of land, flooding or drought, are becoming a much larger factor in many developing countries (Jacobsen, 1989; Tickell, 1989; Debrah, 1989).
Even a modest rise in global sea-levels could produce tens of millions of such refugees. Population
movements from blighted agricultural regions could
result in areas where crop productivity may be cut
by prolonged drought or temperature stress on
vulnerable crops.
Resettlement itself raises considerable new problems
for newcomers and possibly for local inhabitants. In
cities, it places additional burdens on existing housing, medical care facilities and various essential
urban services and infrastructure. From the point
of view of health, migration and resettlement could
cause the following situations to occur in developing
countries (modified from Lee, 1985):
• Insufficient capacity of health services and lack of
physical or economic access to them;
• Sanitary facilities and housing could become
quickly overburdened in the receiving area, enhancing the spread of communicable diseases;
• Both residents and newcomers may be exposed
and susceptible to new diseases (introduced by
new arrivals or inversely);
• M o r e directly, resettlement is known to be the
cause of psychological strains (loss of connection
with the original land and traditions) further
inducing health problems.
In economically advanced industrialised countries,
migration is a likely social and cultural response of
specific population groups to new physical and social
environments produced by climatic change. Forced
migration and resettlement would be the most
severe effects of climatic change as a result of
natural disaster and loss of employment.
Natural disaster (particularly flooding) is likely to
occur in some areas as a result of climatic conditions. Moreover, local communities may be induced
to migrate by the policy choice of no response to
sea-level rise in particular areas of developed countries.
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Changes in production systems may lead to
industrial relocation or employment reductions.
Migration may be a preferred response to threatened loss of housing or employment.

2.3

Determination of sensitivities

2.3.1 Factors enhancing sensitivity to the
impacts
In developing countries, climate change should be a
major cause of damages to human settlements for
two reasons:
• the high dependence on food supply and
agricultural production, which is highly sensitive to
climate change;
• the inability to respond to major impacts like sealevel rise or flooding while the magnitude of
impacts in these particular areas will be high
(Tickell, 1989).
The sensitivity of developing countries to impacts on
human settlement through land degradation and
natural disasters is already evident in some countries: flooding in Bangladesh in 1988, monsoon
failure in India in 1987, progressive desertification in
Sahel countries.
Important and significant trends able to slow down
or aggravate the effects of climate change on social
and economic restructuring are the following:
• Industrialisation and over-urbanisation;
• Population increase, urbanisation and industrialisation in the developing world will combine with
climate change to produce significant societal
changes;
• In developed countries, economic changes of
recent years have generally led to significant
spatial and urban changes. First, some places are
in decline (abandoned former industrial sites,
some forms of housing, urban zones). Second,
enterprises as well as individuals are more sensitive to the quality of the living environment
(housing, medical care, social services, culture,
recreation and climate itself) (see Ministère de
l'Equipement, du Logement, de l'Aménagement
du Territoire et des Transports, 1986, modified).
The communications revolution and computer and
F A X technologies may permit greater decentralisation of the population by enabling many professional and technical people to perform work in
homes far removed from major metropolitan
centres.

building materials and design of buildings have been
described by Parry and Read (1988).

2.3.2 Spatial and social differentiation
Climate change could translate into migration of
impoverished people from rural to urban areas
(developing countries), from coastal lowlands (particularly densely inhabited delta areas) to inland
areas, and possibly across national boundaries.

The most difficult task is to correlate analogical
studies (assessment of effects from historical and
geographical analogies) with the future climate
change projections. This should in addition take into
account the effects of policy trends (housing and
social policies, energy policies etc). The need to
consider the feedback of policies developed to
address social and economic problems constitutes a
serious difficulty in correctly assessing the expected
impacts of climate change on human settlements.

The most vulnerable populations are those exposed
to natural hazards. In 2050, habitable land could be
lost for 16% in Bangladesh and 15% in Egypt.
Population displaced would amount to 13% and
14%, respectively (Jacobson, 1989).
In developing countries, the most vulnerable populations are farmers engaged in subsistence agriculture,
residents of coastal lowland, populations in semi-arid
grassland, and the urban poor pushed back into
squatter settlements, slums and shanty towns.
Urban population growth is the highest in Africa,
the urban population of which should double between 1980 and 2000. Population and urbanisation
increases in developing countries in general will
generate impacts on natural resources and the
environment which are likely to increase sensitivity
to climate change. Vulnerable populations should
primarily be the elderly and low income households
which may face higher costs for supplies, facilities
and essential services.

Summary of likely impacts of
climate change on the energy
sector

3.1

Scope and limitations of the assessment

3.1.1 Definitions
Energy includes all controllable forms of energy
used for heat, power and processes in human activities: electricity, fossil and other fuels, nuclear power,
hydroelectric power, biomass, animal power, solar,
wind etc. Energy sector impacts mean the effects of
climate change in changing demand, prices and
availability of energy commodities, and in altering
the function of all parts of energy supply and use
systems:
exploration, extraction, conversion,
distribution and consumption of energy.

2.4 Tasks for the near future
Some important priorities may be defined. First,
reliable projections of human settlement implications
of climate change should relate to specific climate
models, none of which can yet provide reliable
projections of likely future local climates. Improvement of the grid resolution of the G C M s would
seem essential to permit correlation between likely
local climate scenarios and potential impacts.
Climate change impact analyses are especially scarce
for Latin America which contains regions highly
sensitive to climatic fluctuations associated with such
phenomena as El Niño.
Second, the complex
linkages between urban functions likely to be affected by changed weather conditions and altered urban
settlement patterns in developed countries are not
well understood, and these interactions may vary
considerably in different geographic areas, eg central
cities, secondary cities, suburbs and rural areas. In
developing countries, many largely non-climatic
factors, eg improvement of agricultural management,
increased urbanisation, and self-reliance, may produce very different impacts in urban and rural areas.
Third, the relationship between urban, social and
economic changes and climatic effects needs to be
quantified. Finally, study needs for the effects on

3

3.1.2 Geographic and substantive scope
This section deals with available information on
potential impacts on energy supply and consumption
due to assumed global climate change. Energy
supply and prices may be affected through impacts
on the supply system and also through secondary
effects of impacts that alter demand for energy, eg
decreasing demand for heating and increased demand for air-conditioning. Primary, secondary and
higher orders of impact refer to the relative stage of
the cause-effect chain starting with primary effects
directly connected with changes in climate variables
(ie temperature, precipitation, wind and other
atmospheric variables, plus changes in ocean variables such as temperature, currents and sea-levels).
Secondary and higher order effects are not necessarily less important than primary effects, but they are
typically more difficult to estimate with precision.
Indirect impacts on energy activities due to policy
responses to climate change are only briefly discussed, but potentially they might be important.
These impacts are considered by Working Group III.
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Because of the sparse treatment of this topic in
available literature, quantitative information on
impacts primarily is limited to changes in electricity
demand for three industrialised temperate zone
countries with and without climate change at levels
predicted by the GISS G C M (Smith and Tirpak,
1989; Nishinomiya et al., 1989; Parry and Read,
1988). Another case study of impacts on energy use
for heating and air-conditioning in a fourth
temperate country, West Germany ( F R G ) , also is
discussed (Gertis and Steimle, 1989). Impacts of
changes in water availability on hydroelectric power
also have been estimated for several sub-national
regions ( I C F Inc., 1987; Smith and Tirpak, 1989;
Singh, 1988).
Additionally, recent trends in electricity and direct
heat use in developing countries are provided in
order to give qualitative statements as to the probable degree to which current use may be affected by
potential climate change (Meyers and Sathaye, 1988;
Sathaye et al., 1989).
Finally, a set of comments extracted from the
literature and discussions of the panel concerning
unquantified and secondary impacts on energy and
electricity production is provided; these include
primary supply impacts due to accelerated sea-level
rise and potential extremes in weather, plus secondary impacts due to changes in water supply and
biomass production (Smith and Tirpak, 1989;
Nishinomiya et al., 1989; Tebicke, 1989).

level rise. This would force countries to spend
capital and operating costs to substitute alternative
energy sources or conservation measures. (Biomass
impacts are addressed by other sections of Working
Group II, but these indirect impacts on energy are
noted here for completeness.)
Most of these impacts are typically not likely to
result in absolute constraints on energy supply
systems, but the magnitude and the rate of the
added demands and constraints need to be considered with a full representation of uncertainties of
the global climate change forecasts. Climate-related
reductions in limited energy sources such as biomass
and hydroelectric power, combined with other
stresses, might constrain availability of these resources. Non-climate-related environmental factors
may also act as constraints on rapidly increased
reliance on non-carbon-based energy systems such as
hydroelectric power or nuclear power. Increased
construction of hydroelectric projects may require
considerable human resettlement and flooding of
important ecological resources. A serious constraint
on increased reliance on nuclear power will be the
satisfaction of public concerns regarding plant safety
and adequacy of waste disposal.

3.2

Assessment of impacts

3.2.1 Industrial country energy demand

The principal quantitative analyses of energy impacts
have been carried out using the U S ' and Japan's
electricity supply and demand case studies under
3.1.3 The relationships of expected impactsconditions of no assumed climate change contrasted
to global climate change as predicted by the GISS
Figure 5.1 provides a system flow chart of how
models (Smith and Tirpak, 1989; Nishinomiya et al.,
changes in climate parameters can affect energy
1989). Studies of the effect of temperature change
supply and demand, resulting in impacts on energy
on
electricity demand have also been made in the
supply and cost. As the figure indicates, demand
UK (Parry and Read, 1988) and on end-use energy
can be increased or decreased by temperature
in the F R G (Gertis and Steimle, 1989). In the US
increases according to season, and reliability of
this includes results for the year 2010 and 2055; the
energy supply may be reduced unless additional
preliminary Japanese study considers conditions for
reserve capacity and protection from severe weather
the year 2000 but with an equivalent temperature
incidents are provided. Most changes indicated in
change predicted due to a doubling of C 0 concenFigure 5.1 can occur in either direction; for example,
tration, a condition similar to the US 2055 forecast.
increased regional precipitation could increase the
The study of F R G on the energy demand for heating
potential for hydroelectric power generation and
and air-conditioning contrasts space heating and airbiomass fuel energy. Many potential impacts are
conditioning energy use in 2030, with and without a
not shown in Figure 5.1. The choice among fuel
climate change of 1 ° C temperature increase and
forms and among energy sources, including alternate
technology improvements in insulation. A USSR
energy sources such as direct solar, hydro and
assessment has been made of heating costs in a
nuclear, may be constrained; added capacity, espechanged climate. These studies suggest for these
cially peaking capacity and the associated additional
five temperate-climate, industrialised countries the
capital and higher operation costs, may be required.
following:
Existing and potential biomass energy supply and
use, of special importance in many developing
• Demand for electricity over the next 60 years
countries, may be reduced by decreases in soil
without climate change will more than double for
moisture or inundation of agricultural land by sea2
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(see Table 5.1.). In Japan, in contrast, use of
electricity in commercial and residential facilities in
1987 was about 55% of total usage (Nishinomiya et
al., 1989). There is wide contrast in this share
among countries. Based on unconstrained electricity
use scenarios estimated by US E P A in the year
2025, rapid growth in the developing countries would
result in expanded electricity use of over 50%, and
the residential commercial part of the growth would
be slightly less than the 1986 figure - 22% (Sathaye
et al., 1989).

demand on the Central Electricity Generating
Board ( C E G B ) in the U.K.increases by one
percent (400 M W ) in response to a temperature fall from 1 ° C to 0 ° C ; larger increases
occur for a one degree fall in colder conditions
(at pp. 37-38).
Parry and Read project that an increase in windspeed from 5 to 15 knots at 2 ° C raised UK demand
by 700 megawatts ( M W ) .
In a detailed study of public buildings in Cleveland,
Ohio, U S , M i l l e r (1989) projected that in a C 0
doubling scenario heating cost for public buildings
could drop an estimated $2.3 million per year while
public air-conditioning costs could rise by $6.6 to
$9.3 million annually.

Therefore, although the developing countries, as
projected by the Sathaye et al., 1989 forecast, may
have substantial investment needs to meet the projected demand for electricity, the fraction of this
demand that is related to temperature change remains much smaller than the fraction expected in an
industrialised nation. The added increment for
developing countries should be less than 10%, again
a small but added uncertainty for utility planners
compared to the demands placed on the same
planners without consideration of climate change.

2

It would appear that global warming would have
very different effects on energy demand, raising it in
areas where air-conditioning is a driving factor in
such demand and sometimes reducing demand
where heating is a more dominant use.

3.2.3 Implications for demand by particular3.2.4 Implications for availability of hydroutilities
electric power
Examining three electric utilities, one in upstate New
York, one in downstate serving the New York City
metropolitan area and one in the southeastern
United States, Linder and Gibbs (1988) project that
a summer temperature increase of about 0.8°C
would cause an 0.96% to 2.14% increase in peak
demand and an 0.27% to 0.21% decrease in primary
energy use for the upstate New Y o r k utility, and a
2.20% to 4.04% increase in peak demand and an
0.49% to 1.04% increase in energy demand for the
downstate New Y o r k utility. Projecting an increase
in summer temperature of just over 1°C, they
projected a 7.04% increase in peak demand and a
3.4% increase in total energy demand.
In an examination of regional and national climatic
effects of climate change on demands for electricity
in the U S , Linder (1989) projects that new capacity
requirements would increase 9-19% or about 25 to
55 gigawatts ( G W ) using GISS M o d e l B for 2010.
The majority of the capacity increase would be for
peaking capacity rather than for baseload capacity.
The largest regional impacts are anticipated in the
southeast and the southwest where air-conditioning
is a major use of electricity.
Parry and Read (1988), in a study of energy demand
in the U K , report:

By changing water resource availability, climatic
change could affect the hydroelectric power industry,
producing quite different effects in various regions.
Based on the US impact studies (Smith and Tirpak,
1989; I C F Inc., 1987), a major concern is the availability of water on a sustained basis for natural
systems, irrigation, domestic needs and hydroelectric
generation plants.
G C M s predict considerable
variability in total annual water supply and, for many
areas, changes in levels of relative seasonal supply.
As shown in Table 5.2, the fraction of domestic
electricity demand met by hydroelectric power varies
considerably among countries in all categories of
industrialisation. (See Table 5.2 for some examples.) The changes that may occur to the potential
electricity supply from this energy source could be
considerable for many countries if the annual or
seasonal variations cause significantly lower water
reserves.
Examining implications of climate change for
Quebec under an effective C 0 doubling, Singh
(1988 given) projects a potential increase in hydroelectric generating capacity of about 93,000 GW
hours. On the other hand, Sanderson (1987) estimates that for the Canadian hydroelectric generating
stations on the Great Lakes, climatic change plus
greater consumption could result in a loss of 4165
GW hours of power generation.

Demand for energy increases progressively as
temperatures fall below 18°C. For example,
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• Climate change may lead to redistribution of
populations, resulting in increased investment to
supply the needed shifts in energy supply and
distribution infrastructure.

patterns, water supply and insolation may be beneficial or constraining. (Smith and Tirpak, 1989; I C F
Inc., 1987.) Thus, the sensitivity of energy activities
to climate change can vary greatly with local conditions such as hydrology and water use.

• Biomass energy (eg fuelwood for cooking) represents a large fraction of total energy use in some
developing countries: more than 80% in most
and 90% in some African countries (Tebicke,
Remarks, 1989). If biomass production potential
is constrained by climate change induced reduction in soil moisture or inundation of arable land,
then it will be difficult for nations so affected to
replace the energy in view of the capital costs of
alternative sources. Biomass for energy may also
remove valuable forest cover and it competes with
alternative uses of the biomass (eg for building
material) or of the land for food production.
Biomass currently is used for energy with very low
efficiency except for new advanced technologies,
such as new cooking-stove designs.

It should also be noted that the effects of policy
responses to global warming have not been considered here. Since fossil-fuel energy production
and utilisation is a major contributor to G H G
emissions, it is likely that any response policy will
greatly constrain or increase the price of fuels and
electricity produced for fossil fuels.
Response
strategies may also directly produce shifts in fuels or
energy technologies.

3.4 Tasks for the near future

• Increases in storm activity (eg hurricanes, tornadoes, hail storms etc) tend to disrupt energy
exploration (eg offshore drilling), production and
transportation. This increases the cost and might
be constraining on development of some economically marginal resources.
• F o r some temperate climate areas of the U S S R ,
it has been estimated that increased humidity
associated with a global warming of 3 ° C could
result in increased costs of coal-produced electricity because of additional expenses incurred in
mining and transporting coal and removing
moisture before combustion. This could amount
to as much as 6% of operating costs
(Vladimirova, 1990).

3.3 Determination of sensitivities
Many of the potential impacts on energy supply,
generation and distribution depend on the rates of
change and on direction and magnitude of change of
specific climate parameters in a region. Different
rates of change are likely to result in substantial
differences in costs to take mitigative actions, depending on whether normal planning and replacement of facilities can occur or whether the lifetime
of existing energy units is reduced. Some locales
may experience increased supply of water from
climate change without offsetting evaporation; this
can reduce costs in differences among technology
choices because of availability of water or, in other
locales, it can increase costs at existing facilities
because of changes in levels of water bodies potentially increasing flooding or changing thermal discharge patterns.
Seasonal changes in weather

Studies of impacts on energy supply and demand are
presently limited in terms of types of potential
impacts studied, regions studied and consideration of
the range of potential impact under the uncertain
and highly variable results of regional climate change
provided by G C M s . The rates of change and
patterns of change for regions over several decades
need to be more properly represented in the impacts
assessment. Since new energy sources and technologies are evolving, detailed studies of their capabilities
and vulnerability to climate change are needed. In
the case of hydroelectric power, possible changes in
runoff and demands for water vary greatly with local
conditions. Hence, detailed study of each basin will
be required to identify the range of possible climate
change impacts.
Studies are needed of potential effects of climate
change on availability of biomass energy, especially
in developing countries. Future conditions need to
be considered, including population and competition
for biomass and land resources, along with possibilities for improvements in efficiency or substitution
for utilisation of biomass energy.
A survey of the availability of non-traditional forms
of energy such as wind or solar power would be
helpful. This survey could develop an atlas of
availability of such resources in countries around the
world together with a preliminary analysis of how
changed weather circulation patterns and cloud
cover might affect their potential for energy production.
There is a general need to examine energy sector
impacts in depth on an integrated fuel-cycle basis,
including all key stages from exploration through
consumption and disposal of waste, in order to
capture the cumulative impact of many small effects
and to assist decision making among alternatives.
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The potential indirect impacts on energy use patterns due to policy responses to global warming
should be analysed, including secondary effects on
the natural environment and on regional economies.

4

cient vehicles, public policies or consumer shifts
favouring alternative fuels in place of gasoline, and
shifts toward greater reliance on mass transit.

4.1.3 Potential impacts on the transport
sector of governmental regulations
seeking to curtail emissions of greenhouse gases

Summary of likely impacts of
climate change on transport

The study here is directed at the impacts of climate
change on services and facilities for the transportation of goods or persons.

Concern over global warming has added a new
factor to transport and energy policy debates, affecting a recent government decision in the US to set
the Corporate Average Fuel Economy (CAFE)
standard at 27.5 miles per gallon rather than moving
it to 26 mpg as sought by some industry petitioners.
Although assessments of the likely impacts of such
potential regulatory policies is conjectural, concern
over global warming would seem likely to result in
regulatory or tax measures encouraging fuel efficiency, more stringent emission controls on automobiles,
and greater support for mass transit.

4.1 Scope and limitations of the assessment
Analysis of the effects of climate change is made
according to two interrelated systems: infrastructure
and traffic on the one hand, and by transportation
means, defined as airways, waterways, roads and
railways, on the other hand.
The studies concerning the likely implications of
climate change for transport are quite restricted in
geographic scope, being limited largely to three
countries: Canada, the UK and the US. It is uncertain how these studies in three high latitude
Northern Hemisphere nations are representative of
likely transport impacts on the globe as a whole.

4.1.4 Potential impacts on transport sector
of shifts in consumer patterns in
order to curtail emissions of greenhouse gases
Public concern over GHG emissions may cause
consumers to purchase more fuel-efficient cars,
move to non-carbon or lower carbon content fuels,
and even abandon private car travel for mass transit.
It appears too early to detect any pronounced shift
in consumer preferences in response to concerns
about greenhouse emissions. Yet environmental
groups are already promoting product or fuel shifts
as a result of concern over GHG.

4.1.1 Direct impacts of climate change
Climate change is likely to have a number of direct
effects on transportation. Increased temperature can
be expected to reduce sea and river ice and snowfall,
affecting shipping, air travel, highway and rail
transport.
Increased sea-levels associated with
global warming could be expected to affect transport
infrastructure such as ocean ports. Changed hydrologic and cvapotranspiration patterns associated with
climate warming arc likely to shift water levels on
lakes and rivers, affecting navigation on inland
waterways. Changes in frequency and seasonality of
storms may affect airways, waterways, roads and
railways.

4.2 Assessment of impacts
Studies of the likely impact of climate change on
transport have centred almost entirely on three
Northern Hemisphere nations: Canada, the UK and
the US. A large portion of the North American
impact analysis has centred on the Great Lakes
region where inland waterways are significant to
both the Canadian and US economy.

4.1.2 Indirect impacts of climate change
Some elements of transport arc likely to be significantly affected by public policies or consumer
actions designed to restrain emissions of GHG.
This is particularly true of the automotive industry.
A rise of several degrees Celsius in mean global
temperature would require only minor adaptations
in engine design because of the wide tolerances
already built into cars; yet public concern about
GHG emissions may lead to more stringent fuel
economy standards, taxes on carbon-based fuels,
consumer movement to smaller or more fucl-cffi-

In an effort to compare relative impacts of climatic
variables in the UK transportation modes, Parry and
Read produced the following table (Table 5.3).

4.2.1 Impact of climate change on airways
Aircraft today arc engineered with strong tolerances
for widely varying climatic conditions. They may fly
in temperatures as low as -65°C and in winds as
great as 400 knots (Parry and Read, 1988.) Most
major airports have provisions for snow and ice
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Table 5.3 Average number of events per annum in which major climatic variables affect UK transport system

Low cloud

Snow

Rain

Ice

Fog

Wind

Rail

na

3

1
(landslide)

30

2-3

na

Road

na

9

10

40

2-3

2

Air

20

5

0.5

20

20

5

Sea

na

na

na

2

20

3O40

Variable
Transport system

na = not affected
Source: Parry and Read (1988).

4.2.2 Impact of climate change on waterways

control, but fog and low cloud remain serious problems, although technological improvements may be
minimising these visibility problems at major airports. Climate warming would be likely to reduce
snow or ice problems which hinder air travel. It is
unclear what its effects would be on fog and low
clouds.

Climate change is likely to produce very different
effects on shipping on inland waterways as opposed
to maritime traffic on the oceans or seas. Changes
in hydrological and evaporation patterns could be
expected to change levels of some inland waterways,
sometimes causing lake levels to drop. Global
warming would, however, produce a rise of perhaps
as much as a metre in sea-levels worldwide. The
relative sea-level rise would vary modestly on particular coasts due to local subsidence and crustal
rebound.

Air temperature is a critical factor in aircraft performance during take off, especially from aircraft
situated in warmer regions and at higher altitudes.
Already under some conditions of high temperature and low barometric pressure, aircraft either
have to take off with reduced loads or delay taking
off until the temperature drops. Helicopter operation is also affected by high temperatures. Temperature rise due to greenhouse warming may
exacerbate such problems.

4.2.2.1 Impact of climate change on inland waterways

If global warming results in a change in prevailing
winds, the orientation of runways may need to be
changed for safety and efficiency considerations.
Such changes in runway orientation may not be feasible in existing airports because of local geographic
constraints and environmental considerations, such
as noise impact on urban areas under the new
potential flight paths.
Some major airports are located near the ocean and
may be vulnerable to sea-level rise. An Urban
Institute study projected that a i m sea-level rise
would necessitate roughly $30 million in drainage
improvements for Miami International Airport,
Florida, US, (Miller, 1989).

Virtually all of the analysis of likely impacts of
climate change on inland waterways concerns potential effects on the Great Lakes of Canada and the
US. An effective CG\ doubling may result in
significantly lower lake levels throughout the five
Great Lakes: Superior, Huron, Michigan, Erie and
Ontario (Sanderson, 1987; Quinn, 1988; Bolhofer,
1989; Smith, 1989). These lake levels have varied
significantly in the past with quite low lake levels
experienced in the 1964-65 period. Changnon ct al.
(1989) have studied the effects of these conditions
on Lake Michigan, Chicago and the Illinois shoreline. They report significant increases in dredging
cost for Calumet Harbor and Waukcgan Harbor in
1965, and inflow of water into the Chicago River and
the canal diversion system. This system uses water
from Lake Michigan in order to maintain sufficient
flow and water levels in the Illinois River system to
meet barge transportation and sanitation needs. The
study projects that payloads on lake carriers were
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Table 5.4 Estimated economic impacts of lowering* of the levels of Lake Michigan over a 50-year period (1990-2040)
(Costs in millions of 1988 dollars needed to address future lake levels at indicated depths below average
level of Lake Michigan, 1950-80)
1.25 m lower
2.52 m lower
1. Recreational harbours
30 to 50
75 to 100
Dredging
15
35
Sheeting
20*
40*
Slips/docks
2. Commercial harbours
212
Dredging
108
Sheeting/bulkheads
38
38
Slips/docks
90*
40*
3. Water supply sources
Extending urban intakes
15
22
Wilmettc Harbour intake
1
2
4. Beaches
Facility relocations
1-2
1.2
5. Outfalls for stormwater
Extensions and modifications
4
2
Totals

*

$270 to $291
million*

$519 to $545
million*

Some costs could be partly covered by normalreplacementexpenditures over the 50-year period.
Source: Changnon et al. (1983) p25.

reduced between 5% and 10% resulting in higher
shipping costs.

reduction, but a 2.52 m lowering of lake levels would
make some harbours unusable. Dredging costs for
the 1.25 m reduction were estimated at $3 to $5
million per harbour and for a 2.52 m lowering at $5
to $10 million per harbour.

Changnon et al. report some impacts on recreational
boating. Shallow water caused some problems for
pleasure crafts in harbours and inlets to harbours.
Additional dredging was required in some private
and local urban inlets and small-craft harbours,
including Montrose, Belmont, and Jackson Harbours
of the Chicago Park District. Some docks were
extended and others lowered and ladders were
constructed to get from existing docks to boat level.
In projecting potential impacts of future lower lake
levels on Lake Michigan, Changnon ct al. make
projections of overall costs for a lowering of lake
levels of 1.25 m and 2.52 m between 1990 and 2040.
(Sec Table 5.4).
Many harbours have wooden slips and docks and
exposure over time of the bclow-watcr portion of
these structures would produce dry rot. A 1.25 or
2.52 m decrease in lake levels would necessitate
replacement of all wooden slips and docks. Much of
this, however, would be handled as part of normal
replacement costs. All pleasure boat harbours could
be adjusted through dredging to handle a 1.25 m

Using a GISS 1984 climate scenario indicating that
mean Great Lakes lake levels may be reduced 30-80
cm, Sanderson (1987) calculates that average annual
costs to Canadian Great Lakes shipping companies
for the four principal cargoes, iron ore, grain, coal
and limestone, may increase approximately 30% and
that in nine years out of ten, shipping costs are likely
to equal or exceed those of the low lake levels of
1963-65.
Another major change reported by Sanderson is that
maximum ice cover on the Lakes may decline from
72% to 0% for Lake Superior, 38% to 0% for Lake
Michigan, 65% to 0% for Lake Huron, 90% to 50%
for Lake Erie, and 33% to 0% for Lake Ontario,
thus permitting an 11-month ice-free shipping
season.
Climate warming might be expected to result in
substantial cost savings for transport of goods in the
Mackenzie River region of Canada's Northwest
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Territory, where over 90% of all goods are shipped
by barges. Extension of the barge season from its
present four months (mid June to mid October) by
about six to eight additional weeks would be expected to result in decreased costs (Lonergan 1989).

The same study found beneficial effects on road
costs from climate warming in Cleveland, Ohio, U S ,
where climate change could cause annual snowfall to
drop from 50 to roughly 8 inches, reducing annual
snow and ice control costs by about $US4.5 million
and producing a savings of about $700,000 each year
4.2.2.2 Impact of climate change on ocean shippingfrom decreased frost damage to roads and bridges.
(Miller, 1989.) A decrease in deep freezes and
There is little data or analysis concerning the potenfreeze-thaw cycles would result in fewer potholes,
tial impacts of climate change and associated seawhile warmer temperatures and improved drainage
level rise on ocean shipping and on sea ports. An
resulting from higher evaporation rates could allow
extensive study of the physical and ecological imuse of thinner pavements in many areas, but require
pacts of climate change on the marine environment
enhanced expansion capabilities. (Hyman, et al.,
of Atlantic Canada (Stokoe, 1988) does provide an
1989.) The savings in Cleveland, Ohio, are projected
excellent summary for the provinces of Nova Scotia,
at about 1% of road reconstruction costs, and 3% of
New Brunswick, Prince Edward Island and Newresurfacing costs (Hyman et al., 1989).
foundland.
Parry and Read (1988) in their study of impact of
climate variables on transport in the UK state:

Some benefits are reported from the reduction of
sea ice. Absence of sea ice south of Labrador in
most years could eliminate Coast Guard ice-breaking
requirements, which now cost $15-$20 million
Canadian each year. Absence of sea ice could cut
costs for ferry services and marine transport and
permit extended seasons for some routes. These
gains for Atlantic Canada might be offset in part by
loss of winter marine traffic to Churchill, Montreal
and Saint Lawrence Seaway ports as these ports
become ice free or accessible nearly all year round.

Although the U . K . has a comparatively mild
and equable climate, the extremes of weather
or climate are not always the most costly or
dangerous, and weather thresholds of economic
or safety interest can be in the midst of a
range. To illustrate, a temperature of 0°C,
though hardly extreme is critical because ice is
most slippery when its temperature is at zero.
Thus although the U . K . winter climate is
warmer than that of most of continental
Europe, because it is less predictable as far as
the 0 ° C threshold is concerned, icy roads are
potentially more dangerous in the U . K . and
more difficult to manage.

Negative aspects of climate change for Atlantic
Canada include damage to infrastructure resulting
from sea-level rise. Stokoe projects losses of several
hundred million dollars (Canadian) for each of the
following categories: (i) urban waterfront land, (ii)
buildings, (ii) breakwaters, (iv) bridges and causeways, (v) roads and railways, (vi) fish processing
plants and (vii) wharves.

This observation suggests reason for caution in
predicting likely effects of global warming on highway safety.

4.2.3 Impact of climate change on roads
The only comprehensive study of likely impacts of
climate change on roads of a large region is that
contained in Stokoe's study of Atlantic Canada.
Costs in the range of hundreds of millions of dollars
are ascribed to each of the following categories: (i)
bridges and causeways and (ii) roads and railways.
An Urban Institute analysis of the effect of a 1 m
sea-level rise on Greater M i a m i , Florida, U S ,
(Miller, 1989) found that this 'would require raising
most bridges to ensure adequate under-clearances,
to prevent erosion beneath abutments, lifting of steel
and box culverts, and pavement failure in bridge
approaches, and to reduce vulnerability to storm
surges during hurricanes.'

Although the Mackenzie River region of Canada
might be expected to realise some cost savings owing
to a longer ice-free season, allowing barge traffic,
some of these savings might be offset by a decrease
in the winter road operating season as ice bridges
may be usable for only a limited period (Lonergan,
1989). It appears possible that this problem could
be a concern in other regions of the Arctic.
The greatest impacts on the automotive sector are
likely to result from response strategies to global
warming and related air pollution. Walsh (personal
communication, 1989) points out that increased
global warming will increase photochemical activity
and increase tropospheric ozone for a given emission
of hydrocarbons and nitrogen oxides ( N O ) . Thus,
it will increase pressure for greater control of these
emissions from motor vehicles. Since tropospheric
ozone is a G H G , global warming provides another
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x

impetus for controlling N O from vehicles. This
should in turn encourage more stringent emissions
control using existing conventional technology but,
increased concern about C 0 , is likely to increase
the pressure for advanced fuels and technologies
such as fuel cells, hydrogen, solar etc (Walsh,
personal communication, 1989).
x

2

Pressures are also likely to develop for stringent
controls on emissions of carbon monoxide because
of its large potential to enhance the Greenhouse
Effect. Global CO levels are increasing 0.8% to
1.4% per year according to Khalil and Rasmussen
(1988). Carbon monoxide, although a radiatively
inactive gas can, through its interaction with O H ,
serve to increase the concentration of several important G H G (Ramanathan, 1988). Dr Gordon
MacDonald (1989), in testimony before the US
Senate Committee on Environment and Public
Works stated:
Carbon monoxide could thus be indirectly
responsible for increasing greenhouse warming
by 20 to 40% through raising the levels of
methane and ozone... . Carbon monoxide
participates in the formation of ozone and also
in the destruction of hydroxyl radicals, which
are principal sinks for ozone and methane
G H G . Because carbon monoxide reacts rapidly with hydroxyl, increases levels of carbon
monoxide will lead to higher regional concentrations of ozone and methane. Measures to
reduce carbon dioxide emissions will assisting
in controlling global warming.

likely aggregate impacts on railways of increased
heat stress or reduced snowfall.

4.3 Determination of sensitivities
The studies in the literature concerning likely impacts of climate change on transport largely concern
three high-latitude Northern Hemisphere countries,
Canada, the UK and the U S . It is not clear how
much one can generalise from these effects to likely
effects in the Southern Hemisphere or in tropical
and
subtropical
regions
of the
Northern
Hemisphere. Shipping in such regions may be
affected greatly by changes in tropical cyclone
patterns. Such changes could have potentially large
consequences in places such as Australia
(Henderson-Sellers and Blong, 1989; Pearman,
1988).
No analysis exists in the literature of the likely
overall impact of greenhouse response strategies on
the transport sector. It is likely, however, that the
transport sector, especially the automotive sector,
will become a major focus of greenhouse policy
concern. Tracing C O trends in Canada, Jessup
(1989) states that in 1985, Canadian cars, trucks and
other vehicles produced 34.5 mt of carbon, approximately 30% of Canada's total emissions of 118 mt.
This motor vehicle component was, Jessup points
out, the largest single component of Canada's
carbon emissions, greater even than the 25.4 mt
produced by electricity generation. Jessup goes on
to suggest that governmental regulatory and taxing
policies should be fashioned to reduce C 0 emissions. Yet no analysis exists in the literature of how
such policies might produce shifts between various
transport modes. Although it is possible, even
probable, that aggressive governmental policies to
restrain greenhouse emissions would produce shifts
between various transport modes, the absence of
some systematic analysis makes such projections
quite conjectural.
z

2

The combined concern over the aggravation of air
pollution as a result of global warming and over the
contribution of auto emissions to the build-up of
concentrations of G H G seems likely to push governments to enact increasingly stringent auto emissions
controls and perhaps to encourage new fuel technologies.

4.2.4 Impact of climate change on railways4.4 Tasks for the near future
Relatively little data exist concerning potential
impacts of climate change on railways. M i l l e r (1989)
reports that 100 °F weather expanded railroad tracks
in the US in the summer of 1988, forcing Amtrak,
the major US passenger railway, to reduce speeds
from 125 to 80 miles per hour between Washington
and Philadelphia, and allegedly caused a train wreck
that injured 160 people on a Chicago to Seattle
route. Global warming could be expected to exacerbate such heat-stress-related problems for railways,
while producing some offsetting benefits through
reduced snow obstruction of tracks. No systematic
analysis exists in the literature, however, on the
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Research and analysis of the following are needed:
• implications of changes in tropical storm patterns,
sea-ice extent, and iceberg flow on ocean shipping;
• likely impacts of government regulatory policies to
restrain greenhouse emissions on the automotive
sector, including improvement of efficiency in
transportation facilities, likelihood of fuel switching, increased use of mass transit, or shift to other
modes of transport;

• changes in water levels in inland waterways and
potential effects on inland shipping;

agriculture (30.1%), transportation and communications (20.2%), construction (14.7%), energy (9.9%),
consumer manufacturing (6.9%), retail and
distribution (5.9%), other services, including television (4.3%), minerals and metal manufacturing
(3.0%), engineering (2.9%) and professional services
(2.0%).

• likely impacts on transportation infrastructure in
tropical areas of climate warming and sea-level
rise;
• likely impacts on transport and roads of a thawing
of the permafrost associated with warming in the
arctic and other cold regions;

Generally, the more weather-sensitive industries on
a historical basis would appear more vulnerable in a
rapidly warming world; nevertheless, some historic
losses may become less of a factor, eg disruption
due to blizzards or ice storms. It is possible that
warming will have quite differential impacts on
particular industries, in some cases reducing variability and in other cases magnifying it.

• the impact of likely climate-induced population
migration on traffic and transport patterns;
• transportation models, permitting projection of
likely shifts between transportation modes as a
result of climate change.

5

5.1.2 Indirect impacts of climate change

Summary of likely impacts of
climate change on industry

Among the most significant likely impacts of climate
change on the industrial sector are public policies
designed to restrain emissions of G H G . Such
policies could enhance opportunities for energyefficient industries and industries that produce or
use low quantities of G H G while penalising
industries that produce large quantities of G H G .
A m o n g the greatest potential impacts on the manufacturing sector may be requirements to increase the
efficiency of manufacturing processes to reduce
energy consumption and G H G emissions. Among
those industries that may be especially affected by
response strategies is the Portland cement industry,
which generates, according to one estimate, about
1181 million tons of global C 0 emissions each year
(Margolin, 1990). At this time, there is little analysis
to project these potential impacts of response
strategies on industry.

The term 'industry here applies specifically to the
production of goods and services. Thus, the impacts
assessed in this section are primarily the direct
effects of climate change on the producing of goods
and services and the related production facilities.
The energy industry and the transport industry are
separately covered in the two preceding sections.
5

5.1 Scope and limitations of the assessment
The change in climate that is predicted to accompany the rise of levels of C 0 and other infraredabsorbing gases in the atmosphere, a so-called
greenhouse effect-induced global warming, is expected to have far-reaching consequences on the world's
industries. Each aspect of the 'greenhouse' scenario
will contribute individual as well as aggregate impacts to the worldwide industrial community.
Additionally, the effects can be broken down into
direct and indirect aspects.

2

2

5.2 Assessment of impacts

5.1.1 Direct impacts of climate change
The direct impacts of climate change are likely to
vary considerably between different industrial sectors. One effort to assess impacts of climatic variability across industrial sectors of an entire nation is
an unpublished (1985) British Meteorological Office
Study cited by Parry and Read, (1988), at p2. This
study shows the sensitivity of various industrial
sectors within the UK to climatic variability by
comparing the interannual variation in value of
turnover in each sector due to weather with the total
value of turnover in that sector. The most weathersensitive industries in descending order as a ratio of
interannual variability to total value of turnover were

There are relatively few detailed studies concerning
the likely impact of climate change on industry, and
these studies have been performed in only a few
countries: principally Australia, Canada, Japan, the
UK and the U S . The most significant of these
studies are reviewed by industry grouping.

5.2.1 Direct impact of climate change on
particular industries
Virtually all of the studies concerning impacts of
climate change on industry involve direct impacts
such as changes in temperature, seasonality and
frequency of precipitation, storm patterns, sea-level
rise or water flow. These changes can be divided
into a number of categories as follows:
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5.2.1.1 Weather-dependent demand
The most detailed studies of changes in demand due
to climate warming have been done by Linder and
Gibbs (1988), Parry and Read (1988) and Linder
(1989) concerning energy demand.
These are
discussed in the chapter on energy above.
Climate warming could be expected to increase
demand for such cold drinks as carbonated beverages, fruit juices, lemonade and ice tea, and to
reduce demand for such hot beverages as hot coffee
or hot tea. No reliable projections of the likely
magnitude of such changes in average consumption
are available. Global warming might also be expected to affect consumer demands for certain foods,
but no studies are available to project such potential
effects.
The clothing industry would also be likely to experience changes in consumer demand owing to global
warming. There would appear reason to expect
increased demand for cotton clothing and certain
synthetics that are comfortable in hot weather and to
expect some potential reduction in demand for
wools. In addition, the design of clothing could be
expected to change to greater use of lightweight
materials and use of short-sleeve shirts or blouses.
Climate warming will affect the beverage, food and
garment industries and other sectors. Effects will
probably stimulate demand for some products and
reduce demand for others. There appear, however,
no systematic projections of such likely effects. One
of the few studies of weather-dependent demand
concerns wide fluctuations in sales of air-conditioners. In Japan on days over 35 °C air-conditioning
sales tend to rise by 40,000 units (Sakai, 1988).
5.2.1.2 Weather vulnerable industry
Some industries appear especially sensitive to weather conditions, with extreme cold and, to a lesser
extent, extreme heat appearing to limit production in
the construction industry and severe storms being a
considerable detriment to such industries as offshore
oil and gas drilling.

the construction industry, but sometimes with
a lag effect so that, for example, the size of the
construction labour force in February is related
to air temperature two or even three months
earlier (at p. 30).
The analysis by Friedman (1989) on insurance
implications for the US of climate change, provides
a potential projection of changed vulnerability of
storm-sensitive industries. Friedman projects that an
increase in seasonal sea surface temperature of only
0.5°C could be expected to lengthen the hurricane
season by 20 days and that it could increase the
annual average loss expectancy due to hurricanecaused catastrophes by 40%. Such changes presumably would increase storm vulnerability of such
industries as coastal fisheries and offshore oil and
gas drilling.
In some high-latitude areas outside of traditional
hurricane or tropical cyclone belts, reduced sea ice
and icebergs could yield major benefits for offshore
oil and gas drilling. Sea ice and icebergs currently
have major adverse impacts on such exploration and
development on the Northern Grand Banks and
Labrador Shelf of Canada. During the extremely
severe ice year of 1984-85, 8952 hours of drilling
downtime resulted from ice problems and produced
losses of $40 million (Canadian), based on a cost of
$100,000 per 24-hour day ( C C D 88-07).
In the event that global warming causes an increase
in the intensity or frequency of tropical cyclones, this
could result in lost industrial productivity as industry
in the affected regions is forced to suspend operations during the storm threat and its aftermath.
5.2.1.3 Climate-utilising industry
Some industries are directly dependent on climate
for their success.
The skiing industry requires
sufficiently low temperatures for snow (or at least
artificial snow), and some other recreational
industries such as water sports or swimming pool
sales may benefit from warmer climates.
In a study of implications of an effective C 0 doubling for tourism and recreation in Ontario, Canada,
Wall (1988) projects that the downhill ski season in
the South Georgian Bay Region could be eliminated
with an annual loss of $36.55 million (Canadian) per
annum in skier spending there and a $12.8 million
drop in spending at Collingwood. Some of these
losses would be offset by extended seasons for
summer recreational activities. In an analysis of
likely implications of an effective C 0 doubling for
downhill skiing in Quebec, Lamothe and Periard
(1988) project a decrease in the number of skiable
days of 50% to 70% for Southern Quebec and that
2

In surveying impacts of climatic variability on UK
industry, Parry and Read report that rainfall is
responsible for more delays than any other climatic
variable and that snow will affect operations on
construction sites as well as transport to the sites.
In the U K , they report:
Snow depth in December and January, and
mean monthly temperatures in November and
December seem to be the most important
climatic variables determining productivity in

2
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ski resorts equipped with snow-making devices
would probably experience a 40% to 50% reduction
in the number of skiable days. The study projects
sizeable losses to the Quebec economy. In a study
of skiing in Japan, A o k i (1989) finds skiing highly
sensitive to snowfall.

Climate change is expected to have significant effects
on forest productivity (Shands and Hoffman, 1986;
Winget, 1988; Regens et al., 1989). These effects
could ultimately affect the competitive position of
the timber and logging industries, pulp and paper
products industries and the wood products industry.

The wine-producing industry is especially sensitive to
climate. T o m Roper, Minister for Planning and
Environment of Australia's second most populous
state, Victoria, recently projected,

Regens et al. foresee major shifts in US forest
markets ultimately affecting the forest products
industry, possibly causing a shift northward of the
industry's processing infrastructure. Y e t such a shift
would be constrained, they maintain, by a huge entry
cost for new paper mills (about $US500 million,
each in current dollar terms) and the lack of adequate water supplies and transportation routes
servicing alternate potential m i l l sites. Opening of
new sawmills where the investment runs only $US10
million to $US20 million would be accomplished
much more readily.

The increased temperatures would be likely to
severely affect the variability of current
temperate fruit production ... . Victorian wine
growers could see their cool climate vineyards
disappear and growing conditions transformed
over the space of 30 years. (Roper, 1989).
5.2.1.4 Local resource-dependent industry

Summarising results of a Symposium on Implications
of Climate Change for Commercial and Sport
Fisheries in North America, Topping and Bond
(1988) conclude that fish productivity is likely to rise
with an increase in mean water temperature; so a
moderate global warming might be expected to
increase fish yields. Distribution and range of
particular fish species may change significantly as a
result of an increase in water temperature. In some
cases, secondary environmental effects associated
with climate warming such as greater estuarine
salinity might offset or overwhelm the direct benefits
from warmer water temperatures. Topping and
Bond project that the greatest threat to global
fisheries productivity from climate change may stem
from increased U V - B radiation resulting from a
depletion of the stratospheric ozone layer.

Some industries are very dependent on the availability of local resources which may be affected greatly
by changes in climate. Climate-induced changes in
the availability, or cost of obtaining crops, domestic
animals, fish or aquatic animals, wood, water, or
mineral resources could affect the standing of such
industries as the agricultural processing industry, the
forest and paper products industry, the fish-processing industry, the hydroelectric power industry, and
such energy-dependent industries as the aluminium
manufacturing industry.
There is a large number of studies of the likely
impact of climatic change and of climatic variability
on agriculture. Perhaps the most comprehensive
work is Parry et al., (1987). A number of competing
factors may affect the cost, quality and availability of
agricultural raw materials. Increased concentrations
of C 0 in the atmosphere are expected to enhance
the rate of photosynthesis and increase the rate of
growth of most plants, but this change is expected to
vary greatly among plants. Other climate-changerelated variables which may have mixed or negative
results include changes in length of growing season,
frequency and seasonality of precipitation, rate of
évapotranspiration, heat stress and changes in U V - B
radiation.

Tsyban et al. (1985), however, identify two possible
adverse impacts associated with global warming
which could each act to reduce significantly world
fisheries production.
These include a potential
reduction in the intensity and areas of oceanic
upwelling and a corresponding loss of nutrients, and
a decrease of the pH in water calculated at about
0.3 for a C 0 doubling, which may harm marine
organisms. See Chapter 6 for an extended discussion of these issue.

2

2

For agricultural industries dependent on a single
agricultural raw material, eg fruit or wine production, wool or fibre industry, changed local availability
of such materials might affect the competitive
standing of such industries. Reliable projections of
such effects do not, however, seem available at
present.

Although the effects of climate warming may be of
benefit to fresh water fisheries such as those in the
US-Canadian Great Lakes region (Regier et al.,
1988), such associated effects as sea-level rise could
pose major problems for the fish-processing industry
in coastal areas. Stokoe (1988) notes that fishprocessing facilities in Canada's Atlantic provinces
have a capital value of $1 billion dollars (Canadian),
and most are situated at or near the water's edge
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and could be vulnerable to inundation or damage as
a result of sea-level rise.

5.2.1.6 Variability-dependent industry
The principal impact of weather or climate on some
industries involves the occurrence of extreme events
which cause potentially large losses. Perhaps the
most significant of these industries is the insurance
industry which will insure against risk to property,
risks of death or injury, medical expenses and
damage to crops. A second complex of industries
likely to be affected by climate change includes those
that are related to the construction or maintenance
of infrastructure, dams, bridges, causeways, highways
and other long-lived investments that must be built
to stand up to ordinary wear and tear as well as
extreme events such as floods, hurricanes, blizzards
and ice storms.

Studies of likely impacts of climate change on
aquaculture are sparse, with Rothlisberg et al. (1988)
indicating that climate warming could lead to an
increase in banana prawn catches and a decrease in
tiger prawn catches in the G u l f of Carpentaria off
Australia. Kennedy (1989) concludes, after a study
of likely impacts of climate change on aquaculture in
the Chesapeake Bay region of the U S , that soft
clams and winter flounder may disappear from the
bay under a climate warming of 3°-4°C.
5.2.1.5 Site-dependent industry
Climate change and sea-level rise may have significant and mixed impacts on such site-dependent
industries as the tourism and resort industry, such
transportation industries as highways and mass
transit, and a whole range of coastal industries,
particularly the beach and recreation industry.

The most detailed analysis of likely implications of
climate change for the insurance industry is a
Friedman (1989) analysis of insurance pay outs on
weather related catastrophes in the U S . In the
following table he presents an analysis of likely
annual losses to US insurers from weather related
catastrophes under current climatic conditions.

A preliminary Japanese case study projects that in
the absence of concerted human efforts to build
coastal defence, sea-level rise of 1 m could inundate
the port area of 1900 k m and cause damage to nine
million Japanese (Ministry of Transport of Japan,
1989). An even greater proportion of industry may
be vulnerable in Africa, where industry tends to be
concentrated in capital cities, a large portion of
which are seaports (Tebicke, 1989).

Friedman calculates that these weather-related
insurance losses are likely to rise about $300 million
on an annual basis in a typical year during the
transition period between 1990 and 2010 during
which a greenhouse warming would occur. Although
some modest gains would be realised by a reduction
in winter storm damage, this would be overwhelmed
by sizeable increases in hurricane damage and
modest increases in damage from severe local
storms. Friedman, Table 5.6, lists the resultant
increases in damage.

2

The impacts of sea-level rise on beaches and coastal
resorts may be quite great. Even a rise of a fraction
of a metre could produce wide-scale erosion on
vulnerable coasts, particularly those with very gradual slopes such as much of the US Atlantic and Gulf
Coasts. The cost of beach nourishment, ie dredging
sand from the ocean to rebuild major recreational
beaches, may be quite considerable. Leatherman
(1989) estimates that the costs of such an engineering approach to protect major US recreational
beaches would be likely to range from $US2.3 billion
to $US5.9 billion by the year 2020.
A major uncertainty affecting the recreational
industry is how these costs will be apportioned by
coastal nations facing such problems. If these costs
are borne largely by the national government, as
they have generally been to date in the U S , the
added cost to coastal recreation and related
industries may be modest. If local governments in
coastal areas are made to face the primary burden
of financing such projects, this is likely to result in
more beach abandonment and greater tax burdens
upon coastal industries and communities when such
projects are carried out.

Parry and Read (1988) report that weather-related
insurance claim pay outs in a normal year represent
about 40% of the U K ' s annual total of about 2000
million pounds. The greatest problems for the
insurance industry in the UK have been associated
with wind storms, severe cold and coastal flooding
incident to storm surge.
Peele (1988) projects that insurance claims in
Australia from losses associated with tropical cyclones, hailstorms, floods and brushfires associated
with greenhouse warming will result in increased
premiums on property insurance and a movement to
higher deductibles.
Berz (1988) in an analysis of likely impact of climate
change on international reinsurance projects that
costs are likely to increase greatly as the increased
intensity of convective processes in the atmosphere
raises the frequency and severity of tropical cyclones,
tornadoes, hailstorms and storm surges in many
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Table 5.5 Estimated total 1989 damages by storm type*

Present climatic regime
Average
annual
damage
production

Percentage

Total damage
production
(billions of
dollars)

51

6.4

$27.2

40.2

$680,000,000

Severe local
storm

649

81.2

31.4

46.4

$780,000,000

Winter storm

99

12.4

9.1

13.4

$230,000,000

799

100.0

$67.7

100.0

$1,690,000,000

Storm type
Hurricane

Total

Number of
catastrophes

Percentage

* Damages resulting from a repeat of each of the catastrophe-coded weather events that have occurred in the
past forty years and which would cause at least $5 million in damage to presently insured properties in the
US
Source: Friedman, D.G. (1989 p390).

Table 5.6 Estimated change in the annual damage producing potential of wind and hail*

*

Includes insurance industry coded catastrophes caused by the insured perils of wind and hail between the
present climatic regime and an undefined time during the transitional climate period (1990-2010) when a
projected warming due to the Greenhouse Effect might be attained. Damage potential is expressed in
1989 dollars.

Storm type

Annual damage based
on present climatic
conditions

Annual damage based
on change in annual
damage potential

Transitional climate
condition

$ 230,000,000

$ 20,000,000

$ 210,000,000

Hurricane

680,000,000

+ 270,000,000

950,000,000

Severe local storm

780,000,000

+ 25,000,000

850,000,000

$1,690,000,000

$275,000,000

$1,965,000,000

Winter storm

Source: Friedman, D.G. (1989 p393).
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5.3 Determination of sensitivities

parts of the world. In certain coastal areas he
predicts that insurance coverage will be available
only after significant restrictions have been applied
such as high deductibles and low liability or loss
limits.
Stark (1988) argues that the Greenhouse Effect will
affect coastal and marine structures and developments in three principal ways thus requiring engineers to build into the design of these structures and
projects a rise in mean sea levels, or potential
increase in frequency of and areas affected by
tropical cyclones and an increase in intensity of
cyclones. Current designs are not adequate, Stark
maintains, to withstand storm surges and wave
attacks that can be anticipated under existing climate
change scenarios.
Flynn et al. (1984) assessing the implications of sealevel rise for hazardous waste sites in coastal floodplains conclude that serious health and environmental problems may arise from the flooding of some
active US hazardous waste facilities even in the
absence of sea level rise. Sea-level rise concerns
may, they suggest, require relocation of some existing hazardous waste facilities and strengthened
design criteria for new sites. The hazardous waste
industry is likely to be directly affected by concerns
about flooding from storm surge.

5.2.2 Indirect impacts of climate change
on industry
An analysis of likely indirect impacts of climate
change on industry is speculative given the paucity of
reliable studies on direct impacts. Climate change
appears likely to alter consumer demand in ways not
yet perceived. Travel and transportation patterns
are likely to change affecting such industries as
tourism. Shifts in natural resources availability
resulting from climate change will change international trade relations, affecting investment in
seemingly unrelated industries.
Among the more predictable of the indirect effects
is the creation of market opportunities for industries
that seize the opening created by public concern
about the greenhouse effect. These may include
manufacturers and marketers of energy conservation
devices, coastal engineers, developers of water
conserving or desalinisation technologies, agricultural
researchers or biotechnology firms that develop
drought resistant or temperature resistant crops.
The converse of this effect may be increased regulatory pressures or tax burdens on firms that produce
substantial quantities of G H G emissions.
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The principal limitation in any review of climate
impacts on industry is the inability of current climate
models to give reasonable projections of regional
and local climate scenarios. This is particularly true
concerning water availability, a crucial variable in
projections of impacts on many industries.
In addition, analyses of climate impacts on industry
exist in only a few countries, all in the industrialised
world. There is strong evidence to suggest that
developing countries will bear a major part of the
burden of rapid and large-scale climate change, and
it is likely that industry in these countries, particularly that sited in coastal areas, will be profoundly
affected (Tebicke, personal communication, 1989).

5.4 Tasks for the near future
More case studies of likely impacts on particular
industries are needed. Many of these studies should
be directed at developing country industries. Central
to this analysis is a projection of the likely change in
the production map of primary products as a result
of climate change. Changes in the price and availability of primary products will affect the competitive
position of industry in developing countries. Such
studies could have major implications for development planning and investment policies. Analysis
should also be performed of market opportunities
created by the new global focus on and response to
greenhouse warming.
Mechanisms should be developed for ensuring
growth of climate impact expertise within developing
countries to cover the whole range of climate impacts. This could be facilitated through the funding
of regional climate centres and rotation of scholars
from various affected countries to these regional
centres.
There is also a strong need to involve industrial
strategic planners in order to fine-tune the research
and analysis of industry impacts and ensure that the
results of such analysis are incorporated in industrial
planning.

6

Summary of likely impacts of
climate change on human health

This section summarises the likely effects on human
health following both global warming and U V - B
radiation increase.

6.1 Scope and limitations of the assessment

Hypothermia, which is caused by exposure to extreme cold in winter, also shows seasonality. A c c i dental hypothermia of the aged was often discovered
in the morning because of defective heating systems.
As a result of global warming, the incidence of
accidental hypothermia of the aged may be reduced
(Iriki and Tanaka, 1987).

The study assesses acute, chronic and ecotoxicological effects of global climate change on human
health (Figure 5.2).

6.2 Assessment of impacts
6\2.2 Heat stress

Global climate change may lead to change directly
in morbidity and mortality through global warming
and through U V - B radiation increase. Global
climate change is likely to affect the ecosystem and
alter the human hazards such as parasites and
chemical pollutants and also affect human health by
producing changes in air quality and water quality.

In recent years, cardiovascular mortality has increased in many industrialised and developing
countries (United Nations, 1986).
Since heat
conservation and loss by the human body are primarily controlled by the cardiovascular system,
cardiovascular diseases may increase during heat
stress (Weihe, 1985).

6.2.1 General climate effect
Heatwaves may be associated with increases in
morbidity and mortality (Longstreth, 1989; Schuman,
1972; Marmor, 1978). Threshold temperatures for
heat stress are relative rather than absolute. The
higher summer threshold temperatures are observed
in the hot climate regions while the lower are found
in cool climates.

Human beings have the potential to adapt to climate
change not only by physiological, but also by social
and cultural adaptive measures, such as hygiene
practices, medicine and agricultural traditions.
Owing to these abilities of adaptation, human beings
can live throughout the world. Therefore, it is
necessary to study the capacity for adaptation to
extreme climate.

While deaths of infants under the age of one were
not examined, the categories which appeared most
sensitive to weather are total deaths and elderly
deaths (greater than 65 years old). F o r the total
deaths in summer, the most important factors
influencing mortality are the accumulation of degree
hours above the threshold temperature each day and
their time occurrence. Early heat waves in summer
are more likely to have effects than those late in the
season (Kalkstein, 1989).
Correlation analysis
between mortality and weather conditions in the US
and Japan shows that mortality from several causes
of death was also closely associated with air temperature (Kalkstein, 1989; Makino, 1987).

Among major causes of mortality, cardiovascular
disease, cerebrovascular disease, hypertensive heart
disease, and cancer, are influenced by a variety of
environmental factors including climate, urbanisation, social environment and life styles. In the
economically developed countries, these diseases
cause over two-thirds of total mortality. The time
trends of incidence of death may be related to
change of environmental factors, such as life styles
and urbanisation.
In temperate and cooler regions, seasonal trends of
the mortality of cardiovascular, cerebrovascular, and
hypertensive heart diseases indicate a winter maximum and summer minimum (Momiyama and
Katayama, 1972). Cancer trends, however, are not
seasonal. The seasonal trends of major causes of
death have changed. For example, there has been a
deseasonalisation of infant mortality in Japan.
Global warming may change the environmental
factors and affect the time trends and seasonality of
these diseases in many countries.

6.2.3 Air pollution

The effect of global climate change on human health
may also be detected most sensitively in changes of
some seasonally changing biological phenomena.
Birth seasonality, one of the most distinct seasonal
phenomena in human reproductive physiology, may
be affected by global warming (Miura, 1987).

Global warming and elevation of U V - B radiation
would accelerate photochemical reaction rates
among chemical pollutants in the atmosphere,
causing increased oxidants in many urban areas. In
summer, high concentrations of oxidants are observed around many large cities throughout the
world, frequently in excess of health-based ambient
standards. Global warming may increase ozone
concentrations in urban areas and spread the polluted areas even further, thereby increasing the health
risk already posed to persons in those areas.
The main pollutants caused by photochemical
reactions are ozone, oxides of nitrogen, aldehydes,
peroxyacetyl nitrates, and propylene glycol nitrates.
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Evidence exists to associate the photochemical
oxidants with adverse effects on human health
(Schneider et al., 1989). The diseases that fall into
this category are inflammatory disease of the eye,
acute non-specific upper respiratory disease, chronic
bronchitis, chronic obstructive ventilatory disease,
pulmonary emphysema, and bronchial asthma.
Moreover, it is reported that ozone modifies lung
tumour formation (Hassett et al., 1985; Last et al.,
1987).

quality. Sometimes, frequent flooding has threatened the health of people in developing countries,
directly or indirectly. Permafrost degradation may
cause leaching from disposed wastes, resulting in
contamination of the groundwater. If global warming worsens the water quality or increases inundation, diarrhoea, cholera and dysentery epidemics
could spread in developing countries and in the
subarctic area.

6.2.6 Vector-borne diseases
Many organic carcinogens are also common in the
urban air. Since some of these chemicals are
produced or decomposed by chemical reaction in the
air, the concentration of these pollutants may be
affected by global warming and UV-B radiation
increase.

Global warming may modify the incidence and/or
distribution of vector-borne disease. If global
warming changes rainfall and temperature, the
seasonal and geographical abundance of the major
vector species, such as mosquitoes, could change. In
the Northern Hemisphere, these vector-borne
diseases could move northward and in the Southern
Hemisphere southward.

6.2.4 Chemical pollution
Global warming has potential impacts on crop yields
and productivity. Since crop production is sensitive
to water supply and plant pests, crop yields could
change water supply and pest control management.
Global warming may modify the incidence of plant
pests and hazardous insect population. Changes in
water supply could affect the agrochemical leaching
from farms and degrade surface and groundwater
quality in many areas.
Many types of pesticides are used to control plant
pests and parasites. Since temperature increase may
accelerate the volatilisation of many organic chemicals, the atmospheric transport of the chemicals may
accelerate (Bidelman et al., 1981; Rapaport et al.,
1985; Rovinsky et al., 1982; Tanabe et al., 1982).
High temperature and elevation of UV-B radiation
may accelerate the chemical reaction of organic
pollutants in the atmosphere and the degradation
rate of the chemicals. Therefore, global warming
could influence the concentration of many organic
pollutants in the environment thereby resulting in a
change of human exposure (Ando et al., 1985).

6.2.5 Water quality and quantity
Global warming may change the timing and amount
of precipitation in various countries. In the regions
with less precipitation, salt concentrations in water
may increase greatly. High salt concentration in
water and reduction of water supply may directly
affect the health of people in that area. If global
warming reduces the precipitation, food production
could decrease significantly (US EPA, 1988).
Sometimes, the low food supply will increase famine
and malnutrition in developing countries with potentially large consequences for human mortality. On
the other hand, heavy rain also could decrease water

Some infectious diseases are well known to show
apparent seasonal changes and would seem to be
very sensitive to global warming. Japanese encephalitis and some other viral diseases are regulated by
some seasonal factors. Therefore, an improvement
of the environment may be necessary to prevent the
breeding of vector species.
In tropical regions, vector-borne diseases have
important impacts on morbidity and mortality. In
1988 malaria and schistosomiasis posed potential
risks to 2100 and 600 million people, respectively. If
global warming increases the precipitation in tropical
and subtropical areas, many diseases may further
threaten human health. Parasitic and viral diseases,
such as malaria, schistosomiasis and dengue have the
potential for increase and reintroduction in many
countries (WHO, 1990; Dobson and Carper, 1989).

6.2.7 Ultraviolet-B radiation
UV-B radiation has many damaging effects on
human health, such as skin cancer, cataract and
snow blindness (Hiller et al., 1983). UV-B radiation
also suppresses the immune defences against certain
infections and tumours initiated in the skin.
There are two main types of non-melanoma skin
cancer: basal cell carcinoma and squamous cell
carcinoma, which have a convincing and clear-cut
relationship to UV-B radiation (Blum et al., 1941;
Blum 1959). Malignant melanoma is also at least
partially caused by exposure to UV-B radiation. It
has been recognised that the incidence of skin
cancer including melanoma increases from high to
low latitudes possibly due to the increase of UV-B
radiation. In this connection, account must be taken
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of the changes that have occurred in recreational
behaviour and people's willingness to expose themselves to the sun.

6.3.5 Water quality
As global warming could change the precipitation,
water quality may be affected greatly. H i g h salt
concentration and less water supply may threaten
the drier land through impaired drinking water and
food production. On the other hand, heavy rain will
cause floods and spread water-borne diseases.

While it is difficult to estimate numerical effect on
the basis of epidemiologic data in the US (US E P A ,
1987), U N E P (1989) and W H O (1989) estimated
that for every 1% decrease in stratospheric ozone,
there will be between a 0.3% to 0.6% increase in
cataracts. Based on the same epidemiologic date, it
was also estimated that for every 1% depletion of
ozone the incidence of basal cell carcinoma, squamous cell carcinoma and malignant melanoma, will
increase 2.7%, 4.6% and 0.6%, respectively. There
is concern that U V - B radiation, suppression of the
immune system might lead to an increase of the
incidence and severity of infectious diseases. It is
necessary to confirm the incidence rate of skin
cancer in various countries in relation to U V - B dose.
Data on U V - B exposure dose is extremely limited.

6.3

6.3.6 Vector-borne diseases
Since global warming changes rainfall and temperature, distribution and abundance of many vector
species should change. Some infectious diseases
including parasitic and viral diseases, such as
malaria, schistosomiasis and dengue have the potential to increase in many countries, especially tropical
and subtropical areas.

6.3.7 UV-B radiation
Since build-up of C F C s in the stratosphere may lead
to stratospheric ozone depletion and increase U V - B
radiation, a number of diseases of the eyes and skin,
such as cataract, non-melanoma and melanoma skin
cancer, may increase.

Determination of sensitivities

6.3.1 General climate effect
Global warming may affect the seasonality of many
causes of death. The seasonal variation of mortality
also changes sharply according to the improvement
of the environment and the socioeconomic condition
of countries.

6.4 Tasks for the near future
The following research would be necessary:

6.4.1 General climate effect

6.3.2 Heat stress

(i) The effect of global warming on seasonal trends
of major causes of morbidity and mortality,

Global warming is likely to induce mortality increase
during heat waves in summer. On the other hand,
winter mortality may decrease. In general, weatherinduced deaths are more important in summer than
in winter. Artificial heating and cooling, when
affordable, may reduce deaths from heat and cold.

(ii) The assessment of the incidence of major
causes of death in industrialised and developing
countries in the future.

6.4.2 Temperature stress

The less resilient population - the poor, the disabled,
the sick and the aged - are at greater risk.

(i) The effect of global warming on heat and cold
wave episodes;

6.3.3 Air pollution

(ii) Methods of decreasing mortality among highrisk groups;

Global warming and increased U V - B radiation
would both accelerate the photochemical reaction
rates among chemical pollutants and increase ozone
concentration in urban areas. Ozone and other
photochemical oxidants may be associated with many
respiratory diseases and cancer.

(in) The assessment of capacity of adaptation to hot
and cold weather, especially among vulnerable
population groups such as the elderly.

6.4.3 Air pollution

6.3.4 Chemical pollution
Global warming may result in an increase of pesticide use in agriculture, and accelerate the volatilisation and atmospheric transport of many organic
pollutants in global ecosystems.

(i) The effect of global climate change on oxidants
and organic carcinogens in the atmosphere;
(ii) Exposure assessment of these air pollutants;
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(iii) The incidence of respiratory disease and lung
cancer in polluted and non-polluted areas.

7.1 Scope and limitations of the assessment

6.4.4 Chemical pollution

(See Figure 5.3.)

(i) The effect of global warming on the worldwide
chemical pollution;

(iii) The incidence of morbidity and mortality in
acutely or chronically exposed populations.

Change in air quality, photochemical ozone production, acid rain, visibility and albedo due to climate
change and tropospheric temperature rise are
assessed. However, the lack of reliable regional
prediction of changes in circulation, precipitation,
humidity, cloud cover, arid area, trace-gas concentrations etc hinders their quantitative assessment.

6.4.5 Water quality

7.2 Assessment of impacts

(i) The effect of global warming on the precipitation in various countries;

The tropospheric temperature rise induced by the
greenhouse effect could change homogeneous and
heterogeneous reaction rates (Washida et al., 1985),
solubility to cloud water, emission from marine, soil
and vegetative surfaces and deposition to plant
surfaces of various atmospheric gases including
water vapor and C H ( W H O , 1989).

(ii) H u m a n exposure to these chemical pollutants;

(ii) The assessment of hygienic quality of water
resources in the world.

6.4.6 Vector-borne diseases

4

(i) The effect of global warming on geographical
abundance of major vector species;

A change in water vapour concentration will lead to
change in concentration of H O radicals and H 0 ,
which are important for the oxidation of volatile
organic compounds ( V O C ) , S 0 and N O in the
atmosphere.
x

(ii) The assessment of incidence of vector-borne
diseases in the future;

2

(iii) The improvement of the environment to
prevent the breeding of vector species.

(i) The assessment of the elevation of U V - B
radiation according to ozone depletion in order to
determine the dose received;

(iii) The risk evaluation of immune suppression by
U V - B radiation increase on vaccination and infectious diseases.

7

Summary of likely impacts of
global warming and stratospheric ozone depletion on air
quality

This section addresses the effects on regional and
tropospheric air quality resulting from climate
warming and stratospheric ozone depletion.

2

x

Climatic change could induce change in pressure
patterns, humidity, atmospheric stability, clouds,
precipitation and distribution of arid lands. The
predicted change of the patterns of cloud cover,
stability in the lower atmosphere, circulation and
precipitation could concentrate or dilute pollutants,
and change their distribution pattern and
transformation rates in local and regional scales.

6.4.7 UV-B radiation

(ii) Epidemiological association of the rise of
incidence of cataracts, non-melanoma and melanoma
skin cancer and an increase of U V - B radiation in
many countries.

2

A change in aerosol formation by atmospheric
conversion from V O C , N O and S 0 and windblown
dust from arid land, and organic aerosol production
from vegetation, could lead to changes in visibility,
the planetary albedo and effect upon human health
( W H O , 1989).
x

2

A change in energy usage due to fuel switching and
increased use of air-conditioners will lead to changes
in energy-related emissions.
A l l of the above changes will be linked to impose
some effects upon air quality, ozone and aerosol
production, visibility, global albedo and acid deposition in local, regional and global scales. Among
these combined effects the effect of temperature
upon ozone production has been studied most
extensively.
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Temperature-dependent modelling studies on ozone
production were conducted by Gery et al. (1987),
Morris et al. (US E P A , 1988), and MacCracken and
Santer (1975). According to the studies by Gery et
al. (1987) the increase in ozone is predicted to be
about 1.4 ± 0.5% per IK increase. The production
of H 0 is predicted to increase at a much higher
rate. The model calculation also predicted increased
ozone production with the depletion of stratospheric
ozone. In the San Francisco Bay area Morris
concluded that 4K of temperature increase resulted
in a 20% increase in peak ozone concentration and
about a doubling of the area in exceedence of the
national ambient air quality standards (120 ppb).
On the other hand, MacCracken and Santer indicated that for the San Francisco Bay area the L I R A Q
model showed 2% decrease in peak ozone with a
nominal temperature increase from 285K to 304K.
Wratt (1989) predicted that in Auckland temperature increases of 1.5K and 3.5K would increase peak
ozone concentration by 8% and 19%, respectively.
A recent modelling analysis conducted by the US
E P A showed that for a maximum average temperature rise of 2.5K, the increase in peak ozone would
be between 2% and 10% for various urban locations
throughout the U S .
2

forest damage may occur. Material damage caused
by acidic and other kinds of air pollutants may be
aggravated by higher levels of humidity.

7.3 Determination of sensitivities
Severalfold increases of natural emissions or atmospheric concentration of trace gases with a temperature rise of 10K have been observed in specific
locations by various researchers. F o r example, the
following increases were noted for N H (3.1), D M S
(9.0), H S + C O S (4.1), NO (3.3) and terpenes
(6.0). (Figure in parenthesis is factor of multiplication for each compound of the gases with temperature rise of 10K.) (Okita and Kanamori, 1971;
Aneja et al., 1979; Tingey et al., 1981; Johansson and
Granat, 1984.)

2

Smog chamber studies conducted by Carter et al.
(1979) and by Hatakeyama et al. (1989) found
increases in peak ozone concentration with the rise
of temperature from experimental temperature of
280K to 320K and of 303K to 323K, respectively.
The chamber experiments supported a view that the
time of exposure to high levels of ozone would be
increased in the region of higher temperature. In
smog chamber experiments Johnson (1983) found
that photochemical smog increases with temperature,
provided that photochemical smog production is in
the so-called 'light-limited' phase and not the ' N O
limited phase.'
x

3

2

The average increase of peak electricity demand due
to increased use of air-conditioners with temperature
rise of IK is about 3%. US E P A (1988) calculated
that a 10% increase in electric power demand
increases S 0 emissions by 30%. However, as
patterns of power output are different in different
regions, care should be taken in applying this figure
to other areas.
2

Impacts on energy usage are likely to vary in winter
and summer. In the Tokyo area, overall electricity
consumption is decreased by 0.9% in winter and
increased by 2.7% in summer with IK rise of air
temperature (Tokyo E . C . , 1988). Using non-linear
regression analysis, Wratt predicted that at
Christchurch, New Zealand, with minimum temperature rise of 1.8K and 3.0K mean T S P (total suspended particulates) from domestic fire smoke would
decrease by 14% and 19%, respectively.
A temperature rise of 2K would raise water vapour
concentration by 10%-30%.

7.4 Tasks for the near future
While some different results were obtained, a
majority of the studies indicate the potential for
increased ozone production with increasing temperature in industrialised urban areas. Since higher
temperature increase is predicted at higher latitudes,
much attention should be paid to the increased
ozone production in such areas. In developing
countries, ozone pollution may be limited to the
largest cities, but the extent of the problem may
expand, given the explosive growth of urban area in
those parts of the world. It is well accepted that
increased levels of local and regional air pollution,
particularly photochemical air pollution, may exert
effects upon human health and terrestrial plants. In
addition, acid rain could affect sensitive areas in
Europe, the northeastern U S , Canada and some
areas of east Asia, where acidification of lakes and

Changes in the frequency and pattern of cloud cover
owing to the greenhouse effect should be studied in
relation to ozone formation and conversion of S 0
and N O .

2

x

Change in pressure, wind, circulation and precipitation patterns and the frequency and intensity of
stagnation episodes due to the greenhouse effect
should be studied in relation to the change in
distribution of air quality, oxidants and acid rain.
Quantification should be made of the effect of
atmospheric temperature on photochemical oxidant
formation and on acid rain. Particularly, the discrepancy between model prediction and the results of
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photochemical smog chamber experiments in different levels of N O should be pursued.
x

The temperature dependence of energy use in
various sectors other than electricity, due to global
warming, should be studied in relation to its effect
upon acid deposition and photochemical ozone
formation.
Change in the extent of arid regions should be
studied in relation to generation of windblown dust
and its effect upon air quality, acid rain and planetary albedo.

8.2 Assessment of impacts
It is expected that the depletion of the ozone column
due to anthropogenic activities incrcaAM U V - B
radiation. The U V - B range of the vjlar tp-tctrum n
defined as wavelengths from 290 to 320 nano-ni.c.vtt
(nm). On the other hand, the greenhoiiat tUsslinduced global warming will, wm.c tacnijzti bt/.ur<^
decrease stratospheric temperutixit and mx'i r.impress the ozone depletion (Manafce ajwd ViV-te?*-*-^
1967).
Investigations have shown that L*V-£ m.i..n\ai
a multitude of effects on humans., t.eTTtv'j" ..iJ vagsution, marine organisms, air quality and csc.sr.Aji:
most of these effects are damaging f W H G .
However, no exact measurements on the relaiiocai-y
between U V - B intensity near the ground and the
amount of ozone in the stratosphere and troposphere has been established.
_

Change in oxidant formation in remote areas due to
the greenhouse effect should be studied, taking the
change of emission of precursor gases into account.
Interaction of climate factors and emission of
dimethylsulphide should be studied to prove or
refute one of Lovelock's Gaia hypotheses.
The temperature dependence of homogeneous
reaction rates, and reaction rates in aqueous phase
of atmospherically important gaseous species should
be more accurately quantified.
More study should be made on the temperature
dependence of emissions of important gases from
soil, sea surface and plants.
G C M s and mesoscale meteorology-chemistry models
which include the above effects should be linked to
predict overall effects of G H G .

8

Summary of likely impacts of
increased UV-B radiation

This section summarises the effects of U V - B
radiation, resulting from the depletion of the stratospheric ozone layer, upon ecosystems, air quality and
materials.

8.1 Scope and limitations of the assessment
(See Figure 5.4.)
This section discusses the potential influence of the
greenhouse effect upon stratospheric ozone depletion. The potential impacts of U V - B radiation
arising from the ozone depletion on terrestrial
vegetation, marine organisms, air quality and materials are also analysed. The U V - B impact upon
human health has been described in the section on
health. However, the lack of data on the dose
received of U V - B hinders a quantitative assessment
of impacts.

5-33

Research into the potential impacts of an increase in
solar U V - B radiation to plants has centred on the
effects on plant growth and physiology under artificial U V - B irradiation supplied to plants in growth
chambers or greenhouses.
Overall, the effective U V - B varies both among
species and among cultivars of a given species.
Sensitive cultivars of soybean, wheat, oat, cucumber,
sunflower etc, often exhibit reduced growth, photosynthetic activity, pollination, germination and
flowering. Photosynthetic activity may be reduced
and photosynthetic pigments are also affected by
U V - B (Tevini and Teramura, 1989).
Increases in U V - B radiation reduce yield in certain
agricultural crops. Many soybean cultivars are
sensitive to increased U V - B radiation. The crop
quality may be reduced under increased levels of
U V - B radiation. Reduced quality has been noted in
certain cultivars of tomato, potato, sugar beets and
soybean (Tevini and Teramura, 1989).
Although only limited information exists, gymnosperms also appear to be sensitive to U V - B
radiation (Sullivan and Teramura, 1988).
Water stress in combination with U V - B adversely
affected water loss in cucumber cotyledons
(Takeuchi and Hayashida, 1987).
Increased solar U V - B radiation could reduce the
productivity of the phytoplankton, with dramatic
effects both for intricate marine ecosystems. An%
reduction of this marine productivity will undoubtedly affect global food supply (Damkaer, 1 ^ " V

Recent studies have shown that U V - B impairs
motility in a number of micro-organisms; any decrease in orientation of motile phytoplankton prevents the necessary constant adaptation to the
changing environmental conditions and possibly
hazardous situations (Hader and Hader, 1988a,
1988b and 1989).

yield reductions in fish yield of approximately 6% to
9%.
A 10% decrease in phytoplankton biomass equals
1014 kg and leaves the same amount of C O in the
atmosphere as annual fossil-fuel burning (5Gt)
(Hader, 1980).
z

8.4

U V - B radiation also affects growth and the rhythm
of many microorganisms (Worrest, 1982). Studies
have also found that U V - B radiation drastically
affects nitrogen fixation and thus the growth and
productivity of higher plants in a number of important phytoplankton species (Dohler et al., 1985).
Various experiments have demonstrated that U V - B
radiation causes damage to fish larvae and juveniles,
shrimp larvae, crab larvae, copepods, and plants
essential to the marine food web (US E P A , 1987).
There is also evidence that an increase in U V - B
could diminish the growing season of invertebrate
zooplankton populations (Damkaer et al., 1980).

Study tasks for the near future

8.4.1 UV-B radiation
Trends of U V - B radiation should be studied and
correlated to ozone trends.
M o r e detailed measurements of the wavelength
dependence of U V - B radiation should be made.
Efforts should be made to improve the standardising
of instrumentation and calibrations of UV measurement.

The effect of increased U V - B on the air quality of
remote areas should be a decrease in the already
low surface ozone concentrations (Liu and Trainer,
1988) . Results from several modelling studies and
one chamber study suggested that increased U V - B
radiation from ozone depletion may increase the
rate of urban ozone formation (Whitten and Gery,
1986; Gery et al., 1987; Morris et al., 1988). Preliminary results from the modelling studies also
suggested that large increases in hydrogen peroxide
would result from increased U V - B radiation. One
study has shown that hydrogen peroxide increases
can produce increases in the formation of acid
precipitation.
Higher levels of short wavelength radiation below
295 nm will lead to a significant acceleration of
light-induced degradation processes of plastics and
other coatings used outdoors.

8.4.2 Terrestrial plants
The number of field experiments for impacts of
U V - B on agriculture should be increased.
Studies must be initiated to determine the impacts
of U V - B to natural ecosystems.
U V - B effects on growth and reproductive cycles of
lower plants, such as mosses, fungi and ferns, have
yet to be studied.
Increase the effort taken to obtain a better understanding of the effects of multiple stresses and of
shifts in competitive balance when plants are given
additional U V - B .
An area of worldwide interest may be tropical ricegrowing regions, where information is limited on
how rice will be affected either under enhanced
U V - B or under increased temperature and C 0 .
2

8.3 Determination of sensitivities
One soybean cultivar showed a yield loss of up to
25% following exposure to U V - B radiation simulating a 5% ozone reduction (Tevini and Teramura,
1989) .
In one study involving anchovy larvae, a 20% increase of U V - B radiation resulted in the death of
about 8% of the annual larval population (Hunter et
al., 1982).
Based on one assessment (using the relationship that
fisheries yield increases as productivity is raised to
the 1.55 power), a 5% decrease in primary production (estimated for a 16% ozone depletion) would

8.4.3 Aquatic ecosystems
Establish the effect of U V - B stress to aquatic
microorganisms on commercial fisheries.
Determine the threshold of effect and biological
action spectra for aquatic organisms.
Determine long-term effects for embryos or larvae
exposed to U V - B radiation.
Determine effects on ecosystems, including the
antarctic ecosystems.
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Obtain data on the mechanisms of damage, and
range of possible adaptation or genetic selection, in
response to increased UV-B radiation.
Develop predictive three-dimensional models for loss
in biomass production with C 0 2 increase, including
the enhancing effect of temperature increase.

8.4.4 Tropospheric air quality
For the ozone formation and destruction problem,
the main research areas are: peroxides, photodissociation reactions of compounds that absorb UV-B,
and aerosol formation.
Expanded modelling is needed to understand the
effects of increased UV-B on tropospheric air
quality and model predictions should be verified
experimentally.

8.4.5 Materials damage
A comparative study is needed of environmental
photodcgradation of relevant plastic materials under
near-equator and high-latitude conditions.
A study should be initiated to quantify the effect of
UV-B radiation on non-plastic materials such as
paints and coatings, rubber products, wood and
paper products, and textiles.
Set up long-term weathering studies in different
geographical regions to study the effects of naturally
occurring variations in UV content of sunlight.
Undertake investigations of surface coating, painting
and other means of controlling photodegradation
including a study of environmental impact of such
technologies.
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Figure 5.1 Examples of possible energy impacts of climate changes
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Figure 5.2 Impacts of climate change on health
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Figure 5.3 Effects of climate change on air quality
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Figure 5.4 Scope of the assessment on UV-B radiation and secondary effects on human
health and the environment

Increase of
incidence of
cataract

Increase of
greenhouse

„ T o HEALTH
section

Increase of
immunosuppression

._/

Stratospheric
cooling

(Negative effect)
Increase of
concentrations of CFCs
and N 2 0

Increase of
occurrence of
skin cancer

Decrease of
stratospheric
ozone
concentration

Increase of
ground-level
UV-B

Marine ecosystem
change

Effect on
crop yield
Increase of
tropospheric

ozone

(Negative effect)

__J
Formation of
tropospheric
ozone

Effect on
Polymers

5-39

Greenhouse
effect

References
Amagoalik, John, President, Inuit Taparisat [Assembly] of
Canada 1989, Address to Climate Institute Symposium on
the Arctic and Global Change. Ottawa, Ontario, Canada,
26 October 1989.
Ando, M . , Hirano, S., and H. Itoh, 1985. 'Transfer of
hexachlorobenzene from mother to new-born baby
through placenta and milk'. Archives of Toxicology 56,
pp. 195-200.
Aneja, V . P . , Overton, J.H. Jr., Cuppitt, L . T . , Durham,
J.L. and Wilson, W.E., 1979. 'Direct measurements of
emission rates of some atmospheric biogenic sulfur
compounds'. Tellus 31, pp. 174-178.
Aoki, Yoji 1989, 'Climatic sensitivity of downhill ski
demands', NIES, Tsukuba City, Japan.
Berz, G. 1988, 'Climatic change: impact on international
reinsurance'. In: Greenhouse: Planning for Climate
Change, G.I. Pearman (ed.). CSIRO Publications, East
Melbourne, Victoria, Australia.
Bidelman, T.F., Christenson, E.J., Billings, W . N . and
Leonard, R. 1981,
'Atmospheric transport of
organochlorines in the North Atlantic gyre'. Journal of
Marine Research 39, pp. 443-464-.
Bird, Eric C P . 1986, 'Potential effects of sea level rise on
the coasts of Australia, Africa, and Asia'. In: Effects of
Changes in Stratospheric Ozone and Global Climate,
J.G. Titus (ed.). V o l . 4 : Sea Level Rise, US EPA and
UN Environment Programme, October 1986.
Blum, H.F. 1959, Carcinogenesis by Ultraviolet Light.
Princeton University Press, Princeton, NJ.
Blum, H.F., Grady, H.G. and Kirby-Smith, J.S. 1941,
'Quantitative introduction of tumors in mice with
ultraviolet radiation'. Journal of National Cancer
Institute of U.S. 2, pp. 259-268.
Bolhofer, W.C. 1989, 'Summary of the U.S. Canada Great
Lakes Climate Change Symposium,' In: Coping With
Climate Change, John C. Topping, Jr. (ed.). Climate
Institute, Washington, DC.
British Meteorological Office Report, 1989, 3 February.
Broadus, James M . , Millman, John D., Edwards, Steven
F., Aubrey, David G. and Gable, Frank 1986, 'Rising
sea level and damming of rivers: possible Effects in
Egypt and Bangladesh'. In: Effects of Changes in
Stratospheric Ozone and Global Climate, James G. Titus
(ed.). Vol. 4: Sea Level Rise, US EPA and UN
Environment Programme, October 1986.
Brown, H . M . 1989, 'Planning for climate change in the
Arctic - the impact on energy resource development'.
Climate Institute Symposium on the Arctic and Global
Change, Ottawa, Ontario, Canada, 26 October 1989.
C C D 88-07 1988, 'Socioeconomic assessment of the
physical and ecological impacts of climate change on the
marine environment of the Atlantic region of Canada Phase I'. Climate Change Digest, Canadian Climate
Centre, Downsview, Ontario, Canada. Submitted by Dr
Peter Stokoe, Dalhousie University, Halifax Nova Scotia.
Carter, W.P.L., Winer, A . M . , Darnall, K.R. and Pitts,
J.N. Jr. 1979, 'Smog chamber studies of temperature

effects in photochemical smog'. Environ. Sci. Tech. 13,
pp. 1094-1100.
Changnon, Stanley A . , 1989, Leffler, Steven M. and
Shealey, Robin 1989, Effects of Past Low Lake Levels
and Future Climate Related Low Lake Levels on Lake
Michigan, Chicago and the Illinois Shoreline. Illinois
State Water Survey, Champaign, Illinois, USA.
Climate Institute 1988, Climate Change and the Third
World, Summary Report of the Symposium on the
Impact of Climate Change for the Third World:
Implications for Economic Development and Financing
(24-25 March 1988, Washington, DC) and Related
Symposium for United Nations Missions and Agencies
(13 June 1988, New York, NY).
Cohen, Stewart J. 1988, 'How climate change in the Great
Lakes Region may affect energy, hydrology, shipping and
recreation,' In: Preparing for Climate Change, Climate
Institute, Government Institutes, Inc., Rockville,
Maryland, USA.
Commonwealth Secretariat 1989, Climate Change,
Meeting the Challenge, September 1989.
Conde, Julien 1986, South North International Migrations,
OECD, Development Center Papers.
Dadda, TurkiyaOuld 1989, Presentation to Conference on
Implications of Climate Change for Africa, Howard
University, Washington, D C , USA, 5 May 1989.
Damkaer, D . M . 1987, 'Possible influences of solar UV
radiation in the evolution of marine zooplankton'. In: The
Role of Solar Ultraviolet Radiation in Marine
Ecosystems, J. Calkins (ed.). New York, Plenum.
Damkaer, D . M . , Day, D.B., Heron, G.A. and Prentice
E.F. 1980, 'Effects of UV-B radiation on near-surface
zooplankton of Puget Sounds'. Oecologia 44, pp.
149-158.
Davis, Devra Lee, Miller, Victor and Reisa, James J. 1988,
'Potential public health consequences of global climate
change'. In: Preparing for Climate Change, Climate
Institute, Government Institutes, Inc., Rockville,
Maryland, USA.
Debrah, Lt. Col. Christine (Ret'd) 1989, Address to the
Conference on Implications of Climate Change for
Africa, Howard University, Washington, D C , USA, 5
May 1989.
DeFabo, E.C. and Noonan, F.P. 1989, 'Stratospheric
ozone depletion, sunlight and immune suppression: a
new connection'. In Coping With Climate Change, John
C. Topping, Jr. (ed.). Climate Institute, Washington,
DC, USA.
DeLaCroix, Linda 1990, 'Setting your thermostat'.
Address to APA National Planning Conference, April.
Demaree, G.R. 1990, 'Onset ofSahelian drought viewed as
a fluctuation-induced transition'. Q.V.R. Meteorol. Soc.
116, pp. 221-238.
Dobson, A.P. and Carper, E.R. 1989, 'Global warming
and potential changes in host-parasite and disease-vector
relationships'. In: Consequences of Global Warming for
Biodiversity, R. Peters (ed.). Yale University Press.

5-40

Dobson, Andrew 1989, 'Climate change and parasitic
diseases of man and domestic livestock in the United
States', In: Coping With Climate Change, John C.
Topping, Jr. (ed.). Climate Institute, Washington, DC,
USA.
Dohler, G. 1985, 'Effect of UV-B radiation (290-320 ran)
on the nitrogen metabolism of several marine diatoms'.
J. Plant Physiol. 118, pp. 391-400.
Druyan, Leonard 1989, Presentation, Conference on
Implications of Climate Change for Africa, Howard
University, Washington, D C , USA, 5 May 1989.
Emanuel, K . A . 1987, 'The dependence of hurricane
intensity on climate'. Nature 326, pp. 483-485.
Flynn, Timothy J., Walesh, Stuart G., Titus, James G. and
Barth, Michael C. 1984, 'Implications of sea level rise
for hazardous waste sites in coastal floodplains,' In:
Greenhouse Effect and Sea Level Rise: A Challenge for
this Generation, Michael C. Barth and James G. Titus
(eds). Van Nostrand, Reinhold Co., New York, N Y ,
USA.
French, Hugh 1989, Presentation to Climate Institute
Symposium on the Arctic and Global Change, Ottawa,
Canada, 26 October 26, 1989.
Friedman, D.G. 1989, 'Implications of climate change for
the insurance industry'. In: Coping With Climate Change,
John C. Topping, Jr. (ed.). Climate Institute,
Washington, DC.
Galloway, R.W. 1988, 'The potential impact of climate
changes on Australian ski fields'. In Greenhouse:
Planning for Climate Change, CSIRO Publications, East
Melbourne, Victoria, Australia.
Gertis, K. and Steimle, F. 1989 'Impact of climate change
on energy consumption for heating and air conditioning'.
Report to the Federal Minister for Economics, Summary.
Gery, M . W . , Edmond, R.D. and Whitten, G.Z. 1987,
'Tropospheric ultraviolet radiation: Assessment of
existing data and effect on ozone formation'. EPA
Report 600/3-87/047, October.
Glantz, M . H . , Brown, B.G. and Krenz, M . E . 1988,
'Societal responses to regional climate change:
forecasting by analogy'. ESIG/EPA.
Goklany, Indur, 1990, Personal communication (February
8).
Golitsyn, G.S. 1989 (Institute of Atmospheric Physics,
Moscow, USSR) 'Climate changes and related issues',
Presentation 24 August 1989 at Sundance, Utah
Symposium on Global Climate Change.
Graedel, T.E. and McGill, R. 1986, 'Degradation of
materials in the atmosphere'. Environmental Pollution
Technology 20 (11).
Granger, Orman E. 1989, 'Implications for Caribbean
societies of climate change, sea-level rise and shifts in
storm patterns'. In: Coping With Climate Change, John
C. Topping, Jr. (ed.). Climate Institute, Washington,
DC, USA.
Hader, D.P. 1989, Private communication.
Hader, D.P. and Hader, M . A . 1988a, 'Inhibition of
motility and phototaxis in the green flagellate, Euglena
gracilis, by UV-B radiation'. Arch. Microbiol. 150, pp.
20-25.
Hader, D.P. and Hader M . A . 1988b, 'Ultraviolet-B
inhibition of motility in green and dark bleached Euglena
gracilis', Current Microbiol. 17, pp. 215-220.

Hader, D.P. and Hader, M . A . 1989, Effects of solar UV-B
irradiation on photomovement and motility in
photosynthetic and colorless flagellates, in press.
Han, Mukang, 1989, 'Global warming induced sea level
rise in China: Response and strategies'. Presentation to
World Conference on Preparing for Climate Change,
December 19, Cairo, Egypt.
Hansen, J., Rind, D., Del Genio, A . , Lacis, A . , Lebedeff,
S., Prather, M . , Ruedy, R. and Karl, T. 1989, 'Regional
greenhouse climate effects'. In: Coping With Climate
Change, John C. Topping, Jr. (ed.). Climate Institute,
Washington, DC, USA.
Hassett, G., Mustafa, M . G . , Levison, W. and Elastoff,
R . M . 1985, 'Marine lung carcinogenesis following
exposure to ambient ozone concentrations', J. Natl
Cancer Inst. 75, pp. 771-777.
Hatakeyama, S., Watanabe, M. and Washida N. 1989,
'Effect of global warming on photochemical smog'. To
be presented at the 30th Annual Meeting of Japan Soc.
Air Pollut.
Henderson-Sellers, Ann and Blong, Russell 1989, Tne
Greenhouse Effect: Living in a Warmer Australia, N r *
South Wales University Press, Kensington, NSW,
Australia.
Hiller, R., Sperduto, R.D. and Ederer, F. 1983,
'Epidemiologic associations with cataract in the 1971¬
1972 National Health Nutrition Survey', Am. J. Epi.
118, pp. 239-249.
Hoffman, John and Gibbs, Michael 1988, Future
Concentrations of Stratospheric Chlorine and Bromine,
US EPA, Washington, D C , August.
Hunter, J.R., Kaupp, S.E. and Taylor J.H. 1982,
'Assessment of the effects of UV radiation on marine fish
larvae'. In: The Role of Solar Ultraviolet Radiation in
Marine Ecosystems, Calkins, J. (ed.). New York,
Plenum.
Hyman, William, Miller, Ted. R. and Walker, J.
Christopher 1989, 'Impacts of global climate change on
urban transportation'. Transportation Research Record,
at press.
ICF Inc. 1987, 'Potential impacts of climate change on
electric utilities'. Study for New York Research and
Development Authority, December.
Iriki, M and Tanaka, M. 1987, 'Accidental hypothermia in
Japan,' In: Climate and Human Health, World climate
programme applications, World Meteorological
Organization.
Izrael, Yuri 1989, Personal communication, Tokyo, Japan,
14 September 14.
Jacobsen, Jodi I. 1989, 'Abandoning homelands,' In: State
of the World, WorldWatch Institute, Washington, DC,
USA.
Japan Ministry of Transportation 1989, Impact on the
Harbor Area, August 1989.
Jessup, Philip S. 1989, 'Carbon dioxide trends in Canadian
transportation,' In: Coping With Climate Change, John
C. Topping, Jr. (ed.). Climate Institute, Washington,
DC, USA.
Jodha, N.S. 1989, 'Potential strategies for adapting to
greenhouse warming: perspectives from the developing
world' In: Greenhouse Warming: Abatement and
Adaptation,
Norman J. Rosenberg, William E.

5-41

EasterlinglH, Pierre R. Crosson, JoelDarmstadter(eds).
Resources for the Future, Washington, DC, USA.
Johansson, E. and Granat L. 1984. 'Emission of nitric
oxide from arable land'. Tellus 36B, pp. 25-27.
Johnson, G . M . 1983, 'Factors affecting oxidant formation
in Sydney air'. In: The Urban Atmosphere - Sydney: a
case study, J.N. Carras adn G . M . Johnson (eds). CSIRO
Division of Fossil Fuels, Sydney, Australia.
Jung, E.G. 1989, 'Wie kann man Melanome verhindern,
Prävention der Melanome und Fruherkennungder
Melanomvorlaufer (How to prevent melanoma?
Prevention of melanoma and early diagnosis)'. DMW
Deutsche Medizinische Wochenschrift 114, pp. 393-397.
Kalkstein, Laurence S. 1989b, 'A new approach to
evaluate the impact of climate upon human mortality'.
Report to Conference on Global Atmospheric Change and
Human Health, NIEHS.
Kalkstein, Laurence S. 1989, 'Potential impact of global
warming: changes in mortality from extreme heat and
cold'. In: Coping With Climate Change, John C.
Topping, Jr. (ed.). Climate Institute, Washington, DC,
USA.
Kassi, Norma 1989, Notes for a Panel Discussion on Social
Effects of Global Change, Ottawa, Ontario, Canada,
October 27.
Kavanaugh, M . , Barth, M. and Jaenicke, T. 1986, 'An
analysis of the economic effects of regulatory and nonregulatory events related to the abandonment of
chlorofluorocarbons as aerosol propellants in the United
States with a discussion of applicability of the analysis to
other nations'. Aerosol Working Paper Series, Paper 1,
ICF Inc., Washington, DC.
Kennedy, Victor S. 1989, 'Potential impact of climate
change on Chesapeake Bay animals and fisheries,' In:
Coping With Climate Change, John C. Topping, Jr.
(ed.). Climate Institute, Washington, DC.
Kerr, Richard A. 1990, 'Global warming continues in
1989'. Science, February 2, 1990, p. 521.
Khalil, M . A . K , and Rasmussen, R.A. 1988, 'Carbon
monoxide in the earth's atmosphere: indications of a
global increase,' Nature 332 (March 1988), p. 245.
Klassen, W.J. 1989, Speaking notes. Climate Institute
Symposium on the Arctic and Global Change, Ottawa,
Ontario, Canada, October 27.
Kornhauser, A. 1989, 'Implications of ultraviolet light in
skin cancer and eye disorders' in Coping With Climate
Change, John C. Topping, Jr. (ed.). Climate Institute,
Washington, DC, USA.
La mo the and Periard 1988, 'Implications of climate
change for downhill skiing in Quebec,' Environment
Canada, CCD 88-03, Downsview, Ontario, Canada.
Lashof, Daniel A. and Tirpak, Dennis (eds). 1989, The
Draft Stabilization Report of the U.S. Environmental
Protection Agency, Policy Options for Stabilizing Global
Climate, Washington DC, USA, February 1989.
Last, J.A., Warren, D i L . , Pecquet-Goad, E. and Witsohi,
H.P. 1987, 'Modification of lung tumor development in
mice by ozone'. J. Natl. Cancer Inst. 78, pp. 149-154.
Leatherman, Stephen P. 1989, 'Beach response strategies
to accelerated sea-level rise'. In: Coping With Climate
Change, John C. Topping, Jr. (ed.). Climate Institute,
Washington DC, USA.

Lee, James A. 1985, The Environment, Public Health and
Human Ecology, Considerations for Economic
Development. World Bank Publication, Johns Hopkins
University Press.
Linder, Kenneth and Gibbs, Michael 1988, 'The potential
impacts of climate change on electric utilities: project
summary'. In: Preparing for Climate Change. Climate
Institute, Government Institutes, Inc., Rockville,
Maryland, USA.
Linder, Kenneth 1989, 'Regional and national effect of
climate change on demands for electricity'. In: Coping
with Climate Change, John C. Topping, Jr. (ed.).
Climate Institute, Washington, D C , USA.
Liu, S.C. and M. Trainer 1988, 'Responses of the
tropospheric ozone and odd hydrogen radicals to column
ozone change'. J. Atmos. Chem. 6, p. 221.
Lonergan, Steven 1989, 'Climate change and transportation
in the Canadian Arctic'. Climate Institute Symposium on
the Arctic and Global Change, Ottawa, Ontario, Canada,
October 26.
Longstreth, Janice 1989, 'Overview of the potential effects
of climate change on human health'. In: Coping With
Climate Change, John C. Topping, Jr. (ed.). Climate
Institute, Washington, DC, USA.
Mabbutt, J.A., 1989, 'Impact of carbon dioxide warming
on climate and man in the semi-arid tropics.' Climatic
Change 15, Nos. 1-2 (October 1989).
MacCracken, M . C . and Santer, G.D. 1975, Development
of air pollution model for the San Francisco Bay area.
UCRL 51920 Vol. 1, Lawrence Livermore Laboratory,
Univ. California, Livermore, C A .
MacDonald, Gordon J. 1987, 'The Greenhouse Effect and
climate change', presented to Env. & Public Works
Committee, 28 January 1987.
Makino, K. 1987, 'Effects of weather on mortality from
major causes using monthly number of deaths for a thirty
year period', Jpn. J. Biometeor. 25, pp. 69-78.
Manabe, S. and Wetherald, R.T. 1967, 'Thermal
equilibrium of the atmosphere with a given distribution of
relative humidity'. J.Atmos. Sci. 21, pp. 361-385.
Margolin, Stanley V. 1990, Study of Carbon Dioxide
Emissions Related to the Metallurgical. US Bureau of
Mines, May 4.
Marmor, M. 1978, 'Heat wave mortality in nursing
homes'. Environmental Research, 17, pp. 102-115.
Medioli, Alfred 1989, 'Climate change: the implications
for securities underwriting'. In: Coping With Climate
Change, John C. Topping, Jr. (ed.). Climate Institute,
Washington, DC.
Meyers and J. Sathaye, Electricity in Developing
Countries: Trends in Supply and Use Since 1970,
Lawrence Berkeley Laboratory, LBL-2166, December
1988.
Miller, Ted R. 1989, 'Impacts of global climate change on
metropolitan infrastructure'. In: Coping With Climate
Change, John C. Topping, Jr. (ed.). Climate Institute,
Washington, DC, USA.
Ministère de l'Equipement du Logement, de
l'Aménagement du Territoire et des Transports 1986,
Mutations Economiques et Urbanisation, La
Documentation Française.

5-42

Miura, T. 1987, 'The influence of seasonal atmospheric
factors on human reproduction'. Experientia 43, pp.
48-54.
Momiyama, M. and Katayama, K. 1972, 'Deseasonalization of mortality in the world'. Int. J. Biomet. 16, pp.
329-342.
Morris, R.E., Gery, M . W . , Liu, M . K . Moore, G.E.,
Daly, C. and Greenfield S.M. 1988, Examination of
sensitivity of a regional oxidant model to climate
variations, Draft Final Report, Systems Applications,
Inc., San Rafael, C A .
Mortimore, Michael 1989, The Causes, Nature and Rate of
Soil Degradation in the Northernmost States of Nigeria
and an Assessment of the Role of Fertilizer in
Counteracting the Processes of Degradation.
Environment Department Working Paper No. 17, World
Bank, July 1989.
Murday, Maylo 1989, Presentation to Conference on
Implications of Climate Change for Africa, Howard
University, Washington, DC, USA, 4 May 1989.
Myers, Norman 1988, 'Tropical deforestation and climatic
change'. Environmental Conservation, Vol. 15, No. 4,
The Foundation for Environmental Conservation,
Switzerland, (Winter).
NASA/WMO 1988, Ozone Trends Panel Report.
Nishinomiya, S., and Kato H. 1989, Potential Effects of
Global Warming on the Japanese Electric Industry Event tree of impacts on the electric utility industry
stemming from climate-induced changes in the natural
environment, ecosystems and human society. CRIEPI
report, in press.
Norwegian Delegation 1990, 'Comments submitted to the
meeting of IPCC Working Group II', Moscow, 28-31
May.
Odingo, Richard 1989, Personal communication, Geneva,
Switzerland, IPCC WGII meeting, 1 November 1989
(Professor, University of Nairobi).
OECD, Center of Development 1974, 'La migration
internationale dans ses relations avec les politiques
d'adjustement industriel et agricole'. Comptes rendus du
Séminaire de Vienne, 13-15 Mai 1974, Paris.
Okita, T. and Kanamori 1971, 'Determination of trace
concentration of ammonia using pyridine-pyrazolone
reagent'. Atmos. Environ. 5, pp. 621-628.
Oppenheimer, Michael 1989, 'Climate Change and
Environmental Pollution and Biological Interactions.'
Climatic Change 15 (Nos. 1-2), October 1989.
Parry, M . L . and Read, N.J. 1988, The Impact of Climatic
Variability on U.K. Industry. Atmospheric Impacts
Group, University of Birmingham, Birmingham, UK.
Parry, M . L . , Carter, T.R. and Konijn, N.T. 1987, The
Impact of Climate Variations on Agriculture. Reidel,
Dordrecht, The Netherlands, 1987.
Pearman, G.I. (ed.) 1988, Greenhouse: Planning for
Climate Change, CSIRO Australia, Melbourne.
Peele, B.D. 1988, 'Insurance and the greenhouse effect.'
In: Greenhouse: Planning for Climate Change, G.I.
Pearman (ed.). CSIRO Publications, East Melbourne,
Victoria, Australia.
Quinn, Frank H. 1988, 'Likely effects of climate change on
water levels in the Great Lakes'. In: Preparing for
Climate Change. Climate Institute, Institutes, Inc ,
Rockville, Maryland, USA.

Ramanathan, V. 1988, 'The greenhouse theory of climate
change: a test by an inadvertent global experiment'.
Science 15 April 1988.
Raoul, Joseph and Goodwin, Zane M. 1988, 'Climatic
changes - impacts on Great Lakes lake levels and
navigation'. In: Preparing for Climate Change. Climate
Institute Government Institutes, Inc., Rockville,
Maryland, USA.
Rapaport, R.A., Urban, N.R., Capel, P.D., Baker, J.E.,
Looney, B.B., Eisenreich, S.J. and Gorham, E. 1985,
'"New" DDT inputs to North America: atmospheric
deposition'. Chemosphere 14, pp. 1167-1173.
Regens, James L . , Cubbage, Frederick W. and Hodges,
Donald G. 1989, 'Climate change and U.S. forest
markets'. In; Coping With Climate Change, John C.
Topping, Jr. (ed.). Climate Institute, Washington, DC.
Regier, H.A., Holmes, J.A. and Meisner, J.D. 1989,
'Likely impact of climate change on fisheries and
wetlands with emphasis on the Great Lakes'. In:
Preparing for Climate Change. Climate Institute,
Government Institutes, Inc., Rockville, Maryland, USA.
Roper, Tom 1989, Presentation to Fabian Society
Greenhouse Conference, Lome, Victoria, Australia, 20
May 1989.
Rothlisberg, P., Staples, D., Poiner, I. and Wolanski, E.
1988 'The possible impact of the greenhouse effect on
commercial prawn populations in the Gulf of
Carpentaria'. In: Greenhouse: Planning for Climate
Change, CSIRO Publications, East Melbourne, Victoria,
Australia.
Rovinsky, F.Y.A., Afanasjev, M.I., Brutseva, L . V . and
Yegorov, V.I. 1982,
'Background environmental
pollution of the Eurasian continent'. Environmental
Monitoring and Assessment 2, pp. 379-386.
Roy, Peter and Connell, John 1989, Greenhouse: the
Impact of Sea Level Rise on Low Coral Islands in the
South Pacific. Research Institute for Asia and the
University of Sydney, NSW, Australia.
Safiullah, Syed 1989, 'Disaster - Perception Cycle,'
Remarks presented at IPCC WG2 Section 5 Lead Authors
meeting, Tsukuba, Japan, 18-21 September 1989.
Sakai, S. 1988, The Impact of Climatic Variation on
Secondary and Tertiary Industry in Japan.
Sanderson, Marie 1987, Implications of Climatic Change
for Navigation and Power Generation in the Great Lakes,
Environment Canada, CCD 87-03, Downsview, Ontario,
Canada.
Sathaye, J., Ketoff, A . , Schippev, L. and LeLe, S. 1989,
An End-Use Approach to the Development of Long-Term
Energy Demand Scenarios for Developing Countries,
Lawrence Berkeley Laboratory, LBL-25611, February
1989.
Schneider, Stephen H. 1989, 'The Greenhouse Effect:
reality or media event'. In: Coping With Climate Change,
John C. Topping, Jr. (ed.). Climate Institute,
Washington, DC, USA.
Schneider, Stephen H. 1989. Scientific American (Sept.).
Schneider, T., Lee, S.D., Walters, G.J.R. and Grant, L.D
1988, 77i*> Proceedings of the 1988 U.S.-Dutch
Symposium on Ozone.
Schuman, S.H. 1972, 'Patterns of urban heat-wave deaths
and implications for prevention'. Environmental Research
5, pp. 59-75.

5-43

Shands, William and Hoffman, John (eds) 1987, The
Greenhouse Effect, Climate Change and U.S. Forests.
The Conservation Foundation, Washington, DC.
Silvey, Joseph F. 1989, 'Implications of climate change for
the environmental engineering and construction industry'.
In: Coping With Climate Change, John C. Topping, Jr.
(ed.). Climate Institute, Washington, DC.
Simmons, Alan, Diaz-Bricquets, Serio and Laquian,
Aprodicio A. 1977, Social Change and Internal
Migration, A Review of Research Findings from Africa,
Asia and Latin America, International Development
Research Center.
Singh, Professor Bhawan 1988, The Implications of
Climate Change for Natural Resources in Quebec,
Environment Canada, CCD 88-08, Downsview, Ontario,
Canada.
Smith, Barry 1987, Implications of Climatic Change for
Agriculture in Ontario, Environment Canada, CCD
87-02, Downsview, Ontario, Canada.
Smith, J.B. and Tirpak, D.A., Ed. 1989, 'The potential
effects of global climate change on the United States,' US
EPA.
Smith, Joel B. 1989. "An overview of the EPA studies of
the potential impacts of climate change on the Great
Lakes region'. In: Coping With Climate Change, John C.
Topping, Jr. (ed.). Climate Institute, Washington, DC,
USA.
Stark, K.P. 1988, 'Designing for coastal structures in a
greenhouse age'. In: Greenhouse: Planning for Climate
Change, CSIRO Publications, East Melbourne, Victoria,
Australia.
Stokoe, Peter 1988, Socio-Economic Assessment of the
Physical and Ecological Impacts of Climate Change on
the Marine Environment of the Atlantic Region of
Canada—Phase 1, Environment Canada, CCD 88-07,
Downsview, Ontario, Canada.
Street, Roger 1989, Personal communication, 6 November.
Sugandhy, Aca 1989, 'Preliminary findings on potential
impact of climate change in Indonesia'. Remarks
presented at IPCC WG2 Section 5 Leading Authors
meeting, Tsukuba, Japan, September 18-21.
Sullivan, J.H. and Teramura, A . H . 1988, 'Effects of
ultraviolet-B irradiation on seedling growth in the
Pinaceae'. Am.J. ofBot. 75, pp. 225-230.
Takeuchi, U. and Hayashida, S. 1987, 'Effects of ozone
layer depletion upon vegetation'. Kankyo-gijutsu 16, pp.
732-735.
Tanabe, S., Tatsukawa, R., Kawano, M. and Hidaka, H.
1982, 'Global distribution an atmospheric transport of
chlorinated
hydrocarbons'.
Journal
of the
Oceanographical Society of Japan 38, pp. 137-148.
Tebicke, Haile Lul 1989, Personal communication, IPCC
Lead Authors meeting, Tsukuba City, Japan, 19
September.
Tebicke, Haile Lul. 1989, 'Climate change, its likely
impact on the energy sector in Africa'. Remarks
presented at IPCC WG2 Section 5 Lead Authors meeting,
Tsukuba, Japan, 18-21 September 1989.
Tevini, M . , and Teramura, A . H . 1989, 'UV-B effects on
terrestrial plants'. Photochem.
and Photobiol,
forthcoming.

Tickell, Sir Crispin 1989, 'Environmental Refugees'.
National Environment Research Council Annual Lecture,
at the Royal Society, London, U K , 5 June 1989.
Timmerman, Peter 1989, 'Everything else will not remain
equal, the challenge of social science research in the face
of a global climate warming'. In: Impacts of Climate
Change on the Great Lakes, US National Climate
Program Office and Canadian Climate Centre, January
1989.
Tingey, D.T., Manning, M . , Grothasu, L . C . and Bums,
W.F. 1980, 'The influence of light and temperature on
monoterpene emission rates from slash pine'. Plant
Physiol. 65, 797j.
Titus, J.G. 1988, 'Cause and effects of sea level rise', In:
Preparing for Climate Change, Climate Institute,
Government Institutes, Inc., Rockville, Maryland, USA.
Tokyo Electric Company 1988, Summary of prediction
of electricity demand in 1988-1997 (in Japanese).
Topping, John C, Jr. and Bond, John P. 1988, Impact of
Climate Change on Fisheries and Wildlife in North
America. Climate Institute, Washington, D C , 1988.
Topping, John C, Jr. 1988, 'Where are we headed in
responding to climate change'. In: Inter-national
Environment Reporter, Bureau of National Affairs, Inc.,
October 1988.
Tsyban, A . V . , Volodkovich, Yu L . , Venttsel, M . V . ,
Pfeifere, M . Y u . 1985, Zagryazhenie i tsirkulyatsiya
toksicheskikhzagryaznyayuschikhveschestvv ekosisteme
Baltijskogo morya V knige: issledovanie elcosistemy
Baltijskago morya. Vypusk 2. Liningrad.
Gidrometeoizdat, s. 244-257.
US Environmental Protection Agency 1987, 'An
assessment of the effects of ultraviolet-B radiation on
aquatic organisms'. In: Assessing the Risks of Trace
Gases that Can Modify the Stratosphere, J.S. Hoffman
(ed.). US EPA 400/1-87/001C, Chapter 7.
US Environmental Protection Agency 1987, Ultraviolet
Radiation and Melanoma - With a Special Focus on
Assessing the Risks of Ozone Depletion, Vol. JV, J.D.
Longstreth (ed.). EPA 400/1- 87/001D.
US Environmental Protection Agency 1988, The potential
effects of global climate change on the United States,
Draft Report to Congress.
US Environmental Protection Agency 1988, The
Potential Effects of Global Climate Change on the United
States. Draft, Report to Congress Vol. I: Regional
Studies, J.B. Smith and D.A. Tirpak (eds). Office of
Policy, Planning and Evaluation, October.
US Environmental Protection Agency 1988, Regulatory
Impact Analysis: Protection of Stratospheric Ozone, 15
June 1988.
UNEP 1989a, Synthesis Report of the Four Assessment
Panels Reports, the Open-ended Working Group of the
Parties to the Montreal Protocol.
UNEP 1989b, Van der Leun, J.C., Longstreth, J.P.,
English, D., Kerdel-Vegas, F. and Takisawa Y . , Draft of
UNEP Report on the Environmental Effects of Ozone
Depletion, ch.3, 1-18 (1989).
United Nations 1986, Determinants of Mortality Change
and Differentials in Developing Countries. Population
Studies No. 94, United Nations, New York.

5-44

Victoria Ministry for Planning and Environment 1989,
The Greenhouse Challenge, Melbourne, Victoria,
Australia, June.
Viterito, Arthur 1989, 'Implications of urbanization for
local and regional temperatures in the United States'. In:
Coping With Climate Change, John C. Topping, Jr.
(ed.). Climate Institute, Washington, D C , USA.
Vladimirova, N. 1990, Personal communication, Nalchik,
USSR, February 28.
Walker, J. Christopher, Miller, Ted R., Kingsley, G.
Thomas, and Hyman, William A . , 'Impact of global
climate change on urban infrastructure' The Potential
Effects of Global Climate Change on the United States,
Appendix H.
Wall, G. 1988, Implications of Climatic Change for
Tourism and Recreation in Ontario, Environment
Canada, CCD 88-05, Downsview, Ontario, Canada.
Walsh, Michael P. 1989, 'Global Trends in Motor Vehicle
Pollution Control - a 1988 Perspective', SAE Technical
Paper Series, Detroit, Michigan, USA, 27 February
1989.
Walsh, Michael P. 1989, 'Global Warming:
The
Implications for Alternative Fuels', SAE Technical Paper
Series, Washington, DC, USA, 2 May 1989.
Walsh, Michael P. 1989, Personal communication, 12
October.
Walsh, Michael P. 1989, "The global importance of motor
vehicles in the climate modification problem*. In:
International Environment Reporter, BNA, Washington
DC. USA, May 1989, pp. 261-267.
Washida, N . , Hatakeyama, S. and Kajimoto, O. 1985,
'Studies on the rate constants of free radical reactions and
related spectroscopic and thermochemical parameters'.
Res. Report Natl. Inst. Environ. Stud., R-85.
Weihe, W . H . 1985, 'Life expectancy in tropical climates
and urbanization'. World Climate Technical Conference.
WMO No.652, Geneva, pp. 313-353.
Whitten, G.Z. and Gery, W . N . 1986, 'The interaction of
photochemical processes in the stratosphere and
troposphere'. In: Effects of Changes in Stratospheric
Ozone and Global Climate, Titus, J.G. (ed.). US EPA
and UNEP, Washington, DC.
WHO 1990, 'Health implication of global warming and
ozone depletion'.
Williams, G.D.V., Fautley, R . A . , Jones, K . H . , Stewart,
R.B. and Wheaton, E . E . , 'Estimating effects of climatic
change for agriculture in Saskatchewan'. Canada, CCD.
Winget, Carl 1988, 'Forest management strategies to
address climatic change'. In: Preparing for Climate
Change, Climate Institute, Government Institutes, Inc.,
Rockville, Maryland, USA.
Worrest, R.C. 1982, 'Review of literature concerning the
impact of UV-B radiation upon marine organisms'. In:
The Role of Solar Ultraviolet Radiation in Marine
Ecosystems, J. Calkins (ed.). Plenum Publishing Corp.,
New York, pp. 429-457.
Wratt, D.S. 1989, Impacts of climate change on the
atmosphere. Private communication.
Ye, Ruquiu 1990, 'An assessment of the impact of climate
change caused by human activities on China's
environment'.
Unpublished paper prepared for the
National Environmental Protection Agency, People's
Republic of China, May 21.
5-45

Zhou, Shuzhen 1990, 'The Shanghai urban heat island and
its formative factors'. In: Controlling Summer Heat
Islands, Karina Garbes, Hashem Akbari and Phil Martren
(eds). Lawrence Berkeley Laboratory, Berkeley, C A .

