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Abstract— Global warming is one of the most important and
challenging problems being faced this century, capable of trig-
gering a series of events that will have serious consequences on
the different ecosystems on planet Earth. In order to manage
such consequences, we need dedicated actions for resilience. In
such a scenario, the process of adaptation to climate change
plays an important part. This is achieved by first identifying
the various events of risks, assessing the level of their impacts,
and then developing policies by which they can be mitigated.
For effective adaptation, the events of global warming should
be identified and assessed on a regional scale. In this paper, we
propose a digital information ecosystem architecture for cli-
mate change adaptability. The proposed architecture will cap-
ture the different regional factors of global warming which can
then be linked together to produce effective macro adaptation
policies.

Index Terms—Global Warming, Climate Change, Macro
impacts, Micro Impacts, Multi-system and Adaptation.

1. INTRODUCTION

Climate Change has become an important topic of dis-
cussion because of its alarming and potentially serious ef-
fects on planet Earth. The International Panel on Climate
Change (IPCC) defines climate change as the change in the
state of climate that can be identified by the changes in the
main (and or the variability) which exists for a persistent pe-
riod of time. One of the reasons for climate change is Global
Warming, which is already affecting all the different aspects
on which the humans depend for their daily tasks and lifecy-
cle. As the name signifies, Global Warming means the
warming of temperatures around the world. This is caused
by an increase in the Greenhouse gases and other heat-
absorbing gases such as carbon dioxide, methane, nitrous
oxide etc., which are trapped in the Earth’s atmosphere
when it is heated by the sun. The steep rise in the increase of
greenhouse gases is caused by the increase in the consump-
tion (burning) of fossil fuels by the inhabitants of the world
[1]. According to a report from Jones and Moberg, planet
Earth has warmed by 0.7 °C on average since 1900 [2]; and
most of the warming is due to human activities [3].

The effects produced by the warming of the Earth are ex-
perienced in different areas and ways in different parts of
the world. For example, some parts of the Earth are experi-
encing droughts and famine, whereas other parts are being
flooded due to heavy rains, storms etc. The list of conse-
quences does not stop here. It extends to other ecosystems
and multi-systems which are in turn dependent on the previ-
ous ones; for example: agriculture, vegetation, health, envi-
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ronment, living ecology etc., all of which are dependent on
the climate for achieving their desirable aims. A multi-
system as shown in Figure 1 is a long term dynamic interac-
tion between natural, artificial and abstract systems. A natu-
ral system is defined as the earth and universe system with-
out human intervention. The earth system is a dynamic
combination of different living and non-living elements. An
artificial system is created by humans for their different
needs. Abstract system is the combination of natural and ar-
tificial system created by humans. If the climate is affected
as a result of global warming, then it will have a snowball
effect on the different ecosystems and multi-systems that are
dependent on it. It may also have an effect on a country’s
economy and, perhaps, also the world’s economy.

From the figures that we have at hand, global warming is
already having an effect on all the different factors on which
humans depend in the course of undertaking their daily
tasks. In order to prevent the effects of global warming from
creeping into and disrupting the equilibrium for humans in
their day-to-day life scenarios, adaptation is very important.
To facilitate this adaptation, steps can be taken by which the
different types of risks are identified, assessed and managed.
But it is important to note that the process of adaptation is a
sequential and iterative one. In this paper, we propose a
digital ecosystem information architecture which can be util-
ized for climate change adaptation. The proposed architec-
ture will be utilized to consider and model various possible
scenarios and impacts from the different factors affecting
climate change. The paper is organized as follows. In Sec-
tion 2, we discuss some of the causes and effects of global
warming. In Section 3, we classify the impacts of climate
change according to two broad categories. In Section 4, we
propose the digital ecosystem information architecture for
adapting to climate change and then discuss the importance
of such architecture to regional and micro adaptation. Fi-
nally in Section 5, we conclude the paper.

II. CAUSES AND EFFECTS OF GLOBAL WARMING

Climate is the result of long-term dynamic interactions
between multi-systems including the dynamic process of the
Earth’s systems and external forces, such as the variation in
the sun’s radiation, greenhouse gas (GHG) concentrations,
geographic location and anthropogenic activities. Moreover,
there are several other factors such as ocean temperatures,
winds and volcanoes which could shift the patterns of cli-
mate in a short period of time. Unfortunately, the energy
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Fig 1. Description of a Multi-system

balance of the climate system of the Earth has been altered,
which has resulted in Global Warming. The main stressor
for this is the increase in gas emissions to atmospheric con-
centrations. Carbon dioxide (CO,) is emitted by the use of
fossil fuels for energy supply, transport, and industries.
Methane (CHy) is produced by decaying degradable matter,
e.g. in landfill sites and from livestock. Then there are ni-
trous oxides (N,O) from fertilisers, industrial processes, and
fossil fuel burning; and a group of other gases, such as per-
fluoromethane (CF,) and perfluoroethane (C,F¢) used in
aluminium production, and sulphur hexafluoride (SFg) from
dielectric fluids [4]. Other gases, such as carbon monoxide
(CO) and nitrogen oxides (NOX) have indirect effects on
greenhouse warming through various chemical reactions [5].
The atmospheric concentration of GHG due to emissions
exceeds Earth’s natural removal process. Over the last cen-
tury, the GHG emissions has increased by approximately
80% [5], causing a steep rise in global warming and conse-
quently creating uncertainty over the future of the natural
ecosystems and humans. The weight of the different gases in
the variation of GHG and the increase in temperatures
change depending on the “Global Warming Potential”
(GWP) [6]. The main gas polluters are carbon dioxide 1
(GWP), methane 23 (GWP), nitrous oxide 296 (GWP), hy-
droflurocarbons 12 to 12000 (GWP), perfluorocarbons 5000
to 12000 (GWP) and sulphur hexafluoride 22200 (GWP).
Even if carbon dioxide is equal to 1 (GWP), it remains the
most important gas because of the quantities in which it is
being emitted.

The scientific community’s main concern about Global
Warming is not the fact that the temperature of the Earth has
risen since pre-industrial times (from approximately 100
years), but of the fact that the global GHG emission has in-
creased by 70% from 1970 to 2004 [7]; exceeding the ex-
pected average patterns. About 80% of the world’s energy is
currently derived from burning fossils fuels. Not having a
clear international policy of trade and the reductions of
emissions does not help the situation either. It is projected
that the continuing addition of carbon dioxide and other
greenhouse gasses to the atmosphere will increase the global
temperature of 1.4 to 5.8° C greater than what it was in 1900
[8]. Apart from the emission of such gasses, the Earth ob-
servatory shows that the Sun’s energy has fluctuated in the
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last decade and is most likely to have a measurable impact
on the Earth’s atmosphere. Researchers believe the rise in
sunspots and faculae since the late seventeenth century may
be responsible for as much as half of the 0.7 degrees of
global warming over the last 110 years [9]. The conse-
quences of the increase of temperatures due to such activi-
ties are irreversible, and their impacts on the different eco-
systems and human settlements have to be studied in detail.
A multi-system response to climate change could trigger
non-linear responses and have secondary impacts on differ-
ent ecosystems. The best option for the present is to have a
process of adaptation, by which the risk factors and impacts
of climate change can be determined and then policies can
be developed by which they are managed at an acceptable
level. The process of adaptation should be such that it takes
into consideration the effective development of social, eco-
nomic and scientific dynamics. In the next section,, we will
discuss the different types of impacts of climate change and
classify them into two broad categories.

II1. IMPACTS OF CLIMATE CHANGE

Even if the descriptions of the effects of climate change
are consistent across the world, its impact varies according
to the geographical location and different factors in ques-
tion. The effects and impacts of climate change vary accord-
ing to the different types of ecosystems that are present on
planet Earth. Further, the effect and magnitude of such im-
pacts also vary across the different continents and countries
around the world, depending upon their location. A report
from IPCC released in April 2007 studies the effects of cli-
mate change on the different continents of the world [10].
From the report, it can be seen that each continent is going
to be affected in a different way depending upon its location
and exposure to the different aspects or factors of climate
change. For example, Australia and New Zealand are going
to experience an increase in drought and fire, whereas Asia
and North America are expected to experience an increase
in flooding and winter flooding respectively. Furthermore,
the increase in the rate of impact also varies across the dif-
ferent continents of the world. For example, the effects of
climate change in North America are far more abrupt than
those currently being experienced in Asia. Even within one
continent, the effects of climate change are not the same
throughout. A report from one UN climate change confer-
ence states that South East Asia is going to be affected the
most with an expected increase in flooding, whereas by
comparison, Japan and China may not be affected as much.
So the effect of climate change is not constant throughout
the world, but varies according to the location of the specific
country under discussion. From such an analysis, the im-
pacts of global warming can broadly be divided into two
main categories, namely:

1.Global Impacts, and
2.Regional Impacts.

Global impacts represent the different ways by which the
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planet Earth and its different ecosystems will be affected as
a result of climate change. These types of impacts can also
be termed Macro effects as they give the broader or bigger
picture of impact throughout the world. But as discussed
earlier, the magnitude of impacts from the different identi-
fied factors may not be the same and constant throughout
the world. Similarly, the process of adaptation that needs to
be carried out for combating climate change should be done
according to the specific region in question; and the specific
impacts that climate change might have on it should be as-
certained. Such specific impacts of climate change are
termed regional impacts of climate change. The regional
impacts can further be broken down into different impacts
according to a sector which are termed Micro effects of cli-
mate change. The micro level impacts take into considera-
tion the specific regions of a country, and study the effect on
different multi-systems on a minor scale. In this paper, we
use the terms regional and macro effects interchangeably to
represent the regional effects of climate change. The process
of adaptation that needs to be carried out should be accord-
ing to the specific impacts by which a particular region is
affected, due to climate change. As a result, it should be a
bottom up approach, which addresses first the local or re-
gional impacts that are specific to a region. This will even-
tually lead to solving the global impacts of climate change.
In the next sub-sections, we will discuss the global and re-
gional impacts of climate change and then narrow down our
discussion to identify the local or regional impacts of cli-
mate change on Australia.

A. Global Impacts of Climate Change

Some of the broad macro effects of climate change are:

1. Increase in atmospheric temperatures.

2. Increase in sea levels.

3. Global loss of biodiversity and ecosystems.
4. Coastal areas erosion.

5. Detriment of food supplies and security.

6. Increase in Health problems.

While the impacts of the macro effects of climate change
have been studied in quite some detail by various consider-
able respected international bodies, the real effects of these
can be comprehensively understood only by assessing them
on a regional or micro scale. In other words, the accurate
macro impacts of climate change on the planet Earth can be
determined only when each of the abovementioned factors is
studied at the micro level. Whilst considerable works in the
form of careful scientific simulations have been done which
investigate the macro effects [11], less work has been done
on determining the regional impacts. Because of this, there
is a lack of understanding of these regional impacts by pol-
icy makers and managers of various local and regional ar-
eas. In the next sub-section, we will discuss the regional im-
pacts of climate change.

B. Regional Impacts of Climate Change

As discussed earlier, the impacts of climate change are
not constant throughout the world, but vary according to the
specific geographic locations. So, in order to understand

978-1-4244-2346-0/09/$25.00 ©2009 IEEE

their effects properly, the key areas that need to be studied
at the micro level are:

1.Water: Water is an essential resource for all sectors
and regions. According to the IPCC report, the current
knowledge about future impacts by the increase in sea levels
associated with ice cap melting, increase in temperatures
envisages changes in precipitation, thereby increasing the
risk of floods and drought in many areas [12]. The sea level
also affects the salinity of ground water, resulting in a de-
crease in fresh water availability for humans and other dif-
ferent ecosystems. The rises in temperature cause an up-
heaval in the circulation of the oceans which in turn causes
abrupt climate changes and disturbances in the winds,
thereby creating natural disaster.

2.Biodiversity: Global losses of biodiversity are irre-
versible. Factors such as ocean acidification, droughts,
floods etc can exceed the limited resilience of the different
ecosystems. These factors, when combined with human ac-
tivities such as land use, urbanization, pollution etc increase
the risk to the survival of ecosystems. Approximately 20 —
30% of plants and animals are in danger of extinction if the
temperature rises by 1.5 —2.5 °C [13].

3.Environment: Erosion of coastal areas very likely,
thereby damaging the infrastructure and affecting human
settlements in these areas. Developing countries are the most
vulnerable to this type of threat.

4. Agriculture: Food security and supplies will be affected
by droughts and floods. At lower latitudes, crop productivity
in seasonally dry and tropical regions is projected to de-
crease, which may result in famine. The cost of food will
increase because of the scarcity, which in turn will generate
more inequity and social conflicts.

5.Health: Health problems may increase due to the in-
crease in the adverse effects of droughts, famines, floods
etc.

The equilibrium in each of the above ecosystems or
multi-systems has to be maintained on a regional scale, in
order for normal forms of life to exist on planet Earth.
Hence, it is imperative to consider, assess and manage the
regional impacts of climate change so as to have an effective
process of adaptation. Policies for managing risks that are
not based on preventing or mitigating the hazards and vul-
nerabilities by regions, could activate a series of interde-
pendent multi-system consequences. Another factor to be
considered while developing the policies is that they should
be capable of responding to the different types of events that
may occur almost simultaneously in various regions. In the
next sub-section, we will highlight the micro effects of
global warming which are specific to the regional parts of
Australia.

C. Regional or Micro impacts of Climate Change on Aus-
tralia

According to Garnaut’s climate change review [14], the
impacts of climate change in six key sectors and areas of
Australia that make a large contribution to the country’s
economy are expected to be severe. The report shows that at
the end of the century in no-mitigate scenarios, resource-
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based industries and communities, critical infrastructure,
human health, ecosystems and biodiversity, geopolitical sta-
bility and catastrophic events will affect Australia. Severe
weather events in Australia are expected to increase. By
considering the recent bush fires in the state of Victoria and
floods in New South Wales and Queensland, it is evident
that the effects of climate change are already disrupting hu-
man settlements and ecosystems; and the Garnaut report
states that in some cases it will be near impossible to avoid
some levels of climate change impact. Another report by the
Australian Greenhouse Office [15] and CSIRO [16] studies
in detail the different areas which will be impacted upon as a
result of climate change in Australia. It also states the differ-
ent impacts on 10 different parts of Australia due to climate
change by 2030. Some of these worth mentioning are:

* By 2030 the air temperatures in Australia will rise by
1.0 °C, with warming of around 0.7-0.9 °C in coastal regions
and 1-1.2 °C inland. This will affect livestock, agriculture
and plantation due to the consistent warm temperatures and
increase in the consumption of energy.

* The solar radiation is expected to increase more in the
southern part of Australia compared to the other regions.
This will act as a trigger to produce more droughts, espe-
cially in the south-west and also increase the risks of experi-
encing more bush fires especially in the south eastern part of
Australia which is among one of the three most fire-prone
areas in the world.

* The rate in the rise of sea levels due to global warming
has increased and it is now expected to rise by at least I m
by the year 2100. The rise will also be due to a surge in
storms and increase in the intensity of wind. This will result
in erosion, submerging of the coastal areas and damage and
loss of existing infrastructure. The proportions of intense
categories tropical cyclones are expected to increase. Pre-
cipitation across Australia is also expected to increase.

* Australia is a maritime nation with a vast ocean that
generates 8% of its gross revenue through fishing, tourism,
and recreation. Increase in temperatures is expected to in-
crease the acidification of the ocean water that will affect
marine life.

It is possible that some large effects of climate change
may be difficult to be avoided, but their magnitude can be
controlled to a certain extent through adaptation. So, in or-
der to have a detailed and comprehensive process of adapta-
tion, all these factors along with their possible impacts on
different ecosystems, have to be investigated in detail by us-
ing simulations. Furthermore, the determined analysis and
results should be demonstrated by using a portal as it will
educate people and increase awareness among them. What
we need is to develop a digital ecosystem which can be util-
ized to capture all the relevant micro factors of climate
change and study their level of occurrence. Based on that
analysis, the digital ecosystem should be able to determine
their effects on different ecosystems and multi-systems by
using simulations, and then develop risk mitigation policies
according to the specific region in question. In the next sec-
tion, we will give a brief overview of our proposed digital
information infrastructure ecosystem which can be utilized
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to study the various micro factors of climate change.

IV. MULTISYSTEM DIGITAL ECOSYSTEM ARCHITECTURE
FOR CLIMATE ADAPTATION

One of the main factors to be considered when develop-
ing a digital information ecosystem infrastructure for multi-
system adaptation is that it should track and visualize the
different aspects of impacts on regional areas arising from
global warming. This will require effective data capture,
gathering, storage, analysis and process of this information
in a way that preserves its semantics. However, the informa-
tion to be collected may be from different diverse sources
and at different technical levels, processes and specifica-
tions. We classify such information at three levels of ab-
straction. They are:

1. High level of abstraction: This includes information
received from geospatial technology which provides visuali-
zation of location through web applications in three tech-
nologies systems: GPS (Global Positioning System), GIS
(Geographical Information System), and RS (Remote Sens-
ing). This information could include different time scale se-
quences in different applications.

2. Medium level of abstraction: This is the information
obtained from semi-structured data and sectors analysis, his-
torical data such as socio-economic analysis, energy sector,
water sector, industry etc.

3. Low level of abstraction: This is the unstructured in-
formation (like text, images etc), and social net working
monitoring, real time data observations on a micro-system
scale or local scale, collection of real-time data using sen-
sors, volunteers, social networks, wikis, blogs etc. This in-
formation may include variability in the weathers, rivers,
ecosystems, etc.

Once the information has been captured from different
sources, the following steps need to be executed:

(a) Storing of the information across different informa-
tion repositories. An important point to ensure while storing
is that the integrity of the information is maintained.

(b) Classifying the relevant information according to the
different multi-systems.

(c) Functionalities to simulate and process the informa-
tion according to the desired outputs.

(d) Effective visualization and representation of infor-
mation taking into consideration different levels of geo-
graphic locations’ granularity and the specific factors to be
represented depending upon the specific location.

(e) Development of risk mitigation and adaptation tech-
niques for addressing micro effects of climate change, spe-
cific to a regional sector.

(f) Aggregation of the different micro effects to com-
pute and simulate the various macro effects of climate
change.

(g) Development of risk mitigation and adaptation poli-
cies for risk management for macro effects of global warm-
ing.

Figure 2 represents the proposed digital ecosystem infra-
structure for adaptability to micro effects and in turn macro
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Fig 2. Multisystem Digital Ecosystem Architecture

effects of climate change. The information to be collected
can be from a variety of different sources, such as: direct
input of opinions by humans, collection of real-time data by
using sensors, geographic data, volunteers, social networks,
wikis, blogs etc. So it is possible that it may be in different
heterogeneous formats like text, images and audio feeds etc
and has to be stored in different database architectures like
relational, structural, semi structure etc. But before doing so,
it is important to check the quality of the information to en-
sure its correctness. This information forms the source from
which the different computations and simulations will be
performed, so care has to be taken that its correctness is
checked and its integrity and semantics are maintained and
preserved. This is done by annotating and structuring the
information in an ordered way or according to a pre-defined
standard format by which it can be classified easily at a later
stage according to each ecosystem and also ensures seam-
less interoperability of data across different repositories.
Simulations help to determine and model the different sce-
narios and impacts that could be experienced over a given
period of time. But while doing so, it may be necessary to
aggregate, composite and transform the information accord-
ing to different information repositories in order to achieve
the required output. The integration of information across
the different databases relating to different ecosystems
should be dynamic in order so as to obtain the required rele-
vant information from different repositories. To determine
the consequences, we need to simulate the impacts on dif-
ferent ecosystems due to the identified factors. Factors of
vulnerabilities need to be simulated and forecast in different
scenarios of occurrence, and their effects be assessed on the
current social and infrastructural problems, such as poverty,
unequal access to resources, food security, environmental
degradation, education, infrastructure and social capital.
Having such visualization will help us to develop strategies
which such impacts can be mitigated in different ecosys-
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tems. This will result in ‘sustainability’ which is defined as
preservation of the important ecosystems over time, irre-
spective of the different scenarios that may occur.

The computed information may need to be accessed by a
variety of people from different domains such as environ-
mental scientists, regional managers, decision makers and
policy formulators at both regional and national levels. Each
of them may require the processed information to be dis-
played at various granularities of detail and hence, presenta-
tion of the information is a vital issue. For easy understand-
ing and better education, it is important that the digital eco-
system have the functionality to represent the computed in-
formation at different levels of abstraction. This will help
the computed information to be represented according to the
end users’ requirements, depending upon their level of ex-
pertise. To account for the composition of the processed in-
formation and services combined with information visuali-
zation and animation at distributed sites, it is necessary to
have a digital ecosystem that employs service oriented ar-
chitecture through semantics, ontologies and targeted
markup languages. Based on the composited information,
risk management policies can be developed and then dis-
played to the users through various techniques by which ad-
aptation can be carried out in the real world. The determined
micro effects and impacts of climate change, when aggre-
gated, will represent the macro impacts of global warming
which represent their effects on the real world.

D. Application of the Digital Ecosystem Architecture for
Regional Adaptation

The proposed digital ecosystem architecture follows a
social network approach for identifying, assessing and mod-
elling the impacts as the result of climate change. This is
different from having a model that is completely dependent
on using historical and real time data. Real time monitoring
by using satellites and sensors is an effective approach for
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having a reliable process of risk assessment, but high tempo-
ral resolution via satellite to regional areas is often techni-
cally difficult and very expensive. As a result, it is very dif-
ficult to have an analysis and apply it to all the different lo-
cations around the world, especially in developing and re-
mote areas. Although the benefits and advantages of utiliz-
ing real time analysis is the best solution if we are to face
the threats of climate change, other alternatives must be
considered due to financial and infrastructure concerns. This
is achieved by the proposed digital ecosystem architecture
for climate adaptation that uses different possibilities for in-
puts like real time data analysis, historical data, blogs, wikis,
personal opinions etc.

The proposed digital system architecture can be utilized
to develop an “Early Warning System” which can be util-
ized to mitigate the impacts of climate change on human’s
settlements and other vulnerabilities. The proposed ecosys-
tem can be utilized to create an easy understanding of the
possible future scenarios by using simulations. These can be
utilized to develop policies by which the current or future
similar events in different locations can be managed and
averted beforehand, under the same or approximate condi-
tions. The importance of early reaction to and evasion of an
event can not only mitigate the impact on one region, but
can also be beneficial across regions in other ecosystems.
However, in order for the developed policies to be success-
ful and easily adapted, it is necessary for the ecosystem to
represent the impacts and the necessary adaptations in an
easily comprehensible manner.

V. CONCLUSION

Global warming is as an important area of concern in the
current world. One of the triggering effects that has resulted
from it is the change in the climate of planet Earth. Climate
change in turn will have a series of consequences on the dif-
ferent ecosystems that are dependent on it. In this paper, we
examined the various impacts of climate change on the dif-
ferent ecosystems of life on planet Earth and classified them
into two broad categories, namely global (or macro) and re-
gional (or micro) impacts. We studied each category of im-
pact in detail and then highlighted the importance of consid-
ering the micro effects while developing the policies for ad-
aptation to climate change. We then proposed a digital eco-
system based information architecture for capturing, storing,
monitoring, simulating the various factors as the result of
climate change and then determining their impacts on the
different multi-systems or on different ecosystems. The pro-
posed architecture can be utilized by different peoples to
represent the information about different ecosystems and
according to different levels of granularity. In our future
work, we will concentrate on utilizing the proposed digital
information ecosystem for developing adaptation strategies
in order to ensure water sustainability in regional Australia.
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