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Introduction and Overview

As illustrated in Figure 1, this book — along with its companion volume "ICTs,
Climate Change and Development: Case Evidence" - analyses evidence and
makes recommendations for policy and practice at the intersection of three
domains: information and communication technologies (ICTs), climate change,
and socio-economic development sectors.

Development
Sectors

ICCD

« Mitigation
« Adaptation
* Monitoring
- Strategies

Climate
Change

Figure 1: The Overlapping Domains of ICTs, Climate Change and Development

The three dual intersections of these domains have seen increasing research and

action, particularly since the turn of the 21 Century:

(@) ICTs and development: successive waves of ICTs — telecentres, mobile
phones, broadband, smartphones - have been diffusing into developing
countries, increasingly reaching poor communities, and increasingly offering
the potential to significantly change development processes and livelihoods.

(b) Climate change and development - from no explicit mention in the Millennium
Development Goals, climate change has risen rapidly up the agenda of
developing country governments and development agencies; in particular
recognising the impact on livelihoods of the poor that climate change can
already been seen to be having.

(c) ICTs and climate change - there has been growing recognition that the
carbon footprint of the ICT sector is growing, but also that ICTs must play an
important role in initiatives to address climate change.

Yet, prior to the IDRC-funded "Climate Change, Innovation and ICTs" project
from which this book is developed, there had been very little attention paid to the
"triple intersection". That is, to the specific role which ICTs can play in
addressing climate change in developing countries. This role is specific, and
cannot simply be rolled-up into the general "e-Climate Change" field for a number
of reasons. These include:

e The greater resource-poverty of developing countries, which means they
require context-specific solutions, often based on more "frugal" ICT
innovations.

e The related dominance of basic mobile phones among all types of ICT,
compared with dominance of the Internet-connected PC and 3G+ phones in
developed countries.



e The different types of climate and climate change being experienced in

developing countries.

e The "mirrored agendas" of global North and South: while climate change
mitigation is the main priority in developed countries, in developing countries

it is climate change adaptation.

IDRC therefore initiated this project with three main purposes in mind:

e To analyse evidence and ideas to date on ICTs, climate change and
development (ICCD), in order to develop state-of-play reviews and conceptual
models. The chapters in Part 1 of this book were developed to address this

aim.

e To develop a new primary evidence base about the use of ICTs to address
climate change in developing countries, and draw lessons from such
initiatives. The case studies presented in the companion volume - "ICTs,
Climate Change and Development: Case Evidence" — were commissioned to

address this aim.

e To produce recommendations for strategic actors and strategic actions
necessary to most-effectively utilise ICTs in relation to climate change and
development. The chapters in Part 2 of this book were developed to address

this aim.

Contents of this Book

In more detail, Part 1 begins with two foundational papers, which provide an
overview of the ICCD field. In Chapter 1, a scoping study charts strands and
trends in the literature on ICTs, climate change and development, and develops
an overview model of the key ICT application areas - mitigation, strategy,
monitoring and adaptation — as shown in Figure 2. The scoping study identifies
priorities for future research in this field, provides a glossary of field terms, and
includes an annotated bibliography of key documents from 1997-2010 (provided
in the Annexes at the very end of this book).

Mitigation
(Causes)

Physical Consumption

- Dematerialisation of
Goods / Services

- Journey Substitution

Physical Production
- Shift to Knowledge
Economy

Energy Generation &
Distribution
- Smart Power / Grid

Energy Use
Manufacture and Use of:

- ICT (Green vs Brown IT) /

- Smart Motors / Logistics
- Smart Building Design
- Smart Transport

Strategy

e-Enabled:
- Carbon Markets

Decision-Making
Policy Networks
Awareness/Capacity-
Building

Technology Transfer

Adaptation
(Effects)

}

Monitoring

Application Areas / CC-
Related Vulnerabilities
- Socio-Political

- Livelihoods & Finance

- Health

- Habitat (Settlement &
Displacement)

- Food (Agriculture)

- Water

CC Data Capture

CC Data Processing
CC Data Presentation
/ Dissemination

ICT Adaptation Roles
- Measuring
- Informing & Networking
- Deciding
e Predicting (Risk, Early
Warning)
e Planning (inc. Local
Mitigation)
e Coping (Short-Term /
Disaster)
e Adapting (Long-Term)
- Transacting
- Producing
- Mobility

Figure 2: Overview Model on ICTs, Climate Change and Development (ICCD)




Chapter 2 is an analytical work which draws together ideas from different parts
of the ICCD field in order to build four new conceptual models - i) Climate
change vulnerability in developing countries; ii) Climate change adaptation and
adaptive capacity of communities and wider 'livelihood systems'; iii) Climate
change resilience; iv) The contribution of ICTs to 'e-resilience' and 'e-adaptation’'.
The models can be used as the foundation for research, consulting and strategy
on ICTs and climate change.

The remaining chapters of Part 1 largely take their lead from the Overview Model
shown in Figure 2: selecting one part of that model and then reviewing current
evidence in order to provide an overall analytical and practical understanding of
that ICCD sub-domain:

e Chapter 3 focuses on the issue of mitigation, and identifies the need and
opportunity in emerging economies for ICT-enabled climate change mitigation
in areas such as energy generation, urban transportation and building,
manufacturing, and international trade. It analyses the challenges to this
form of low-carbon development, and recommends necessary actions by
government and business.

e Chapter 4 focuses on adaptation, and argues that mobiles have been
helpful in building informational capacities for climate change adaptation.
However, emergent, self-organised, transformational adaptation may need to
build more on telecentre-based models, and should focus more on holistic
rather than climate-specific applications.

e Chapter 5 selects a topic that has been a key focus for climate change
concerns in developing countries: the growth in climate-related disasters.
It argues ICTs have a central role in management of such disasters. But
strategic changes are needed. Information systems should be development-
rather than disaster- or climate-focused. More interoperable and routinely-
used rather than specialised applications are required. ICTs should also be
used more to enable accountability of disaster response efforts.

e Chapter 6 uses survey and other data to analyse how ICT-for-development
activist organisations are strategically handling climate change as an issue.
It identifies their key focus on adaptation, the challenges that exist within and
outside organisations, and it makes recommendations for effective strategic
response.

e Chapter 7 is in some ways a mirror-image of the previous chapter. Where
the latter looks at climate change strategy for ICT4D organisations, Chapter 7
looks at ICT strategy for climate change organisations. It analyses how
organisations active in climate change should incorporate ICTs into their
strategic thinking. It builds a model of "informational governance" with
questions to help these organisations identify challenges and opportunities,
and enable an effective strategic response.

e Chapter 8 takes a more cross-cutting based on the latest wave of digital
applications. It analyses the climate change application of new and
emergent ICTs - wireless broadband, wireless sensor networks, GIS, Web-
based tools - in developing countries. It identifies major uses in disaster
management and climate monitoring, and lacunae around climate adaptation.
It provides recommendations for more effective use of new digital technology

e Chapter 9 highlights an issue that flows throughout the entire ICCD field:
gender. It explains why, and how, women have been more constrained than
men from using ICTs in tackling climate change. It then makes four digital
empowerment proposals that can make e-climate change interventions more
gender sensitive.

e Finally in Part 1, Chapter 10 looks at one of the "application areas"
recognised at the top right of the Overview Model. It focuses on the water
sector and maps the linkages between climate change adaptation, water, and



ICTs to produce the "ICTs, Climate Change Adaptation and Water Project
Value Chain" model. This is a conceptual tool that can be used by
practitioners and researchers seeking to analyse and plan field interventions
in contexts facing water stress due to climate change.

The Chapters in Part 1 are all connected to practice; they draw from the evidence
of practice, and they make recommendations for practitioners working at policy,
programme and project levels. That focus on action is all-embracing for Part 2 of
the book, with all the Chapters written explicitly for policy makers and strategic
planners in senior climate change and ICT4D roles.

This begins with Chapter 11 which focuses on ICCD policy. It identifies the
actors and priorities at three domain levels - international, national and sub-
national — and lays out ICCD policy principles those actors should follow. It
provides detail on the climate change issues that ICT policy should address, and
the ICT issues that climate change policy should address. Alongside these policy
content elements, the Chapter also recognises the need to put the right policy
structure and policy process in place. Following an appraisal of policy benefits
and risks, it then identifies the key entry points to ICCD policy for developing
country-policy makers.

The next three Chapters are all strategy briefings: much shorter than the
previous Chapters, and providing quick access to strategy-relevant ideas and
recommendations:

e Chapter 12 offers guidance on how best to use ICTs for climate change
mitigation in developing countries. It outlines the drivers behind climate
change mitigation, and three main application domains for mitigation-relevant
use of ICTs: green ICT; smart ICT (energy, buildings, transportation,
commerce, forestry); and community ICT. After identifying key challenges
and opportunities for developing countries, it lays out strategic action steps on
e-mitigation for international organisations, governments and private firms.

e Chapter 13 covers the integration of ICTs into national and sectoral
processes of climate change adaptation. It explains the five ways in
which ICTs can support national adaptation plans such as NAPAs, and also the
support that can be provided by ICTs for specific sectoral adaptation
strategies. The Chapter highlights five guiding principles in strategic
application of ICTs for climate change adaptation, and then outlines the
strategic action steps that need to be taken in this area.

e Chapter 14 narrows down to ICTs' role in meeting the specific climate change
needs of rural agricultural communities. It analyses the particular climate
change vulnerabilities faced by rural agricultural communities, and typical
action priorities on climate change before then tabulating ICT interventions
that can support the four areas for climate change action: awareness,
mitigation, monitoring and adaptation. It identifies six critical success/failure
factors that have determined outcomes of ICT use in rural agricultural climate
change projects. It then presents the "Information-Plus" approach that such
projects need to adopt before specifically laying strategic action steps for
those involved with ICTs and climate change in these communities.

Finally, Chapter 15 is also a briefing but one that sets out the future research
agenda in the field of ICTs, climate change and development. Written for
researchers, consultants and reflective practitioners working in this field, it
outlines six key features which help map the ICCD research field. The main
knowledge gaps — and, hence, research priorities - relating to climate change
mitigation, adaptation, monitoring, and strategy are described, as are action
steps required to take the ICCD research field forward.
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Executive Summary
Background

Amidst the unmistakable signs of a changing climate, the global community is
just beginning to understand the potential magnitude and severity of its impacts,
not just now but for generations to come. Melting glaciers, displaced populations
seeking refuge after floods, crops lost during over-extensive periods of drought,
or entire villages devastated by the implacable force of cyclones and hurricanes,
are just some of the stories emerging from different corners of the planet; in
particular from the poorest, most vulnerable countries of the world.

Emerging evidence indicates that both acute (i.e. extreme weather events) and
chronic climate effects (i.e. longer-term changes in the environment) can have
serious developmental effects that hit particularly hard those countries that are
already experiencing the hardships of poverty and marginalization (IPCC, 2007).

But alongside increasing awareness of the manifestations of climate change and
the growing momentum of the debate, the role of information and communication
technologies (ICTs) is starting to emerge and to shed light on potentially
innovative approaches to respond, prepare for, and adapt to climate change
impacts.

Sources in the field started to explore the linkages between the information
society and sustainable development in the late 1990s, shifting their focus in the
early 2000s from broader global environmental issues to CO, emissions and
mitigation, thus addressing more specifically the role of ICTs in climate change.
However, these explorations on the role of ICTs - in the reduction of emissions
through smart grids, dematerialization or intelligent transport systems and
buildings, among others - have focused mainly on addressing the priorities of
developed countries in regards to climate change.

Despite the prevalence of the mitigation lens among available sources, a growing
body of literature indicates the emergence of research in the areas of adaptation
and climate change strategies, acknowledging the priorities of developing
contexts and the potential of ICTs. Experiences from vulnerable communities in
Asia, Africa, Latin America and the Caribbean point to the use of applications such
as mobile phones, the Internet and community radio as part of climate change
responses, including the strengthening of local livelihoods, natural resources
management and training, access to relevant information and networking
opportunities, and awareness raising, among others.

However, this constitutes a very new field of enquiry where much remains to be
explored. Developing country priorities and perspectives need to become a
central part of the debate, if the potential of these technologies is to contribute to
more holistic, inclusive responses to the challenges posed by the changing
climate.

Contribution

This document responds to the need to explore further the links between ICTs,
climate change and development, as these fields become increasingly interlocked
due to the magnifying effect of climate change on existing development
challenges and vulnerabilities.

This scoping study targets an audience of development strategists and
practitioners — working on ICTs-for-development (ICT4D), on climate change, on



disaster response, and other focal areas - interested in gaining a better
understanding of the current trends and perspectives in ICTs-and-climate change
research, with a focus on developing countries. It seeks to raise awareness on the
potential and challenges associated with the use of these tools from a developing
country perspective. And it seeks to identify emerging issues and research gaps
that require further academic analysis and/or multi-stakeholder collaboration.

The main structure of the document consists of four parts. The first provides the
reader with the 'big picture' of ICTs and climate change, based on a review of
existing literature and identification of the main phases that have characterized
the debate to date (Figure 1). Based on the above, the analysis will suggest some
of the key gaps and issues that need to be considered as research on ICTs,
climate change and development continues to evolve.

The second section deepens the analysis by identifying the key components of the
debate, namely the role of ICTs in mitigation, monitoring, adaptation and
strategies, while building up the basis of a conceptual model on ICTs, Climate
Change and Development (Figure 2). This model will provide the reader with an
overview of the main issues and trends that lie at the intersection of these three
fields, mapping the links between its main components and serving as a tool to
identify challenges and research gaps that need to be further explored.

Having identified the main issues on ICTs and climate change from a global
perspective, the third part of the document will present some of the emerging
examples of ICT use in climate change mitigation, monitoring, adaptation and
strategies in Africa, Asia and Latin America. This section will allow the reader to
contextualize the debate from a developing country perspective, while relating
the ideas reflected in the ICTs, Climate Change and Development model to
concrete actions in the field.

The study concludes by presenting key issues for future research, based on the
gaps and developing country priorities identified throughout the analysis. It has
three Annexes: one providing a timeline of key literature resources; one offering
an extended bibliography of that literature; and a glossary of key terms.

It is expected that this scoping document will strengthen knowledge exchange on
this topic, including exchange among an emerging network of researchers and
experts working at the junction of the climate change, ICTs and development
fields.



1. Contextualizing Climate Change: Where Do ICTs
Stand?

1.1. The Evolution of the ICT and Climate Change Debate

Never before has humanity faced a global-scale natural challenge as imminent
and as uncertain at the same time. Climate change is being felt around the world
through the increased severity and frequency of climatic trends and extreme
events that have may have critical consequences for the way populations achieve
and sustain development.

Literature linking both potential and challenges of ICTs in the climate change field
began to emerge at the beginning of the 2000s, preceded by some early
explorations of the relation between the information society and the environment.
Since then, it is possible to identify three distinctive, yet interrelated strands of
the research in the field:

¢ Sustainable development and the environment: The first strand of
research addresses broad issues concerning ICTs, sustainable development
and the environment from a global perspective. It explores the use of ICTs in
the context of development goals, in particular the achievement of the
Millennium Development Goal (MDG) and targets related to ensuring
environmental sustainability.

Although literature in this area began to emerge at the end of the 90s
coinciding with a growing awareness on environmental sustainability, it did
not address climate change specifically. It rather identified key issues related
to the negative and positive effects of ICTs in the field, including the potential
of these technologies in monitoring the environment. This includes various
reports that approached the growth of the information society from a more
critical perspective, calling for environmental awareness and cradle-to-grave
sustainability approaches.

e Mitigation: As awareness heightened on the negative effects of CO,
emissions in the environment, climate change became the explicit focus of an
increasing body of literature. The second strand is characterized by the
emergence of more topic-specific and technical research covering aspects of
climate change mitigation, and driven primarily by developed countries'
priorities in the field.

Within this strand, research focuses on the potential of ICTs towards CO,
emission reduction, including a variety of highly innovative applications that
aim at improving energy efficiency in the telecommunications, transportation,
construction and services industries, among others. But within a context of
increased international awareness over the magnitude of climate change and
the human and economic impacts of extreme natural events (including the
2004 Asian tsunami), the release of Intergovernmental Panel on Climate
Change's (IPCC) 2007 report was followed by a new growth of research in the
field that reflected a shifting focus towards adaptation.

e Adaptation and strategies: This third strand is characterized by an
increasing acknowledgement of developing country needs and priorities in the
climate change field, and consequently, of the importance of adaptation
issues. It emerged as literature began to reflect more in-depth explorations of
the potential of ICTs in vulnerable environments, recognizing that climate
change impacts, both chronic (over time) and acute (e.g. natural disasters)



manifest more severely in developing contexts, magnifying existing
vulnerabilities, poverty and resource deprivation.

This strand is also characterized by emerging evidence on the use of ICT
applications in vulnerable contexts to climate change. Recent reports include
examples and early anecdotal evidence on the potential of ICTs, particularly
mobile phones, in adaptation strategies of developing countries, as well as
examples of emerging applications that could help improve the access to
environmental information for decision-making processes at local and national
levels.

This emergence of this latter strand coincides with increased prioritization of
climate change strategies in the international policy arena, particularly the design
of National Adaptation Programs of Action (NAPAs) in least-developed countries
(UNFCCC, 2010). At the same time, it reflects the increased interest of
international organizations and donors working in the international development
field, as the trends of research support indicate (Annex 1).

The following section develops in greater detail the overall evolution that
literature at the intersection of ICTs, climate change and development has
followed. Due to the fact that this field is still in its very early stages of
exploration, some of the topics that emerged in the early literature continue to be
relevant and addressed, albeit from new angles or levels of depth, in emerging
sources. Therefore, the strands identified below do not constitute stages with an
end-point but, rather, ongoing trends in the exploration of the links between
ICTs, climate change and development.

(a) Sustainable Development & the Environment: A Global Approach

The links between sustainable development and the information society began to
be explored in the late 90s (Felleman, 1997), as growing interest over the
environment coincided with the unparalleled growth of the ICT sector. Issues
related to the rapid expansion of ICTs and its potential effects began to be
identified and addressed from a broad global perspective, increasingly in
connection with the Millennium Development Goals (UN, 2010) and the
achievement of environmental sustainability.

As research on the role of ICTs in development deepened, so did the links
between their potential and issues such as water and sanitation, energy and
transportation, and food security and agriculture (Tongia et al., 2005), while
applications such as remote sensing, geographic information systems (GIS) and
communication networks were increasingly linked to the effective monitoring and
management of natural resources and to the implementation of sustainable
development strategies.

The use of ICTs began to be explored in the context of environment and natural
resource management (ENRM), livelihoods and health, as well as emerging
biotechnologies and environmental remediation (Spence, 2003). At the same
time, ICTs were recognized as key to harvest and analyze global meteorological
data, including the use of radio-based and other telecommunication systems in
the prediction and response to natural disasters (ITU, 2008).

Within this context, research began to explore the potential of environmental
information systems (including the use of GIS applications) to help decision-
makers monitor and evaluate the state of the environment, and introduced into
the emerging debate the concepts of 'eco-efficiency' and 'eco-innovation’, placing
ICT applications at the centre of optimized processes aimed at reducing waste
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and pollution (Willard and Halder, 2003). Emerging research also identified the
need to integrate traditional technologies such as radio, television and other
Internet-based applications into the pursuit of sustainable development and
environmental goals, as well as the need to promote a greater integration
between these and national ICT policies (Willard and Halder, 2003).

Early on it became evident that literature in the field acknowledged both positive
and negative aspects associated with the expanding information society.
Illustrating this trend, the report titled "Sustainability at the Speed of Light"
(WWF, 2002) suggested the need to avoid some of the mistakes that were made
during the industrial revolution in terms of overlooking the effects of pollution and
over-production of natural resources, integrating a sustainability approach
throughout the production chain of emerging technologies, among others (WWF,
2002).

An increasing number of sources identified key areas of action needed to counter-
balance the potential negative trends associated with ICTs in the environment. A
series of analytical frameworks and research priorities that confirmed the need to
harness the positive aspects of the information society for sustainable
development purposes were developed (Willard and Halder, 2003), and research
began to identify issues that would later form the core of the mitigation debate.

At this point, and well beyond the need to optimize business strategies, sources
in the field recognized the importance of adopting a long-term systemic view on
the relationship between innovation and sustainable development (Slob and van
Lieshout, 2002, Willard and Halder, 2003).

The overall trend of the literature during this initial period was to assess the
potential of the information society from a sustainability lens, questioning socio-
economic patterns that focus solely on production and outputs while disregarding
the potentially negative effects of the computer and telecommunication
industries. Various reports introduced into the debate issues such as the
environmental implications (even value) of the growth in services (as opposed to
goods) production, the need to analyze the potential rebound effects of ICTs, as
well as the need to assess the robustness of ICT systems (considering feedback
mechanisms and cradle-to-grave perspectives) (WWF, 2002).

At the same time, sources in the field began to explore the role of information
society policies vis-a-vis the environment, including the way in which these
policies could address the demand side of consumerism (through measures that
increase environmental awareness, laws or taxes), as well as the need to ensure
greater coherence between sustainable development plans and strategies and
those related to the information society at the national level (Willard and Halder,
2003).

Although this initial strand of literature did not refer specifically to the issue of
climate change, it did present an environmentally-conscious perspective that
would strengthen as the expansion of the ICT sector continued. This included
identifying the close links that exists between socio-economic and ecological
dimensions of the ICT industry, which in turn laid the foundations of a debate that
would gradually evolve into the role of ICTs and climate change mitigation, and
ultimately, adaptation.

The debate over sustainability and the effects of ICTs on the environment was
soon joined by a new research strand focused on CO, emissions and the role of
ICT applications in their reduction. Literature began to refer specifically to the
challenges posed by climate change, and to respond to the growing interest of
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developed countries in mitigation.
(b) Mitigation: Developed Countries' Focus

Based on the recognition of the risks and uncertainties associated with the long-
term impacts of ICTs in the environment, literature in the field began to evolve
quickly from broader explorations of sustainability issues, to more focused
research on the potential of ICTs to reduce CO, emissions.

Acknowledging that the ICT sector contributes directly around 2.5 per cent of
greenhouse gases (GHGs), but that it also has the potential to help reduce the
other 97.5 per cent of emissions in other sectors through the abatement of
existing applications that generate CO, (ITU, 2008), the International
Telecommunication Union (ITU) began to play a prominent role in the field.
Exploring the direct, indirect and systemic effects of ICTs in carbon emissions,
ITU suggested actions aimed at reducing the sector's energy requirements,
fostering ICT use for carbon displacement (i.e. telework, dematerialization), and
providing technology to implement and monitor reductions in other sectors of the
economy.

The analysis on the potential of specific applications was deepened through
reports commissioned by organizations such as the WWF (World Wide Fund for
Nature) and the European Telecom Network Operators (ETNO), presenting the
opportunities posed by ICTs through dematerialization (e.g. Internet-based
distribution systems and their effect on CO, emissions reduction), transportation
substitution and efficiency (e.g. telework and telematics), increased efficiency in
industry and buildings (e.g. e-commerce, reduced need of retail space), as well
as in production and planning (e.g. Internet-based supply-chains), including
measures to ensure sustainable communities and city planning with the support
of ICT tools (Pamlin and Thorslund, 2004b, 2005, WWF, 2008, Mingay and
Pamlin, 2008).

The above-mentioned research trends, as well as the 2006 release of the Stern
Review on the Economics of Climate Change discussing the effect of global
warming on the world economy, laid the ground for the launching of the fourth
assessment report of the Intergovernmental Panel on Climate Change (IPCC,
2007). This report suggested that over the next 50 years, climate change would
probably be the single-most disruptive factor on economic growth and
development.

While developed nations increased their focus on shaping policies and
implementing solutions to decouple economic growth from increased industrial
production and energy consumption (EC, 2007), research to be undertaken
towards the design of comprehensive strategies to reduce emissions with the
support of ICTs (WEF, 2008, CG, 2008). Recent sources have also presented
innovative approaches in areas such as the potential of mobile technology for
carbon efficiency (GSMA, 2009) and the use of ICTs to transform travel and
mobility (SDC, 2010).

Although these sources focused on addressing the priorities of developed
countries, including the provision of guidelines for the design of environmental
strategies in OECD countries, they also began to acknowledge the importance of
exploring the role of ICTs in emerging economies such as China and India. By
2008, research suggested the opportunity for developing countries to leapfrog the
"CO,-heavy, IT-poor solutions" of developed nations, through new and more
efficient technologies and innovative policy approaches (Mingay and Pamlin,
2008).
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Likewise, research in this area has suggested the need for a strategic planning
framework in order to enhance the capacity of countries to use ICTs for
environmental management. Following-up on this last point, ITU developed an e-
Environment Toolkit and Readiness Index (EERI) (ITU, 2009a) aimed at
facilitating the assessment of ICT's contribution to the reduction of energy
consumption and greenhouse gas emissions, as part of national climate change
strategies.

At this point, climate change was recognized as a priority in the agenda of both
developed and developing countries. The increased awareness over its potential
impacts translated into a new wave of research on the role of ICTs in adaptation,
and in more holistic and inclusive climate change strategies.

(c) Adaptation and Climate Change Strategies: Developing Countries'’
Priorities

Research on the role of ICTs in local adaptation processes can be linked to prior
work conducted in the fields of the information society and sustainability. These
earlier studies explored the role of communication in natural resource
management (NRM), including the potential and challenges associated with the
use of new technologies in developing regions.

The findings of this initial research were a key contribution to what later
developed into the climate change adaptation debate, as they identified the
importance of communication processes in local natural resource management, as
well as the potential role of ICTs in local livelihoods (e.g. the role of Internet radio
and networking in indigenous forest management, in the creation of local organic
markets, and in the provision of environmental education, among others) (FAO,
2003). Considering the high dependence on natural resources that characterizes
developing economies, these factors lay at the core of the ability of vulnerable
communities to adjust and adapt to the impacts of climate change.

From the mid 2000s, a series of documents began to emerge with a focus on
adaptation and on the ability of governance processes to foster innovation and
multi-stakeholder inclusion in climate change strategies (MacLean and St.
Arnaud, 2008). The 'effects of ICTs' thus began to encompass not only the role of
ICTs in mitigation, but also their potential in adaptation strategies and other
areas of climate change-related concern for developing regions.

The growing interest in adaptation issues emerged along with recognition of the
necessity to better understand the climate change needs and priorities of
developing regions. Consequently, more development-oriented concepts began to
be introduced by authors in the field, reflecting greater awareness of the
differentiated impacts that climate change has in these countries. The direct
effects of ICTs on the environment in this domain (i.e. separate from those
related to emissions and mitigation) were portrayed in the literature as related to
their use to monitor, measure and assess climate change; indirect effects as
those emerging from the use of ICTs to increase awareness and facilitate public
dialogue (e.g. via Web 2.0 and social networking), and systemic effects as the
use of ICTs as enablers of "networked governance", key to adapting to climate
change and achieving sustainable development (MacLean, 2008).

In-depth research was also conducted on the key ICT trends and impacts of ICTs
on the environment with a particular emphasis on developing country
perspectives (Labelle et al., 2008). Key sources in this research strand provide
comprehensive accounts of ICT applications in all aspects of environmental

13



management (from observation to analysis, planning and protection) (ibid),
including guidelines and recommendations that pertain to developing country
needs in the climate change field.

But the research addressing adaptation has not been limited to analyzing
theoretical potential. It has increasingly involved evidence of ICT use within
climate change actions in vulnerable regions.

By the mid 2000s, evidence on the role of ICT applications such as mobile phones
in environmental action began to emerge from developing countries. For
example, the "M-vironment" approach for poverty reduction and environmental
protection in Kenya (Mungai, 2005) and the use of SMS to enable Filipino citizens
to report air pollution in Manila bay ((Dongtotsang and Sagun, 2006) exemplified
the opportunities that might be associated with e-environment initiatives more
broadly, the potential for ICTs to enable environmental sustainability as part of
national sustainable development strategies, and evidenced a broader debate
about ICTs closely linked with sustainable development policies in developing
countries.

Several areas of potential associated with the use of mobile telephony began to
be identified by experts and practitioners, including their role in enabling financial
sustainability for environmental protection efforts, awareness raising and
information exchange, as well as employment creation and the protection of local
livelihoods. These issues started to generate a further wave of research among
both ICT and development advocates coinciding with, and in partly due to, the
rapid expansion of mobile subscribers, which would reach 4 billion by the end of
2008 with a penetration level eight times higher than in 2000 in the developing
world (UNCTAD, 2009).

Alongside recognising the potential — and increasingly the actuality — of ICTs to
contribute, literature in the field started to acknowledge more explicitly the
challenges faced by developing countries both in terms of environmental action
and ICT use. And it supplemented this with some initial ideas on action strategies
such as the importance of promoting citizen involvement and community-based
initiatives enabled through different applications.

In September 2009, the Building Communication Opportunities (BCO) Alliance, a
partnership of eleven development agencies working on information,
communications and development, launched a report focused on climate change
adaptation and the role of ICTs (Kalas and Finlay, 2009). The document reflects
the progress that has been made in the field, as it provides practical cases from
Africa, Asia and Latin America that demonstrate the ways in which these
technologies are being used to address the challenges posed by adaptation.

Literature Summary

From broad global explorations on sustainability and the environment, to the
increasing focus on the effects of ICTs in CO, emissions and the need to mitigate
climate change impacts, to growing awareness of the adaptation needs and
priorities of developing regions, literature at the intersection of the ICTs, climate
change and development fields has been characterized by an ongoing, non-linear
flux of complex topics.

As research continues to evolve, this non-exhaustive review of literature reveals
that the debate is still in its early stages. Much remains to be done, documented
and analyzed particularly in regards with the role of ICTs in marginalized and
vulnerable areas; those hardest hit by the impacts of climate change.
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In spite of the complexity, inherent to the systemic, global and uncertain nature
of climate change, the additions to the literature over time can be summarised as
shown in Figure 1.

DC-Specific !
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Development Change Change
(Mitigation) (Adaptation)

Figure 1: Additions to Literature on ICTs, Climate Change and Development Over Time

The starting point for each of the literature strands described above is indicated in
the diagram, and they are linked to each other by a dynamic flux of topics and
ideas (represented by the arrows and semi-circles, which illustrate the flux
between (a) Sustainable Development, (b) Climate Change mitigation, and (c),
Climate Change Adaptation).

The x axis reflects the evolving focus of research on ICTs and climate change
around the core topics of sustainable development, which was then supplemented
by an interest in mitigation, subsequently followed by discussion about climate
change adaptation. On the y axis, the diagram reflects the development of
literature from a global approach, to theorisation about the potential of ICTs (first
focused on developed countries, incrementally on developing), and the
emergence of ICT and climate change praxis, more recently in developing
contexts.

This diagram provides a broad categorization of the research conducted in a
growing field of inquiry, a field that lies at the intersection of three complex areas
and that in many senses can be considered "a moving target" for the conduct of
academic research. As scientific and anecdotal evidence on the impacts of climate
change continue to emerge, and new and more advanced technologies are being
developed, the role and potential of ICTs in climate change strategies will
continue to transform.
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But although the topics have evolved and the research has deepened over time,
the core issues of sustainability and monitoring, mitigation, adaptation and the
need for holistic climate change strategies still persist at the core of an ongoing,
and ever more relevant debate.

The following section will address some of the key challenges and research gaps
that have been identified through the review of literature in the field. They
constitute issues for consideration as the study of the potential of ICTs in climate
change, particularly in developing contexts, continues to evolve.

1.2. From Theory to Practice: Identifying the Challenges

A review of the additions to the literature over time in the field of ICTs, climate
change and development reveals not only the different issues and areas of study
that have emerged since research began to be conducted in this field. It also
suggests that, as evidence surfaces on the use of ICTs in response to the effects
of climate change, research is starting to integrate the analysis of experiences
from the field, and thus to reveal the challenges that, in practice, innovative
approaches to climate change are facing.

As the literature has started to point out, some of these challenges are closely
related to the complexity of mitigation, monitoring and adaptation actions within
contexts - especially in developing countries - where poverty further exacerbates
climate change vulnerabilities.

Building on the previous section, some of the key challenges and research gaps
found have been classified according to the three main research strands identified
before:

(a) Sustainable Development & the Environment

¢ The challenges of 'decoupling’: Since the Rio Summit held in 1992,
OECD countries have been discussing the need to decouple economic
growth from environmental degradation, with much debate around the
potentially-differing interests of both developed and developing countries
(OECD, 2001). Without a solution yet in sight, and in a context of
increased frequency and severity of climate-related events, this discussion
has acquired renewed relevance. Many challenges remain in terms of
establishing the role and potential of ICTs in climate change; not least its
role in low-carbon growth strategies. There is a recognized need to retain
the developmental benefits that its use may bring in vulnerable contexts,
without losing sight of the need to re-think growth patterns, from cradle-
to-grave processes to consumers' behavior.

¢ Monitoring and local empowerment: As available sources indicate,
the use of ICTs is well established in the environmental monitoring field,
especially as it relates to weather forecasting, climate monitoring, and
predicting and detecting the effects of natural disasters, among others
(ITU, 2008). However, literature in the field also suggests that most such
initiatives have been led by and based on developed countries, and
collaboration with developing country counterparts in terms of knowledge
exchange and capacity building still has a long way to go.

Existing challenges also relate to the fact that meteorological data,
forecasts and analysis are often inaccessible in vulnerable environments
that need them the most, due to lack not only of adequate infrastructure
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but also of the economic and human resources required to interpret the
data and take adequate action. Capacity building, local empowerment
and effective North-South collaboration remain both a challenge and an
opportunity, particularly as it relates to the monitoring field.

Enabling participation: The global scale of climate change impacts poses
the challenge of achieving effective multi-stakeholder involvement in
actions in the field; but it also offers the opportunity for greater citizen
engagement through the use of ICT tools. Some examples have begun to
emerge on the use of mobile phones and Web 2.0 tools in social activism
and mobilization, accountability and monitoring of climate change issues
(Heimbuch, 2009). However, further analysis is required on the risk and
potentials of this trend in regards to citizen participation and policy
influence.

(b) Mitigation

Avoiding the 'mitigation divide': The significant body of literature that
focuses on the role of ICTs in mitigation evidences not only the fast pace
of development towards 'cleaner’, 'smarter' and more efficient
technologies, but also the emerging threat of broadening the digital divide.
If mitigation goals are solely associated with the role of developed
countries in reducing CO, emissions, developing countries face the risk of
lagging behind a new wave of technical developments that have been, for
the most part, focused on the needs and climate change priorities of
developed nations. The challenge lies, therefore, in ensuring that
developing countries are considered and play a role in emerging trends of
dematerialization, travel substitution, building and energy efficiency,
among others.

Fostering 'green’' economic opportunities: The analysis of ICTs' role in
mitigation has been dominated by the identification and analysis of
applications, as well as their technical robustness and effectiveness in
lessening the causes of climate change (WEF, 2008, ITU, 2007). However,
as the impacts of climate change deepen, so does the need to explore
environmentally-sustainable business practices and models, including
'green’' entrepreneurship in developing countries, which could foster the
transition towards a less carbon-intensive society. This could be
particularly relevant for developing contexts seeking to reduce their
dependence on natural resources and move towards a knowledge-based
economy (e.g. building on dematerialization trends, and promoting
emerging creative and cultural industries).

Integrating low-cost technologies: As access to ICTs increases at the
global level (UNCTAD, 2009), technologies become deeply embedded into
the socio-economic fabric of both developed and developing societies.
Future and ongoing mitigation actions face the challenge of further
integrating the wide spread of low-cost technologies into their strategies,
including the consideration of potential rebound effects! and the growing
rates of e-waste.

! "The rebound effect refers to the idea that some or all of the expected reductions in energy
consumption as a result of energy efficiency improvements are offset by an increasing demand for
energy services, arising from reductions in the effective price of energy services resulting from those
improvements" (Dagoumas & Baker, 2009).
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(c) Adaptation and Strategies

Awareness raising and capacity building: Research in the field has
recognized the need to increase the awareness of decision makers in terms
of benefits of using ICTs to deal with environmental issues, as well as build
capacity on the use of these tools among the various levels of stakeholders
involved in climate change responses.

Multi-stakeholder engagement: The magnitude of climate change
impacts, especially in vulnerable regions already affected by poverty and
marginalization, calls for strategies that integrate a variety of stakeholders.
While adaptation actions are often led and undertaken at the community
level (IIED, 2009), emerging experiences indicate the importance of
engaging the private sector in ICT-based solutions for adapting to climate
change, as well as integrating these actions as part of national e-
government efforts (Labelle et al., 2008).

Enabling policy frameworks: In the broader context of climate change
strategy implementation, challenges include the need for a clearer role of
public policies and regulatory frameworks; overcoming the uneven access to
ICTs in developing regions; the lack of governance accountability and
delivery; as well as the need to foster local appropriation and use of the
information through adequate translation and understandable terminology
(Kalas and Finlay, 2009 p. 45).

Articulation of efforts and lessons learned: Despite the fact that
adaptation is a complex, multi-dimensional issue, there is - as authors in
the field point out (Kalas and Finlay, 2009) - no need to re-invent the wheel
in terms of ICTs' role in climate change strategies, but rather to build on
lessons learned and good practices already identified in ICT for development
approaches. In this sense, the challenge lies in the ability of climate change
and ICT stakeholders to articulate their efforts, and to build on relevant
lessons and experiences in order to ensure that the use of ICT effectively
contributes to strengthen the capacity of local communities to better
prepare for, respond and adapt to the changing climate.
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2. ICTs, Climate Change and Development: An
Overview

Having undertaking a largely-chronological review of the emerging literature and
debate in the field of ICTs, climate change and development, we now move to
develop an overall model of the key contribution that ICTs can make in relation to
climate change. Via further literature analysis, we identify four main areas that
are pivotal for understanding the role and potential of these tools in climate
change responses. From actions to mitigate its causes, monitor its progress and
adapt to its effects; to holistic strategies that integrate stakeholders from all
sectors, the study of ICTs in climate change requires an overview of the main
components that lie at the intersection of these fields.

2.1. The Main Components of the Climate Change and ICT Debate
(a) Mitigation

As scientific evidence of climate change continues to emerge and awareness to
increase over the rapid accumulation of greenhouse gases (primarily CO,),
interest in the impact of ICTs on the environment has escalated, and along with
it, research on their potential role in both contributing to and mitigating climate
change.

In order to understand the potential of ICTs in the climate change field it is
important to start by identifying the areas in which they have an effect. The
following categories have been suggested by authors in the field in their analysis
of ICTs and climate change mitigation (ITU, 2008, Labelle et al., 2008, Houghton,
2009), and include the following issues:

e Direct impacts: This relates to the impact of ICTs' production, operation
and disposal on the environment, including the energy required to make
and run the technology, and the generation of e-waste. Some authors
estimate the direct impact of the production and use of ICT equipment to
be equivalent to 1%-3% of global CO, emissions (Houghton, 2009). Others
refer to these impacts as the 'primary effects' of the information society,
namely those associated with the cradle-to-grave impacts of the computer
and telecommunication industries (Willard and Halder, 2003).

e Indirect impacts: This relates to the impacts of ICT applications, for
example smart grids, intelligent transport systems or intelligent buildings.
Emerging literature is exploring the potential positive impacts of these tools
through processes such as de-materialization, including e-commerce and e-
mail, transport and travel substitution through mechanisms such as
telework or e-presence, as well as contributions to energy efficiency
through improved physical products or processes.

e Systemic or rebound impacts: Systemic impacts refer to largely
behavioral effects that humans develop as a result of ICT use (Labelle et
al., 2008), including new habits and consumption patterns that arise
through the use of these tools and services (Pamlin and Szomolanyi, 2005).
Some authors also include in this category the 'rebound' impacts of the
technology, which refer to the impacts enabled by the two other types
described above (direct and indirect), which can counteract the positive
effects (or eco-efficiencies) achieved through the use of ICTs (Houghton,
2009). (For example, more efficient applications lead to lower energy costs,
and a consequent increase in the use of or demand for a product or service,
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leading back to further energy consumption, transportation or production.)

These levels constitute useful categorizations that reflect the complexity of ICT's
potential in the field, and thus the need for a more encompassing understanding
of their role.

With that aim, is possible to identify four main areas in which the use of ICTs
intersects with climate change mitigation and development, offering potential
towards the reduction of CO, emissions while allowing for concrete actions in both
developed and developing contexts:

e Physical consumption: Refers to the role of ICTs in modifying current
consumption patterns, including dematerialisation (or the replacement of
"atoms" with "bits", including online publishing and digitization of movies
and music) and journey substitution (through the use of e-mail, phone
calls, text messaging, videoconferencing, among others) (ITU, 2008).

e Physical production: Refers to the role of ICTs in the reduction of
physical production through the shift towards the knowledge economy, in
which the effective utilization of intangible assets such as knowledge, skills
and innovative potential are key for competitive advantage (Brinkley,
2006). This shift also involves a growing number of organizations using
new technologies in process and organizational innovation and knowledge
management practices.

e Energy generation and distribution: Refers to the role of ICTs in smart
grids and power sources, in order to contribute to higher efficiency in
generation and distribution (Tongia et al., 2005, CG, 2008).

e Energy use: Refers to the role of ICTs in the manufacture and use of
'green' ICTs, including smart motors and energy efficient logistics, smart
buildings (which allow the remote management of sites though a
combination of networked devices such as intelligent thermostats,
presence sensors, lighting sensors and controls, among others) (Labelle et
al., 2008).and transportation systems (i.e. "eco-driving", congestion
charging, traffic management and parking optimization) (ITU, 2007). As
noted above, though, this also covers the mitigation downside of ICTs in
terms of energy use of ICT production and operation.

The acknowledgement of these effects should be at the core of any analysis of the
role of ICTs in climate change mitigation, as they allow a broader understanding
of both the opportunities and challenges associated with the use of these tools to
lessen the causes of climate change.

(b) Monitoring

As noted above, ICTs play an important role in monitoring the environment. ICT
applications help to observe, describe, record and understand weather and
climate-related patterns and events, and are pivotal in environmental research,
comparative analysis, real-time data capturing and analysis, as well as the
visualization of environmental information (Labelle et al., 2008).

A growing number of experiences are available of emerging applications using
remote sensing, GIS, earth browsers such as Google Earth and Visual Earth,
Web-based clearing houses for disseminating information and capacity-building,
as well as for environmental analysis and modeling, among others (eoPortal,
2010, Climateprediction.net, 2010, TEAM, 2010, UNEP, 2010a, USAID, 2010).
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These emerging experiences show that use of ICT tools not only facilitates
understanding of the complex physical and biological systems that are part of the
environment (Labelle et al., 2008), but also provides important opportunities to
further disseminate and broaden access to information that is critical to support
decision-making processes. At the same time, ICTs such as mobile phones can
allow the active engagement of communities in the monitoring of natural
resources, documenting climate changes and their effects on local livelihoods and
the environment, while strengthening the accountability of actions and processes
in the field.

Within this context, it is possible to highlight three areas in which the use of ICTs
intersects with climate change monitoring and development, which broadly follow
a typical information systems lifecycle (e.g. Heeks, 2006):

o Data capture: This area includes the use of ICTs for information
gathering by local actors, which can help strengthen local capacities and
skills in the use of these tools while fostering the monitoring of context-
relevant information. It would also include areas such as remote sensing
and earth observation.

o Data processing: This involves the use of ICTs, including software and
computer programs to record, summarize, analyze or convert data into
usable information.

o Data presentation and dissemination: Based on the results of data
capture and processing, this area involves the presentation and
dissemination of relevant information to actors and stakeholders involved
in the climate change field. This stage is key in order to ensure the use of
data collected within decision-making processes, as well as for climate
change awareness raising at both the public and the political level.

Environmental monitoring is closely linked to actions in both the mitigation and
adaptation fields, as well as to the implementation of effective climate change
strategies. The ongoing collection, processing, presentation and dissemination of
information is at the core of climate change efforts, and can be seen as a
transversal issue that takes place at a variety of levels, involving a wide range of
actors and technologies.

(c) Adaptation

Since its emergence in 1990, the Intergovernmental Panel on Climate Change -
the leading body for the assessment of climate change - has presented serious
scientific grounds for concern about the effects of human actions on the global
climate since the industrial revolution (Jepma and Munasinghe, 1998, p. 2).
Despite the fact that future predictions are very complex due to large gaps in
scientific, economic, social and technological knowledge (ibid), climate models
indicate overall negative impacts particularly in the poorest regions of the world
(IPCC, 2007).

Thus, although climate change is a global occurrence, it has differentiated effects
that depend largely on the degree of exposure and susceptibility of different
contexts. Equity is at the core of this debate. The differentiated role and priorities
of developed and developing nations have been addressed by a growing body of
literature that links climate change with sustainable development, indicating the
magnifying effect that unpredictable weather patterns and more severe events
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are having on the socio-economic stresses felt by vulnerable populations (IPCC,
2007, Kalas and Finlay, 2009).

Available literature suggest that the effects of regional climatic variations and
seasonal changes are expected to increase and be manifest in more vulnerable
ecosystems and natural habitats (e.g. deforestation, desertification, land
degradation), scarce water resources (e.g. melting glaciers, salinization and
pollution of fresh water sources), decrease in agricultural production and
heightened food insecurity, new health threats (e.g. heat- and cold-related
illness, changing incidence of vector-borne and infectious diseases), as well as
risks to human infrastructure and habitats (e.g. negative effects on transportation
systems, increased population displacement and migration) (Parry et al., 2007,
IPCC, 2007, Dumas and Kakabadse, 2008).

At the same time, and due to the limitations that developing countries already
face at the socio-economic, scientific and technological levels, it is expected that
increases in floods and droughts, severe storms, inundation of coastal areas,
outbreaks of diseases and threats to agriculture production, among others, will
affect them more severely. There is ongoing debate on whether acute events, in
particular, are climate change-related or merely climate-related. However, these
nuances are largely irrelevant to the communities that suffer them, and which are
seeking all necessary means to both cope with, and adapt to, such events.

In 2009 ITU conducted its first international symposium on climate change in a
developing country seeking to raise awareness and visibility for the issues that
are most relevant to these regions of the world (ITU, 2009b). Key findings that
emerged from that process and from related literature (Dumas and Kakabadse,
2008, PCL, 2009) include challenges related to deforestation and agricultural
dependence, water security and the rapid melting of glaciers, as well as the
devastating impacts of hurricanes and other natural disasters in already
impoverished areas.

But the identification of these challenges only allows a partial understanding of
the complex vulnerabilities that characterize developing regions, and of the way
in which prevailing poverty increases the exposure and potential impact of
climatic changes. The effectiveness of adaptation actions in these regions is also
conditioned by availability of fewer resources, weaker institutional capacity, and a
smaller pool of skilled human resources to draw on in times of crisis (Jepma and
Munasinghe, 1998 p. 73).

As a response to this complexity, the analysis of systemic vulnerabilities has been
conducted in depth from many different approaches in both the social and natural
science fields, aiming to obtain a better understanding of the needs and priorities
prevailing in vulnerable contexts to climate change.

One such approach was developed by Abraham Maslow (1943), who suggested a
hierarchy of human needs based on two main groupings: deficiency needs (which
correspond to physiological, safety/ security, social and esteem needs) and
growth needs. He argued that the deficiency needs must be met before moving to
the next higher level, where the individual could achieve the realization of its full
potential. In practice, it is possible for various levels of needs to interact, occur
simultaneously/ or in parallel. If we use this as the basis for understanding
climate change responses, we recognise additional complexity in designing and
implementing effective climate change strategies. Additionally, developing
contexts already face systemic vulnerabilities associated with endemic poverty
issues, which exacerbate the intensity of the needs felt when a natural disaster
takes place or erratic climate trends affect local livelihoods.
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At a general level, the recognition of different levels of needs can help to better
understand the diversity of challenges that developing countries face when
confronted with the impacts of climate change. This understanding can also help
to better tailor climate change strategies, and at the same time, identify potential
areas for ICT-supported actions.

Literature in the field has started to provide important indications of the potential
of ICT tools in adaptation processes of vulnerable communities. Among them,
access to locally relevant information and knowledge needed to reduce risk and
vulnerability, strengthening the voice of the most vulnerable within decision
making processes and towards greater political accountability, as well as
networking and knowledge sharing to disseminate good practices and foster
multi-stakeholder partnerships (Kalas and Finlay, 2009).

Based the recognition of existing vulnerabilities, needs and challenges, the
potential of ICTs in processes of climate change adaptation can be associated
with the following key livelihood assets which can also, conversely, be seen as
key areas of vulnerability that climate change may induce or further impair:

e Socio-political: This include the potential of ICTs in fostering
inclusiveness and participation in the design and implementation of
adaptation processes, as well as opportunities for capacity building,
training, social networking and awareness raising.

¢ Livelihoods and finance: This area refers to the potential of ICT within
productive processes and local livelihood activities, including micro-
enterprise development, access to credit and new financial transaction
mechanisms (Duncombe and Boateng, 2009). In part this represents the
ability of individual communities and whole nations to develop ICT-based
livelihoods, which may be more resilient in the face of climate change-
induced shocks.

e Health: Climate change-induced extreme weather events and changing
climatic patterns have been associated with various health challenges that
can occur as a result of greater prevalence of some vector-borne (i.e.
malaria and dengue) and water-borne diseases, heat, declining food
security and decreased availability of potable water (IISD, 2005). Within
this context, ICTs have the potential to enable information sharing,
awareness raising and capacity building on the main health threats related
to climate change, enabling effective prevention and response.

e Habitat (settlement and displacement): In terms of human
settlements, literature indicates that climate change could trigger large-
scale migrations and redistributions of people placing heavy demands on
urban infrastructures (Hardy, 2003). Populations displaced due to sea-
level rise, drought, desertification or extensive flooding, as well as climatic
changes such as increased patterns of precipitation, will have an effect on
the existing capacity of flood and drainage systems, built environment,
energy and transportation, among others. ICT applications could play an
important role in urban planning (i.e. GIS), and in monitoring and
provision of relevant environmental information to support decision-
making processes contributing to the adaptation of human habitats.

e Food (agriculture): The role of ICTs in enhancing food security and

supporting rural livelihoods, heavily dependent on agriculture, is a topic of
increasing interest in the climate change field. The potential of ICTs in this
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field ranges from the strengthening of agricultural and livestock production
systems (i.e through information about pest and disease control, planting
dates, seed varieties and irrigation applications, and early warning
systems), to improving market access (through information on prices and
consumer trends) and capacity building opportunities for local farmers
(Stienen et al., 2007).

e Water: According to the IPCC, climate change could have a strong impact
on water resources, from increased flood magnitude and frequency due to
increased precipitation events, to streamflow decrease and drought due to
heavier evaporation (IPCC, 2001). Possible impacts also include the
degradation of water quality due to increased temperatures and
pollutants, which could have devastating effects on the livelihood
resources of both rural and urban communities, while restricting their
adaptive capacity. Areas in which ICTs could make a contribution include
the improvement of water resource management techniques, monitoring
of water resources and awareness raising.

But despite the link between climate change and ICTs in developing regions being
increasingly acknowledged by authors and stakeholders, further analysis is
required on the impact that these tools can have on vulnerabilities and livelihood
options in the context of climate change.

This includes the analysis of their enabling role with respect to measuring,
informing and networking, deciding (i.e. predicting/early warning, planning,
short-term coping and long-term adapting measures), transacting, producing and
mobilizing, within adaptive processes.

Without explicit consideration of the development challenges and resource
limitations faced by developing countries, which ultimately determine the degree
of vulnerability of any given context to climate change, the exploration of ICT
potential runs the risk of being conducted in a vacuum, and of being disconnected
from policy making processes and climate change strategies.

(d) Strategy

As an increasing number of developing countries advance in the preparation of
National Adaptation Programs (NAPAs) through the UN Framework Convention on
Climate Change process (2010, Reid et al., 2009), the need to identify and
address climate change needs and design adequate strategies is becoming a
priority in the international environmental agenda.

The potential of ICTs within these strategies can be explored around five main
areas of action whose effective implementation can be enabled by the use of
these tools, namely:

carbon markets, decision-making processes, policy networks, awareness and
capacity building, and technology transfer.

From contributing to the efficiency and monitoring of carbon markets, fostering
inclusion and participation in decision making process and policy networks, and
fostering public awareness and capacity building on key issues related to climate
change, ICTs could complement and strengthen strategies in this field.

But the design of successful climate change strategies that integrate the role of

ICTs requires not only the identification of the potential offered by these tools,
but also of the challenges associated with their use and adoption.
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As the factors identified above evidence, many of these challenges are associated
with the planning and implementation of strategies in vulnerable contexts
characterized by resource and asset constraints. Some of them have been
reflected to different extents in the literature of the field, and include the
availability of trained personnel, especially managers, planners and technicians
(Labelle et al., 2008), and the restrictive cost of some applications.

Physical infrastructure remains a limiting factor in many remote regions of the
developing world, especially in mountainous and marginalized areas (Schild,
2008). Although mobile telephony remains generally more accessible than PCs
and the Internet in these countries (UNCTAD, 2009), challenges include broader
adoption of broadband mobile technologies and availability of spectrum.

At a policy level, the interpretation and effective use of environmental information
in climate change strategies requires not only accessible sources and the
presentation of context-relevant information, but also the establishment of
appropriate channels for policy influence and awareness raising. An additional
challenge is the integration of e-environment applications and practices into
national development planning (Labelle et al., 2008), including the adoption of
holistic strategies that recognize the close links and feedbacks that exist between
climate change mitigation, monitoring and adaptation, and sustainable
development.

The challenges mentioned thus far represent only a small portion of a complex
and evolving debate over the role of ICTs in climate change. However, the
analysis indicates that the areas of mitigation, monitoring, adaptation and
strategies, and the close links that exist between them, are fundamental for
understanding the potential of these technologies within the changing climate.

2.2. ICTs, Climate Change and Development: Overview Model

Through analysis of key literature on ICTs, climate change and development, we
have identified four main areas in which ICTs relate to climate change; namely
mitigation, monitoring, adaptation and strategy. Based on the more detailed
analysis conducted above, we can build an overview model (see Figure 2) which
summarises the various roles that ICTs can theoretically — and increasingly in
practice — play; such roles being largely but not exclusively positive.

The model we present in Figure 2 illustrates the main components and links that
characterize this emerging field. It should be seen so much as a reflection of what
has already happened, but as an aid to identification of new areas of analysis on
the role and potential of ICTs, particularly in developing regions. It can thus be
seen not only as an overview guide to past and future research in ICTs, climate
change and development, but also as a strategic guide which identifies which
areas need to be included when designing policies or strategies to better prepare,
respond and adapt to the impacts of both chronic and acute climate change.

Given the fact that the intersection between ICTs, climate change and
development is a new field of enquiry, the model should be seen as providing a
broad overview of key issues and links rather than as an exhaustive account of
topics. It will continue to evolve as a tool for analysis as the field advances.
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3. Emerging Experiences from Developing Countries

In our earlier analysis of literature trends in Section 1, we noted that material on
actual practice in developing countries was a relatively recent addition to the
field. Nonetheless, it is an addition that we should take note of. Thus, having just
presented a relatively conceptual overview of ICTs in the climate change field
(including the main issues and priorities of developing countries), we will now
present some brief examples to help illustrate real-world applications of ICTs in
the field.

The examples included have been identified from the available literature, and
refer to cases of technology use in vulnerable contexts of Asia, Africa and Latin
America. Because literature specifically addressing ICTs, climate change and
development is at present rather sparse, we have perforce spread the net a little
wider, to also draw on work that falls within the developing country-specific
practice part of "Strand 1" of Figure 1 as well as equivalent parts in the other two
strands. The examples are organized according to the main areas of analysis
identified by the Figure 2 overview model.

(a) Mitigation and Monitoring

Some of the direct effects of ICTs, particularly the issue of e-waste generated by
the ICT industry, are being increasingly addressed by developing countries. In an
attempt to identify environmentally-responsible and -sustainable solutions to the
problem of e-waste, SUR Corporation, with the support of IDRC, set up a regional
platform that promotes the proper management and disposal of e-waste in Latin
America and the Caribbean through applied research, capacity building and
communications, including the exploration of social business opportunities offered
by ICT recycling (RELAC, 2010).

At the same time, the protection of ecosystems and biodiversity is an area where
the use of ICTs, in particular through GIS and remote sensing applications, is
rapidly spreading. Several examples of Web-based applications reflect the
growing adoption of remote sensing and other geo-information tools in the fields
of sustainable agriculture, conservation of ecosystems and understanding the
impact of climate change on the environment.

Specific applications have been developed in order to provide climate models and
predictions, with the aim of helping inform decision-making processes and raise
awareness on the magnitude of climatic effects on critical resources. With similar
aims, Google maps are being used to present illustrations, satellite images and
photographs, as well as other interactive media that depicts and describes human
impacts on the environment (both past and present) (UNEP, 2010b,
Climateprediction.net, 2010).

Likewise, ICTs are being used to generate real-time data to monitor long-term
trends in tropical biodiversity. TEAM Network is an example of a global network
that integrates field-data collection with the design of early warning systems to
guide conservation action. Local teams based in developing country field sites use
mobile technologies (smart phones and EcoPDASs) to facilitate the collection of
data, which once it has been stored in servers and databases, is disseminated
globally, free of charge, using near-real time. Data collectors in the field can
upload data into datasets, and users can filter, select, view and download images
captured at the field sites (TEAM, 2010).

The use of interactive community radio is being implemented by the AMARC
(Association Mondiale de Radiodiffuseurs Communautaires) network in the field of
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disaster prevention and management (Asia-Pacific), food security and poverty
reduction (Latin America) and desertification (Africa) (Kalas and Finlay, 2009).

(b) Adaptation and Strategy

Experiences from the field indicate the potential of both traditional and emerging
technologies in the field of awareness raising and knowledge sharing in the
climate change field. In marginalized and remote developing regions, community
radio has proven to be a powerful tool to help inform and involve communities in
local climate-related actions.

In Cameroon, an organization called Protege QV is implementing a project based
on the use of radio programs to sensitize communities on climate change. This
endeavor includes the production of a tool kit to support 15 community radio
stations on awareness raising activities, as well as training workshops and field
surveys (GKP, 2010)

Some adaptation examples also integrate emerging community monitoring. In the
Lower Mekong Basin, Vietnamese villagers were provided with mobile phones and
training in order to respond more effectively to the 2008 flood season, using the
technology to report the likelihood of localized flooding to the Southern Region
Hydro-Meteorological Center in Ho Chi Minh City - the local agency responsible
for flood forecasting. Measurements taken twice a day by locals were sent via
SMS to the responsible authorities, facilitating greater accuracy and more precise
flood warnings to communities. Based on this information, they could better
prepare for evacuations, and protect their livestock. Additionally, long-term flood
patterns based on the information gathered will help better plan local irrigation
systems and decide on crop diversification strategies (MRC, 2009).

In India, an integrated knowledge-system on climate change adaptation uses
traditional and new media, Web 2.0, Internet and mobile phones to facilitate
community access to locally relevant knowledge, helping locals to better adapt
within a context of high vulnerability to extreme weather events and food
insecurity (BCO, 2010a).

In Uganda, iPods and podcasts are being used in marginalized communities to
access creatively-packaged content relevant to their livelihoods. Content includes
information on improving agricultural productivity (seeds, crops or livestock
breeds, importance of livestock vaccinations and preventative health
management, information on small-scale machinery), best practices to adapt to
climate change (e.g. alternatives to costly chemical fertilizers and pesticides,
appropriate agro-chemical use), as well as awareness on the importance of
collaboration via associations for bulk trading to more effectively brand and
negotiate small quantities of produce (ALIN, 2010).

An emerging body of literature in the ICT4D field has documented the positive
effects of mobile use in enabling access to markets to local farmers and fisherman
(Jensen, 2007), and improving their ability to conduct transactions with more
accurate price and demand information. At the same time, available literature
refers to the effects of ICTs in providing access to information and knowledge to
local farmers on new varieties of crops, crop diseases, and more effective
production processes, fostering productivity and facilitating adaptation processes
of local livelihoods (Scott et al., 2004).

In Peru, the Centro Peruano de Estudios Sociales (CEPES, 2010) has implemented
a project based on a small network of telecentres in the Huaral Valley, a remote
region where droughts and water scarcity have hindered agricultural production

28



and local livelihoods. With the support of ICTs, an agrarian information system
has been put in place to provide farmers with access to information that can help
them increase crop productivity and marketing, as well as software to improve
the distribution of water (APC, 2007).

In Madagascar, participatory videos and digital storytelling are being used to
stimulate community debates over climate change issues, and raise their
concerns to decision-makers and broader audiences (BCO, 2010b). Likewise, an
Ecuadorian NGO is using the Internet to document and raise awareness on
environmental challenges in that country, including issues of forest management
and biodiversity (AccionEcologica, 2010).

Review

Evidence emerging from the use of these technologies in developing countries is
still, for the most part, anecdotal, with no in-depth assessments yet available in
terms of their social and economic impacts.

However, the experiences identified point out prevailing challenges in terms of
coordination and communication between communities, institutions and
authorities at the local, municipal and national levels. This lack of coordination
can potentially prevent emerging information captured and monitored in the field
from reaching the appropriate decision-making levels, and therefore fail to
translate into more effective climate change strategies.

At the same time, they suggest that, in spite of the growing penetration and
adoption of ICTs, developing countries lag behind in the use of these tools due to
persistent barriers of access and the lack of local capacity necessary to undertake
action in the mitigation, monitoring and adaptation fields. Further to that, issues
of language (as most available applications operate and generate content in
English) constitute an additional barrier for developing countries to benefit from
the potential of these tools in areas pertaining to climate change.

Although the emergence of experiences on the use of ICTs as part of climate
change responses in developing regions is encouraging, it also indicates
important gaps in the available knowledge in the field, and therefore in the
required research that is necessary to undertake.
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4. Issues for Future Research

The analysis that has been presented up to this point evidences the complexity of
an emerging field of inquiry that is intimately linked to unavoidable, yet uncertain
effects of the changing global climate. As research continues to emerge at the
intersection of the climate change, ICTs, and development fields, so does the
need to explore new issues that affect the ability of developing countries to
effectively adapt, monitor, and ultimately contribute to mitigate the impacts of
climate change.

Based on the review of the additions to the literature over time in the field of
ICTs, climate change and development (Section 1), as well as on the analysis
conducted of the priorities related to mitigation, monitoring, adaptation, and
strategy (Section 2) and the experiences emerging from developing countries
(Section 3), the following issues have been identified as key areas for future
research:

(a) Mitigation

¢ ICTs and community-level mitigation: Based on the fact that most
available resources in this area have focused on the mitigation needs and
agendas of developed countries, further research is necessary on
community-based use of ICTs towards low-carbon societies (journey
substitution, smart energy generation and use, dematerialisation of
goods/services), including the challenges of their implementation and
potential effects in developing contexts.

¢ ICTs, climate change and global value and supply chains: As
globalization deepens, global networks of distribution and logistics are
increasingly linked with issues such as e-waste and standardization of
energy efficiency monitoring and labeling (Houghton, 2009 p: 15). This
topic reflects the need to adopt more holistic approaches to the analysis of
the role of ICTs in climate change, considering the trends of the
knowledge economy and the role of the private sector, among other
stakeholders, in tackling environmental sustainability as a process instead
of an output-driven activity.

e ICTs, climate change and emerging consumer trends: Emerging
trends advocate the modification of consumer demands and values,
including the use of innovative approaches such as "immaterialisation" and
"demarketing". The first one is related to social innovations that can lead
to satisfying needs and wants with immaterial as opposed to physical
means. The second one is a social marketing trend that seeks to
discourage consumers from purchasing or using certain products or
services (Willard and Halder, 2003). The potential of ICTs in the evolution
of these trends remains to be explored particularly in regards to
developing contexts, including the effects of behavioral changes and new
consumer practices — enabled by ICTs - in economic growth.

¢ ICTs, climate change and emerging business practices: Research in
this area could include the emergence of carbon-neutral livelihoods with
the support of ICT tools, including 'green' IT opportunities, local
entrepreneurship and business models.
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(b) Monitoring

ICTs, climate change monitoring and local empowerment: As
recognized by literature in the field, access to the right information is a
means of local and community empowerment and helps people enhance
their capacity to sustain themselves (Labelle et al., 2008). But for this to
take place relevant information needs to be accessible to local actors,
which involves not only issues of physical access and connectivity, but also
the clear presentation of findings (i.e. the use of non-scientific speech and
local languages) as well as the use of dissemination channels appropriate
to the local context (i.e. community radio, SMS, Internet access points,
community video and other interactive media). Furthermore, for that
information to be transformed into developmentally-effective actions - the
so-called "information chain" - a further set of interpretation and action
resources must be present (Heeks & Kanashiro, 2010).

(c) Adaptation

ICTs, climate change and localization: Community access and use of
ICT applications in climate change strategies, including issues of capacity
building, local language, and sustainability challenges in developing
contexts. This topic is particularly relevant in terms of effective ICT usage
for monitoring climate change impacts (e.g. GIS and integrated data
capture methods in remote communities).

ICT and local livelihoods: including specific actions on the two main
community issues: impact of climate change on local agriculture and
natural disaster management.

ICTs, local voices and awareness raising: The recent report supported
by the BCO (Kalas and Finlay, 2009) identifies the need to document the
challenges, techniques and knowledge on adaptation at the local level.
This process can allow not only to build upon lessons learned, but also to
give a voice to vulnerable communities to identify current priorities and
play an active role in decision-making processes on the subject. ICTs can
play a role in the different dimensions that this challenge presents, from
documentation to access to the information, to enabling participation and
change.

ICTs and emerging social aspects of climate change: According to
Jepma et. al (1998), these include: (a) implementing equitable and
participative frameworks for action and decision making; (b) the reduction
of potential for social disruption and conflicts arising from climate change
effects; (c) the protection of threatened cultures and the preservation of
cultural diversity (e.g. in small islands threatened by increasing sea level).

(d) Strategy

ICTs, climate change and inclusion: Possible topics of research in this
area include (a) ICT for climate change political inclusion (getting
information out of communities into political networks, and
sharing/mobilisation between communities), as well as (b) youth
involvement and gender inclusion, particularly in the context of ICTs' use
in climate change adaptation. Youth and women are key agents of change
within local communities, and their role is vital to promote the effective
implementation of ICT solutions. As indicated by research conducted by
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IISD, female-headed households, particularly those with few assets, are
traditionally more heavily affected by climate-related disasters (I1ISD,
2005) and by manifestations of chronic climate change. In this context,
ICTs could play a key role in the provision of relevant information, capacity
building and empowerment, ultimately strengthening their adaptive
capacity.

ICTs, climate change and governance challenges: Research
conducted by IISD on issues of adaptation and the role of ICTs points out
the need to further explore the role of these technologies in the systemic
transformation of socio-economic structures, including the use of
networked governance to advance sustainable development goals (IISD,
2005). One of the key topics identified is the need to reflect sustainable
development goals in national e-strategies and ICT policies, integrating
both environmental sustainability and information society perspectives in
climate-related strategies. Further to this, research could address the role
of ICTs in assisting national/global strategizing on climate change, as well
as in enabling policy frameworks that foster their effective use in the field.

ICTs and climate change decision-making processes: The role of
ICTs facilitating climate change decision-making processes at the micro,
meso and macro levels needs to be better understood, including issues of
strategy awareness and planning, and the integration of multi-stakeholder
perspectives. This includes their potential role enabling the articulation of
efforts among different actors, as well as the integration of existent
knowledge and lessons learned within decision-making processes.

In addition to emergent gaps — and hence future priorities — in research areas
explicitly related to the four main components of the Figure 2 overview model, we
also identify from the literature two cross-cutting issues of particular relevance to
the climate change-related application of ICTs in developing countries:

(e) Disaster Management and Response

ICTs, disaster management and response: Research in this area could
explore the links that exist between disaster management and response
strategies, and ICT-enabled actions taken in the fields of mitigation,
monitoring and adaptation, with the aim of providing recommendations to
further articulate efforts and reflect existing links/feedbacks as part of
comprehensive climate change strategies.

(f) Technologies: Impacts and Issues

Low-cost and emerging technologies: As available literature in the
field indicates, further research is needed on the role and potential of low-
cost and emerging technologies, including mobile phones, community
radio, mass media, the Internet, among other emerging applications, in
view of the vulnerabilities and challenges posed by climate change in
developing countries. Although, as noted, little work overall has yet been
done on ICTs, there is an additional need for research that differentiates
the potential of the different types of ICT; but which also analyses cross-
cutting challenges faced in applying ICTs to climate change.
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5. Conclusions

The analysis of available literature on the role of ICTs in climate change reveals
the emergence of a fast-growing, fascinating, yet complex field of analysis.
Sources that range from the late 1990s to date evidence the close connection
that exists between these fields and the achievement of sustainable development,
which lies at the core of past and emerging explorations of the topic.

But while environmental sustainability remains an issue of ongoing concern,
broader approaches have given way to more focused analysis on the areas of
mitigation, monitoring, and increasingly, adaptation and strategy, which
constitute the key components in the study of the field, as summarized by Figure
2's ICTs, Climate Change and Development Overview Model.

This increased focus has coincided with acknowledgement of the higher
magnitude of climate change effects in developing countries, and consequently, of
differentiated priorities in the field. This realization has been reflected in
explorations on the role and potential of ICTs, increasingly linked to analysis of
the existing vulnerabilities and resource constraints that characterize developing
regions.

Sources to date have recognized that ICTs can have positive and negative effects
on the environment, from efficient transport and travel substitution, to increased
energy consumption and e-waste. While digital technologies can enable the
reduction of travel and dematerialize some products, there is concern that current
consumption patterns could also increase travel and demand for cheaper goods,
offsetting initial eco-efficiencies (rebound effects).

These risks evidence the need to further analyze the potential impacts of ICTs in
the climate change field by focusing not only on the effects of particular
applications (outputs) but also on the lifecycle of ICT products (Pamlin and
Szomolanyi, 2005), as well as on the behavioral or systemic effects that may be
associated with new production or consumption processes. This suggests the
importance of adopting a systemic perspective in the understanding of ICT's
climate change role, while recognizing the close links that exist between
mitigation, monitoring and adaptation actions and strategies.

At the same time, as evidence continues to mount on the use of different ICT
applications in areas such as climate change adaptation, including the use of low-
cost and emerging technologies (community radio, mobile phones, participatory
videos, among others), so does the need to conduct further research on the
opportunities and challenges faced by practitioners in the field, as well as to
narrow the knowledge gap that characterizes climate change responses in
marginalized regions.

The identification of applications that are technically sound or that hold potential
in mitigation, monitoring or adaptation processes, does not imply that developing
country needs are being addressed or their priorities reflected in prevailing
climate change strategies. As experiences from the ICT4D field show, far beyond
the technical promise of ICT tools, developing contexts face very real limitations
in terms of access, capabilities and resources; all factors that lie at the core of
their ability to benefit from the potential of ICTs to help respond to the effects of
climate change. Consideration of the broader development context, including local
livelihoods, capabilities and governance, among others, are pivotal to determine
the viability, appropriateness, and ultimate sustainability of ICT-enabled
responses to the changing climate.
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Lastly, as climate change continues to evolve, new technologies to develop and
literature to emerge in the field, it becomes critical for researchers and
practitioners to share knowledge and experiences, thus helping deepen a growing
debate over innovative approaches to climate change, while expanding our
understanding of the role and potential of ICTs in developing contexts.
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Executive Summary
Background

Climate change constitutes a dynamic, interconnected, yet often uncertain field of
study, where the magnitude of environmental impacts is closely related to the
various development stressors that underlie vulnerability generally. Literature in
the field suggests that challenges faced by developing countries in areas such as
livelihoods and finance, socio-political conditions, health, habitat and migrations,
food security and water, are intensified by the effects of climate change-related
hazards, variability and trends (Hardy, 2003; IPCC, 2007; Parry et al., 2007). At
the same time, the exacerbation of these existing vulnerabilities constrains the
ability of developing contexts to cope with climate change; that is, to withstand
and recover from climate-related shocks and disturbances, as well as to adapt, in
the longer term, to changing climatic conditions. The coping abilities to withstand,
recover from, and adapt to climate change - what can, overall, be termed
‘resilience’ — thus emerge as key factors for the achievement of development
outcomes.

Despite the uncertainty and unpredictability associated with climate change, the
best current indication is that climatic occurrences will increase in both magnitude
and frequency, posing serious development challenges (IPCC, 2007; UNDP,
2007). The potential impacts of climate change are becoming increasingly evident
through both acute and chronic manifestations. Acute impacts are the extreme
hazards of ‘shocks’, which usually occur over a geographically limited area and
require rapid response and relief (CISHDGC, 2010). They can include events such
as heavy rainstorms or cyclones, which may produce effects such as landslides,
flooding, disruption of transportation systems and the erosion of agricultural land,
among others. Climate change threatens to augment the acute stress in
vulnerable regions, typically as more and greater storms or more frequent high
temperature episodes take place (Wilkinson and Buddemeier, 1994).

The chronic manifestations of climate change refer to subtler shifts in conditions
(such as sea level rise, melting glaciers or changing oceanic acidity due to
atmospheric CO, uptake), which happen over long periods of time and are,
therefore, harder to identify. Chronic changes include climate trends (changes in
expected conditions), as well as changes in the variability and intensity of
weather cycles and events (e.g. changes in seasonality, temperature and
precipitation, which can negatively affect productive sectors, particularly
agriculture) (Cannon, 2010). Changes in trends and variability could have the
largest and most significant aggregate impacts, particularly in low-income,
resource-dependent populations. With limited resources and capacities to respond
and adapt to both acute and chronic climate changes, developing contexts are
particularly vulnerable to the uncertainty of their effects.

It is also within these contexts that the use of information and communication
technologies (ICTs) is rapidly spreading (UNCTAD, 2009; ITU, 2010), creating
new opportunities and challenges for developing countries that are at the
forefront of climate change impacts. Defined as electronic means of capturing,
processing, storing, and communicating information (Heeks, 1999), these tools
offer an important development potential particularly in the low-income
populations whose existing vulnerabilities are magnified by the effects of climate-
related disturbances (IPCC, 2007; Moser and Satterthwaite, 2008). Yet, a review
of available literature in the field of ICTs, climate change and development
(Ospina and Heeks, 2010) suggests that adaptation remains one of the least
explored areas for analysis of ICTs’ potential in the global South.
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Recognising the close links that exist between climate change vulnerability and
the achievement of development outcomes, alongside the increasing use of ICTs
within developing contexts, the aim of this paper is to set out a conceptual
foundation that links climate change, livelihoods vulnerability, and the potential of
ICTs in supporting systemic resilience. ICTs will be introduced as a system
component that has the potential of contributing towards resilience and,
therefore, helping to enable livelihood strategies that allow adaptation; that is
recovery and adjustment in the face of climate change.

Contribution

The development of this ‘e-Resilience Framework’ is based on the recognition that
the complex set of relationships that exists between climate change, adaptation
processes and development outcomes cannot be fully understood through a series
of compartmentalised elements. Instead, a systemic perspective is needed. This
allows the identification of key components, processes and properties, as well as
the feedback and interactions that play a role in the realisation of adaptation
processes in vulnerable settings.

Within the emerging field of ICTs, climate change and development, this
document responds to the need for building a solid conceptual basis upon which
to analyse the role and potential of these tools, while recognising existing
development challenges and vulnerabilities.

This document targets an audience of development strategists, academics and
practitioners working in the fields of ICTs-for-development (ICT4D), climate
change and/or related areas, interested in conducting more rigorous analysis of
the linkages between ICTs and adaptation processes in developing countries. By
drawing key principles from recognised conceptual approaches of the social
sciences, the paper seeks to foster a more in-depth understanding of both the
potential and the challenges associated with the use of ICTs within contexts
vulnerable to climate change, while identifying the main concepts and systemic
feedback that need to be considered in this analysis.

The proposed framework is developed in progressive, interrelated stages
throughout the paper. The first section presents the conceptual underpinnings of
livelihood systems’ vulnerability to the potential effects of climate change.
Drawing from the sustainable livelihoods approach, new institutionalism and Sen’s
capability approach, the analysis will explore the role of vulnerability
determinants (assets, institutions and structures), capabilities and functionings in
the realisation of adaptation processes in developing contexts.

Section 2 introduces the concept of resilience as a system property, arguing that,
through a set of dynamic sub-properties, it plays an important role in enhancing
the adaptive capacity of livelihood systems. Section 3 of the document develops
the last component of the conceptual framework by exploring the potential of
ICTs with respect to the sub-properties of resilience, introducing the concept of e-
resilience and analysing the potential of ICT tools as enablers of adaptive
processes within contexts vulnerable to climate change.

Recognizing that adaptive actions can be enacted at various levels, the study then
analyses two broader roles of these tools. First, their contribution to adaptive
actions at the national/macro level. Second, e-adaptation: the impact that ICTs
can have on the key vulnerability dimensions impacted by climate change (i.e.
livelihoods and finance, socio-political conditions, health, habitat and migrations,
food security and water supply). Finally, this paper identifies challenges
associated with the use of ICTs within adaptive processes, thus completing the
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analysis from a systemic perspective: from consideration of enabling
environments and the role of national-level institutions and structures, to the
realisation of adaptive functionings that reduce specific livelihood vulnerabilities
to climate change.

Within contexts characterised by poverty and marginalisation, subject to the
effects of both acute and chronic climatic effects, the proposed framework
provides conceptual insights into the potential of ICTs within adaptation
processes, including their role in reducing the prevailing vulnerabilities faced by
developing countries in the midst of climate change uncertainty.
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1. Climate Change Vulnerability: Conceptual
Underpinnings

The prevailing vulnerabilities that poor people face lie at the core of their ability
to cope with climate change, and therefore play a critical role in determining the
severity with which climate change impacts will be felt in developing contexts
(IISD, 2005; MacLean, 2008). The potential effects from heavy rainstorms,
cyclones, heatwaves, sea level rise, extended periods of flooding or drought,
changing patterns of temperature and rainfall, among others, need to be
analysed within a broader set of development stressors and constraints.
Understanding vulnerability is, therefore, critical in exploration of the potential
effects of climate-related hazards and changing trends on low-income
populations.

Available literature in the field evidences the existence of competing
conceptualisations and terminologies of vulnerability (Fussel, 2007). However, a
general understanding can be that vulnerability represents the likelihood of
exposure to external shock combined with the ability to cope with the impact of
that shock (Elbers and Gunning, 2003). Such shocks may be economic or related
to security. Or they could be related to climate change.?

This definition suggests two things. First, that there is some concept of ‘outside’
(the context that is the source of shocks and variations), and ‘inside’ (the object
of the shock that must seek to cope). This suggests the value of systems thinking
in understanding vulnerability given its foundational notion of a system boundary
that separates outside from inside. Second, that vulnerability relates partly to the
external but partly to the internal; in the latter case to some notion of the
capacity of the system to cope (Nelson et al., 2007, p. 396).

Vulnerability in our terms is therefore both a generic coping capacity (or capacity
deficit) of systems in development - be they households, communities, regions or
nations — and also a more specific set of externally-derived impacts (shocks and
variations); in our case, related to climate change. The critical dimensions of
those climate change-related impacts emerge as food security and agriculture,
health, water supply, human settlement and displacement, socio-political issues,
and livelihoods and finance (IISD et al., 2003; Parry et al., 2007; Magrath, 2008;
Schild, 2008; OXFAM, 2009). Of course, these dimensions are not only relevant
to climate change: they will also be appropriate for an understanding of other
acute shocks and longer-term trends.

If the context is a source of acute and chronic risks that materialise via a set of
potential impacts, what do development systems - such as communities — do to
cope in the face of these threats? One thing they may do is not an active strategy
(Thomalla, 2008; DHS, 2010), which is to withstand the external threat, resisting
or absorbing and tolerating its impact. The other two things they may do are
active. They may recover from the impact; that is act to return to some pre-
existing state. In climate change terms, this would typically be in response to an
acute shock such as a landslide. And/or they may change to accommodate the
impact; becoming different from the pre-existing state. In climate change terms,
this would typically be in response to a chronic trend such as temperature change
or rising sea levels. These latter two - recovery and change - represent
adaptation processes: “deliberate change in anticipation of or in reaction to

2 Not surprisingly, there are similar definitions of vulnerability related specifically to climate change.
One of the most widely-used is that provided by the IPCC (2001), which describes vulnerability as the
degree to which a system is susceptible to, or unable to cope with, adverse effects of climate change,
including climate variability and extremes.
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external stimuli and stress” (Nelson et al., 2007, p.395). We can therefore
summarise with the following ‘equation’:

Coping = Withstanding + Recovery + Change = Withstanding + Adaptation

Given its potential to address external shocks and trends, adaptation will be
critical for the achievement of development outcomes, which include the
realisation of increased income and well-being, improvements in food security,
and more sustainable use of natural resources (DFID, 1999). Development
outcomes also include “reduced vulnerability” (ibid.: p25), indicating a two-way
relation between vulnerability and adaptation: the realisation of vulnerabilities
requires adaptation actions, but those actions in turn affect vulnerabilities; at
least the ‘inside’ component that relates to the capacity to cope.

The linkages that exist between the concepts presented thus far are illustrated in
Figure 1, showing a chain of causality, with context - including climate change -
affecting the various dimensions of vulnerability that developing countries are
subject to; with those vulnerabilities both determining but in turn also being
impacted by, processes of adaptation; and with the enactment (or otherwise) of
adaptation determining the ultimate development outcomes for those affected by
climate change.

Vulnerability VULNERABILITY
Context DIMENSIONS
— ) DEVELOPMENT
Livelihoods & Finance —p» ADAPTATION —p
Acute Chronic > Socio-Political OUTCOMES
Shocks Trends Health - Recovery &
Habitat & Migrations. cmﬂ;'r;
Food Security
Water Supply
CLIMATE | CHANGE

Figure 1. Vulnerability and Adaptation to Climate Change

These linkages suggest that, for the poor, whose socio-economic systems are
heavily dependent on ecosystems services and products, the effects of climate
change have the potential to intensify existing vulnerability dimensions, while
placing further constraints on their ability to adapt and achieve development
outcomes (IPCC, 2007).

However, in order to understand how adaptive processes are realised within
developing environments, the identification of vulnerability dimensions is not
sufficient. The analysis requires a more in-depth exploration of the components
and processes that enable or constrain the ability of livelihood systems to adapt,
while reducing their vulnerability to the effects of climatic variations and events.
To understand this, we can draw on the idea mentioned above of ‘adaptive
capacities’. These are necessary preconditions to enable adaptation, including not
only social and physical resources, but also the ability to mobilise them. In turn,
adaptive capacity is generated by the interaction of broader structural
determinants, which are dependent on each other and vary in time and space
(Smit and Wandel, 2006). For example, a strong social network may allow
greater access to resources and reduce the psychological stress caused by
climatic disturbances, hence strengthening adaptive capacity.
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The following section will explore further this idea of the capacity of systems in
developing countries to adapt. It will build a picture of the generic vulnerability
determinants (assets, institutions and structures), capabilities and functionings
that lie at the core of livelihood systems, and that play a key role in adaptation.
These livelihood components will be drawn from the principles of the sustainable
livelihoods approach, new institutionalism, and Sen’s capability approach.
Reference to these frameworks will provide the conceptual foundations required
to differentiate potential (i.e. adaptive capacities/capabilities) from actual
livelihood strategies (i.e. adaptation as realised functionings), thus providing a
more holistic understanding of interacting components within livelihood systems
vulnerable to climate change.

1.1. The Capacity to Adapt to Climate Change: Livelihood System
Components

Those most prone to suffer the effects of climate-related hazards are often
marginalised geographically (e.g. live in hazardous places such as informal
settlements or in remote locations), socially (e.g. lack social protection and health
services), economically (e.g. low-income or resource dependent populations) and
politically (e.g. excluded from political processes and effective representation in
government structures) (Gaillard, 2010). Therefore, as noted above, alongside
the component of vulnerability deriving from external shocks and trends, there is
a component that is not hazard-dependent but is instead determined by
constraints that are social, economic and political in nature, and which ultimately
reduce the capacity of affected populations to respond and adapt to the effects of
climate-related hazards and trends. This aspect of vulnerability and adaptive
capacity are therefore two sides of the same coin: as one rises, the other falls.

Adger (2005) argues that this aspect of vulnerability — and, hence the capacity to
adapt to climate change - is characterised by the presence of three main generic
features, namely (@) the resources available to cope with exposure, (b) the
distribution of these resources (social and natural) across the system, and (c) the
institutions that mediate resource use and coping strategies. This suggests that,
in addition to level of resourcing, it is structural factors that matter in determining
vulnerability; both the organisational aspects that affect things like distribution of
and access to resources, and also the absence or weakness of institutions. These
could exacerbate the effects of hazards in vulnerable populations (e.g. if risk
prevention and coping strategies are not put in place or are not organisationally-
implementable to deal with the effects of climate-related events), hindering their
capacity to adapt.

In order to understand how adaptive processes are achieved within developing
contexts, the following section will explore the main vulnerability components
(assets, institutions, structures and capabilities) that make up adaptive capacity;
and the functionings that represent actual adaptation.

1.1a. Livelihood Systems: Assets, Institutions and Structures
What model should be used to investigate further the connection between
vulnerability and adaptation to climate change? Figure 1 and the discussion to

date suggest any such model should encompass elements such as vulnerability,
context, processes/actions, and outcomes, plus resources and structures. The
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obvious choice, then will be the sustainable livelihoods approach (SLA), as
summarised in Figure 2.3
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Figure 2. Sustainable Livelihoods Approach (DFID, 1999)

A number of elements within the SLA can already be seen within our climate
change model: the vulnerability context of shocks and trends, the livelihood
strategies of adaptation (recovery and change), and the livelihood/development
outcomes. What follows, then, will be an investigation of the central elements of
livelihood assets, structures and processes, which together form the capacity of a
livelihood system to adapt to climate change.

The Role of Assets

Adger (2005) argues that the vulnerability of a given population is based on the
context in which they reside plus the availability and use of natural and other
resources. This and other research evidence points to the key role that access to
livelihood assets” plays in determining vulnerability and, therefore, in the
adaptive capacity of low-income communities (Duncombe, 2006; Smit and
Wandel, 2006; Nelson et al., 2007). As shown in Figure 2’s sustainable livelihoods
model, the five core asset categories or capitals upon which livelihoods are built
are human, natural, financial, social and physical capital.

The relationship to external vulnerability — including climate change-related
vulnerability - is two-fold. In developing country communities, often highly
dependent on agriculture and natural resources, climate-induced vulnerabilities
can have a detrimental impact on availability of assets (in turn restricting the
livelihood strategies that can be enacted). As well as being affected by context,
those assets themselves play a key role determining the vulnerability of a given
context to the effects of external disturbances such as climate change. Thus, lack
of access to these resources significantly limits the ability of livelihood systems to
cope with the effects of acute and chronic manifestations of climate change
(Chambers and Conway, 1991; IISD, 2003). Conversely, the more varied the
asset base (such as the means of production available to generate resources
sufficient to reduce poverty), the more sustainable and secure is the livelihood,
and the stronger the ability of the population to respond to the impacts of climate

3 Though of course there is some conceptual tautology here since ideas from the SLA were already
used to influence the understanding outlined in Figure 1.

* For the purposes of this document, assets are being treated as equivalents to resources. However,
the term ‘asset’ will generally be preferred given its association with conceptualisations of livelihoods
and given the rather broader notion sometimes attributed to assets, with ‘resources’ sometimes seen
to refer just to tangible assets.
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change. Therefore, livelihoods assets form the basis of both adaptive capacity and
realised adaptation strategies (IISD et al., 2003).

However, the role of assets within adaptation cannot be analysed in a vacuum, as
institutions, structures and capabilities also constitute important components of
livelihood systems. These will now be analysed further.

The Role of Institutions and Structures

The SLA refers to a set of ‘processes’ that affect the conversion of assets into
livelihood strategies; identifying laws, policies, culture, and institutions. It can
readily be shown that these may either block or enable access to assets, and thus
play an important role in the capacity of communities to cope with climate change
(2009). However, what is not recognised within the SLA is that all these
components are, in fact, institutions as understood by the ideas of new
institutionalism; and can therefore be corralled under the single ‘institutions’
heading.

As defined by North (1990), one of the key new institutionalism theorists,
institutions are humanly-devised constraints that shape political, economic and
social interaction and human agency. They have been formed throughout history
to create order and reduce uncertainty. These can be informal constraints such as
sanctions, taboos, customs or codes of conduct (all of which are found within the
notion of ‘culture’), as well as formal rules such as laws, property rights or
government policies (Dugger, 1995). Although these are typically referred to in
the language of constraint, the notion of ‘shaping’ means more than just
limitation; it also allows for the provision of opportunities for human action.

Institutions will thus have a key role to play in both the selection and
implementation of adaptation processes and as such they are a key component of
adaptive capacity. However, institutional forces are not free-floating. They are
organised by both informal organisations (such as family groupings and power
relations) and formal organisations (such as those of the public, private and NGO
sectors) (Lowndes, 1996). This organisation also applies to assets, which are
organised in terms of both distribution and access. Thus, alongside institutions,
conceptualisations of adaptive capacity must also include organisation and
structure. Hence, in practice, structures are seen to play an important role in
fostering participation and empowerment of local communities in decisions that
affect adaptive processes (Plummer and Armitage, 2007).

This suggests that adaptation processes also require effective governance and
management structures as they entail steering processes of change through
institutions, in their broadest sense (Nelson et al., 2007). Within systems affected
by climate-related disturbances, structures themselves need to endure through
processes of change, as well as cope with the changing conditions (ibid).
Ultimately, within vulnerable livelihoods, both institutions and structures play a
key role in determining access to resources, mediating the effects of hazards, and
enabling the decision-making frameworks required for adaptation processes to
take place (Burton and Kates, 1993).

The combination of assets, institutions and structures presented thus far in the
analysis only constitutes part of the enabling foundation of adaptive processes
within complex developing environments. In order to complement the analysis,
whilst introducing the notion of agency, Sen’s concept of capabilities will be
explored as an important additional component towards the achievement of
adaptive actions in vulnerable livelihoods.
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1.1b. Adaptive Capacity as Capabilities

The SLA framework suggests that, given an understanding of context and then of
assets, institutions and structures, we could understand that adaptation
processes are part of the livelihood strategies that are selected by vulnerable
communities. However, we can also incorporate ideas from Amartya Sen’s (1999)
work on development and capabilities to take us further. That Sen’s ideas are
compatible with our conceptualisation to date can be seen because the
determinants of capabilities are assets, constraints and societal structures
(Bebbington, 1999; Robeyns, 2005); corresponding to the elements identified in
the preceding section.

We find two additional insights from the capability approach. The first derives
from Sen’s argument that development represents the expansion of freedoms
(Sen, 1999). This is not an idea we will particularly pursue, given our main
interest in concrete adaptation outcomes. However, this would lead to an
understanding that the growth of adaptive capacity was itself inherently
developmental, potentially regardless of the actual utilisation of those capacities.
It also somewhat changes the perspective on other components; for example,
“assets are not simply resources that the people use in building livelihoods: they
are assets that give them the capability to be and act” (Bebbington, 1999, p.5).

The second insight is the differentiation between what a community is free to do
- its ‘capabilities’; and what it actually achieves - its ‘functionings’ (Heeks and
Molla, 2009). The former are the opportunities afforded; the latter are the
actually-lived livelihood actions. It is the distinction between capabilities and
functionings, or between potential and actual livelihood strategies, what
constitutes one of the most significant contributions of Sen’s approach to the
understanding of systemic adaptation. It suggests that the adaptive capacities
that are available within a given system (as the social, economic and physical
preconditions that are necessary to enable adaptation) (Nelson et al., 2007)
cannot automatically be equated with actual achievements. Instead, there is a
conversion process that will be subject to personal preferences, social pressures
and other decision-making mechanisms, which ultimately determines the set of
capabilities (as achievable functionings) that can be enacted into actua/
functionings (which would include processes of adaptation) (Zheng and Walsham,
2008).

Level of Analysis

Sen’s work is typically based around the individual as the unit of analysis, and
this prompts the question of the level of analysis to be used in our framework. As
noted above, systems ideas require the drawing of a system boundary, which we
can do - conceptually at least - to separate out the context from which
vulnerabilities derive, and the development outcomes that derive from adaptation
processes (and other realised functionings). But what will lie inside the boundary?

Inside, will be a ‘livelihood system’ which we can define — adapting Buckley’s
(1976) definition of ‘system’ — as “a complex of elements or components directly
or indirectly related in a more or less stable way forming a causal network that
purposively undertakes actions that have a developmental impact”. Given the
requirement from what has preceded that the livelihood components would
include assets, institutions and structures, it is clearly not appropriate to select
the individual as the analysis unit. And, indeed, it is argued that capabilities ideas
can readily be scaled up to higher levels (Ibrahim, 2006).
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Analysis of work on climate change adaptation shows three principal levels/units
of analysis that are used (Brouwer et al., 2007; Stringer et al., 2009; Ibarraran
et al., 2010): the micro, working at the level of the household; the meso, working
at the level of the community; and the macro, working at the level of the region
or nation. Each of these could be represented as three levels of system, each with
its own boundary. However, given the porosity of those boundaries - for
example, with institutions and assets created at national level readily having an
impact at community and household level - we will merely register these as
different levels within the overall livelihood system.

Having identified the various levels and components of livelihood systems that
make up the capabilities of that system, the following section will explore the way
in which those capabilities (i.e. potential livelihood strategies) can translate into
functionings (meaning, in the context of climate change, actual adaptive
processes and actions).

1.2. Adaptation to Climate Change: Livelihood System Processes
and Realised Functionings

Beyond the capabilities required for households, communities or broader
livelihood systems to cope with climate change, actual adaptation processes are
the result of their ability to implement adaptive decisions, thus transforming that
capacity into action (functionings). Capabilities can therefore be understood as
the capacity to implement adaptive decisions. In turn, adaptation processes can
lead to system transformations when new livelihood strategies are adopted (e.g.
when climate-related disturbances force systems to depend on new, diversified
livelihood options), as well as to system adjustments, when systems are
improved to reduce vulnerability and strengthen future adaptive capacity.

The concept of functionings is key to understand that adaptation is about
decision-making processes and the capacity to implement those decisions (Nelson
et al., 2007); an ongoing process in which assets, institutions and organisations
interact towards the generation of adaptive capabilities, which ultimately enable
adaptive actions which contribute to the achievement of development outcomes.
Based on the analysis conducted thus far - and recognising that the role and
relevance of these elements will always be situation-specific (ibid) - Figure 3
illustrates the linkages between the core components and processes of vulnerable
livelihood systems, all of which can contribute to climate change adaptation as a
realised functioning (though also recognising there will be realised functionings
that are not directly climate change-related).
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Figure 3. Adaptation to Climate Change: System Components and Processes
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Based on the foundations provided by the sustainable livelihoods approach, new
institutionalism and the capabilities approach, the model reflects key elements to
consider in the analysis of adaptation in developing countries. It illustrates the
components (e.g. asset-based, institutional and structural determinants of
capabilities) and processes (adaptive functionings) that play a role in the
achievement of adaptation and development outcomes, within systems vulnerable
to climate change that can be understood at macro, meso and micro levels and
relating to six key vulnerability dimensions. It recognises the forces shaping the
processes of decision-making action within the SLA can be understood as
institutions in a new institutionalism sense. And it reflects a division of livelihood
strategies into potential (capabilities) and actual (functionings).

In moving from the model in Figure 1 to that in Figure 3, the analysis conducted
so far has shown that drawing insights from a range of conceptual sources
provides a more complete picture. It has shown, for example, that the
identification of degrees of exposure and sensitivity to climate-related stimuli is
not sufficient to understand the complex challenges faced by livelihood systems.
Instead, a deeper knowledge of vulnerabilities and their related adaptive
capacities is required (Smit and Wandel, 2006).

This process of providing a more complete picture — and also moving closer to
understanding the potential role of ICTs — can be taken one further step by
drawing insights from an additional conceptual source: the literature on
resilience. Resilience is seen as the systemic property that allows livelihood
systems to cope with the effects of climate change-related hazards, variability
and trends (UNISDR, 2010). While adaptation research is often actor-based and
focused on reducing vulnerabilities to specific risks, the resilience approach to
climate change emphasises the functioning of a livelihood system as a whole
(Nelson et al., 2007). It therefore allows us to analyse in greater depth the
relationships that exist between system components and processes; something
that is particularly relevant given the systems approach that is taken in this paper
and that has been developed in Figure 3.

The following section will provide a more in-depth look into the concept of
resilience as a property of livelihood systems, as well as its linkages with the
components and processes presented up to this point.

2. Systemic Resilience to Climate Change

Resilience is a much-debated concept and one whose definition differs among
different writers. In narrow, ‘dictionary’ terms, resilience means the ability to
‘bounce back’; that is, to recover to some original state following an external
disturbance. One finds this as a definition in the climate change literature (e.g.
Norris et al., 2008). However, other definitions add two further abilities to our
understanding of resilience. One ability — very much related to the first - is the
ability to withstand an external disturbance (e.g. Adger, 2000). The other is the
ability to change in the face of an external disturbance; going beyond
sustainability and renewal to changing and occasionally transforming in a way
that enables the survival of the system (e.g. Gallopin, 2006; Magis, 2009).

Seen in this light, then quite simply, resilience is the systemic ability to cope with
external disturbances, be they acute shocks or chronic trends. It involves the
ability to do the three things previously identified as ‘coping’: withstanding,
recovery and change; the first two being associated with acute climate change-
related events, the latter with chronic climate change. It allows that the livelihood
system may alter in some way, but also sustain in terms of some aspects of its
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overall purpose, boundary and identity. And it can be seen as synonymous with
‘adaptive capacity”; for example defined as “the ability of a system to adjust to
climate change (including variability and extremes), to moderate potential
damages, to take advantage of opportunities, or to cope with the consequences”
(ibid, p. 300), a definition which allows resilience to be understood not just as a
reaction to the threats associated with climate change, but also as a proactive
embrace of the opportunities.

The resilience of livelihood systems is therefore the central facet of those systems
in order for us to understand their ability to cope with climate change (and other
sources of vulnerability). As such, it warrants further analysis here. But if
resilience is taken as synonymous with adaptive capacity (itself the flipside of the
internal component of vulnerability), then it can be argued that resilience has
already been understood: as the system components summarised in Figure 3.
This is true ... but partial. Some of the resilience literature (e.g. Gallopin, 2006)
sees it as an ability created by the assets, institutions and structures of the
livelihood system.

But other parts of the resilience literature (e.g. Norris et al., 2008) provide a new
insight; one that helps us to understand livelihood systems not just in terms of
system components, but in terms of system properties and sub-properties. Seen
in this way, the components - assets, institutions and structures - act together to
form a livelihood system that has a set of sub-properties that can collectively be
called ‘resilience’.

The potential adaptive capacity of a system - its created capabilities — therefore
derives from both components and properties. Developing that system by
increasing its capabilities can be understood either as a strengthening of
components or as a strengthening of properties (of course this is a
conceptualisation: in practice the two are completely intertwined). Similarly, we
can also understand Figure 3’s ‘back arrow’ as meaning that adaptation processes
affect both the components and the properties of the system: the system’s
assets, institutions and structures; and also its property of resilience.

Having recognised the importance of resilience, as well as its links with the
components and processes of livelihood systems, the following section will
explore the concept in more detail by presenting a set of resilience sub-
properties, and analysing the way in which they can contribute to adaptation.

2.1. Resilience as Sub-Properties of a Livelihood System

As suggested above, resilience is a key property of livelihood systems. Some
discussions of resilience treat it monolithically, but others break it down into a set
of sub-properties (e.g. IISD et al., 2003; Folke et al., 2005). Those sub-
properties are a function of the system’s components, and they enable it cope
(for example with climate change). As a reminder, coping is the ability to
withstand external shocks, and the ability to adapt to shocks and trends.
Adaptation, in turn, includes not only recovery from short-term climate change-
related shocks but also change in the face of longer-terms climate trends; those
changes including both response to threat but also grasping of potential
opportunities from climate change.

> Though one could argue that adaptive capacity is solely related to recovery and change, while
resilience is slightly broader and related to recovery, change and withstanding.
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What then, are the sub-properties of resilience, which enable a livelihood system
to withstand and adapt in the face of climate change? Those proposed here are
drawn from various sources. The first — robustness - relates mainly to the ability
to withstand. The others relate mainly to the ability to recover and to change.®

¢ Robustness refers to the ability of the system to maintain its characteristics
and performance in the face of environmental fluctuations, including shocks
(developed from Carlson and Doyle (2002) and Janssen and Anderies (2007)).
Within robust systems, reinforcing influences between components and
processes help spread the risks and effects of disturbances widely, so as to
retain overall consistency in system performance independent of fluctuations
(Gunderson, 2000). This could include the strengthening of assets or of
connection between assets. Examples of climate change-specific actions to
improve the sub-property of robustness include investment in flood barriers
such as levees, terracing on hills and resistant infrastructure, as well as the
selection of crop varieties that (while perhaps not having an optimal yield)
may be better able to survive under changing climatic conditions. It also
includes the strengthening of institutions and structures so that they do not
collapse in the face of climate change manifestations.

e Scale refers to breadth of assets and structures a system can access in order
to effectively overcome or bounce back from or adapt to the effects of
disturbances. It involves, for example, access to networks of support beyond
those existent at the immediate community level, thus enabling access to
resources that may not otherwise be available. Evidence emerging from the
disaster management and recovery field (Few et al., 2006) suggests the key
role that access to extended markets, networks and other structures can play
in order to enable systemic resilience. In practice, it can manifest through the
ability to access assets (e.g. financial, human) at the regional, national or
international level.

¢ Redundancy is the extent to which components within a system are
substitutable; for example, in the event of disruption or degradation. One part
of this can be asset diversity, but this is not simply an issue of scale but the
ability to access assets that are both in some sense ‘surplus’ and also
interchangeable. Redundancy may also involve the availability of processes,
capacities and response pathways that allow for partial failure within a system
without complete collapse (RF, 2009). Collaborative and multi-sector
approaches can contribute towards redundancy as they facilitate the existence
of overlaps and multiple sources of support/expertise that can help fill the
gaps in times of need, thus allowing the system to continue to function in the
event of climate-related disturbances.

¢ Rapidity refers to how quickly assets can be accessed or mobilised to achieve
goals in an efficient manner (Norris et al., 2008). This can be critical
particularly when responding to an acute climate-related disturbance. Within
climate change-vulnerable contexts, this sub-property can be manifested in
the availability of financial mechanisms for savings, and in access to credit
and insurance. Rapid access to information, both incoming to and outgoing
from the system, will also be key to making quick decisions and mobilising
quick support after climate-related events.

¢ Flexibility refers to the ability of the system to undertake different set of
actions with the determinants at its disposal, while enabling them to utilise

5 Hence the argument that adaptive capacity relates just to the six latter properties, while resilience
relates to those six plus robustness.
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the opportunities that may arise from change. Hence, Folke (2006) argues
that system resilience includes the opportunities that disturbances open up in
terms of recombination of evolved structures and processes, renewal of the
system and emergence of new trajectories. This suggests the relevance of
flexibility to respond to the challenges posed by climate change, as well as to
the opportunities that it may pose in developing contexts. Climate change
resilience entails flexibility at all three systemic levels - the micro, meso and
macro - with each of them being able to respond and contribute to each
situation, and shift as necessary under unpredictable circumstances (RF,
2009). Flexibility in the face of climate change can come from various
sources, including the existence of knowledge (e.g. from social networks) that
can suggest different courses of action for problem solving.

Self-organisation is the ability of the system to independently re-arrange its
functions and processes in the face of an external disturbance, without being
forced by the influence of other external drivers (Carpenter et al., 2001).
Fuchs (2004) argues that self-organisation is a threefold process based on
cognition, communication, and co-operation, and the concept of information
can help to grasp the dynamics of self-organising systems. According to this
author, cognition refers to the individual dimension (i.e. the elements of social
systems), communication refers to the interactional dimension, and co-
operation to the integrational dimension (i.e. the social system itself that is
constituted by the interaction of its elements). This definition reflects the
various aspects of self-organisation, and at the same time demonstrates that
the access to information alone is not enough to enable this sub-property,
particularly in developing contexts characterised by asset deprivation, and
institutional and structural constraints.

To understand this further, we can call on the ‘information chain’ model
(Heeks, 2005), which distinguishes stages that run from the provision of
information to the asset and institutional capacity and freedom to make
decisions and take actions on the basis of that information. Thus, for self-
organisation to take place after the occurrence of a climate-related event,
communities must be able to first access relevant data, assess its qualities,
and apply it to their own particular needs (ibid). Additionally, communities
must be able to access the key components that need to be present for the
functioning of information chains, namely “overt resources (money, skills,
technical infrastructure), embedded/social resources (trust, motivation,
knowledge, power) and relevant raw data” (Heeks, 1999, p.7)Therefore, beyond
access to assets and capabilities, self-organisation also involves control and
hence power over assets and processes, as well as other psycho-social
aspects that are necessary to enact actions (e.g. belief, motivation, hope,
perceived self-efficacy) and self-organise in face of a climate change-related
shock or trend. In practice, self-organisation also reflects enabling socio-
political organisational structures and associated collective action that
ameliorate vulnerability (e.g. presence of microcredit structures) (Brouwer et
al., 2007).

Learning is an attribute closely linked to the dynamic nature of livelihood
systems, and relates to the capacity of the system to generate feedback with
which to gain or create knowledge, and strengthen skills and capacities.
Within systems that are vulnerable to the uncertain impacts of climate-related
change, experimentation, discovery and innovation as part of learning
processes, can constitute key factors in the ability of the system to spring
back and adjust to new conditions. At the same time, understanding the
problem is key for the implementation of appropriate responses; hence, the
importance of accessing new knowledge that pertains to local priorities and
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adaptive options. Learning can also play an important role towards local
empowerment, and the implementation of preventive and response actions to
minimise system disturbances.

These resilience sub-properties constitute dynamic features that interact with
available assets, institutions, structures and capabilities (system components) in
a given livelihood system, and ultimately enable adaptation as realised
functionings (system processes). The realised adaptations contribute towards
achievement of development outcomes, including feedback into the capacity of
the system to withstand or adapt to future disturbances and climate-related
uncertainties. These connections form the model that is summarised in Figure 4.
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Figure 4: Adaptation to Climate Change: Resilience as a System Property

To summarise, the analysis of systemic adaptation to climate change is mainly
concerned with the relationships between components, properties, processes and
outcomes in a given system (Nelson et al., 2007), as reflected in Figure 4. Here,
climate change-related shocks or trends within a particular context act as a
stimulus that requires a response. The capacity of the system — whether at
household, community or national level - to respond through adaptation can be
understood in two ways. First, as a set of components. Second, as a set of (sub-
)properties. Together these interact to create the adaptive capacity of the
system, which can be thought of as the system’s capabilities — what it is able to
be and to do - in making a response to acute or chronic climate change
manifestations. Therefore resilience interacts with assets and other components
to shape the trajectory of functioning and adaptation after a disturbance (Norris
et al., 2008).

A system with a high level of vulnerabilities will not just have lost adaptive
components, but also resilience, both of which in turn imply a likely loss of
adaptation, and a constrained ability to achieve development outcomes (Folke,
2006). Conversely, the reduction of existing vulnerabilities would mean a gain in
adaptive capacity seen either in terms of components or resilience properties,
potentially leading to better adaptation.
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3. e-Resilience and e-Adaptation

Vulnerability, adaptive capacity and resilience are concepts that have been
broadly discussed and analysed in the climate change adaptation literature for
many years. They constitute closely linked, albeit complex areas of analysis that
are key to understand the effects of climate-related hazards and shifting trends in
developing contexts.

At the same time, within those contexts, ICTs - particularly mobile phones - have
been diffusing rapidly (Heeks, 2010). This diffusion has been accompanied by an
increasing body of literature on the potential and challenges of digital
technologies. Part of that potential is the ability to address climate change. Yet a
review of the literature on ICTs and climate change shows not only is the
literature overall fairly limited to date, but there are particular deficiencies in
discussion of developing country priorities and climate change adaptation (Ospina
and Heeks, 2010).

Review of the existing literature on ICTs, climate change and development (ibid.)
indicates that the potential of digital technology has not yet been integrated into
a systematic understanding of adaptation and resilience, let alone from the
perspective of a conceptual framework. This section of the paper will address that
gap by exploring the potential of ICTs to strengthen resilience and its sub-
properties, and thus contribute to adaptation processes in contexts vulnerable to
climate change.

One way to understand the potential contribution of ICTs to climate change
adaptation — and based on the model of livelihood systems summarised in Figure
4 - would be to chart its role as a component of livelihood systems vis-a-vis other
system components: supporting human capital, supporting financial capital, etc;
supporting formal institutions, supporting informal institutions; and so on.
However, that understanding is already fairly well reflected in both literature and
practice generally within the ICTs-for-development field, even if the main focus
has been on ICTs addressing particular livelihood strategies or broader
development goals, and even if the links to climate change are so far poorly
made. Where a link has occasionally been made between ICTs and climate
change - whether in literature or practice - these technologies have mainly been
conceived as tools to address specific climate change challenges.

What has been missing in all cases - those dealing with climate change or with
other development issues - is an understanding of the foundational issue -
resilience — and the way in which ICTs can support the development of resilience.
In response to this gap and as a contribution to the conceptual framework that
has been developed thus far, the following section will explore the links between
ICTs, resilience and adaptation in vulnerable livelihood systems, focusing first on
how these tools can strengthen resilience sub-properties, and then on how they
can address adaptation more broadly.’

3.1. ICTs and Resilience: ‘e-Resilience’

For the purposes of this analysis, the role of ICTs in climate change resilience will
be explored based on the linkages that exist between ICTs as a system

7 Though at the same time recognising that, as noted above, there is only a conceptual rather than
practical separation between understanding ICTs’ contribution to system components (assets,
institutions and structures), and ICTs’ contribution to system properties (resilience). As such,
discussion of ICTs’ role vis-a-vis resilience will necessarily incorporate discussion of ICTs and assets,
institutions and structures.
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component, and the set of resilience sub-properties previously identified. This
approach will serve as the basis to explore the technologies’ potential contribution
to adaptive capacities at the system level, and should be seen as illustrative
rather than comprehensive.

e ICTs and Robustness

ICTs can help strengthen the physical preparedness of livelihood systems for
climate change-related events through applications such as geographic
information systems (GIS), and positioning and modelling applications. These
can contribute to design of defences and determination of their optimal
location; both making the livelihood system more robust. Illustrating this
potential, remote sensing and GIS technology have been used to map and
then rehabilitate and sustainably manage mangrove forests in Kenya (Kairo et
al., 2002). Given mangroves’ role in reducing storm damage, this technology
has helped enhance coastal defences and make these areas more robust in
the face of climate events such as increased cyclone intensity (Kelly and
Adger, 2000).

ICTs can also strengthen institutions and organisations needed for the system
to withstand the occurrence of climatic events, including the support of social
networks and the facilitation of coordinated action (Duncombe, 2006). For
example, ICTs can strengthen social networks through enhanced
communication within those networks; communication that increases the
network bonds by building trust and a sharing of norms and values.

e ICTs and Scale

ICTs can help increase the breadth and depth of assets to which households,
communities, etc have access. ICT can facilitate access to a broader set of
capital assets, fostering the ability of livelihood systems to recover from
climate-related events. Illustrating this potential, ICTs available in Village
Resource Centres in rural India have enabled end users to interact with
scientists, doctors, professors and government officials located in urban
locations (Nanda and Arunachalam, 2009). This has increased the information
assets available (e.g. oceanic weather forecasts), and human capital (e.g. via
tele-health and e-learning), all of which help when climate-related events
occur.

ICTs can increase the scale of available assets by combining the distant and
the proximate. In relation to information assets, for example, in remote areas
of the Philippines, participatory 3-dimensional modelling - a community-based
tool which merges GIS-generated data and local peoples' knowledge to
produce relief models - is being used to establish visual relations between
resources, tenure, their use and jurisdiction, thus contributing to the ability of
the community to deal with climate change hazards and trends (IAPAD,
2010).

Mobile applications have improved the breadth of structural access by
enabling integration of local producers - small entrepreneurs and farmers -
into regional and global supply chains, which also broadens the scale of asset
availability, typically in terms of financial and physical capital. In India, the
Foundation of Occupational Development (FOOD) promoted the use of cell
phones enabling women entrepreneurs from poor communities to exchange
goods, place and receive orders, and develop new markets for their products
(InfoDev, 2003). Such applications can also increase the scale of institutional
forces. For example, m-microfinance services extend the reach of
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microfinance organisations (Garcia Alba et al., 2007). Not only does this
increase the scale of financial assets and organisational structures; it also
scales the penetration of the institutional norms and values associated with
microfinance organisations. Finally, access to extended social networks
through ICTs can also help asset, institutional and structural scale by
improving the links between local systems and the meso/macro-level
organisations that play a key role in the provision of enabling environments
for adaptation.

¢ ICTs and Redundancy

Redundancy with respect to ICTs refers to the potential of these tools to
increase the availability of resources to such an extent that there is some
spare, excess or possible substitutability of assets. One of the key ways in
which ICTs can contribute towards system redundancy is by supporting access
to additional financial capital. Mobile phone and Internet usage among
Tanzania’s small farmers was found to increase their participation in markets
and provide information for improved productivity (Lightfoot et al., 2008).
This may enable the generation of spare income usable in strengthening local
preparedness and response in the event of climatic events (e.g. buying
additional food to store, or improving the building structure of the household).
Likewise, the advent of m-finance systems has facilitated remittance flows
which may be called upon during an acute shock to substitute for income that
can no longer be produced locally, thus offering some measure of redundancy
(Porteous and Wishart, 2006)

Just as asset redundancy can improve the resilience of livelihood systems, so
does redundancy in institutions and organisations (e.g. markets), which allows
systems to continue to operate even in the event of partial failure of some of
its components. One example is the broadening of job markets through use of
ICTs such as mobile applications (e.g. job searching mechanisms such as
Babajob, which uses web applications and mobile technology to connect
informal sector workers — maids, cooks, drivers, etc — with potential
employers in India) (Babajob, 2010; VanSandt et al., 2010). Then, if there
was a collapse or failure of the informal networks through which most poor
people find jobs, the spare capacity provided by the ICT system can enable
continued operation. Another is the use of m-commerce systems such as
those offered in the Philippines by SMART Padala, through which users can
make purchases from a variety of participating retailers (Wishart, 2006).
Releasing commerce from the constraints of geography (i.e. enabling
purchases from retailers outside the local area) provides ‘commercial
redundancy’ through substitutable trading links.

e ICTs and Rapidity

ICTs can enable swift access and mobilisation of financial assets, particularly
through applications for mobile banking and mobile finance (Duncombe and
Boateng, 2009). By enabling rapid access to financial capital and transactions,
ICTs have the potential not only to strengthen local livelihoods but also to
improve the speed and efficiency with which local communities are able to
cope with and adapt to climate change-related hazards and events.

ICTs can also speed up access to information. This is particularly important
when an acute climate-related shock such as landslide or flood occurs. Mobile-
based telecommunications networks allow rapid communication of
information, thus improving the speed of disaster warning, response and
recovery (Aziz et al., 2009; Samarajiva & Waidyanatha, 2009)
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¢ ICTs and Flexibility

Within vulnerable livelihood systems, ICTs can help identify and undertake
different actions to better withstand the effect of climate change-related
events, and utilise the opportunities that may arise from change.
Identification of diverse action possibilities arises from the sharing of
knowledge - something that ICTs are particularly good at — by enhancing the
social contacts that provide access to tacit knowledge; and by enhancing
access to the explicit knowledge that is now held, for example, on web sites
and e-learning systems worldwide. Access to information can also promote
flexibility through identification of alternative possibilities, such as information
about different income-generating opportunities including information on
demand and prices at different markets.

The multi-functionality of ICTs themselves can also be argued to introduce
greater flexibility into the livelihood systems of which they become a part and,
perhaps, to encourage flexibility by embodying it as an inscribed value. That
inherent quality of ICTs may enable greater flexibility of action where ICTs are
part of the action processes within a livelihood system, as they increasingly
are in relation to not just communication but also transactional processes
such as finance, banking, education, and health. Where ICTs form part of a
livelihood, the technology’s flexibility can enable livelihood flexibility; for
example, the ability to diversify relatively easily from one form of ICT activity
(e.g. data entry) to another (e.g. digital photography) (e.g. Heeks and Arun,
2010).

e ICTs and Self-Organisation

ICTs can enable access to the set of resources that livelihood systems require
to effectively self-organise in the event of climate change-related shocks or
disturbances. As argued through examples related to the sub-properties of
scale, redundancy, rapidity and flexibility, in addition to access to relevant
data, ICTs can facilitate access to assets such as physical and economic
capital (overt resources), as well as to other embedded social resources such
as trust, motivation, knowledge and power (e.g. through social networks,
local empowerment and inclusiveness, or the active engagement of local
actors in participatory processes).

At the same time, ICTs can play a valuable role in the coordination of efforts
between stakeholders, facilitating the different stages of cognition,
communication and co-operation that, according to Fuchs (2004), play a role
in self-organisation processes at a systemic level. More specifically, ICTs
provide access to relevant data and information that is first processed at an
individual level (cognition), then facilitate communication and interaction
between a wide range of stakeholders, and ultimately enable co-operation,
which can translate into adaptive actions being implemented with the
participation of a wide range of stakeholders.

Exemplifying this multi-stage influence in self-organisation, in the Philippines
SMS is being used for citizen engagement campaigns that seek to reduce air
pollution while encouraging citizen participation (Dongtotsang and Sagun,
2006), suggesting the potential of these tools to foster environmental action
and raise policy awareness. In cases such as this, ICTs can play a role from
accessing relevant data and awareness on environmental issues at the
individual level, to enabling communication and interaction using mobile
telephony, to fostering co-operation with wider networks of stakeholders
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towards action, through social networking tools and the strengthening of
participatory processes.

At the same time, studies in the field indicate that localisation and
decentralisation play a key role in the success of self-organisation and
adaptation strategies. One example would be the rural weather stations in
Kenya, Zimbabwe and Uganda that help decentralise the analysis of climate
information and design strategies at the local level (Kalas and Finlay, 2009).
Contributing to communication and co-operation, ICTs can facilitate the
implementation of participatory processes of natural resource management,
as well as promote more inclusive processes of policy formulation and
enforcement. They can foster better reporting mechanisms on the status of
environmental initiatives through the engagement of individuals and civil-
society organisations in monitoring. This includes enabling communities to
monitor changes in local climatic conditions such as the number of frost days,
the length of growing seasons or the changes in rainfall patterns, which can
ultimately help strengthen local adaptive actions in sectors such as agriculture
and forestry.

Social networks can be fundamental in self-organisation, including community
subsistence in times of scarcity and drastic climatic events, as well as for
monitoring environmental changes, and identifying new mechanisms to
reduce risk and uncertainty. They play an important role in peer-to-peer
knowledge sharing and dissemination, which in remote villages could be key
in the (self) organisation of effective early warning systems and coping
strategies.

In turn, within decision-making processes that enable self-organised actions,
ICTs can facilitate the assessment of options and the analysis of potential
trade-offs that are involved in the adoption of particular courses of action
(e.g. via climate change modelling, prediction and spatial planning
applications). The availability of ICT infrastructure can also support the role of
other system components for resilience and adaptation. ICT applications such
as geographic information systems can reduce the uncertainty that
characterises climate change scenarios, providing valuable input to inform
decisions on issues such as land-use planning, environmental resource
analysis, demographic analysis, and infrastructure planning, key in both rural
and urban contexts that are vulnerable to the effects of climate change.

As Heeks and Leon (2009)identify in their exploration of information chains in
remote areas, psycho-social factors are an important part of the ability of
systems to independently self-organise. Where ICTs can provide such factors
- an increase in hope, in motivation, or in perceive self-efficacy - they will
increase system self-organisation; reducing dependency on external sources.
There are already some signs that ICTs can do this (e.g. Pal et al., 2007). The
information chain model also identifies a critical component in the analysis of
ICTs’ role within self-organisation as the capacity (knowledge) of the user to
judge the accuracy, completeness and relevance of data in order to assess it
and ultimately act on it. This knowledge is in turn linked to the potential of
ICTs to foster learning, as explained next.

e ICTs and Learning
Experiences from the field suggest the role of ICT-enabled skills and access to
knowledge in enhancing the capacities of local actors and empowering

marginalised groups (Labelle et al., 2008). We may conceive this role in
relation to the cycle of experiential learning that, according to Kolb (1984),
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involves four elements: concrete experience, reflective observation, abstract
conceptualisation and active experimentation. ICTs can particularly facilitate
reflection and thinking - the key constituents of systemic feedback - but will
impact the whole cycle.

For example, Web 2.0 and new media applications can turn this into a
collective learning process (GTZ, 2008). By sharing observations and
reflections through ICT tools (e.g. blogs, wikis, environmental observations
and monitoring), users foster new ways of assimilating or translating
information (e.g. changes in their natural environment), which can be shared
through wider networks, and then influence action (e.g. encourage testing or
experimentation), enabling new experiences/practices to take place. This
generation of new and broader learning cycles will in turn strengthen systemic
resilience.

This potential is reflected in initiatives such as the DEAL project in India,
which aims to create a digital knowledge base by involving various actors in
the content creation process, while making this knowledge accessible to
farmers and other agricultural practitioners (DEAL, 2010). Based on the use of
Web 2.0 tools, it provides a way for the farmers to explain their problems and
establish a dialogue with scientists and researchers through an audio blog.
The blog captures tacit, experiential knowledge from the farmers through
uploaded audio files, while ensuring collaborative practices for reflection,
knowledge generation and reuse through action (GTZ, 2008). In this way,
ICTs can expose the collective experience of rural farmers and existent
traditional knowledge, which plays a critical role in the success of adaptation,
while fostering new learning processes on issues that are key for the
sustainability of local livelihoods amidst a changing climate.
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e-Resilience

A systemic analysis of resilience allows us to broaden the understanding of
adaptation beyond the vulnerability inherent to developing livelihoods, in order to
understand that adaptive capacities are also built on resilience sub-properties
that can be strengthened by ICTs, thus contributing to the achievement of
development outcomes.

The analysis undertaken above of ICTs’ potential contribution to resilience sub-
properties is not easy at present. It was based on a retrospective re-analysis of
ICT4D case studies; case studies that as yet rarely talk about climate change
adaptation, let alone resilience. Nonetheless, the preceding material suggests we
can analyse the contribution of ICTs to adaptive processes in two ways. First,
through their dynamic links with resources (asset-base and enablers), with
institutions (dis-abilities/constraints) and structures (at micro, meso and macro
levels) to create capabilities (abilities or disabilities to act). Second, through their
enhancement of resilience sub-properties.

While this document has adopted the latter approach, the summary framework
shown in Figure 5 illustrates both possible routes to understanding ICTs' role. It
also reflects the fact that ICTs are a component of livelihood determinants (i.e.
part of the asset base of livelihood systems, while also inscribing institutional
values and helping to structure processes), but that they should be specifically
highlighted in order to emphasize the focus of this study.
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Conceiving ICTs' contribution to climate change adaptation in terms of their effect
on resilience sub-properties, the concept of ‘e-resilience’ emerges. e-Resilience
can be defined as a property of livelihood systems by which ICTs interact with a
set of resilience sub-properties, enabling the system to adapt to the effects of
climate change. e-Resilience specifically and this model more generally aim to
facilitate the identification, integration and analysis of ICTs’ potential contribution
to climate change adaptation, as part of the complex set of linkages and
interactions that exist within the context of vulnerabilities faced by developing
countries.

Having identified the main areas of potential in the use of ICTs vis-a-vis

resilience, and in order to have a clearer understanding of their role within
adaptive processes, the following section will address their role in adaptive
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actions and the achievement of development outcomes, which constitutes the last
stage (right-hand side) of the e-Resilience Framework.

3.2. ICTs and Adaptive Actions

The systemic perspective reflected in this analysis suggests that ICTs can be
conceived as contributing to adaptive processes not only through their influence
on resilience sub-properties, but also through their dynamic linkages with other
system components, namely assets, institutions, structures and capabilities,
ultimately contributing towards adaptive functionings (unless not converted into
functionings due to constraints).

In the previous sections, the focus was on ICTs and resilience (albeit
incorporating discussion of technology’s role vis-a-vis system components).
However, whether discussing system properties or components, these are
essentially precursors. What practitioners, at least, are more interested in is the
downstream impact of ICTs on adaptation processes. We can assess this by
considering the potential impact of ICTs in two different ways: first, with respect
to livelihood systems at the macro/national level (which is key to adaptive
actions); and second, their impact on the vulnerabilities identified at the
beginning of this study (i.e. livelihoods and finance, socio-political conditions,
health, habitat and migrations, food security and water supply), which constitute
areas in which the likely impact of climate change is considered to be highest,
and which play a critical role in the capacity of the system to achieve
development outcomes.

ICTs’ potential contribution to climate change adaptation either in these ways or if
thought of in terms of e-resilience cannot, however, be taken for granted. The
analysis will therefore conclude by discussing some of the challenges associated
with the use of ICTs in adaptation processes in practice.

3.2a. The Impact of ICTs on National-Level Adaptation

While livelihood systems may most readily be conceived at household or at
community level, as discussed above, those systems are themselves held within a
larger system which both contributes and draws assets, institutions and
structures. That larger system must therefore be a subject of enquiry if we are to
build a more complete picture of ICTs and climate change adaptation. We set the
scope of that system as the global but - given the critical role of the nation-state
and of national-level actors in setting and implementing relevant policies in the
field of ICTs, climate change, agriculture, urban development, etc — we choose
instead to focus at the level of the nation.

In order to conduct this analysis, three main areas of potential ICT impact at the
national level have been identified, namely (i) policy on the ICT infrastructure and
applications that are the foundation for e-resilience and e-adaptation, (ii) ICT-
enabled formation of new structures (typically network-based) that can play a
role in adaptation, and (iii) ICTs’ role in the cycle of national-level data gathering,
analysis, and decision-making that then leads into actions and policies which have
an effect on climate change resilience and adaptability. Each of them will be
addressed through illustrative examples of ICTs’ potential.
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Encouraging ICT Infrastructure and Climate Change-Related Use and
Application of ICTs

The telecommunications sector can play a key role in climate change
adaptation through the provision of technical and financial support, as well as
the establishment of multi-sectoral alliances to implement ICT-related
solutions in the field (Labelle et al., 2008). At the policy level, developing
country institutions can support the provision of broader access and
connectivity in rural areas, particularly in marginalized regions affected by
climate change-related hazards or trends. Multi-sectoral alliances providing
adequate infrastructure can be pivotal in the implementation of effective
early-warning systems (ITU, 2007), as well as for the provision of incentives
for ICT entrepreneurs to play an active role in the diversification of local
livelihoods, thus reducing dependence on natural resources and vulnerability
to the impact of climatic events.

Faced by the daunting risks posed by climate change to agriculture and food
security, developing country structures and institutions could play an
important role through the provision of national ICT-based programmes that
target small farmers and producers, aimed at strengthening local knowledge
on crop diversification and production under variable conditions (e.g.
agricultural models and techniques to reduce climate risks, on-farm product
management and seed management). ICTs can also strengthen the internal
capacity of nation-wide organisations to serve as effective facilitators of local
adaptive actions (FAO, 2003).

ICT-Enabled National-Level Structures for Climate Change Adaptation

Despite the recognised value of self-organisation as a foundation for
resilience, adaptive capacity is also increased by integrating communities into
higher-level structures that can enable flows of catalytic assets and
institutional values. ICTs can help this by, for example, fostering or
strengthening social and socio-political networks. For example, the technology
can help build multi-level, hybrid governance systems — based on flexible
organisational topologies including social networks - to combine both external
inputs and participatory contributions in order to address climate change
uncertainty through more effective natural resource management (Folke et
al., 2005). One example would be AMARC (World Association of Community
Radio Broadcasters) in Latin America, which has used ICTs to share strategies
developed by local communities to address the effects of climate change in
food security (Kalas and Finlay, 2009).

One can view the enabled flows largely at the meso-level: helping local
communities to shape their local actions on the basis of knowledge developed
with peers or from institutions of national expertise. But upward flows can be
equally important, giving voice to the climate change-related experiences of
individual communities, and ensuring these are heard and melded into the
formation of appropriate national policies that will foster adaptation in the
long term.

At the same time, ICTs can facilitate coordinated adaptational action by
creating and supporting policy networks or policy communities between
different national-level stakeholders, and around specific climate-related
issues. The technology typically strengthens information exchange between
the scientific community and policy makers, as well as with civil society
organisations working on environmental issues in the field.
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e ICT-Enabled National-Level Climate Change Adaptation Data-
Gathering, Analysis, Decision-Making and Action

ICTs can strengthen the capacity of national organisations working on climate
change by enabling better-informed, and more participative decision-making
processes. The use of ICT tools can help Ministries and pan-governmental
agencies to coordinate actions and implement national-level campaigns, and
facilitate the provision of locally appropriate mechanisms of prevention and
response. ALERTA, for example, a disease surveillance application
implemented in Perd, enables health professionals in rural areas to submit
reports to health authorities via telephone or Web-based applications, as well
as to receive information and assistance through voice mail, thus enabling the
community to respond faster to short-term health-related emergencies, and
also helping to track some of the longer-term changes in disease prevalence
with which climate change is being associated (InfoDev, 2003).

ICT applications (e.g. geographic information systems) form an increasingly-
embedded role in gathering data about urban environments, and in assisting
urban planning and development decisions by government agencies. This
includes data of specific relevance to climate change vulnerabilities such as
patterns of current and likely future water supply (eoPortal, 2010). By
drawing information from a variety of stakeholders, from communities to
meteorological departments, ICTs help these agencies not merely understand
the present situation but model future - including climate-affected -
scenarios, leading to decision-making on measures to improve climate
resilience such as sea walls, reservoirs, or large-scale irrigation systems.

Similarly, and based on the use of applications that allow advanced mapping
and visualisation, piloting and modelling, as well as participatory approaches
that reflect local needs, ICTs could support the design of new policies and
regulations on human settlements, as well as rules on building standards
implementation, contributing to reduce existing vulnerabilities in this area.
The role of these tools can also support advocacy from organisations (e.g. to
secure rights of access to water supplies for small-scale farmers and ensure
water availability), among other adaptive actions.

Alongside policies that aim to have a direct effect on climate change
vulnerabilities, adaptation will also require action on more contextual,
institutional shapers such as access to markets or fiscal policy. Solid
information systems are a key pre-condition for policies such as effective tax
administration or incentive structures designed to encourage environmental
practices. This suggests the existence of linkages between e-government
strategies and the effective promotion of environmental and adaptive
practices at the national level.

3.2b. The Impact of '‘e-Adaptation’ on Climate Change Vulnerability
Dimensions

Having identified key areas of potential ICT adaptive impact at the national level,
a systemic analysis of their role also requires exploration of their contribution in
delivery of adaptive actions that directly address (i.e. reduce) climate change
vulnerability dimensions in developing countries.
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Livelihoods and Finance

Emerging experiences from the field suggest the potential of ICTs to support
local livelihoods (i.e. productive processes and local livelihood activities) in
regions vulnerable to climate change. One way they do this is by providing
information on the climate-related aspects of livelihoods. An example would
be providing local farmers with information on new varieties of crops, crop
diseases, and more effective production processes, fostering productivity and
facilitating adaptation processes of local livelihoods (Scott et al., 2004). In
Uganda, for instance, a country that is highly susceptible to climatic variations
and shocks (Magrath, 2008), iPods and podcasts are being used in
marginalized communities to access creatively-packaged content relevant to
their livelihoods. Most content to date is generic agricultural improvement
information, but it can readily incorporate climate-relevant content such as
changing seed/crop choices, and changes in agricultural practices (ALIN,
2010).

The way in which ICTs can help bring finance into communities affected by
climate change has been noted above. As yet, few studies, have looked
specifically at the financing of climate change adaptations, and the way in
which ICTs can help. Similarly, ICTs can help build more-resilient livelihoods:
for instance, providing more accurate price and demand information that
enables sales with higher profits or to a wider range of markets (Jensen,
2007); or by creating ICT-based micro-enterprises that may provide
additional and/or more robust income streams (e.g. Heeks and Arun, 2010).
Again, though, there is little evidence yet viewing this from a climate change-
specific perspective.

Socio-Political Conditions

The broader socio-political conditions within which local community adaptation
sits has been discussed already in the previous section. There we saw that
ICTs can help enable new structures within the socio-political environment
which can foster inclusiveness and participation in the design and
implementation of adaptation processes, thus reducing the potential for the
emergence of social tensions or instability. In the Caribbean, a study of
women organic farmers found these tools strengthened networking,
cooperation and advocacy among the farmers, improving their resilience in
the face of climate change-related changes (Tandon, 2009).

Health

The ALERTA example given previously showed how ICTs can help monitor
alterations in patterns of disease that are predicted to arise as a result of
climate change. ICTs can also drive new health information back into
communities, using technologies that are accessible in the field (e.g. mobile
phones, community radio) to provide climate literacy on key health topics, to
improve the local response to shifts in vector-borne (e.g. malaria and dengue)
and water-borne diseases, heat, declining food security and decreased
availability of potable water (IISD, 2005); as well as to internalise other
health-related adjustments that may become necessary within local
communities (Kalas and Finlay, 2009).
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e Habitat and Migration

ICT applications can help alleviate the pressures posed by migration and
redistributions of people triggered by sea-level rise, drought, desertification or
extensive flooding, among other potential impacts of climate change. As noted
already, applications such as remote sensing and GIS can facilitate urban
planning, thus improving the habitat conditions of displaced populations that
are forced to settle in deprived and/or over-populated areas. At the same
time, ICTs can enable communication between family members separated or
disrupted due to climate events, thus ameliorating the psychological stress
these types of migrations can cause among vulnerable populations (Dempsey,
2010).

e Food Security

Crop yields affected by drought or flooding, or by an overall decrease in
agricultural productivity due to climate variability can create food shortages,
triggering malnutrition and related problems within vulnerable populations.
Within such contexts, ICTs can play an important role in support of
agricultural extension services, broadening the reach of such programmes
particularly in rural, marginalised area of developing regions. In many ways,
this overlaps with the agricultural livelihoods role described earlier. For tribal
farmers of North-East India, for instance, where inadequate dissemination of
farm information and technologies have led to low productivity and food
insecurity, ICTs (including radio and television) are being used to disseminate
information on pest and disease management information, among others
(Saravanan, 2008; e-Arik, 2010). However, ICTs will have a food security role
beyond just production; providing information for the planning and operation
of food storage, distribution, and consumption.

e Water Supply

ICTs can help improve water resource management techniques, monitoring of
water resources and awareness raising at the community level. In Peru, the
Centre for Social Studies (CEPES, 2010) has implemented a project based on
a small network of telecentres in the Huaral Valley, a remote region where
droughts and water scarcity have hindered agricultural production and local
livelihoods. With the support of ICTs, an agrarian information system has
been put in place that includes software to improve the distribution of water
(APC, 2007). As with other vulnerabilities, though, most cases to date relate
to the vulnerability generally rather than identifying ICTs’ role in specifically
assisting water supply management issues that are arising as a result of
climate change.

As just noted, the examples reported here are almost all drawn from the ICT4D
literature rather than the ‘ICT4CCA’ (climate change adaptation) literature; not
least because the latter hardly exists. Likewise, although we have drawn out the
vulnerability-specific aspects of each case, in practice, ICT projects often overlap
several vulnerabilities. A single rural information system, for example, might well
cover livelihoods, food security, health and water.

On the one hand, this reinforces the need for a rapid expansion of climate
change-specific analysis of ICT projects. On the other, though, it indicates the
value of taking a holistic perspective towards ICTs and climate change
adaptation: one that goes beyond short-term solutions for individual climate
change shocks and symptoms; and which addresses the underlying causes of
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vulnerability and exposure to longer-term trends and uncertainties. That, of
course, is exactly what the e-Resilience Framework seeks to do.

One common aspect that could be drawn from the vulnerability areas identified -
and also reflected in the e-Resilience Framework - is the potential of ICTs to help
bridge and converge the priorities of actors at the micro, meso and macro levels,
as well as to broaden access to assets, capabilities, and supporting organisations
and institutions towards the enactment of adaptive functionings. ICTs could also
contribute towards the implementation of more inclusive, participatory processes
that reflect the needs and power relations that exist within local contexts.

Solutions that are disconnected from the priorities and characteristics of the local
social fabric will not have the long-lasting effects that are necessary for future
adaptation and the achievement of development outcomes. Within development
contexts, the potential of ICTs could complement integrated approaches that
include not only monitoring and early warning, but also broader measures to
reduce vulnerability in areas such as livelihoods diversification, socio-political
conditions, food security, water supply, habitat and migrations, among others.
Put another way, ICTs alone do not represent the solution to climate change
adaptation; they must be an integrated part of a holistic approach.

3.2c. Challenges of Using ICTs to Support Climate Change Adaptation

The analysis conducted thus far indicates the existence of positive, valuable
linkages between ICTs and the resilience of systems vulnerable to climate
change. However, developing countries are characterised by the interplay of a
complex set of stressors and inequalities including socio-political contexts where
power relations and potential divisions are based on factors such as gender and
ethnicity, and where the implementation of innovative ICT approaches must be
assessed carefully (Duncombe, 2006). Thus, analysis of ICTs' role must also
acknowledge their potential to impact negatively on livelihood systems, possibly
reducing their resilience and adaptive capacity to climate-related hazards, trends
and variability.

Perhaps most obviously, ICTs can act as a resource sink, drawing away valuable
assets from within any system, such as a community. ICTs cost money and will
typically divert expenditure from other uses (e.g. Diga, 2007). Less tangibly, ICTs
might divert time and motivation, thus undermining adaptive capacities and
actions. Even where they do deliver new assets, those assets are not necessarily
usable. For example, ICTs may provide unreliable information or information that
does not correspond to the local realities or that is made available in a language
that is inaccessible for the local actors. This can not only undermine the potential
of these tools within adaptive processes, but also contribute more generally to an
increase in uncertainty or even encourage mistaken and maladaptive actions.

Adaptation as a response to a particular climate-related disturbance can
undermine systemic resilience by making the community more vulnerable to
other shocks, or by constraining generic sub-properties such as flexibility (Nelson
et al., 2007). If used within adaptive actions that do not integrate or acknowledge
these factors, ICTs could contribute to overall maladaptation; for example, by
focusing attention and resources on one initiative — say a disaster early warning
information system - and thus drawing those assets away from application to
other initiatives.

At the same time, it is necessary to recognise that livelihood systems in
developing contexts involve complex power relations and inequities which
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determine access (e.g. to assets and opportunities), and can turn the potential
benefits of ICT interventions into situations where the power of more privileged
groups is strengthened (e.g. those with greatest access to decision making),
widening the gap with those that are most at risk. According to Pettengell (2010),
“addressing existing conditions that cause vulnerability to climate change or limit
adaptive capacity is a vital component of adaptation” (ibid, p. 29), those
conditions including distributions of power.

For example, actions that do not acknowledge the specific vulnerabilities and role
of women within adaptive processes face the risk of deepening existing gaps; say,
in regards to ownership of land, rights to assets, or access to assets such as
financial credit (ibid). ICTs might also facilitate the adaptation of individuals, but
not necessarily that of broader groups. Applications that strengthen the livelihood
options of a family or group do not necessarily have the same effect at
community level, in some cases deepening the gap between the ‘haves’ and the
‘have nots’ within particular communities. If ICTs are used without considering
the gender and other imbalances and power relationships within a given
community, the use of these tools can reinforce existing inequalities, giving voice
to the interests of certain groups that may not be the most vulnerable. Therefore,
ICT solutions must acknowledge the role and contribution of power and inequality
to adaptation processes, targeting them if effective and inclusive adaptation is to
be achieved. These examples suggest that, within contexts characterised by
poverty and inequality, the reduction of climate-related risks is not sufficient to
indicate success. The analysis of ICTs’ potential requires careful consideration of
the underlying factors of vulnerability within developing environments, as well as
the existing institutions and structures that characterise a given livelihood
system.
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4. Conclusions

Despite the fact that much remains to be explored in terms of the role and
potential of ICTs within the climate change field, the analysis conducted here
sheds light on key conceptual foundations that help better understand the
complex linkages that exist within vulnerable livelihood systems, and that
ultimately determine the role of digital technologies in achieving development
outcomes amidst an uncertain climatic future.

The framework developed integrates the key concepts that mediate ICTs’ role in
climate change: vulnerability, adaptation and resilience, and development
outcomes. Based on the foundations provided by the sustainable livelihoods
approach, new institutionalism and the capabilities approach, the model
constitutes a conceptual tool for the understanding of climate change resilience in
vulnerable systems. It provides a basis to analyse how the dynamic interactions
between components (e.g. asset-based, institutional and structural determinants
of capabilities) and processes (adaptive functionings) that play a role in the
achievement of adaptation and development, can be understood at macro, meso
and micro levels.

The analysis conducted suggests that, in the event of climate change-related
shocks or trends within a particular context, the capacity of the system (at the
household, community or national level) to respond through adaptation can be
understood either as a set of components or as a set of (sub-)properties, which
interact to create the adaptive capacity of the system. Resilience, thus, emerges
as an important property to consider in the analysis of livelihood systems that are
subject to climate-related changes and uncertainty; a property that interacts with
assets and other components to shape the trajectory of functioning and
adaptation after any acute or chronic disturbance (Norris et al., 2008).

The systemic analysis of resilience allowed us to broaden the understanding of
adaptation beyond the vulnerability inherent to developing livelihoods, in order to
understand that adaptive capacities are also built on resilience sub-properties
that can be strengthened by ICTs, thus contributing to the achievement of
development outcomes.

Within these contexts, the concept of e-resilience is defined as a property of
livelihood systems by which ICTs interact with a set of resilience sub-properties,
enabling the system to adapt to the effects of climate change. Thus, e-resilience
is suggested as an emerging area of study to understand how innovative ICT
tools and approaches can strengthen the response of vulnerable systems to the
challenges and uncertainty posed by climate change.

The value of this approach resides in its contribution to better understand the
complex set of relations between livelihood system components, properties and
processes, which in turn are characterised by the presence of multiple
development stressors. It is expected that the model can serve as a tool to
explore the potential and challenges of ICTs’ role within processes of adaptation,
while facilitating the identification of strategies that could contribute to the
enhancement of adaptive capacities, and ultimately to the achievement of
development outcomes in the face of long-term climatic uncertainty.

The analysis recognised that information has both an analytical and functional
role within the livelihoods framework, and should be considered as part of a
dynamic process of change rather than as a static resource (Duncombe, 2006).
These attributes are particularly relevant considering the dynamism and
unpredictability that characterise the climate change field. It also recognised that
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ICTs must be seen not simply as a tool for processing and communicating
information, but also increasingly as a means to undertake digital transactions,
and as a means of production for new ICT-based enterprise.

The study suggested the relevance of considering both short-term (e.g. hazards)
and long-term (e.g. trends and variability) climate change impacts, as well as
differentiating between short-term coping/rebound actions, and longer-term
processes of adaptation that may involve system transformation. Related to this
recognition, the development of the e-resilience framework indicates that the
study of ICTs’ potential in the climate change field requires the acknowledgment
that dynamic ICT processes can be formal or informal, can fulfil both short-
term (coping/rebound) and long term (adaptation/transformation) needs, and be
actionable at different levels (micro/ meso/ macro), in addition to fostering
interaction between structures and institutions, capabilities and functionings
(ibid.). ICTs can, therefore, make a contribution to adaptation, something that
can be considered directly under the heading of ‘e-adaptation’.

Within this context, innovation and flexibility have proved to be key
characteristics in building local resilience to changing conditions in the short,
medium and long term (IISD, 2005). Innovation, thus, emerges as the ability of
the system to do new things with existent determinants, and is therefore, closely
related to flexibility as a resilience sub-property.

Carpenter et al. (2001) argue that the best way to cope with surprise is
resilience. The development of the e-resilience framework suggests that ICTs
have the potential to contribute towards adaptive capacities, helping vulnerable
systems to change and adapt in the face of climate change disturbances and
uncertainty. This perspective of resilience provides a valuable context for the
analysis of systems’ responses to climate change in developing countries, as well
as for the identification of the potential and challenges associated with the use of
ICTs within adaptive processes.

The analysis also suggests the possibility that, because of their emphasis on
information models or development goals, projects in the field of ICT4D have
been poor in addressing and building resilience. It is hoped that this study will
stimulate greater research and discussion of the possibilities and potential of ICTs
in climate change adaptation, particularly with respect to the challenges posed by
climate change in developing regions.

Ultimately, the challenge for developing countries resides not only in their
capacity to withstand and recover from climatic events, but mostly in their
capacity to adjust, change and transform amidst slow changing trends and
unpredictable variability; while facing a future where the only certainty is
uncertainty itself, and within which, development outcomes will be determined, to
a large extent, by their ability to foster ‘development epiphanies’ and innovate
with the support of tools such as ICTs.
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Executive Summary

This paper discusses needs and opportunities for ICT-enabled climate change
mitigation in emerging economies. It was written against the backdrop of
challenges to reduce greenhouse gas (GHG) emissions globally, increases of
emissions in rapidly growing emerging economies, and the need for technological
'leapfrogging' to low-carbon development trajectories. It demonstrates how ICT-
enabled climate change mitigation could help pave the way for low-carbon
development pathways in the world's developing countries.

Section 1 outlines the challenge of climate change mitigation in emerging
economies which is compounded by the need for sustained economic growth and
the alleviation of widespread poverty on the one hand and the imperative to
reduce GHG emissions on the other. There is an urgent need for emerging
economies to make the transition to a low-carbon development pathway whereby
economic growth is decoupled from an increase in GHG emissions.

Section 2 describes the critical role that ICTs can play in mitigating climate
change in these economies and lists some key opportunity areas. Each country
faces its own set of opportunities in the context of national development
objectives and constraints. But a number of main sectors with significant ICT-
enabled carbon reduction opportunities can be identified across all economies
which include energy generation, urban transportation and buildings,
manufacturing and international trade.

While the opportunities for ICT-enabled carbon reductions in emerging economies
are compelling, major barriers to widespread commercial deployment of these
solutions remain. Such barriers, discussed in section 3, include the lack of
awareness of technological developments, and the limited or uncertain suitability
of these technologies. In many emerging economies there is no favourable
regulatory and political environment incentivising necessary investments and
research. Small and medium-sized enterprises, the main users of low-carbon
technologies in these countries, also face limited access to capital and limited
capacity and skills to adopt low-carbon technologies.

In conclusion, section 4 outlines key recommendations for governments in
emerging economies and large businesses leading on low-carbon technologies.
The support of both stakeholders will be crucial to enable a transition to low-
carbon development. Governments will need to create an enabling policy and
market environment to encourage necessary investments and research. Big
businesses will need to make technology available to small and medium-sized
enterprises in emerging economies, and to help build innovation capacity in these
countries.
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1. Introduction

To date, the global discussion on the potential of ICT-enabled climate change
mitigation has largely revolved around the developed countries. This is where
current levels of total greenhouse gas (GHG) emissions are highest, where
governments are demanding significant greenhouse gas emission reductions, and
where a few leading companies are already contributing to the advancement and
deployment of low-carbon solutions. However, with a major part of future
emissions growth expected to take place in the world's emerging economies,
there is an urgent need for these countries to make the transition to a low-carbon
development pathway. This pathway would balance the need for economic growth
with the global imperative to reduce GHG emissions significantly.

Against that background, this paper discusses the potential of ICTs in mitigating
climate change in emerging economies. Emerging economies are characterised by
rapid economic growth and are increasingly contributing large shares of GHG
emissions. Their role in contributing to mitigating climate change therefore is
becoming ever more urgent and will necessitate the rapid deployment of
alternative low-carbon growth trajectories if the climate is to be protected without
hampering growth and development in these countries.

This paper is based on an extensive literature review and comprehensively
analyses and evaluates the current state of ICT deployment for low-carbon
growth in emerging economies. It identifies areas of opportunity for ICT-enabled
climate change mitigation based on the national carbon footprint of key emerging
economies. Taking into account key development needs as well as the very
specific nature of the challenges that are identified for a number of key emerging
economies, the paper identifies opportunities where ICT-based solutions can
contribute to both emission reductions and enhanced economic development, e.g.
micro-grids for poor remote communities.

It contributes to the existing literature by adding a perspective that goes beyond
an analysis of ICT applications and their potential to contribute to climate change
mitigation to take into account and address the very specific and diverse
challenges in a number of emerging economies. A thorough engagement with
development needs and priorities — plus an analysis of how growth imperatives
necessary to enable development may be reconciled with the urgent necessity to
mitigate climate change - provides the background for making the case for
innovative and collaborative approaches to enable inclusive low-carbon growth
and utilising the potential for ICT effectively and universally in that context. The
presented needs and opportunities to pave the way for ICT-enabled
transformations of sustainable and low-carbon growth trajectories in emerging
economies are further employed to stimulate reflections on how some of the
emerging economy cases described and analysed can be useful reference points
for developing countries more generally and their future options for sustainable
development trajectories. Important insights are generated and specific
recommendations offered to inform key questions on how technological
innovation in the ICT sector and improved implementation of available
technological solutions across the globe can contribute to meeting two of the
world's most pressing challenges simultaneously: protecting the climate whilst
not hampering growth and development.
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1.1. The Climate Change Challenge in the World's Emerging
Economies

Emerging economies, or developing countries that are experiencing rapid growth
and (partial) industrialisation, are fast becoming a major source of greenhouse
gas emissions globally.

The share of greenhouse gases emitted by the world's developing countries is
increasing and, in total terms, emissions of developed and developing countries
are converging. Developing countries already account for 50 percent of global
GHG emissions and by 2030 this figure is expected to rise to 65 percent.®

Emissions from fossil fuel combustion increased by 41 percent between 1990 and
2008 - an increase significantly driven by emerging economies where fossil fuel
emissions more than doubled during that period. The growth of fossil fuel
emissions in emerging economies can largely be ascribed to the use of coal as the
primary energy source and the production and international trade of goods and
services.’

Emerging countries are expected to be leading source of future growth in GHG
emissions as robust economic growth further drives an increase in energy use
from industrialisation, new buildings, increased traffic and deforestation. It is
predicted that between 2005 and 2030, 50 percent of the increase in world
primary energy demand will come from China and India alone.®

The four major emerging economies - Brazil, China, India and South Africa - are
among the world's largest emitters (on a net emissions basis):

- China and India are the largest emitters of GHGs in the Asia/Pacific region,
contributing 51 percent and 15 percent of the region's emissions.

- Brazil is the largest emitter in the Latin America/Caribbean region
accounting for 32 percent of the region's GHG emissions.

- South Africa is the largest emitter in Africa, responsible for 24 percent of
emissions.*!

Average GHG emissions per capita are still comparatively low in these countries.
But due to rapid economic development, per capita emissions are increasing and
in particular in China quickly approaching levels common in the industrialised
countries. Per capita emissions reached 6.1 tonnes in China in 2009, up from only
2.2 tonnes in 1990. In comparison, per capita emissions in 15 nations of the
European Union were 7.9 tonnes in 2009 (down from 9.1 tonnes in 1990) and in
the United States the figure was 17.2 tonnes (down from 19.5 tonnes in 1990).%
South Af1r3ica's per capita emissions are already among the highest at 9.25 tonnes
in 2008.

The world's least developed countries are a minor contributor to global climate
change. They contributed only 0.5 percent of the cumulative GHG emissions
between 1995 and 2008, The majority of the least developed countries have
emissions of less than 2 tonnes CO, per capita with, for example, countries such

8 Tan, X. and Seligsohn, D., 2010.

° Le Quere et al., 2009.

10 WWF, 2008.

1 UNFCCC, 2005.

12 Kanter, J., 2010.

13 Union of Concerned Scientists, 2010.
14 UN-OHRLLS, 2010.
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as Rwanda exhibiting per capita emissions of 0.3 tonnes, Bangladesh 0.9 tonnes,
and Cambodia 1.6 tonnes CO, per capita in 2005,

Major differences in GHG emission accounts between developed and developing
countries reflect challenges related to economic growth, industrial development
and access to modern energy services in many developing and emerging
economies. While the challenge to mitigate climate change is global, developing
countries face the urgent need to expand provision of affordable energy services
to the world's poor. Experts argue that "energy services play a critical role not
just in supporting economic growth and generating employment, but also in

enhancing the quality of people's lives".®

Thus, the development pathway pursued by developing countries is an important
factor in global efforts to mitigate climate change. A key question is whether and
to what extent developing countries will follow the high-carbon development
pathways of developed countries. The fact that a major part of the infrastructure
necessary to meet development needs is still to be built in developing countries
represents both a risk and an opportunity:

— A risk of so-called lock-in effects whereby infrastructure, technology and
product design investments are being made without climate change
considerations, leading to significant GHG emissions during the
infrastructure life-time.

— An opportunity for technological 'leapfrogging', whereby developing
countries can overleap emissions-intensive intermediate technology in
favour of cleaner technologies.!” Thus they would implement low-carbon
strategies from the outset and avoid the legacy infrastructures and
technology lock-ins that constrain available options in more advanced
economies.'®

A discussion around climate change mitigation specifically in the emerging
economies is crucial, based on the fact that these countries face significant
carbon risks as well as opportunities and, moreover, because they can lead the
way by demonstrating possibilities for a low-carbon development pathway for
both developed countries and other developing countries.

A comparison of GHG emissions by sector between developed and developing
countries indicates that — even if emissions levels within emerging economies are
converging - the two groups have distinctively different sets of energy issues and
emissions sources, suggesting that mitigation opportunities will differ
significantly. The latest and most accurate emission figures are provided by the
World Resources Institute through its Climate Analysis Indicators Tool (see Box
1). Charts provided in this tool show that the carbon footprint in developing
countries is quite dissimilar from that of developed countries:

— the share of emissions from electricity and heat related sources,
from transportation and other fuel combustion is lower, while

— emissions from manufacturing and construction, land-use change
and forestry (LUCF) and agriculture related activities are
significantly higher (see Figure 1 and Figure 2). An explanation of
emission sources can be found in Box 1.

15 Climate Analysis Indicators Tool Version 7.0., World Resources Institute, 2010.
16 UNDP, 2007.

17 Metz, B., et al., 2007

18 WWF, 2008.
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GHG Emissions by Sector in 2005
CO02, CH4, N20, PFCs, HFCs, SF6
(incdudes land use change)

Sector MtCO2e %
Energy 15,120.4 85.0
Electricity & Heat 6,520.4 36.6
Manufacturing & Construction 2,123.3 11.9

Transportation 3,572.1 20.1
Other Fuel Combustion 2,156.3 12.1
Fugitive Emissions [1] 748.3 4.2
Industrial Processes 710.0 4.0
Agriculture 1,467.2 8.2
P Land-Use Change & Forestry 39.5 0.2
Waste 459.6 2.6
Total 17,796.7

Figure 1: GHG Emissions by Sector in 2005 in Annex I (industrialised) Countries.
Source: Climate Analysis Indicators Tool Version 7.0., World Resources Institute, 2010*°.

GHG Emissions by Sector in 2005
CO02, CH4, N20, PFCs, HFCs, SF6
(incdludes land use change)

non-Annex I

Sector MtCO2e %
Energy 12,719.5 54.5
Electricity & Heat 5,581.4 23.9
Manufacturing & Construction 3,019.4 12.9
Transportation 1,703.9 7.3
Other Fuel Combustion 1,522.8 6.5
Fugitive Emissions [1] 892.0 3.8
Industrial Processes 1,137.6 4.9
Agriculture 3,748.5 16.1
P Land-Use Change & Forestry 5,000.7 21.4

Waste 746.7 3.2
Total 23,353.0

Figure 2: GHG Emissions by Sector in 2005 in non-Annex I (Developing/Emerging)
Countries.
Source: Climate Analysis Indicators Tool Version 7.0., World Resources Institute, 2010.

1% For explanation of fugitive emissions [1] please see Box 1
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Box 1: The Climate Analysis Indicators Tool

The Climate Analysis Indicators Tool (CAIT) was developed by the World Resources Institute
to provide an information and analysis tool on global climate change. CAIT is a database
providing comprehensive and comparable GHG emissions data and other climate-relevant
indicators for over 185 countries. Data sources used by CAIT include:

— Carbon Dioxide Information Analysis Center (1751-2006)
— United States Energy Information Administration (1980-2006)
— International Energy Agency (1960-2006)

To explain CAIT emission sector categories further:

— The "Electricity & Heat" subsector includes CO, emissions from electricity
generation, combined heat and power generation, and heat plants.

— The "Manufacturing & Construction" subsector includes emissions from fossil
fuel combustion in activities such as iron and steel, chemicals and
petrochemicals, mining and quarrying, food and tobacco, wood and wood
products, and construction operations.

— The "Transportation" subsector includes CO, emissions from fossil fuel
combustion in activities such as air transport, road vehicles, rail, pipeline
transport, and navigation.

— The "Other Fuel Combustion" subsector includes emissions from biomass
combustion, from stationary (machinery combusting fuels such as boilers,
heaters, furnaces, or ovens) and mobile sources and other sectors.

— The "Fugitive Emissions' subsector includes emissions from natural gas
flaring (burning of gas that is released in association with oil production),
from oil and natural gas systems, and from coal mining.

— The "Industrial Processes" sector includes emissions from cement
manufacture, from adipic and nitric acid production, and from other industrial
(non-agriculture) processes.

- The "Agriculture" sector includes emissions from enteric fermentation
(livestock), livestock manure management, rice cultivation, agricultural soils,
and other agricultural sources.

- The "Waste" sector includes emissions from landfills, wastewater treatment,
sewage and other waste.

- The "Land-Use Change And Forestry" (LUCF) subsector includes emissions
from deforestation and conversion of land from forested to agricultural land.
Deforestation is the largest source of CO, emissions in this category,
releasing sequestered carbon into the atmosphere from the burning and loss
of biomass.
CAIT allows for emission comparisons between developed and developing countries based
on the list of parties to the United Nations Framework Convention on Climate Change
(UNFCCC) which are grouped as follows:

- Annex I Parties: These are industrialised countries which made the
commitment to return their GHG emissions to 1990 levels by the year 2000.
They encompass the 24 original OECD members, the European Union, and 14
countries with economies in transition.

— Non-Annex I Parties: These encompass most developing countries and
particularly those vulnerable to the impacts of a changing climate. They
include emerging economies such as Brazil, China, India, Indonesia and
South Africa.

The CAIT is available at: http://cait.wri.org
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A closer look at the breakdown of GHG emissions for each country reveals further
differences and shows that a discussion around solutions to mitigate climate
change in emerging economies has to happen on a per country basis and that
there is no one-size-fits-all approach (see Figure 3 to Figure 7).

— In China and India, the largest sources of GHG emissions in 2005
came from sources related to electricity and heat, manufacturing
and construction, and agriculture.

— South Africa shows a similar picture with the main difference being
greater contribution from electricity/heat, and that transportation-
related activities resulted in as much GHG emissions as agriculture
in 2005.

— In contrast, GHG emissions in Brazil and Indonesia were dominated
by land-use change and forestry activities, which contributed 64.4
percent of emissions in Brazil and 71.5 percent of emissions in
Indonesia.”

Sector MtCO2e Y%
Energy 5,278.5 734
Electricity & Heat 2,668.1 37.1
Manufacturing & Construction 1,594.0 222
Transportation 332.1 4.6
Other Fuel Combustion 542 .4 7 b5
| Fugitive Emissions [1] 141.9 2.0
Industrial Processes [2] 669.2 9.3
Agriculture 1774 2 15:5
Land-Use Change & Forestry -47.3 -0.7
Waste 174.2 2.4
Total 7,187.0 * Represents shares of total emissions
excluding LUCF.

Figure 3: China GHG Emissions by Sector in 2005.
Source: Climate Analysis Indicators Tool Version 7.0, World Resources Institute, 20102,

India

Sector MtCO2e %

Energy 1,251.8 67.1
Electricity & Heat 691.1 37.0
Manufacturing & Construction 254.1 13.6
Transportation 98.3 5.3
Other Fuel Combustion 160.8 8.6
Fugitive Emissions [1] 47.4 2.5 V

Industrial Processes 87.8 4.7

Agriculture 402.7 21.6

P Land-Use Change & Forestry - -
Waste 123.8 6.6
Total 1,866.1

Figure 4: India GHG Emissions by Sector in 2005.
Source: Climate Analysis Indicators Tool Version 7.0, World Resources Institute, 2010.

20 Climate Analysis Indicators Tool Version 7.0.World Resources Institute, 2010
2! For explanation of fugitive emissions and [1] and industrial processes [2] please see Box 1
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South Africa
Sector MiCO2e %
Energy 343.1 g1
Electricity & Heat 210.5 49.8
Manufacturing & Construction 51.3 £2: 0
Transportation 42.9 10.1
Other Fuel Combustion 30.6 7.2
. Fugitive Emissions [1] 7.9 1.9
Industrial Processes 16.1 3.8
Agriculture 41.8 9.9
B Land-Use Change & Forestry -~ -~
Waste 219 5.2
Total 422.8

Figure 5: South Africa GHG Emissions by Sector in 2005.
Source: Climate Analysis Indicators Tool Version 7.0, World Resources Institute, 2010.

Sector MtCO2e %
Energy 346.2 12.2
Electricity & Heat 58.6 2.1
Manufacturing & Construction 97.3 3.4
Transportation 137.1 4.8
Other Fuel Combustion 43.9 1.5
Fugitive Emissions [1] 9.4 0.3
Industrial Processes 32.4 1.1
Agriculture 590.5 20.8
P Land-Use Change & Forestry 1,830.0 64.4

Waste 42.8 1.5
Total 2,841.9

Figure 6: Brazil GHG Emissions by Sector in 2005.
Source: Climate Analysis Indicators Tool Version 7.0, World Resources Institute, 2010.

Indonesia
Sector MtCO2e %
Energy 397.7 19.5
Electricity & Heat 125.3 6.1
Manufacturing & Construction 93.1 4.6
Transportation 73.9 3.6
Other Fuel Combustion 48.3 2.4
Fugitive Emissions [1] 57.1 2.8
Industrial Processes 18.5 0.9
Agriculture 132.2 6.5
P Land-Use Change & Forestry 1,4590.0 71.5
Waste 34.5 1.7
Total 2,041.9

Figure 7: Indonesia GHG emissions by sector in 2005.
Source: Climate Analysis Indicators Tool Version 7.0, World Resources Institute, 2010.

It becomes evident that each country faces its own unique set of challenges and
opportunities in defining a low-carbon growth path. The sectoral breakdown of
national GHG emissions needs to be considered as much as the country's specific
economic circumstances. The mitigation options considered by each country in
the national climate change strategy therefore differ:

— China has set a target to reduce energy consumption per unit GDP
by 20 percent and to deploy most efficient technologies in the iron
and steel, cement, oil and petrochemical, and agricultural machinery
industries.

- India seeks to significantly increase the share of renewable energy
and aims for a increased deployment of solar pholtovoltaic and
hydropower sources.

— South Africa aims to accelerate energy efficiency and conservation
across all sectors and targets to reduce transport emissions.??

22 WRI, 2009



— Brazil aims to reduce deforestation by 30 percent during 2013-2017
and to double the area of forest plantation to 11 million ha by 2020.

- In Indonesia, which has not developed a strategy yet, the
exploitation of geothermal power and efforts targeting the land-use
change and forestry sector (e.g. reducing deforestation, promoting
reforestation, conserving peat land, and preventing fires) are key
mitigation options being explored.*

Technology can play a fundamental role in advancing efforts to address climate
change and the areas listed above indicate potentially significant opportunities for
technology-enabled mitigation options in the respective countries. However, to
date, the deployment of technology in general has remained slow in developing
countries and this is particularly true for ICT-based low-carbon technology
deployment.

2. ICT-based Climate Change Mitigation in Emerging
Economies

This section provides a general introduction on the critical role of ICTs in
mitigating climate change in emerging economies. It then briefly outlines key
opportunity areas for ICT-enabled GHG emissions reduction and provides
examples of ICT-based carbon reduction projects in textboxes.

2.1. The Need for ICT-enabled Climate Change Mitigation in
Emerging Economies

ICTs have a critical role to play in shifting towards a more sustainable low-carbon
society. They can be used in humerous ways to mitigate environmental impacts
and climate change by providing solutions that help measure, monitor, manage,
and enable more efficient use of resources and energy. ICTs provide immense
opportunities to improve the operation of infrastructure and systems and can
contribute to dematerialisation, transport substitution, and smarter ways to live,
work and spend our leisure time.

The ICT sector has the potential to play a powerful role in tackling climate change
by enabling other sectors (such as transport, construction, power and industry) to
become more efficient. In fact, ICT-enabled emission reduction potential far
exceeds the ICT sector's own carbon footprint.?* A report published by The
Climate Group and the Global e-Sustainability Initiative (GESI) found that

ICTs could reduce global carbon emissions by 7.8 GtCO,e by 2020 (from an
assumed total of 51.9 GtCO,e if we remain on a BAU trajectory), an amount
five times larger than its own carbon footprint. Savings from avoided
electricity and fuel consumption would reach € 600 billion. (The Climate
Group and GESI, 2008)*

Some of the most widely discussed ways through which ICT applications can help
reduce global GHG emissions include:

23 Indonesian Ministry of Finance, 2009

2% For example The Climate Group and GESI, 2008 and ITU, 2009

25 BAU means "business as usual" and refers to emission levels that would occur if emissions grew at
the same rate as has accompanied economic growth in the past and no actions to reduce emissions
were taken.
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- Dematerialisation by replacing physical goods, processes or travel
with 'virtual' alternatives, such as video-conferencing or e-
commerce (online shopping).”®

- Machine-to-machine (M2M) communication, which enables a large
share of GHG emission savings by means of process optimisation.
These include for example smart grids, smart logistics, smart
buildings, or smart motor systems.?’

- Systemic impacts, i.e. behavioural effects such as new habits and
consumption patterns that humans develop as a result of ICT use.?®
This is an important area of intervention since consumers control or
at least influence 60 percent of all GHG emissions (through their
own consumption and use consumers directly control 35 percent of
these emissions). Thus, consumer targeted carbon reduction
measures can result in significant reductions in global GHG
emissions.”

Table 1 summarises some of the most widely discussed ICT-enabled GHG
emission reductions and potential carbon and cost savings.

Table 1: ICT-based Carbon Solutions (Source: Accenture, 2009)

: 2 e Carbon Cost
B * Reduction in Transmission losses ' \
+ |ntegration of renewable ener, : i o
i : By 2Gtco.e p $125billion
* Reduction in consumption '
St = Intelligent Commissioning : \
ma : A \
Building * Building management systems b 152Gt CO,e } 5442 billion
* Voltage optimization rf f
* Optimization of logistics network -k
= QOptimization of route planning ¢ 168Gt Co,e Y $341 billion
* In-flight fuel efficiency 4 f
= |CT smart motor system b
= |CT-driven automation of industrial Y 1GtCO.e . $107 billion
processes f 2 _+f
* Online-media, e-commerce, e-paper, : b
= telecommuting ‘f 1. GECOze Ifl' N/A
Copyright © 2009 Accenture All Rights Reserved * Figures extracted from the Smart 2020 report = The Climate Group - GeS| 12

To date, discussions on ICT-based climate change mitigation strategies have
largely focussed on the general opportunities. With the exception of an ITU draft
paper®’, discussions have not considered how far the enabling effect of ICTs will
be influenced by the development status of a country - which in turn helps
determine the investment climate and the state of ICT diffusion and applicability
- and influenced by the specific pattern of carbon emissions to be mitigated. They
have also not focussed much on the application of ICT-enabled mitigation

26 Vodafone and Accenture, 2009
27 1bid.

28 pamlin and Szomolanyi, 2005
2% 1I1SD, 2008

30 ITU, 2009
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solutions in the specific high-carbon sectors dominant in these countries such as
agriculture or forestry.

The marked growth in ICT uptake in emerging economies®! will result in an
increased share of these countries in ICT-related GHG emissions from increased
energy demand. At the same time it provides the opportunity to deploy smarter
solutions as technologies become deeply embedded into the socio-economic
fabric.32. There is an urgent need to develop and adopt IT architectural paradigm
shifts (e.g. virtualisation across all ICT assets) to counter the increased energy
demand for ICTs in countries such as India and China (see Box 2). In these
countries we are seeing a roll-out of mobile networks, a larger share of the
population being able to afford ICT devices as well as a rapid growth in data
centres.>?

This marked growth in ICT uptake prompts the urgent need to integrate low-cost
technologies to bring down GHG emissions from fast growing user devices.
Reducing the carbon footprint of ICTs is a crucial step in reducing GHG emissions
in these countries and should be considered in any efforts to "bridge the digital
divide" - an issue still high on the development agenda.

There is a risk of further broadening the 'digital divide' if technology-based
mitigation efforts are solely devised for developed countries. This would exclude
developing countries from the new wave of developments and trends towards
'cleaner’, 'smarter' and more efficient technologies®* crucial in achieving
sustainable economic growth and leave them at risk to carbon being "locked in"
to their infrastructures, networks and operations.

The imperative for deploying ICTs to facilitate a transition to a low-carbon growth
pathway in emerging economies is high. In deciding on where to make
investments in order to unleash the enabling effect, it is important to consider
where the largest carbon reduction opportunities lie, in the short- and long-term.
In an emerging economy context, however, it is also important to consider
whether such investments will contribute to the overall sustainable development
of the country. Challenges related to bridging the digital divide, poverty
alleviation and sustainable resource management are still prevalent in emerging
economies and should not be overlooked.

Developing and emerging economies face numerous challenges in the provision of
infrastructure as economic growth progresses, with demand rapidly increasing for
reliable electricity supply, transport infrastructure and commercial buildings.
Some experts argue that difficulties faced in meeting this demand are driving
investments towards more energy efficient solutions.>* As major infrastructure
investments are taking place in the world's emerging economies there is a great
opportunity to "leapfrog" to smarter infrastructures and processes and to avoid
the carbon-intensive development stages experienced by developed countries. In
developing countries, much of the energy efficiency potential in life-long assets
such as buildings, energy grid and industry stock is associated with greenfield
opportunities, i.e. new constructions. Infrastructure investments not taking
advantage of this opportunity can lock in energy- and emissions-intensive
infrastructure for at least the next 40 years. Retrofit opportunities to partially

31 ITU, 2008

320spina, A.V. and Heeks, R, 2010
33 The Climate Group and GESI, 2008

34 Ospina, A.V. and Heeks, R, 2010
35 OECD, 2009
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reverse this situation tend to be more expensive than energy efficient
investments in the greenfield.3®

A small number of emerging economies have already successfully deployed low-
carbon technologies in certain industry sectors and thus partially avoided the
high-carbon investments made in developed economies. Examples include the
substitution of 40 percent of gasoline fuel with sugar cane-based ethanol in
Brazil's transport sector’” and the rapid development of wind power in China
which38has made the country the fourth largest wind power generator in the
world=®°.

The opportunity for technological leapfrogging is increasingly being seen and
realised by the private sector which expects substantial financial savings from
investments in smarter solutions. For instance, North Delhi Power Limited (NDPL),
which distributes electricity to approximately five million people in the Delhi
metropolitan area, has invested in a host of technologies for a smarter grid which
has already reduced energy losses from 54 percent to less than 18 percent over a
five-year period through the company's automation strategy. Technological
investments included an Outage Management System which allows the control
room to pinpoint the location of a failure and trigger a repair operation - a
solution that allows faster restoration of power.*

Against this background there is a need to further explore the potential of ICT-
enabled climate change mitigation in emerging economies and build upon on-
going activities in these countries to develop domestic capacity to tackle climate
change.

36 The Secretary General's Advisory Group on Energy and Climate Change (AGECC), 2010
37 ESMAP, 2010 Brazil case study

38 WRI, 2010b

3% GE, 2009
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Box 2: ICT's Rapidly Growing Carbon Footprint in Emerging
Economies

To date, the ICT sector itself (excluding the radiocommunication sector)
produces between 2 to 2.5 percent of total global GHG emissions, though some
experts consider its carbon footprint to be significantly higher. Howsoever, there
is agreement that this share is rising with the rapid growth of the ICT industry in
particular in the world's emerging economies.

China and India are huge growth areas with populations of 1.3 billion and 1.1
billion respectively. Overall private consumption in the Indian economy is
expected to quadruple by 2025 and the middle class population in China is
expected to grow by more than 80 percent by 2020.

It is expected that by 2020 a majority of the population in emerging
economies will be able to afford ICT devices and will have achieved developed
country ownership levels, in particular with regards to mobile networks and
PCs. This in turn will make them account for more than 60 percent of global
ICT-related GHG emissions up from about 50 percent today.

But the fastest-growing elements of the footprint constitute data centres.
Despite first-generation virtualisation and other efficiency measures data
centres will grow faster than any other ICT technology. This is largely driven
by the need for storage, computing and other ICT services.

The proliferation of user devices contributes the largest share of global ICT-
related GHG emissions, due to the devices' need for power and radiation of heat.
There have been remarkable growth rates of user devices in developing

countries. Mobile cellular penetration in these countries, for example, has more
than doubled since 2005 and has now passed the 50 percent mark.

As deployment of ICT continues at rapid scale, the sector faces the challenge to
limit and reduce its own carbon emissions. The Climate Group and GESI (2008)
argue that there is scope for reducing the carbon footprint of the ICT sector by

some 36 percent by 2020 using existing technologies.

Source: The Climate Group and GESI, 2008; ITU, 2009; ITU, 2010

2.2. ICT-enabled Carbon Reductions in an Urban Context

In emerging economies, cities are an important engine for economic growth and
socio-economic development. They are the main driver behind increased energy
consumption and related GHG emissions.*® But experts argue they also have the
greatest potential for reducing GHG emissions through ICT.

To date, one-third of the world's population, i.e. 2.6 billion people, live in
emerging-market cities and by 2030 the number is likely to increase by an
additional 1.3 billion.*! It is expected that the urban population of developing
countries will reach 50 percent in 2020. By 2030, Asia and Africa will both have
higher numbers of urban dwellers than any other area of the world.*? In China
43.6 percent of the population lived in urban areas by the end of 2006. This rate

40 See for example WWF and Ericsson, n.d.
L WW, n.d.
2 UN Habitat, n.d.
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is rapidly increasing, with 75 percent of the population estimated to live in cities
by 2050.%3

The massive growth in size and number of emerging-market cities, alongside the
burgeoning middle-class households within them, drives housing and
infrastructure investments and brings with it a rapid increase in energy
consumption and related GHG emissions. Urban energy consumption per capita is
estimated to be three times higher than that of rural areas, and this will be
exacerbated as rural populations continue to migrate to urban areas: a flow
which, in China alone for example, is estimated at 10 million people annually.*

Solving the climate challenge is, therefore, very much tied to infrastructure and
urban development and there is great potential for ICT-based climate change
mitigation in the urban centres of emerging economies. In fact, WWF argues that

There is an untapped opportunity to drive economic growth while at the
same time making transformative emissions reductions by focusing on cities
and urban infrastructure development. (WWF and Ericsson, n.d.)

There is great potential for ICTs to help reduce direct emissions in cities resulting
from cars, buildings and energy production by by finding smart, less carbon-
intensive ways to provide the same services.*® Among such solutions are smart
transportation, which is explained further in Box 3.

Buildings, as one of the largest urban energy consumers, offer a significant
energy and carbon reduction opportunity, with smart buildings discussed in Box
4. ICT-enabled smart connection between buildings and other critical urban
infrastructure components (e.g. utilities, transportation, government services)
can create "smart city" solutions. Based on the combined use of software
systems, server and network infrastructure, and customer devices, such solutions
enable optimised energy flows throughout an entire city and envision new ways of
urban life.

Energy efficiency can offer practical solutions to budget-constrained cities to meet
their energy needs without sacrificing their development priorities. Energy-
efficient activities are generally cost-effective as the higher upfront investment is
offset in the long-term by lower energy costs.*® This is explored further in the
next section including the example of smart grids (albeit in non-urban settings) in
Box 5: Smart Micro-grids for Remote Areas.

Another area to tackle is imported emissions, i.e. reducing the emissions resulting
from products and services imported to or exported from a city such as emissions
from the production of steel and other construction materials (outside a city's
boundaries) used in a city's building developments. Here, ICTs can play a role in
developing smart solutions to logistics, motor systems, energy production and
consumption, and industrial processes.*’

Cities are not only centres of growth for population, buildings, infrastructure and
demand for services and materials, they also have the potential to develop a
leadership role in promoting ICT-based low-carbon innovations and low-carbon
living. WWF (2008b) argues that urbanisation will be a key driver for future
technology development and institutional innovation, and that the way in which
China and India adopt new urban solutions will shape this development, not only

“4 Ibid.

4> WWF and Ericsson, n.d.

4 Energy Sector Management Assistance Program, n.d.
47 WWF and Ericsson, n.d.
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in those two countries, but also globally. The rapid urban development of
emerging economies thus has great potential for a low-carbon transition.

Box 3: Smart Transportation — ICTs and Electric Vehicles

ICT-driven applications across transportation have the potential to achieve a
reduction in total global emissions of 1.52 GtCO,e. Many industries already
rely on software systems to optimise transportation systems to reap big
energy savings.

Transport challenges faced by emerging markets include increasing
urbanisation (especially in the mega cities) and worsening congestion leading
to adverse economic, health and safety impacts. An increasing number of
emerging economy cities are rethinking their transportation systems to
better meet these challenges. This represents a huge potential for ICT-driven
solutions including software to improve the design of transport networks with
specific levers such as intermodal shift, eco-driving, route optimisation,
inventory reduction, or moving to the most efficient type of transport.

The use of electrical energy in road traffic requires the merger of energy and
transportation systems. New ICT-based technologies and services are being
developed in relation to areas such as systems integration (smart charging
and vehicle-to-grid systems), vehicle navigation and driving assistance, fees
and bill payment systems, vehicle fleets, and mobility services.

Megacities in emerging economies will be one of the key drivers of the
electrical vehicle (EV) market by 2010. At present car ownership in China
and India is below 5 percent but growing faster than any other place on
Earth. Over the next five years, Chinese and Indian consumers are projected
to buy as many as 70 million vehicles -- more than the total number of cars
that exist in the UK and Germany today.

Ambitious and innovative projects are implemented in relation to the EV
market. For example, Chery Automobile of China is partnering with the
Danish ICT company Better Place to co-develop prototype vehicles and
charging stations. The pivotal element is sophisticated software to manage
information and electricity flows between the end user, car and battery
manufacturers, electricity providers, grid operators and governments. China
has set an industrial policy with the objective of becoming the largest EV
developer and manufacturer in the world. HSBC research predicts that
China's share of the global EV market will grow from 2.7 percent in 2010 to
35 percent by 2020.

Sources: AltTransport, 2010; The Climate Group and GESI, 2008; IBM Institute for
Business Value, 2009; and Better Place, 2010
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Box 4: Smart Buildings

'Smart building' technologies help improve the efficiency of building design,
construction and operation for both existing and new-build properties. ICT
can help address the two main drivers of energy consumption in buildings,
i.e. energy intensity and surface area through:

— Monitoring and optimising operations at every stage of a building's life
cycle, from design and construction to use and demolition.

— Optimising building design through, for example energy modelling
software. Such software can help architects determine how design
influences energy use and compare energy models with actual
construction.

There is a large range of smart building technologies include building
management systems, metering technology, environmental sensors, lighting
control systems, energy auditing/optimisation software and services, data
loggers, and building optimisation software.

While some of the most ambitious innovations in smart building designs are
happening in developed countries such as the US and Canada, there are
interesting developments in emerging economies such as India and China. In
fact, a growing number of buildings in China and India are pursuing
Leadership in Energy and Environmental Design (LEED) certification — an
internationally recognised rating system developed in the US to evaluate the
environmental performance of a structure.

An interesting initiative is Lavasa City, the first e-city in India. Lavasa is a hill
city comprising 12,500 acres of land. Designed in accordance with the "new
urbanism" principle it aims to offer an inclusive environment for residential
and office areas, as well as education and leisure facilities. The city is
developed by Lavasa Corp. Ltd., part of the Hindustan Construction
Company, which has signed agreements with companies Wipro and Cisco to
provide ICT services for the new development. Smart city solutions that will
be deployed include:

— Combined geographic information system (GIS) and global positioning
system solutions to develop a robust operation and maintenance plan
for facility managers

— Optic fibre cable network and telecom infrastructure to promote e-
governance (including utility services, facility management, security
enablement, on-demand services, tele-medicine, traffic management,
online communities, voice and video services)

— A centralised information and communication hub

This is just one of numerous initiatives indicating that emerging economies
are already exploring the use of ICTs in making their cities more efficient and
less carbon intensive. A number of leading companies in emerging
economies are either working in partnership with global businesses or on
their own in applying modern ICT services to operations in their countries.

Sources: UK Centre for Economic and Environmental Development, n.d.; Lewis, G.,
2009; and Lavasa Corporation Limited, 2009
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2.3. Decarbonising Energy Supply and Demand

It is estimated that the world's primary energy needs will grow by about 45
percent from 2006 to 2030, and that this growth will largely occur in developing
countries (about 87 percent) where carbon-intensive fossil fuels remain the
dominant source of primary energy. Developing countries need to meet their
growing energy needs in order to maintain robust socio-economic
development.,*® but therefore also need urgently to find ways to decarbonise
energy supply and use.*

ICTs have the potential to bring about this systematic change and realise carbon
reduction opportunities through a number of applications:

- Energy generation: This includes using smart grids that will allow the
monitoring of power consumption and use over the electricity grid. The
goal is to allow more efficient power distribution and power use by the grid
itself, including the possibility of making greater use of renewable and
non-GHG emitting sources of energy.>°

- Energy transmission and distribution: These include remote
measurement and monitoring of energy use, remote grid element
management and energy accounting, which together would help utilities
monitor energy use across the grid better and allow them to trace the
source of energy losses.’'Energy transmission and distribution (T&D)
monitoring is the most significant single carbon reduction opportunity and
can significantly reduce the share of electricity losses; a key problem for
developing countries.

- Efficient end-use technologies: These technologies are expected to
play a fundamental role in the transition to low-carbon societies®® and
include smart meters which can influence consumer patterns.

- Decentralised energy production: This could allow renewable energy
such as solar and micro-hydro sources to be integrated into the grid,
reducing carbon-intensive coal-based generation. Decentralised energy
sources could also allow the grid to respond to local power surges and
shortages, making it easier to manage.”®

The Climate Group and GESI (2008) found smart grid technologies to be the
largest opportunity for GHG emission reduction with a potential to reduce 2.03
GtCO-e globally.>* Moreover, smart ICT solutions for optimised electricity grids
hold various other benefits for emerging economies with rapidly increasing energy
demands and large T&D losses such as in India or South Africa.

The energy systems in many developing and emerging economies' cities face
substantial challenges related to a rapidly rising demand for energy, high carbon
intensity of supply, high grid losses, rising energy costs, and the need for large
investments in infrastructural development in the coming years. This is the case
for India in particular. Smart grids, therefore, are of key relevance in driving
down energy-related GHG emissions in emerging economies to prevent them

“8 International Energy Agency, 2008.
4 See for example Ockwell et al., 2009.
50 [TU, 2009.

51 The Climate Group and GESI, 2008.
52 Ockwell et al., 2009.

3 The Climate Group and GESI, 2008.
54 Ibid.
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from becoming locked-in to high emissions trajectories for the next 30 years.
Incorporating smart ICT solutions not only helps tackle energy losses and
improve efficiency but can also reduce power generation investment costs and
contribute to energy security.

In India, the private sector and the Indian government are expected to invest
significantly in the energy sector.> This presents an opportunity to put in place a
"best in class" system early and leapfrog to smart grid technology. The Climate
Group and GESI (2008) argue that T&D losses in India's power sector can be
reduced by 30 percent through better monitoring and management of electricity
grids, first with smart meters and then by integrating more advanced ICTs into
the so-called "energy internet". This will lead to significant financial savings and
emissions reductions from prevented T&D losses; creating a potential economic
and environmental win-win.>®

ITU (2009) sees great potential for energy demand side management in emerging
economies, as important energy savings for consumers and electrical utilities can
be realised through ICT applications to even out energy loads and reduce brown
outs. ITU notes that "in some cases, this practice may be the only alternative to
help existing electrical utilities avoid black outs and brown outs without adding to
existing energy generation capacity".”’ Energy efficiency measures are seen as
"no regrets" (i.e. as producing economic benefits regardless of their
environmental necessity) and highly cost-effective options even in a pricing
regime where tariffs do not reflect costs as is the case in many emerging
economies and developing countries. Energy efficiency measures help increase
megawatt capacity without necessitating the buying or building of new plants.”®

In Bangladesh, for example, the World Bank invested US$15 million to replace
customer incandescent bulbs with high efficiency compact fluorescent lamps to
help reduce peak hour deficits and improve power supply reliability in particular in
rural areas. It was found that lighting coincides with the peak load hours and
contributes over 20 percent of the demand. The investment compared very
favourably to the alternative of installing a comparable amount of new peak
generation capacity at an estimated cost of US$235 million.>®

There is also a great opportunity for ICTs to contribute to greater deployment of
renewable energy in developing countries which would contribute to both low-
carbon energy generation and alleviation of energy poverty, an issue high on the
development agenda in particular in India. Examples of ICT-based solutions in
this regard include smart micro-grids as further explained in Box 5.

55 Chadha, M., 2010.

%6 The Climate Group and GESI, 2008.
57 ITU, 2009.

8 sarkar, A. and Singh, J., 2009.
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Box 5: Smart Micro-grids for Remote Areas

As stated by the UN Secretary-General's Advisory Group on Energy and

Climate Change:
"Developing countries in particular need to expand access to reliable
and modern energy services if they are to reduce poverty and improve
the health of their citizens, while at the same time increasing
productivity, enhancing competitiveness and promoting economic
growth. Current energy systems are inadequate to meet the needs of
the world's poor." (UN, 2010)

The Advisory Group points out that as a result of "energy poverty" many of the
world's poor face negative consequences related to health and economic
development. For example, inefficient combustion of solid fuels in inadequately
ventilated buildings leads to indoor air pollution and insufficient power limits
opportunities for productive income-generating activities.

There are three basic approaches to open access to electricity in remote areas:
grid extensions, micro-grid access and off-grid access (i.e. generating capacity
for a single point of demand, typically a solar household system). ICTs can
play a significant role in extending existing grids and in the development of
micro-grids.

A micro-grid is "A small power system that includes self-contained generation,
transmission, distribution, sensors, energy storage, and energy management
software with a seamless and synchronized connection to a utility power
system but can operate independently as an island from that system."
(Hertzog,C., 2010). It can be connected to the public grid and exchange
energy with it or, in the case of remote areas, it can operate in island mode.

In remote areas of developing countries micro-grids can make a significant
contribution to a secure supply of energy at reduced costs and to the
integration of renewable and less carbon intensive energy sources available
locally. In many cases connections to the public grid are too expensive or not
feasible in such areas - a fact that makes isolated micro-grids the ideal choice
for the electrification.

If there is no connection to an external power infrastructure, then all balancing
has to be done using local resources, which can be adjustable diesel
generators, photovoltaic panels, hydro generators, battery sets and others.
The main challenge of operating a micro-grid lies in the fact that at all times
the balance between generation and demand has to be maintained: this is
where ICT applications come in. In a smart micro-grid, ICT applications help
optimise the transmission and distribution portions of the grid for distributed
energy generation/storage and enable the integration of larger amounts of
fluctuating and decentralised renewable energy sources.

In addition, smart micro-grids also allow for the deployment of different
communication and outreach programmes to encourage energy efficient
behaviour, for example, through the use of electricity meters.

Sources: Hertzog, C., 2010; Murthy Balijepalli, V.S.K. et al., 2010; Martinez-Cid, R.B.,
2009; Kupzog, F. et al., 2009; and UN, 2010
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2.4. Export of Manufacturing-based Emissions

Manufacturing in developing countries is a key growth engine as the world
economy is fuelled by the role that these countries play as "workshops of the
world" and preferred manufacturing locations. However, there has been an
increase of 29 percent in fossil fuel emissions between 2000 and 2008 as
contributions from emerging economies grew. There is growing evidence that this
rise was driven to a large extent by the production and international trade of
goods and services, and from the use of coal as the main fuel source.

Overall, around one-quarter of the growth in developing country emissions
(including emerging economies) since 2000 was associated with international
trade.®® More specifically, 30 percent of the growth in emissions in China between
1990 and 2002 was attributable to the production and international trade of
goods exported for consumption in other countries. This figure increased to a
staggering 50 percent in the following three years (2002 to 2005). Over half of
the exported products were destined for developed countries where consumption-
based emissions - those linked to in-country consumption of goods irrespective of
their production site — have also been on the increase. For example, in the UK
between 1992 and 2004, within-country emissions decreased by 5 percent, but
consumption-based emissions rose by 12 percent.®!

This issue highlights the shared responsibilities of developed and emerging
economies in reducing global GHG emissions and in realising low-carbon
development paths. There is a need to develop and transfer low-carbon
technologies from advanced to emerging economies, which would serve two goals
- reduce international trade related emissions and support catch-up growth in
those economies. Reducing global GHG emissions can not only depend on the
international coordination of carbon emissions trading and carbon tax schemes
(as indicated by the carbon leakage problem®?), but will also largely depend on
the success of technology transfer to improve the performance of energy- and
carbon-intensive industries in emerging economies.

Tackling GHG emissions related to international trade via such technology
transfer can happen on two fronts: a) cross-border transportation and logistics,
and b) manufacturing in emerging economies.

International trade is based on countries specialising in and exporting goods in
which they have a comparative advantage and importing other goods from their
trade partners. This process of international exchange requires vast transport and
logistics networks. As a result of globalisation and global economic growth, global
goods transport is continuously increasing.

According to The Climate Group and GESI (2008), global goods transport and
logistics are inherently inefficient, e.g. vehicles often carry little or nothing on
return journeys. At the same time, they are increasingly under pressure to
become more efficient as fuel costs and taxes rise and as the risk for increased
costs from carbon regulation increases.

The transport sector is a large and growing emitter of GHGs, responsible for 14
percent of global GHG emissions. Optimising logistics using ICT could result in a
16 percent reduction in transport emissions and a 27 percent reduction in storage
emissions globally. Efficiency gains come with significant economic benefits since

50 Le Quere et al. 2009

51 Ibid.

62 Carbon leakage is the effect that regulation of emissions in one country/sector has on the emissions
in other countries/sectors that are not subject to the same regulation.
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the sector operates a high-value market, with the global logistics industry
estimated to be worth $3.5 trillion in 2005.%3

ICTs can improve the efficiency of logistics operations in a number of ways by
helping to monitor, optimise and manage operations. This in turn helps reduce
the storage needed for inventory, fuel consumption, kilometres driven and
frequency of vehicles travelling empty or partially loaded.

"Smart logistics" solutions include software enabling improved design of transport
networks, running of centralised distribution networks and of management

systems facilitating flexible home delivery services (see Box 3 for further
examples).®* Various machine-to-machine (M2M) technologies can help improve
operational efficiency including onboard telematics, loading monitoring devices,
an6d5 tracking systems such as Helveta's supply chain software introduced in Box
6.

In emerging economies, we are witnessing rapid growth in consumption as well
as manufacturing, for both domestic and foreign markets, which results in a
continuous increase of GHG emissions. The logistics sector is already contributing
a large part of these emissions and they are set to rise further with
manufacturing increasing for both domestic and overseas markets. A major
challenge in tackling these emissions is the fact that in emerging economies the
logistics sector is largely fragmented. ICTs hold the promise to address this
challenge but have not been widely deployed in emerging economies and
developing countries. As trade and transportation grow, thereby further
exacerbating the need to devise innovative low-carbon solutions, there is a need
for governments in these countries to incentivise the deployment of smart
solutions. Moreover, underdeveloped trade and logistics infrastructure not only
contribute to excessive GHG emissions but also adversely affect GDP. It has been
estimated that underdeveloped trade and logistics infrastructure costs India 13
percent of its GDP.%® Some leading logistics and transport companies are
therefore already adopting smart logistics solutions for network tracking and
monitoring.

Transport and logistics operations, however, are not the only contributors to GHG
emissions. The manufacturing process of products also plays a significant role as
outlined above. "Smart manufacturing" solutions can be used to

— increase manufacturing process efficiency by automating
communications between production sub-processes,

— support predictive maintenance by remotely monitoring machinery
to improve maintenance planning and overall service management,
and

— optimise order fulfilment by integrating order capture in production
planning, output and dispatch, and increasing the intensity of batch
production to reduce continuous production.®’

In particular, energy-intensive motor systems, largely used in China's
manufacturing sector, hold significant efficiency potential through the adoption of
smart technologies (see Box 7). Within manufacturing, a particular focus will also
be on the cement sector — an industry expected to double by 2030 and which is

53 The Climate Group and GESI, 2008.
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already responsible for about 5 percent of the world's CO, emissions.®® Cement
production and demand are increasing rapidly in developing countries where
already 80 percent of global cement production takes place, and application of
ICTs in cement production in the developing world thus form an important path of
new ICT-enabled development patterns.®®

Box 6: Helveta's Supply Chain Software

British company Helveta developed a software platform to track and manage
every stage of global supply chains. It is used, for example in the timber
sector in countries such as Malaysia, Cameroon, Liberia, the Democratic
Republic of Congo, and Bolivia where it enables traceability of every log,
truck and mill involved in the supply chain. This helps companies in proving
the origin of products to meet requirements set by legislators or customers.
Products can be tagged with RFID labels which in turn can be read by
handheld computers loaded with Helveta's data capture software. Thus
information on each tree can be recorded and transferred to a central server
via Internet or mobile phone connection.

In a developing country context, such software can replace time-consuming
and potentially more expensive traditional techniques for forest monitoring.
Helveta's system also makes provision for users with low literacy levels.
Users can record GPS-referenced information using touch-screen handheld
computers, which can contain a database of icon images in place of text.

Timber is almost exclusively sourced from developing countries where with
an estimated 12 to 17 percent of global timber trade stemming from illegal
logging. Such logging - typically done without concern for replanting, and
often damaging large swathes of surrounding forest - is also a significant
contributor to climate change. By verifying sourcing from sustainable, legal
sources of timber, supply chain software can help tackle illegal logging and
thus address some deforestation-related greenhouse gas emissions.

Source: Youngman, R., n.d.

58 GreenBiz Group, 20009.
5 World Business Council for Sustainable Development, 2009.
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Box 7: Smart Motor Systems, China

Optimising and improving efficiency in China's manufacturing sector can
significantly reduce the country's carbon footprint. Failing to do so will result in
the country's motor systems accounting for 10 percent of national GHG
emissions and two percent of global emissions by 2020. Optimising motor
systems and industrial automation globally could reduce as much as 0.97
GtCO2e in 2020. In China such measures could potentially reduce emissions by
200 MtCO2e.

Motor systems are one of the key drivers behind China's rapidly increasing
energy demand. They currently constitute 70 percent of total industry
electricity consumption and are often very energy inefficient. The Climate
Group and GESI suggest that the following smart applications could help
reduce industrial energy use in China and improve the efficiency of motor
systems:

— Variable Speed Drives (VSDs): VSDs control the frequency of electrical
power supplied to the motor, thereby adjusting the rotation speed to the
required output and are the most effective means of saving energy — up to
25-30 percent.

— Intelligent Motor Controllers (IMCs), IMCs monitor the load condition of the
motor and adjust the voltage input accordingly. They offer minor efficiency
gains (3-5 percent), but have the benefit of extending the motor lifespan,
which reduces the number of new motors required and therefore the
associated manufacturing emissions.

Source: The Climate Group and GESI, 2008

2.5. ICT-based Approaches to Land-use Change and Forestry
Emissions

Emissions from land-use change and forestry (LUCF emissions including
deforestation, logging and intensive cultivation of cropland soils) are the second
largest source of global anthropogenic GHG emissions (estimated between 15 to
20 percent).”® The largest driver of LUCF emissions is deforestation caused by the
conversion of forest to agricultural lands, primarily in developing countries.”* One
third of total emissions of developing countries is caused by LUCF with the largest
contributors being Indonesia and Brazil (other countries include Malaysia,
Myanmar and the Democratic Republic of Congo).”?

The Intergovernmental Panel on Climate Change (IPCC, 2007) notes that
reducing and/or preventing deforestation is "the mitigation option with the largest
and most immediate carbon stock impact in the short term".”? It is estimated that
reducing deforestation by 50 percent over the next century would help prevent
500 billion tonnes of carbon from being released into the atmosphere per year.”
ICTs can help monitor land-use change and deforestation and enhance data
collection on the condition of forests. Satellites are now able to take images
through clouds and at night making remote sensing applications a critical and
effective tool in monitoring deforestation and illegal logging (see also Box 6). For
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example, Google maps are being used to present illustrations, satellite images
and photographs that depict human impacts on the environment (both past and
present).”® Alongside illegal logging such impacts include forest loss from the
construction of road networks, and from establishing farms, plantations and
pastures.

ICT solutions can make data collection on the ground more efficient at lower cost
and environmental impacts. Remote sensing technologies and communication
networks, for example, enable more efficient monitoring and resource
management.’® This is critical in emerging and developing countries where
environmental protection agencies and organisations are usually understaffed and
underfunded.

However, for effective monitoring remote sensing data need to be complemented
by in-situ ground data and geolocation information. Team Networks, for example,
works with local groups based in developing country field sites using mobile
technologies (smart phones and EcoPDAs) to facilitate the collection of data. Once
this data has been stored in servers and databases, it is disseminated globally, in
a timely manner and free of charge.”” Through such applications ICT can
encourage better land use planning and contribute to more informed land use
decision making.

Moreover, by facilitating information gathering and dissemination, ICTs can
contribute to capacity building including efforts to increase public awareness of
critical environmental issues, the development of professional staff, involvement
of and collaboration among relevant stakeholders, and the integration of
environmental content into education and policy enforcement. The increasing
availability of satellite data imagery data has spurred the establishment of NGO
imagery activities around the world. The Global Forest Watch (GFW) programme
by the World Resources Institute (WRI), for example, urges better forest
management by monitoring and publicising information on forest loss around the
world. This information combines reports from ground observers with satellite
imagery data and GIS. Members of the Indonesian Forest Monitoring Network
(IFMN) are sharing information via the Internet and developing a database of
satellite imagery and information on local forests in an effort to influence
government policy on illegal deforestation.”®

ICT applications can also contribute to empowering groups and supporting them
in efforts around environmental conservation. For instance, Amazon Indians in
South America combine use of ICT solutions like Google Earth and Global
Positioning System (GPS) mapping, with traditional knowledge of the rainforest to
help detect illegal activities and thus fight deforestation.”®

2.6. Community-based Solutions and Importance of the Rural Poor

The rural societies of Brazil, China, India and South Africa constitute one fourth of
the world's population. They are the world's largest producers of food, are
involved in the management of millions of hectares of land and forest, and
significantly contribute to the global economy. But for all that they constitute
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about one third of the world's poor and almost half of the world's rural poor, and
are challenged by one of the lowest levels of human development.®°

In emerging economies we are now seeing a rapid and deep economic, social,
demographic, cultural and political transformation of rural areas. While such
transformation is necessary and even indispensable for the sustainable
development of these countries, it is putting enormous pressures on the
environment. Because of the scale of rural societies and of the resources involved
- be they "forests in Brazil, water resources in India, biodiversity in South Africa,
or the pressures on land for urbanisation in China" - these pressures have global
implications.8!

ICTs are emerging as an important medium not only for communication and
exchange but also for development at local and community levels.

In relation to agriculture, ICTs are currently seen to have only low potential to
enable GHG emissions reductions in the rural areas of poorer countries®?
However, given the high share of GHG emissions in emerging and developing
economies related to the agricultural sector there is need to further explore
opportunities for ICT-enabled emissions reductions on a country-by-country
basis.

The rapid proliferation of mobile communications in developing and emerging
economies, and in particular in the rural and remote areas of these countries, is
opening up new markets and development opportunities while also reducing the
need for travel to access crucial services. Low bandwidth services and wireless
services can pave the way for e-government, e-commerce, and e-health
initiatives. All these will mitigate some carbon emissions through journey
substitution. However, they will also lead to greater energy demand thus driving
the search for lower-energy end-user ICTs.

Introducing low-cost energy-efficient user devices, online services and travel
replacement technologies in rural and remote areas will not lead to significant
impacts in terms of energy saved and GHG emissions prevented at a national
level. But the enabled socio-economic benefits can be significant to the
individuals involved and their families.®® With judicious technology selection,
carbon emissions could also be minimised. An example (albeit not specific to the
rural poor) is the deployment of virtual desktops for schools in all of Brazil's
municipalities (see box 8 below). This initiative has contributed to improving the
student-to-computer ratio at minimal economic and environmental costs.

The rapid proliferation of mobile communications in rural areas will demands
efforts to reduce ICTs' own carbon footprint, for example through greater use of
renewable energy. In 2008 Celtel in Uganda started converting all diesel-driven
radio base station sites outside the power grid to a hybrid energy solution
developed by Ericsson. The new off-grid system replaces one of the two
previously-used diesel generators by a battery bank with specially designed
batteries and a photo-voltaic array. The batteries can handle the large number of
charge/discharge cycles required for connection to solar panels. The hybrid
solution enables a less carbon-intensive energy supply at sites too large to be
economically viable for a solely renewable energy based solution. In this way the
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hybrid energy system contributes to increased network reliability in remote areas
while also reducing GHG emissions related to energy generation.®

Box 8: Virtualised Desktops for Schools, Brazil

In 2009, the Brazilian Ministry of Education realised the world's largest
virtual desktop deployment in order to provide computer access to schools in
all of Brazil's 5,560 municipalities. The initiative also achieved a record low-
cost for PCs with the deployed PC-sharing hardware and software costing
less than US$50 per seat.

Compared to traditional PC-per-workstation solutions, the virtual
workstations achieve savings of up to 60 percent in up-front costs and 80
percent in annual power demand. The Desktop Virtualisation Deployment
created 356,800 workstations by transforming one PC to support up to ten
simultaneous monitors, keyboards and users which are all managed at once
through a central website.

This initiative has demonstrated the potential of simultaneous developmental
and environmental benefits, by significantly increasing the availability of ICTs
in schools but at relatively low cost both financially and in terms of carbon
emissions.

Source: Userful, 2009

3. Challenges of ICT-based Climate Change
Mitigation in Emerging Economies

As shown in the sections above, the carbon footprint of emerging economies is
diverse. In Brazil and Indonesia the major GHG emission sources are land-use
change and agriculture, in China manufacturing, and in India and South Africa
electricity and heat-related energy consumption. With the exception of Brazil,
these countries heavily rely on coal as a source of energy, thus accentuating the
need to decarbonise energy supply as energy demand is expected to grow
significantly.

A considerable share of the growth of GHG emissions in emerging economies and
particularly in China can be associated with the manufacturing of goods for
international trade. The diversity of sources of GHG emissions in these countries
- and others - will necessitate equally diverse and innovative approaches to their
reduction. ICTs and associated opportunities to enable other sectors to achieve
significant efficiency gains and improve processes to minimise emissions can play
a key role, in many cases by deploying already-available technology.

Major barriers, however, prevail in emerging economies for a broader deployment
of ICT-based solutions to climate change mitigation and for low-carbon
technologies generally. While these barriers will differ from country to country
and even within countries (e.g. between urban and rural areas) the following
barriers can be assumed to be prevalent in many emerging economies:

— Lack of awareness of technological developments and their potential
for more carbon- and energy-efficient solutions.®® A challenge for
many small firms is to take informed decisions on ICT adoption (or
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non-adoption), as they are not familiar with ICT options and the
business opportunities they offer.®

— Limited access to capital as the result, for example, of a
conservative banking sector and scarce as well as highly sector-
specific venture capital and private equity sources.®’

— High or uncertain costs of new technologies and no proven
commercial viability for large scale investments, in particular for
smart grids and smart cities.®

- Limited or uncertain suitability of technologies for local conditions:
There is a challenge of ensuring technology compatibility across
countries or even single companies (e.g. with smart grids and smart
logistics). To ensure compatibility and accelerate technology
adoption there is a need for technology and telecommunication
providers and affected industries to collaborate and develop
common operating standards.?

- Limited resources, capacity or technical and managerial skills to
identify suitable technologies, adapt them for specific local
application, and conduct installation and maintenance services.”

— Unpropitious regulatory and political circumstances such as market
distortions and subsidies in favour of fossil fuels® on the one hand
and lack of policies and incentives to encourage investment in smart
ICT solutions on the other.*

Barriers to successful deployment of low-carbon technologies in developing and
emerging economies are frequently compounded by the lack of a central
organisation acting as the focal point and bringing together the academic,
business and government communities to address the low-carbon innovation
challenge in a co-ordinated manner.**

It has to be noted that the challenge of a broader deployment of low-carbon
solutions in emerging and developing economies goes beyond technology-related
barriers as outlined above. As pointed out in Box 9, technology is only one part of
the equation. There is a risk that efficiency gains can potentially be offset by a
change in consumption patterns triggered by the very same technology.
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Box 9: Rebound Effect

Any discussion on the enabling effect of ICT in climate change mitigation
needs to consider the risk of rebound effects which might outweigh any
potential emission reductions. Rebound effects can be both direct and
indirect. A direct rebound effect would be a fuel-efficient vehicle enabling
longer trips at no additional cost. An indirect rebound effect would be car fuel
costs saved being spent on other energy-intensive activities such as a long
distance air travel.

There is a concern that lower energy costs resulting from efficiency gains
may lead to increased energy consumption. E-commerce, for example might
encourage long distance delivery, and tele-working could lead to increased
household energy use and demand for electronic equipment such as routers
and printers. It is argued that technology in itself will not lead to energy-
saving consumption patterns as indicated by the promised "paperless office"
which has not materialised.

To date, rebound effects from energy efficiency improvements in developing
and emerging economies have not been well studied. Some experts expect
these to be larger in these economies as energy demand has not yet been
saturated.

The discussion on rebound effects stresses that energy savings do not result
from technology itself but instead from how it is deployed and used, noting
that policies play a crucial role in encouraging desired behaviours.

Sources: OECD, 2009 and Houghton, J., 2009

4. Conclusions and Recommendations

The barriers outlined in the previous section indicate the need to extend existing
technology transfer and finance schemes under the United Nations Framework
Convention on Climate Change (UNFCCC) to include broader deployment of ICT in
developing and emerging economies. Cap-and-trade and offset mechanisms that
result in the transfer of ICT technology to developing countries need to be further
promoted and new mechanisms may need to be added to drive inclusive low-
carbon growth by utilising the opportunities ICT could bring if technology were
widely available and effective implementation viable.**

More importantly, there is a need for mechanisms that support technology
transfer to focus on how to constructively build innovation capacity in developing
and emerging economies, rather than simply conceiving a one-way flow of
technology from global North to global South. This would have the potential to
transform developing countries from being consumers of technologies and
dependent on continued imports to being low-carbon technology producers and
innovators in their own right. In turn this will foster competitiveness of local
industries and create new business opportunities.®® Creating centres of low-
carbon innovation in selected developing countries would catalyse domestic
capacity to adapt and develop technologies and help diffuse innovations.%® It
would also help enhance the political and economic justifications for a low-carbon
development path.

%4 Vodafone and Accenture, 2009
5 Ockwell et al., 2009
8 The Carbon Trust, 2008
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While globally the pace of technology deployment has dramatically accelerated
over recent decades, technology deployment and low-carbon technology
deployment in particular, remains slow in low- and middle-income countries. An
exception is China where the deployment has accelerated over recent decades
transforming the country into a major manufacturer of a number of low-carbon
technologies.’” In looking for ways to build low-carbon innovation capability in
and diffusing climate-smart technologies across developing countries there is a
need to look at experiences in China and other success stories in emerging
economies (e.g. low-carbon energy in Brazil) to capture the lessons learned that
have enabled these economies to leap-frog into the global elite of low-carbon
innovators, if only in certain sectors.

Recommendations to governments in emerging economies include:

1. Make a deliberate, holistic plan and long-term commitment to the localisation
of low-carbon technology or a number of key technologies that provide
solutions to major GHG-emitting sectors

2. Design national-level and in particular sector-wide regulation, laws, policies,
and subsidies. This will incentivise investment, scale-up commercialisation,
create domestic markets, and drive down the costs for implementing the
widespread use of low-carbon technology. For example, regulation could
require the integration of low-carbon energy-efficiency modules into high-
value capital investments. There is also a need to promote enforcement
mechanisms for intellectual property rights.

3. Establish research and development funding programmes to support the
launch and scale-up of low-carbon technology innovation. This should include
reinforcing multidisciplinary research and technical development and bring
together academia, ICT providers and targeted industry sectors to promote
interoperability and standardisation of services. It will encourage the
deployment of large-scale pilot projects and allow the technical feasibility and
anticipated capital expenditure requirements of technologies to be assessed.

4. Support and drive business innovation by making funding available as well as
providing "soft" support e.g. by creating additional linkages between
businesses, research institutions and civil society. The strategic use of
challenges and awards may be another effective approach to incentivising and
nurturing innovation and creative solutions. With the majority of economic
activity in emerging (and developing) economies generated in small and
medium sized enterprises, such supportive mechanisms will be essential to
enable business innovation otherwise hampered by lack of investment capital.

5. Expand local lending capabilities and access through local commercial banks
and micro-finance institutions to scale up investments. The existing systems
could be adapted to the emerging challenges, e.g., by adding special
incentives for off-grid areas or the deployment of renewable energy, and
making access to funding mechanisms more conducive to the needs of SMEs
in these countries.%®

Sector-based approaches can be an effective tool in emerging economies. Some
experts argue that national development paths do not result from integrated
policy programmes but rather emerge from fragmented decisions made by

97 World Resources Institute, 2010b
%8 Recommendations were derived from various studies and include UN, 2010 and WRI, 2010b

107



numerous private actors and public agencies. Moreover, critical decisions are
being made in carbon-intensive sectors by ministries and companies that do not
regularly attend to climate risks.®® Mainstreaming low-carbon development within
the national policy making process will represent a major challenge in those
emerging economies that lack sufficient institutional and regulatory capacity.
Against this background a national sector-based approach focussing on key
industry sectors can be more effective in streamlining efforts and enabling
stakeholders to bring about a low-carbon growth in that particular area. Focused
efforts at the sector level have significant potential to spur national level growth.

Realising GHG emission reduction will depend on effective international
cooperation in humerous areas, ranging from building innovation capability in the
world's poorer countries to harmonising technical standards for key energy-
consuming products and equipment. Business is playing a crucial role in
developing and commercialising far-reaching technological solutions suitable for
an emerging economy context. Public-private partnerships are needed in these
countries to leverage private resources, build capacity and find innovative low-
cost solutions.

Recommendations to business:

1. Make all efforts necessary to reduce the carbon footprint of the ICT sector and
its products and help understand lifecycle impacts of ICTs in a emerging
economy context.

2. Establish best practice projects to benchmark and showcase the potential of
smart ICT solutions to climate change mitigation in emerging economies.

3. Invest in R&D for improved technology and applications suitable for poorer
country contexts and their specific challenges.

4. Establish ambitious GHG emission reduction targets and extend these through
the value chain: take responsibility to support small and medium sized
suppliers in emerging and developing countries to meet those targets. This
can happen, amongst others, by investments to support the implementation
of low-carbon technologies and ICT-enabled efficiency enhancing processes -
a strategy that also has the potential to significantly contribute to technology
transfer.

5. Take a leading role in developing and disseminating low-cost low-carbon
products and services in developing and emerging countries, e.g. by engaging
in joint ventures with small and medium-sized enterprises in those countries
and thereby contributing to the dissemination of technical know-how and
building local innovation capacity to avoid the perpetuation of import
dependency.

6. Engage in policy advocacy at international and national levels to promote the
regulatory and policy reforms needed for better investment opportunities and
the removal of market barriers.

A discussion on the potential for ICT-enabled climate change mitigation in an
emerging country context has to take into consideration the specific development
needs in these countries and has to help contribute to a low-carbon development
trajectory. To reiterate, then, analysis of national carbon footprints suggests that
a sectoral approach might be most effective in cutting national greenhouse gas

% See for example Metz, B., et al. (2007)
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emissions. This sectoral approach needs to focus on carbon intensive sectors
crucial for economic growth in emerging and developing countries such as the
manufacturing, transport, forestry and potentially agricultural sector. A major
objective should be the building of innovative capacity within emerging and
developing economies rather than a solution whereby these countries depend on
technology transfer from industrialised countries.

Against this background priorities for future research are outlined in box 10
below. The key issues to be further explored include specific ICT solutions for key
high-carbon sectors, challenges and capacity needs in terms of technology
deployment in specific country contexts, lessons learned of successful low-carbon
technology developments in emerging economies, and experiences made with
regards to ICT solutions in international technology transfer schemes.
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Box 10: Priorities for Future Research

This research paper has provided an overview on the status of ICT-enabled
climate change mitigation in emerging economies. It identified key challenges
and opportunity areas as well as major action points for governments and
large businesses in further driving a low-carbon pathway in emerging
economies.

The research paper also indicates key priorities for future research as follows:

— More research is needed to explore ICT solutions for specific high-
carbon sectors in emerging economies. The desktop survey indicates
that there have been few studies on ICT-enabled emission reductions in
the agriculture sector. More insights are also needed into the challenges
and opportunities for smart energy solutions in an emerging economy
context where electricity grids are challenged with a number of system
failures (e.g. poorly planned distribution networks, overloading of
system components, lack of reactive power support and regulation
services, and low metering and bill collection efficiency).

— A number of emerging economies are already leading the way when it
comes to efficiency improvements and low-carbon technology
developments in certain sectors. For example, Brazil has been
successful in the development of alternative energy sources and the
wide introduction of flexible fuel vehicles. Much can also be learned
from China and the deployment of low-carbon technology in its steel
sector and coal-fired power generation. There is a need to more
systematically evaluate lessons learned. Experiences in these countries
demonstrate some successes from which other countries can benefit in
their own efforts to accelerate deployment and diffusion of low-carbon
ICT-based solutions.

— A thorough analysis into the capacity needs and challenges in
developing and emerging economies is required to help formulate
recommendations on how best to facilitate innovative capacity
development in these countries.

— More research is needed into the challenges and opportunities of
technology transfer in the context of smart ICT solutions. Best practices
and lessons learned need to be disseminated and key challenges such
as intellectual property rights or foreign investments better understood.

There is a great need to engage the private sector - both small and large
businesses - in these discussions and research projects. As a major driver and
user of crucial digital technologies they are a key stakeholder in achieving a
low-carbon development path. With some leading businesses already engaging
in partnerships with emerging economy companies it is expedient to collect
and analyse best practices and derive and make available lessons learned to
further promote these partnerships and business-driven efforts for a low-
carbon future.
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Executive Summary

Climate change and related stressors are posing an increasing challenge to
livelihoods in low-income communities. Those communities need to develop the
capacity to adapt to climate change: coping with short-term shocks and long-
term trends. ICTs will form an essential part of that development.

Mobile technologies have been the dominant force in ICTs, and we review here a
number of initiatives that have successfully combined local and external
information and knowledge. We find these initiatives have made a valuable
contribution to deliberate, pre-planned strategies for adaptation, focusing on the
informational role of ICTs and combining local and external capacities (though
limited in their development of local capacity). However, we argue that climate
change adaptation also demands emergent actions that cannot be foreseen in
advance, and which require the development of communities more as self-
organising systems. This will require ICTs to be transformational as much as
informational, developing collective as much as individual capacities.

As yet, though, signs of self-organisation through mobile-based applications
appear limited. While no panacea, we suggest that a reworking of telecentre
models - creating new 'mobile-telecentre' architectures that support the
development of local infomediaries — may be one way to help develop local
capacities that are more congruous with the demands of an emergent strategy
perspective on climate change adaptation. More generally, we see ICTs'
contribution most likely coming not through climate-specific applications but
through information systems that address the broad range of vulnerabilities in a
holistic and systemic manner.
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1. Introduction

"Mobile phone access will soon be universal. The next task is to do the same for
the internet."*%

Statements as optimistic as this about information and communication
technologies (ICTs) in developing countries are widespread. Yet availability of
emerging technologies to address the complex problems of the twenty-first
century is relatively limited, particularly among the poor. One such complex
problem is climate change'®’. Climate change is negatively impacting livelihoods
of already vulnerable communities that survived over centuries on local
knowledge and practices!®. Stresses include abnormal changes in air
temperature and rainfall, increases in frequency and intensity of drought, heat
and cold waves, and floods and landslides. Climate change is also associated with
changes in seasonality, rainfall patterns, and the emergence and re-emergence of

water-borne, vector-borne and food-borne diseases!®.

Recognising the urgency of addressing these problems, expert — often science-
based - knowledge about climate change has been well established, but
knowledge about existing and potential adaptation strategies and their positive
and negative development impacts on livelihoods is still emerging. Thus more
work is needed to understand how to build capacity to adapt to climate change
and to reduce ecological, economic and human vulnerability at the community
level. It is already realised that climate change is one among several causes of
vulnerability, and thus there is a need to adopt holistic, systems approaches to
develop adaptive capacity to multiple stresses. Partly in recognition of this need,
the emerging theory and practice of climate change adaptation is converging with
the field of development studies'®®, and beginning a scholarship of new ways to

develop climate change adaptive capacity®.

Creation, storage, exchange, regulation and application of information and
knowledge are a key part of developing climate change adaptive capacity.'%®
Particularly when knowledge is held by a myriad of public and private
stakeholders, an integration of local adaptation practices and expert
recommendations is difficult to achieve. There are technological as well as social,
economic, political and cultural barriers to this component of adaptation, often
complicated by physical isolation of rural and remote communities. In the face of
increasing frequency and intensity of climate change, this paper argues that ICTs
can facilitate the processes of knowledge integration and learning that form part

of capacity for adaptation®?’.

In spite of the potential of ICTs to facilitate climate change adaptation -
particularly through increasing access to, and control over real-time data,
information and knowledge - this remains one of the least explored areas in

100The Economist, 2009: 13.

01The use of the term 'climate change' in this paper includes climate variability, extreme weather
events and related stresses, and 'climate change adaptation' refers to "[a]djustment in natural or
human systems in response to actual or expected climatic stimuli or their effects, which moderates
harm or exploits beneficial opportunities." (IPCC, 2007: 869).

102yNFCCC, 2007.

103Morens et al., 2004; Smit & Wandel, 2006; Hardoy & Pandiella, 2009.

104pant & Hambly Odame, 2009.

105pdger, 2006; Gallopin, 2006; McLaughlin & Dietz, 2008.

1%%pata is a set of discrete, objective facts, which becomes information when a pattern is imposed
through processes such as contextualisation, categorisation, calculation, and condensation. Knowledge
is a fluid mix of meaningful experience, values, contextual information, and expert insights that
provides a framework for evaluating and incorporating new experiences and information (Réling,
1990; Davenport & Prusak, 1998).

107Kelly & Adolph, 2008; Chiabai, 2009.
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research'®, In practice, too, ICTs' potential has been limited by the divide in the
coverage, uptake and use of digital technologies among vulnerable
communities!®. Telecentres and cyber cafes have been established to bridge this
digital divide, but these models of facilitating pubic access to ICTs have
limitations®!°. Particularly in rural and remote areas, the ability of telecentres to
contribute to adaptive capacity-building has been limited by their uncertain
economic viability, technical problems, skill shortcomings including digital
illiteracy, and social, economic, cultural, political and psychological barriers to
accessing and using ICTs in such centres*!!. In parallel with the travails of the
telecentre model, there has been an explosive increase in the availability and use
of mobile phones in poor communities, and these must therefore be central to
any consideration of ICTs' role vis-a-vis climate change adaptive capacity. We are
also seeing emergence of more sophisticated mobile devices such as smart
phones and Personal Digital Assistants (PDAs)!!2. This paper therefore sets out to
investigate the use of ICTs - particularly mobile devices but also their relationship
to more traditional telecentre models - in the development of climate change
adaptive capacity.

The following section reviews strategies and processes in the development of
climate change adaptive capacity, particularly seeking to understand the role of
information and knowledge. Section 3 begins with an overview of the ICT
architecture models which may underpin capacity-building. Identifying mobile
technologies as most-widespread, it reviews some empirical examples of their
application, seeking to understand how they relate to climate change and
capacity to adapt. Through a deeper conceptualisation of the role of ICTs in
adaptation, Section 3 then argues that there are adaptive capacity shortcomings
in some of the existing initiatives which a combination of telecentres and mobiles
may at least partly address. Finally, conclusions are drawn, and a set of
recommendations provided for using ICTs to facilitate the National Adaptation
Programmes of Action (NAPA) that are being implemented across developing
countries.

2. Information, Knowledge and Climate Change
Adaptation

This section reviews climate change adaptation strategies and processes,
identifying a key necessary component to be the integration of external, expert
knowledge and local adaptation practices. This sets the scene for understanding
the role of ICTs.

2.1 Climate Change Adaptation Strategies

Climate change adaptation requires creativity and innovation. Human creativity is
the key source of adaptation to local and global changes. While creativity
represents new ways of thinking'!3, innovation is the process by which that novel
thinking is transformed into new products, new processes, new structures and
new institutions in response to climate change (and other stressors such as

1%80spina and Heeks, 2010a; 2010b.

109Fychs & Horak, 2008; Heeks, 2009.

110From now on telecentres refer to all kinds of public Internet access facilities in low-income
countries.

1Ariyabandu, 2009; Pant, 2009; Brown, 2010.

12personal Digital Assistants (PDAs) are low-cost, simple-to-use and energy-efficient handheld
computers, and Smart Phones use 3G mobile technology with data connection capability.
13aAmabile, 1996.
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natural resource degradation, civil unrest, and financial and economic
downturns)*4,

Creative thinking and innovative action can be applied strategically to climate
change in two main ways: deliberate and emergent (see Figure 1)'*°. Deliberate
planning and implementation will be part of the response to climate change, but
development contexts and communities are so multi-dimensional that they must
be understood as complex adaptive systems'!. As such adaptation strategies will
also be emergent from these systems, and thus there is a need to understand
creativity and innovation from a systems perspective. A relevant systems
perspective could be that drawn from the work on innovation systems, defined as
the network of public and private organisations, enterprises, and individuals
which is focused on bringing new products, new processes, and new forms of
organisational structure into economic, environmental and social use together
with the institutions and policies that affect the way these different agents
interact, share, access, regulate, exchange and use existing and new data,

information and knowledge''’.

Figure 8. Typology of Climate Change Adaptation Strategies
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Source: Author Pant with reference to Mintzberg and Waters (1985) and Mintzberg (2007)

Innovation systems literature focuses on multiple sources of innovation beyond
just 'top-down' scientific research, and emphasises the importance of drawing on
information and knowledge from 'bottom-up' practice!*®. In this context,
individual as well as collective capacity to put existing and new knowledge into
practice is crucial as capacity includes "abilities, skills, understandings, attitudes,
values, relationships, behaviours, motivations, resources and conditions that
enable individuals, organisations, networks/sectors and broader social systems to
carry out functions and achieve their development objectives over time."!*® Thus

114Bacon, 1901; Ruttan, 1971; Shapiro, 2002.

115The father of business strategy Henry Mintzberg and his colleagues (Mintzberg et al., 1976;
Mintzberg and Waters, 1985; Mintzberg, 2007) argue that deliberate and emergent strategies are the
two ends of a continuum along which real-world strategies to address complex problems such as
climate change can be formulated.

118Hall & Clark, 2010.

7L undvall ,1992; World Bank, 2006.

118Bjggs, 1990; DFID, 2005; Lenné, 2008.

119CIDA, 2000: 2.
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capacity is an emergent property of a system that comes through the
interrelationships and interactions among various elements of the system,
including biophysical, technological, social, political and cultural components!?°.
Adaptive capacity can therefore be understood as innovation capacity, which
entails agile systems of collective context-specific skills, practices, routines,
institutions and policies to put existing and new information and knowledge from
research as well as practice into productive use in response to technological,
economic, social, climatic and environmental challenges and opportunities'?,
Specifically in the field of climate change, adaptive capacity refers to "[t]he ability
of a system to adjust to climate change (including climate variability and
extremes), to moderate potential damages, to take advantage of opportunities,
or to cope with the consequences."**2.

We can then draw four conclusions in our recognition of the relevance of
innovation to this systems-based understanding of adaptive capacity
development. First that data, information and knowledge will be key resources
within adaptation to climate change. Second that adaptive capacity will involve
the capacity to access, assimilate, create and utilise data, information and
knowledge. Third that, for a community, this will specifically require some means
to integrate the local and the external. Fourth (and a point returned to later) that
we need to recognise capacity as both individual and collective.

2.2 Climate Change Adaptation Processes

As presented in the previous section, putting local and external information from
research and practice into collective learning, innovation and action is central to
the development of climate change adaptive capacity. An entry point to facilitate
the adaptation processes will therefore be to recognise that there are multiple
stakeholders with multiple knowledge traditions that shape their handling of data
and information. Building on this and the work of Brown'??, we can suggest a
three-step process of developing adaptive capacity as follows.

Firstly, identify the range of stakeholders and worldviews that relate to the core
problem. For example, what do climate change and climate change adaptation
mean to stakeholders such as scientific communities, and local communities, and
public and private sector actors? Specifically in the context of climate change,
scientific data and information are available on the greenhouse gases and other
causes of climate change, but there are (and will be) different views and different
understandings regarding actual and potential impacts of climate change vis-a-vis
agriculture, food security, natural resource management, and patterns of
infectious disease. In particular, local communities may well have quite different
worldviews on these issues to those espoused by the scientific community.

Secondly, identify the multiple knowledge traditions — multiple ways of data
collection, of transforming the data into useful information and knowledge, and of
storage, exchange, regulation and application of information — that these different
stakeholders adhere to. For example, how do the data, information and
knowledge systems of local communities in relation to climate change and
adaptation compare to those of external stakeholders?

Thirdly, consider how these differing information and knowledge resources can be
integrated as part of building capacity for climate change adaptation. It is clearly

120Morgan, 2005.
121Hall, 2005.
1221pCC, 2007: 869.
123Brown, 2010.
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important to bridge the divide between local and external/expert systems, but the
presence of the different worldviews and different information and knowledge
systems presents a challenge to this activity.

One method of addressing divergent worldviews and systems practices is the use
of intermediaries. Intermediaries play important roles in bringing heterogeneous
actors together, particularly the public and private, formal and informal, external
and local, and rural and urban actors engaged in knowledge production, storage,
exchange, regulation and application!**. Individual and/or organisational
intermediaries can play diverse brokering roles depending on a particular context:
boundary spanning, social and environmental activism and innovation, and
generating positive social and environmental changes. Our particular interest
here, though, is their role as 'infomediaries' in information and knowledge
brokering: bringing together information and knowledge from multiple and
differing sources, and blending it in order to provide this important foundation for
climate change adaptation.

In doing this, however, intermediaries face many barriers. They are constrained
by the structural and institutional frameworks within which they operate. They
are challenged by the capacity and resources limitations such frameworks often
impose. They face the more technical challenges of accessing data and
synthesising data formats drawn from different knowledge traditions. Given the
recent diffusion of digital technologies in developing countries, the question then
arises of whether ICTs can help address some of these barriers to formation of
the informational basis for climate change adaptive capacity; either in an
informational sense or in a more structural and transformative sense.

3. ICT-Enabled Development of Climate Change
Adaptive Capacity

To address the issue of how ICTs can help develop climate change adaptive
capacity, this section first introduces the archetypes of ICT infrastructure. It then
reviews some field experiences of using the dominant technology type - mobile -
to address climate-relevant development challenges. But a deeper understanding
of ICTs' role in climate change adaptation suggests there are limitations to
current models which a rehabilitation of the telecentre model might partly
address.

3.1 ICT Infrastructures for Climate Change Adaptation

We can identify six main categories of ICT architecture of relevance to climate
change adaptive capacity-building in developing countries: advanced Internet
network-based, ordinary mobile phone-based, telecentre-based, a combination of
ordinary mobile phone and telecentre, a combination of ordinary mobile phone
with central Internet-linked server, and a combination of emerging ICTs with
conventional media, such as radio and television. The first three of these are
illustrated in Figure 2. The advanced Internet network — incorporating the type of
wireless devices only just emerging in low-income countries - is shown at the left
side of the diagram. Ordinary mobile phone-based access to cellular networks is
depicted in the middle. As the quote at the very start of the paper indicated, this
is becoming universally accessible but with a limited data transfer functionality

129Klerkx & Leeuwis, 2008; Klerkx et al., 2010.
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given the relatively slow roll-out of 3G mobile telephony*?®.

Figure 2. Three Archetypes of ICT Infrastructure

T
Communication
sarvice Provider

Source: Author Pant with reference to personal communication with B.M. Bhattarai (2010)

The third category is the telecentre-based Internet access architecture illustrated
on the right side of Figure 2. The telecentre model of public ICT services was
initially conceptualised as a way to provide telephone services when wired
telephones were still rare and before mobile phones were really available. With
emergence of the Internet in the 1990s and, in developing countries, early 2000s,
telecentres gradually transformed into public Internet access points. Now, with
increasing access to Internet through mobile devices, telecentres may need to
transform further.

Such transformation is seeing appearance of the fourth ICT architecture: the
combination of ordinary mobile phones and telecentres. As discussed further
below, this can open new possibilities for real-time and emergency
communication, and facilitate integration of local and external information and
knowledge by combining the power of Internet access with the relative ubiquity of
the mobile phone. That power is also harnessed in the fifth model, which uses
mobile phone calls (including interactive voice response systems (IVR)) or texting
to connect to a central server, or to an operator using that central server. Finally,
an alternative converged infrastructure involves use of basic mobile telephony for
data transfer - via voice or short messaging service (SMS) - together with
community radio, television, community billboards, conventional print or a
combination of these.

Given the pervasive availability of mobile devices - particularly standard phones -
it is this technology that we will initially focus upon. A few examples of the

125 Compared to 2G mobile services that are virtually isolated from the Web, 3G mobile services
provide options for Internet access through cellular networks, including multimedia messaging
services (MMS).
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mobile-related ICT architectures are shown in Table 1, with applications of
relevance to climate change effects including those on agriculture and health!?®,

Table 2. Project Examples of Different Mobile-related ICT Architecture Models

Project Description Country
Food security Use of PDAs to collect data regarding changes in Nepal
monitoring*?’. food security situations [Model 1]
NetMark malaria- Use of PDAs to conduct household surveys about | Uganda
control project!?®. insecticide-treated bednets [Model 1]
Health Information | Electronic data upload and download using PDAs | Uganda,
Network'?°, and mobile phones to facilitate decision making Mozambique
among health workers located in remote health
centres [Model 1/5]
DatAgro*3° SMS to farmers using low-cost mobiles regarding | Chile
information on weather forecasts, market prices
and cultivation practices [Model 2]
Fisher Friend Weather forecasts, optimal fishing zones, market | India
Programme?®3', prices and related messages to fishers using
mobile phones [Model 2]
Farmers' Text Farmers send text messages to Farmers' Text The
Centre'32, Centre where the information is processed and Philippines
responses are sent back via SMS [Model 5]
The Farmer's Friend | Farmers send text to a central Internet- Uganda
service!33, connected server where information is processed
and responses are sent back [Model 5]
Flood Warning Use of mobile phones to collect data for flood Cambodia

Systems!34,

forecasting and forward to central early warning
system, which are then disseminated via
traditional media [Model 5/6]

Laos, Vietham

Source: Author Pant compilation

3.2 ICT-enabled Information and Knowledge Exchange

We can now look at these examples of climate change-related uses of ICTs, to
analyse how they are supporting the information and knowledge exchange that

was seen above to be an important component of adaptive capacity.

3.2.1 Local Information and Knowledge Generation

Empirical evidence is emerging on the use of PDAs and mobile phones to
generate local information to enhance anticipatory adaptation. In the floodplains
of the Mekong River Basin in Cambodia, Laos and Vietnam, villagers have been
provided with mobile phones and flood markers, and trained to record water
levels in remote areas and to report the figures to weather agencies through text
messages’*®. Flood management experts analyse the data and convert them into
flood forecast figures which are sent back to the community. The villagers then

126The paucity, as yet, of ICT applications directly relating to climate change and climate change
adaptation mean that we have to utilise somewhat broader applications as our examples.
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publicise the figures on local billboards established at strategic locations along the
flood plain and also announce through loudspeakers.

Application of handheld digital mobile devices has also emerged in data collection,
analysis and providing information for problem-solving and decision-making that
can potentially enhance autonomous climate change adaptive capacity of
vulnerable communities. Examples include a PDA-based food security monitoring
system of Nepal'3¢, and surveys of malaria-control project households in Uganda.
It is believed that climate variability and change, and extreme weather events,
such as droughts and floods have negatively impacted both food security, and
vector-borne disease outbreaks, such as dengue fever in Nepal and malaria
among vulnerable communities in Uganda. Handheld mobile digital devices are
useful for continuous monitoring and reporting of food security such as cropping
and stock details, and of relevant diseases'?’.

These applications therefore show particularly how a 'voice' component of
adaptive capacity can be strengthened, enabling data from vulnerable
communities to be attended to by external institutions, and aggregated and
processed in a way that then helps protect those communities, and offers them
adaptive guidance. There is, as yet, less sense within these applications that local
knowledge is being much utilised or generated.

3.2.2 Access to External Information and Knowledge

As with the data upload utility of handheld mobile digital devices, empirical
evidence is also emerging on the use of PDAs and mobile phones to access
external information from the Web. In Chile the DatAgro project transfers
searchable content from the Internet into news feeds (RSS) and then the content
is passed on to farmers via SMS*. Specifically-written software allows such
searching to be undertaken via simple, low-cost mobile phones and slow
networks with sporadic connectivity, a typical situation of prepaid mobile users in
low-income countries. In the face of climate change, farmers benefit from
improved access to weather forecasts and information on new and emerging
production and post-harvest technologies. This can help improve short-term
climate-related decision-making (e.g. in relation to heat waves, rainfall patterns
or potential flooding) and long-term climate-related decisions around changes to
cropping choices and mixes. Recognising the need to integrate the local and the
external, the project allows farmers to customise the information feeds they
receive, and also provides a basis for follow-up interaction from the central
project team if the content of SMS messages has not been well understood.

The Fisher Friend Programme of the MS Swaminathan Research Foundation
(MSSRF) processes satellite information in order to provide weather forecast and
fishing zone information in local languages via mobile phone!*°. Alongside the
financial gains of improved fish stock location, this system can also have climate-
related benefits: it has successfully forecast storms and other extreme weather
events that have led fishermen to avoid particular areas or simply not put to sea.
In addition, with climate change associated with changes in sea currents, the fish
shoal availability information is seen as an integral part of building longer-term
adaptive capacity'*’. Future plans include making the information available via
IVR to enable hands-free and low-literacy user access, and adding global
positioning system capability into the phones, to enable tracking in the event of a

136NeKSAP, 2009.
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local weather-related disaster.

If the first set of examples represented bringing the local to the external, the
examples in this section represent the reverse. They show how external
information and knowledge can be brought down into local communities, and
integrated into local practices that increase the capacity of those communities to
adapt to various aspects of climate-related change.

3.2.3 Two-way Exchange of Information and Knowledge

Although various initiatives prioritise either download or upload of data to and
from the Web, there are also initiatives that focus on two-way information
exchange (albeit recognising that in all the previous examples, there is always
some form of interaction). The Health Information Network projects of Uganda
and Mozambique have utilised existing mobile telephone networks and PDAs for
this purpose'*!. In Uganda, this project was conceived to provide two-way
communication connecting the local (rural and remote health workers) and the
external (district and national health system managers). Through this project, the
district/national level obtains information on, for example, emerging and re-
emerging patterns of disease, and the amount of drugs and other services needed
at the local level. The PDAs come with a digital 'Mobile Medical Library', including
a range of reference materials that health workers consult for treatment of
patients. The network also supports health information exchange via data
collection and text and voice messages, so that local-level questions about
treatment for particular patients can readily be answered. Via upflow, downflow
and interchange of both data and information, the key stakeholders can have
greater capacity to adapt to various aspects of climate change including
understanding climate-related changes in disease patterns, planning for the
implications of such changes, and also handling the health impacts of short-term
climate-induced emergencies such as heatwaves or floods.

In the Philippines, an SMS-based system of two-way data exchange has been
implemented using basic mobile phones'*?. Information seekers - e.g. a farmer,
extension worker, agribusiness owner, or others — can send a text message to the
Philippine Rice Research Institute's Farmers' Text Centre to get free guidance on
rice growing. This system can provide timely information useful to minimise
impacts of climate change on rice farming ranging from short-term advice on
planting and harvesting in relation to extreme weather events, to medium-term
guidance on planting techniques to reduce methane production or to cope with
fluctuations in seasonality, to information on coping with longer-term changes to
pest and crop suitability. A similar initiative in Uganda, called The Farmer's Friend
service, responds to text message queries on everything from weather forecasts
to pests to planting techniques'*®. Relatively complicated texts are relayed to
human experts, who either call back within 15 minutes or promise to provide an
answer within four days based on their own knowledge and/or searches via the
Internet or within a locally-constructed database.

These systems are allowing a relatively-rich interchange between the local and
the external. In general, the emphasis is still on local data but external
knowledge. Nonetheless, these applications are forcing the two knowledge
traditions to overlap, and pushing the external knowledge systems and
stakeholders to at least take account of local worldviews. By thus combining the
local and the external, they are creating a broader foundation for adaptive
capacity and one that is thus not merely larger but also potentially more resilient.

“jaramogi, 2010; MoH, 2010; Nakkazi, 2010; UHIN, 2010.
142pascua et al., 2010; The Philippine Star, 2010.
143The Economist, 2009.
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3.3 Opportunities and Challenges of Using ICT for Climate Change
Adaptation

The above presentations of project examples, although brief, are symptomatic of
the current picture of ICT use vis-a-vis climate change adaptive capacity; and not
just because they place mobile technologies at their core. They demonstrate the
way in which capacity can be built by integrating local and external data and, to
some extent, knowledge. They are not climate change-specific, but they show
how generic ICT-for-development initiatives can readily address climate change
issues and so enhance climate change adaptive capacity. They also fit with the
more general conclusion that approaches to using ICTs for climate change
adaptation should be more holistic than reductionist, and should recognise the
way in which climate change's main effect is the exacerbation of existing
vulnerabilities. Put another way, we regard the lack of climate change-specificity
in ICT initiatives as "a feature not a bug": a design approach that is to be
recommended.

To investigate this further, we can turn back to the model of strategies presented
in Section 2.1. We noted the distinction between deliberate, pre-planned
strategies, and emergent strategies for climate change adaptation. We noted
further that — given climate change is a complex problem characterised by
multiple stresses and non-linear interactions - deliberate planning and
implementation of adaptation interventions will not be enough. With vulnerable
communities in developing countries understood as complex adaptive systems,
then there must also be capacity within those systems for strategies to emerge
autonomously, for example in response to unexpected events. As summarised in
Table 2, while deliberate strategy may work best for simple and known problems,
emergent strategy would be effective in solving complex problems'**, Our earlier
examples show ICTs can help with both.

Table 3. Deliberate and Emergent Strategies for Climate Change Adaptation

Intended strategy Unintended strategy

Anticipatory Deliberate strategy, e.g.,
early warning systems.
Effective in simple and
known systems

Autonomous Emergent strategy, e.g.,
agriculture and health
information systems.
Effective in complex adaptive
systems

Source: Author Pant

Deliberate strategies can be anticipatory as well as intended. Anticipatory
adaptation strategy involves proactive use of ICTs in planned adaptation to
climate change and related stresses before actual impacts are known but when
the general nature of those impacts is known, such as mobile phone use in flood
warning systems in the Mekong River Basin'*>. In this case multi-purpose
information networks potentially useful at the time of extreme events, but not
necessarily dedicated to climate change alone, would be effective in creating a

144 Snowden & Bonne, 2007.
145MRC, 2009a.
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nimble information and knowledge infrastructure for overall capacity development
of relevant stakeholders. Examples of intended use of ICTs in response to known
climate change stresses include the use of PDAs and mobile phones to identify
optimal fishing zones in response to decreasing and/or changing fish stocks in the
Indian Ocean'*®. These intended uses of ICTs can specifically facilitate planned
climate change adaptation, such as sustainable harvesting of natural resources
from ecosystems that are already vulnerable.

Emergent strategies are not planned in advance and can be autonomous as well
as allowing for unintended impacts; they therefore emerge when a need arises.
Autonomous, emergent adaptation strategy can make use of ICT initiatives set up
without actually knowing and/or specifically targeting climate change impacts.
Examples include the use of PDAs and mobile phones in food, agriculture and
health information systems in Nepal, Chile, Uganda and Mozambique'*’. At the
time of additional stresses caused by climate change and extreme events these
networks provide the capacity for real-time exchange of information and
knowledge for agile problem-solving and decision-making. Similarly, ICT-enabled
exchange networks that are established for economic and social development
interventions can have emergent use during the time of extreme events albeit
such uses may initially be unintended. For example, the two-way information
exchange systems cited above that are operational in food, agriculture and health
also help develop adaptive capacity to handle additional stresses in the face of
climate change. However, this — by-and-large - represents potential applications
for these ICT initiatives rather than use for which we have actual evidence at
present.

Further, we must recognise a key difference between the two strategies and the
demands they place on ICT-enabled systems and capacities. Deliberate, planned
strategies can rely significantly and principally on capacities external to the local
community. Hence, in the pre-planned uses of ICT systems noted above, the local
is often the 'junior partner' to the external. Most of the systems involve
connections and they are additive of capacities at local and national level. But it is
the community - in the main - that taps into capacities of the wider world much
more than vice versa. Yet emergent responses to climate change rely far more on
local capacities: conceptually that is inherent to the notion that these are
autonomous more than anticipatory; and practically that may be the case at least
with extreme climate-related events when it may be more difficult to draw on
external capacities for assistance.

We therefore turn to ask what kinds of capacities these ICT systems are building.
That requires us to understand more about the emergent capacities of self-
organising systems in relation to climate change.

3.3.1 ICTs and Self-organising Systems of Adaptive Capacity
Development

To build a model of ICT-related climate change adaptive capacity, we start by
recognising that the risks of climate change derive from Crichton's "risk
triangle"!*®, This asserts that risk arises from a combination of the intensity and
frequency of particular climate change-related hazards, such as floods or
droughts, the degree of exposure to those hazards (for example exacerbated by
absences of drainage or irrigation systems), and the inherent vulnerability of the
particular population; that vulnerability being greater for those who are poor,
elderly, chronically-ill, etc**°. Given that hazard is largely outside the sphere of

145AED, 2008; MSSRF, 2010.
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human control (if we set aside the issue of climate change mitigation actions),
then climate change adaptation becomes the process of seeking to reduce
exposure and vulnerability. This is done (see Figure 3) by making improvements
in assets (natural, physical, financial, human, social, cultural and political capital),
social structures (at various levels), and institutional processes (both formal such
as policy and law, and informal such as custom and culture) **°. If successful, this
reduces the triangular 'area' of risk and uncertainty.

Figure 3. Climate Change Adaptive Capacity Development Framework
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Source: Author Pant with reference to Crichton (1999), Chambers & Conway (1992), Scoones (1998),
CIDA (2000), and Sen (1999)

Using Figure 3's foundation, we can then modify this framework in order to take a
greater focus on the role of ICTs (see Figure 4). From this we recognise that the
main determinants of ICT-enabled development of climate change adaptive
capacity will be asset endowments (both technical and human), organisational
structures of relevance to ICT, and the institutional environment including ICT
policies and the ICT-related habits and practices of multiple stakeholders.

There are two structural features of this ICT-related capacity development. First,
that it is multi-level: capacity development for climate change adaptation
demands action to develop individual, organisational, network and system level
capacity to bring positive economic, environmental and social change®®!. When
interrogating ICT initiatives, we must therefore ask at what level capacity is being
developed. Second, Clarke & Oswald!*? caution that the conventional approaches
to development of climate change adaptive capacity view skills and knowledge as
things to be transferred to fill a deficit, in specific individuals, organisations,
networks and systems without due considerations of collective capacity

150Crichton, 1999.
151CIDA, 2000.
152Clarke & Oswald, 2010.
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development for emancipatory change; unleashing the potential of vulnerable
communities, economies and ecosystems to self-organise. As argued earlier, the
latter is particularly important if emergent strategy on climate change is to be

enabled.

Building these ideas into our framework as shown in Figure 4, we can note two
main ICT-relevant feedback loops that we require to operate if communities are
to build climate change adaptation capacity. The first is an informational loop.
Very much along the lines already discussed and illustrated in the examples, this
involves the development of ICT-related asset endowments which then draw
together data and knowledge from various levels and sources, and generate
improved access to information. This improves local knowledge, decision-making
and problem-solving action (see examples above) and so reduces vulnerability

and increases resilience.

The second is a transformational loop. This moves beyond a simple information
management perspective, to a deeper structural view, recognising that ICTs may
be utilised to alter the structural location of capacity; in particular transforming
community systems to enable them to become more self-organising and, hence,
facilitating the type of autonomous, emergent strategy-making that we have

argued will be one key part of the response to climate change.

Figure 4. ICT-enabled Climate Change Adaptive Capacity Development Framework
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Armed with this deeper perspective on ICTs and climate change adaptation, we
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can now re-view the ICT experiences to date that were outlined above. From this,
we see that — while there was potential for ICT-for-development projects to
support both deliberate and planned strategies - in practice, our evidence to date
is that they have been working far more in the top-down, pre-planned,
anticipatory mode than in the autonomous and emergent mode. Phrased in Figure
4 terms, the informational loop is certainly working but has largely been about
the insertion of external data and knowledge into local communities, potentially
increasing dependency rather than autonomy and self-reliance. The
transformational loop has largely not been seen to work so far - communities
have not particularly become more self-organising, they have not particularly
developed local informational capacities — or, at least, not to the extent necessary
given the demands being placed on them by the increasing intensity and
frequency of climate change and related stessors. And, given the growing model
of individuals using mobile phones or PDAs to connect to distant server systems,
any capacity-development has tended to be atomised with no role for a
community-based infomediary. Far from creating the collective capacity identified
above as crucial, the type of ICT initiatives that are currently in vogue might
even, then, be dispersing that capacity.

3.3.2 Transforming Conventional Telecentres into Mobile Teleservices

What, then, can be done to help develop the climate change adaptive capacity
that is local and self-organised, and which can support emergent strategies? We
must be clear that there are no panaceas. However, it may be time to look again
at the local telecentre. As noted above, telecentres have had a relatively bad
press in recent years, fuelled by failed projects and recognition of the many
challenges and barriers they face.

One reaction to this has been functional, particularly the development of
telecentre multi-functionality. In service breadth terms, this has meant
telecentres providing as broad a range of ICT-related services as possible, moving
well beyond the traditional confines of e-government, e-agriculture, e-health, etc.
In service depth terms, this has meant telecentres moving beyond digital data
flow to provide the "information chain" support necessary to turn that digital data
into developmental impact: digital literacy training; assistance with online
searching about jobs, weather, pest risks, etc; support for finding sources of
capital, goods, etc'>>. In locational terms, this has meant incorporating
telecentres in multi-use locations such as meeting places, libraries, markets,

etC154

We noted above that "adaptive capacity will involve the capacity to access,
assimilate, create and utilise data, information and knowledge". The mobile- and
PDA-based models described earlier develop individual capacity within
communities to access and, sometimes, create data. By contrast, it can be seen
that telecentres develop both individual and collective capacities across the whole
range of information and knowledge activities. One key asset of telecentres is the
telecentre operator, who — as an infomediary — becomes an important part of
community capacity; for example in performing the role identified earlier of
mediating between local and external sources of data and knowledge. They have
thus frequently been shown to assist in: identifying external data sources for local
users, explaining external knowledge frames, and in translating local 'knowledge
traditions' for external users'®.

153 Heeks & Kanashiro, 2009.

154E g. initiatives in Cape Town, South Africa (Chigona & Licker, 2008) and in Chile (Kleine, 2010) that
incorporate telecentres within public libraries.
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Yet the reach of telecentres still remains limited. Mobility is the answer. One
approach has been to physically bring the telecentre to the users. In North India,
telecentre operators have brought tele-thela — carts equipped with ICTs - into
peri-urban and rural settlements providing a range of services to the
communities, such as telephone calls, email, Internet browsing and digital literacy
classes'®®. Similarly, the well-known "telephone ladies" in Bangladesh are
increasingly moving on from circulating around their village with mobile phones to
providing mobile Internet services using netbooks and laptops!®’. The operators
then represent "mobile informediaries" who not only bring both technology and
adaptive capacity to individuals, but also represent a collective source of capacity
that is steadily being built within the community*°8,

An alternative approach to telecentre mobility is to bring the telecentre virtually
to the users by adopting 'Model 4' of the ICT architectures discussed above: the
combination of telecentre and mobile phone. There are already a number of
projects using this model, which have demonstrated their value. For example, the
"Warana Unwired" project in Western India enabled farmers — whether at home
or in the field - to access telecentre services via SMS-based mobile phone'**.
While at one level similar to the initiatives that connect users in poor communities
to server-based services in the national capital (as per 'Model 5' above), there is
a crucial difference here that the connection is via the local telecentre operator.
Not only are they able to 'infomediate' both ways better than a distant contact,
bridging the gap between local and external information and knowledge, for
example by explaining guidance to the farmers. But in doing so and in learning,
they are building capacity that is captured within the local community. This
therefore supports the type of capacity necessary for a more self-organised and
emergent approach to climate change adaptation.

4. Conclusions and Recommendations

ICTs will play a crucial part in the development of climate change adaptive
capacity in developing countries. They will do this in four ways: i) by combining
existing data in new ways; ii) by enabling access to new data, information and
knowledge; iii) by reducing costs of access to transactions and services; and iv)
by their productive role in ICT-based enterprise. Our focus here has been largely
on the first two applications, with the more transactional and productive roles
that ICTs can play set aside due to lack of evidence, at least in relation to climate
change adaptation.

The dominant pattern of thinking on climate change adaptation has been top-
down, deliberate, planned. This is a vital part of capacity building, but it is only a
part. There needs to be equal recognition that many climate change adaptive
actions will be emergent — unplanned and arising from within individual
communities and regions that should be understood as complex adaptive
systems. The application of ICTs to climate change adaptation must also be
shaped by this equality of recognition.

To date, ICT applications — which are dominated by mobile technology-centred
models - have also been dominated by the 'planned strategy' worldview. They
have been quite good in an informational role that links the local and the
external: sometimes concentrating on upload from local to external, sometimes

156Singh. 2007.

157The Economist, 2009.
58Kiran et al., 2009
15%Veeraraghavan et al., 2009.
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on the reverse download, sometimes on exchange between the two. These
applications have been quite poor at delivering a transformational role that truly
builds local adaptive capacity. Even where they link local and external, this has
not been a meeting of equals: communities bring their data, external experts
deliver their information, their knowledge and their worldviews. The different
knowledge traditions of these two groups mean this exchange is not always as
effective as it might be.

The telecentre model with its local infomediary has the potential to partly
challenge this current status quo, but has itself been challenged from all sides:
the technical, the socio-political and the financial. One way forward may be the
integration of mobile devices with local telecentres, but this model has been
rather rare compared to the mobile-devices-with-national-servers architecture.

While implementing their National Adaptation Programmes of Action, developing
countries are invited to bear in mind the following recommendations:

1. Climate change cannot readily be separated out as an issue for local
communities: it exacerbates and is exacerbated by other vulnerabilities. There
has been concern at the lack of climate change adaptation-specific ICT
applications. Given, the indivisibility of climate change from other development
issues, this may be no bad thing. It may make more sense to understand the
climate change-related uses of existing ICT projects and systems, rather than
seeking to developed new applications that are climate-specific.

2. In the balance between the local and the external in current ICT applications,
the emphasis has been too little on the former, too much 