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Abstract

ABSTRACT
The United Nations Framework Convention on Climate Change (UNFCCC) has called on the
least developed countries (LDCs) to submit medium- to long-term National Adaptation
Plans (NAPs) as a response to adapt to the current effects and its impending future impacts
of climate change. The UNFCCC provides support to LDCs for the implementation of NAPS
finance, technology transfer, and capacity building. These NAPs must address the
vulnerabilities of a country, yet NAPA submissions, short-term versions of NAPs that are
publicly available, have so far neglected to consider migration as a possible strategic
adaptation to climate change. This paper presents an interdisciplinary approach for the use
of space-based assets to integrate migration into NAPs. The utility of our model is
demonstrated through the application of a case study for Bangladesh; this country was
chosen due to the high population density, and globally recognized vulnerability to climate
change. This paper discusses how the use of Earth observation data is applicable to a wide
variety of climate-change issues that are potential drivers of migration. Satellites are a
critical tool for mapping of available natural resources, an essential tool for proactive
migration. Furthermore, satellite resources can be used as inputs for predictive climate
models and other analysis that can better inform policy makers and local populations.
Through these methods, qualitative and quantitative assessments of the causes and effects
of both forced and voluntary migration are possible. The application of STEP M to the NAP
process will allow LDCs to understand how space can play a role in NAPs dealing with
migration.
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Faculty Preface

FACULTY PREFACE
This team project (TP) was originally titled “Space for Population Growth and Migration,”
which was proposed by Professor Walter Peeters of ISU and approved by the ISU Academic
Council in 2012 as one of two TPs for MSS14.
Migration is becoming an increasingly important issue as a result of projected population
increase in areas impacted by climate change, drought, poverty, civil war, etc., with
possible massive movements of people for which we are not preparing. The goal of the TP
is how space can help to mitigate the various pressures raised by the migration driven by
these phenomena. This broad theme to be tackled is well fit for an interdisciplinary,
international and intercultural environment such as the ISU’s 3Is.
18 students, half of MSS14 class, who come from 11 countries and whose backgrounds
range from engineering to law, have worked on this topic which they were not familiar
with.
The literature review was focused on understanding vast range of the migration theory and
its relation with climate change and various space technologies. The review was very
successful but the team experienced hard time to nail down the project because of the
broadness of the topic. Although the team had to rewrite the mission statement, they
made enormous effort to find out a project solution based on the United Nations
Framework Convention for Climate Change (UNFCCC).
About the team activity, many members proposed to rotate the management team
considering that this was a unique opportunity to develop leadership skills. The team
decided to rotate and selected the managers through election three times. This was a bit of
a concern for the performance of the team but the team accomplished the project. The
experience gained will benefit all the members for the rest of their professional careers.
Through the project, the team received considerable support of the ISU faculty and
numerous external experts. Their contribution is a part of the report.
The report proposes to use space-derived data for Migration, especially for the least
developed countries (LDCs). It is hoped that the report will contribute to the development
and improvement of the environment of LDCs.
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TEAM PREFACE
Team Projects at the International Space University (ISU) provide an ideal platform to
conduct research on interdisciplinary, intercultural, and international subjects of interest.
Of the two projects ISU offered this year, the authors embarked on a journey to combine a
highly technical area, space, with a highly humanitarian topic, migration. This “Space for
Population Growth and Migration” topic required innovative thinking, intellectual flexibility,
and the creative project management of many different countries, cultures, and expertise.
The task of correlating space with migration was not easy, and as an initially undefined
project, we hit dead ends and required a change in project direction. The journey was
difficult, but the team overcame challenges, kept the right spirit, and worked effectively to
produce a practical and new project.
The purpose of this report is to provide a blueprint for a National Adaptation Plan (NAP),
originally proposed by the United Nations Framework Convention for Climate Change
(UNFCCC) for the Least Developed Countries, by proposing the usage of space-based
resources as a technical aid for assisting the long-term planning process to address climate
change driven migration. After brainstorming and rejecting numerous other ideas, we
settled on this topic and began to attack the challenges and constraints of such a proposal.
Our proposal led to the birth of our main project, Space To Effectively Prepare for Migration
(STEP M). The name signifies the essence of the project: a sequential step-by-step approach
to prepare and adapt to climate change driven migration, CCDM, using space assets as a
tool. We adopted the following mission statement for STEP M: To create a framework, for
the Least Developed Countries identified by the United Nations Framework Convention on
Climate Change, that introduces space-based resources to facilitate the creation of
efficient migration strategies for adapting to climate change.
Before creating STEP M, we embarked upon a wide-ranging literature review covering
topics as diverse as causes and impacts of migration, population growth and its relation
with migration, space technologies in the field of remote sensing, communications and
navigation, active international organizations, and in-development global system of
systems. During the literature review, there was a clear abundance of climate change and
subsequent migration research. As a team with expertise in many fields of space, we
decided to fill the gap of space application to CCDM. The STEP M team was committed to
designing a novel way to address the complex nexus of climate change driven migration,
and make a tangible contribution to the ongoing research in this area. Although the utility
of remote sensing for predicting and monitoring climate change is well known, no
comprehensive study on its utility as a tool for planning to adapt and prepare for migration
caused by such climate change could be found.
It is not the intention of this report to propose that space technology is required for
addressing the climate change driven problem. Instead, we hope to present a
comprehensive investigation of the technical, political, scientific, legal, and ethical
challenges of using space for CCDM for a LDC who chooses to adopt the UNFCCC NAP
framework. We offer a case study on Bangladesh, a country vulnerable to climate change,
to demonstrate the wider applicability of the NAP to other LDCs.
We invite you to read our report with an open mind due to its interdisciplinary approach to
the vast topic of climate change driven migration.
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Introduction

1 INTRODUCTION
Global migration is a long-standing behavioral trait of humankind that has shaped our
existing and ever-changing population distribution. In turn, population growth has also
been a driver of migration acting in concert with climate change to influence the dynamics
of human movement. Economic, political and social influences, together with climate
change and migration, have shaped local and international communities. Societies have
been coping with natural fluctuations in the climate; however, projected global climate
change is expected to surpass comfortable limits (MOEF, 2005).
As the global population has increased seven-fold in the past century, humanity is now
burdened by an increased risk of exposure to environmental disasters and forced migration.
Society continues to transform at an incredible pace with an explosive rate of technological
development and a population boom that is unintentionally altering environmental
patterns. The consequence of this is that large numbers of people are displaced each year
by extreme weather events. Such events are
predicted to become more common as the
Climate Change Driven
global climate continues to shift. While many
Migration (CCDM):
of these displaced people return to their
Many of the anticipated impacts of
homes after conditions improve, others who
climate change will become driving
are less fortunate struggle to build new lives
factors that will force the movement
elsewhere after incurring substantial personal
of human populations over shortloss. Climate change driven migration (See text
and long-term timescales.
box) is a highly complex issue that needs to be
understood as part of the global migration
trend.
Alongside these developments, technological progress and innovation have accelerated.
Predictions of mass food shortages over a century ago were bypassed because innovative
solutions and technologies were developed. Eventually, humankind progressed from being
Earth bound to developing space technologies that extended our reach into Earth’s orbit.
When considering the issue of CCDM, the most significant recent developments are the
capability to observe Earth remotely from space, and to communicate in real-time over
long distances. These space-based capabilities can provide new innovative solutions to the
challenges of CCDM, which have only recently moved up the policy agenda.

There are existing programs and promising initiatives to develop strategies for mitigating
and adapting to climate change. One organization that is aimed at tackling these problems
is the United Nations Framework
Convention on Climate Change
(UNFCCC), which encourages and
Adaptation strategy
aids strategic adaptation to climate
“Adaptation to climate change is defined as
change
through
National
human-driven adjustments in ecological,
Adaptation
Plans
(NAPs)
for the
social or economic systems or policy
Least Developed Countries (LDCs).
processes, in response to actual or expected
The quantity and quality of data
climate stimuli and their effects or impacts.”
that is available to LDCs regarding
(MOEF, 2005)
climate change and resource
management remains limited,
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which is where space technologies can be
of added value.
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Space to Effectively Prepare
This report presents an analysis of how
for Migration
space assets can aid LDCs to integrate
A process for LDCs to increase the
adaptive measures that address CCDM
informatization within a UNFCCC NAP
into a NAP. The findings of this report are
addressing CCDM where:
a result of analysis and synthesis of inputs
1. Migration is planned as a strategic
from specialized inter-governmental
method for adaptation, or
agency
reports,
national
policy
2.
Involuntary CCDM will occur.
frameworks and Earth observation (EO)
databases. The authors do not wish to
promote migration as the only strategy
for adapting to climate change, rather approach it as an option together with protecting
and reinforcing current infrastructure. People may choose to remain in their communities
and accept the effects of climate change. Therefore, the authors introduce how space
assets can be used to help monitor and protect the livelihood of humans, and reduce the
severity and extent of environmental damage. In this study, the use of space technology as
a tool for assessing CCDM and adapting to it is approached from an inter-disciplinary
perspective, which a LDC may follow if it chooses to adopt migration as an adaptation
strategy to climate change. The need for constructive involvement of governments with
international agencies, the private sector, financial institutions and civil-society
organizations is emphasized. Overall, the aim is to increase the efficiency and effectiveness
with which LDCs can manage CCDM through the use of space-based resources.
1.1

Motivation

The Intergovernmental Panel on Climate Change (IPCC) noted as early as 1990 that the
greatest single impact of climate change might be a significant increase in human
migration. Since then, many reports and international organizations have argued that
environmental degradation, and climate change in particular, is poised to become a major
driver of migration. The International Organization for Migration (IOM) estimates that the
number of climate change-driven migrants worldwide will be between 200 million and one
billion by the year 2050 (IOM, 2008). This figure is an order of magnitude greater than the
current number of global refugees. While the large range reflects a high degree of
uncertainty, it raises the possibility that governments will have to deal with CCDM on a
large scale within this century.
Migration is an adaptation strategy adopted by humans in the face of natural disasters and
climate change. Modern migration, on a permanent or temporary basis, has multiple
causes; extending from environmental factors that are intertwined with other social and
economic factors, which themselves are influenced by environmental change. Figure 1-1
depicts an example of how climate change and other environmental factors can lead to
voluntary or involuntary migration.

2

International Space University, MSS 2014

STEP M

Introduction

Figure 1-1: Climate Change Driven Migration Effects (Litchfield, 2010)

Migratory trends are complex and difficult to predict, resulting in challenges to
management of infrastructure and socio-economic frameworks. Therefore, monitoring and
managing migration on a large scale requires the application of appropriate tools, methods
and expertise.
This report aims to outline how CCDM can be predicted, prevented, and managed more
efficiently with space assets than compared to terrestrial means alone. STEP M directs LDCs
that are developing UNFCCC NAPs toward potential space-based tools. LDCs can use these
tools to drive their NAP process with better, timelier information. STEP M also provides
guidance on how to infuse the management of space-related assets into the NAP process.
The expectation is that LDCs could use these tools to achieve greater efficiency in
evaluation and planning for climate change and migration, as well as provide more accurate
information to policy makers. Furthermore, through investment in advanced technologies,
LDCs can choose to turn the threat of CCDM into an opportunity to improve quality of life,
advance development, and adapt to long-term environmental change.
With these objectives and motivations, STEP M is in agreement with both the UNFCCC
directives toward adaptation (UNFCCC, 2011) and the IOM’s climate change adaptation
perspective (IOM, n.d). The UNFCCC NAP process is explicitly prescriptive, not proscriptive;
similarly, a LDC can choose to adopt any beneficial aspects of STEP M for that particular
LDC, while disregarding others.
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1.2.1

Introduction

Project Overview
Scope

This report covers how space-based resources and applications can be used to study and
manage long-term migration that is driven by local or global climatic changes. We
developed a framework, based on the guidelines proposed by the UNFCCC, for a general
plan of how to adapt to climate change with the use of space technology as an aid. The
utility of this general adaptation plan is assessed through its application to Bangladesh,
which is one of the countries identified by the IPCC as likely to face large-scale migration
due to climate change (2007). The STEP M process is not a NAP or a direct application of a
NAP, but rather guidelines of how space can be infused into the NAP process.
1.2.2

Solution

Several organizations and frameworks exist that focus on combating the various effects of
climate change, both on regional and global scales. The UNFCCC provides assistance to LDCs
that wish to increase their preparedness to climate change. This report attempts to fill a
gap first noted by the IOM in 2008 - the lack of planning for migration as a strategic method
of adaptation to climate change (IOM, 2008). The UNFCCC has since developed the NAP
process as a method for addressing climate change and subsequent long-term migration.
The authors follow the UNFCCC NAP process to create a general solution at the intersection
of climate change, migration and space, titled STEP M (Figure 1-2). The report details, stepby-step, how to use space assets if migration is integrated into a NAP as an adaptive
measure towards climate change, and describes areas in which space can add value for a
LDC that is attempting to obtain UNFCCC-sponsored aid through a NAP.
1.2.3

Mission Statement

To create a framework, for the Least Developed Countries identified by the United
Nations Framework Convention on Climate Change, that introduces space-based
resources to facilitate the creation of efficient migration strategies for adapting to
climate change.

Space

Migration

STEP M: Space
Application to
CCDM

UNFCCC
NAP

Figure 1-2: Venn Diagram Identifying STEP M’s Role in the UNFCCC NAP Process
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1.2.5

Introduction

Objectives

Define STEP M, an analysis of how space technology can be used within the
UNFCCC NAP process when a LDC must deal with CCDM, or when a LDC chooses
migration as a strategic adaptation to climate change.
Apply STEP M to Bangladesh as a validative case study to demonstrate how spacebased data can be used to predict, monitor and anticipate CCDM.
Methodology

The stepwise methodology outlined by the UNFCCC is listed below to the Element
(numerical) and Step (alphabetical) level. Each Element and Step of this process is analyzed
in Chapter 4 for opportunities to use space-assets as tools to provide information that is
relevant to address CCDM. A LDC can use the authors’ suggestions for each Element and
Step individually, or as an aggregate whole. The validity of STEP M is subsequently
demonstrated through a case study on Bangladesh in Chapters 5-8 that explores, in more
detail, space assets that can be used to address CCDM in this region.
The stepwise NAP methodology is as follows:
1. Lay the groundwork and address gaps
a. Initiating and launching of the NAP process
b. Stocktaking: identifying available information on climate change impacts,
vulnerability and adaptation and assessing gaps and needs of the enabling
environment for the NAP process
c. Addressing capacity gaps and weaknesses in undertaking the NAP process
d. Comprehensively and iteratively assessing development needs and climate
vulnerabilities
2. Preparatory elements
a. Analyzing current climate and future climate change scenarios
b. Assessing climate vulnerabilities and identifying adaptation options at the
sector, subnational, national and other appropriate levels
c. Reviewing and appraising adaptation options
d. Compiling and communicating NAPs
e. Integrating climate change adaptation into national and subnational
development and sectorial planning
3. Implementation strategies
a. Prioritizing climate change adaptation in national planning
b. Developing a (long-term) national adaptation implementation strategy
c. Enhancing capacity for planning and implementation of adaptation
d. Promoting coordination and synergy at the regional level and with other
multilateral environmental agreements
4. Reporting, monitoring and review
a. Monitoring the NAP process
b. Reviewing the NAP process to assess progress, effectiveness and gaps
c. Iteratively updating the NAPs
d. Outreach on the NAP process and reporting on progress and effectiveness
This report presumes, for the sake of readability, that the interested LDC has chosen
migration as a proactive or reactive adaptation strategy to CCDM. This report also assumes
that the LDC has chosen to use space-assets as a tool to provide information on migration
and climate change. Migration is only one of many adaptation options available to a LDC to
International Space University, MSS 2014
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cope with climate change. Similarly, the use of space-based data is one of many options
available to LDCs to obtain information on climate change and migration-related issues.
Another assumption is that the nation will manage demand for external support, rather
than being support-driven. The purpose of this report is to explain how space assets can be
used relative to these challenges in the context of a UNFCCC NAP, not to claim that it is
always the best choice. Each LDC must weigh adaptations options judiciously according to
the context of their situation.
Throughout this report, there is a focus on how space-based capabilities can contribute to
solving CCDM issues. However, the authors recognize that space is not always the best tool
for every problem and for every LDC. Indeed, there are some essential climate variables
that space assets are incapable of measuring. These variables may be best collected
through terrestrial, aquatic or airborne means. Furthermore, the use of various data types
within an analysis can often lead to novel insights, so the combination of space-based
observations with data measured by other means may enhance the understanding of key
processes related to CCDM.
1.2.6

Justification

While researchers and policy-makers discuss CCDM, solutions are not simple to come by.
Information is the key to being able to adaptation to these phenomenon and their
wide-reaching impacts. Space technology has demonstrated the capability in the past few
decades to address some of the most pivotal issues within CCDM; for example,
measurement of the key climate change indicators, and significantly aiding resource
management. Today, with advances in remote sensing capabilities and better traderelations between nations, even LDCs with no indigenous spacecraft now have access to
high-resolution imagery and can therefore approach CCDM from a new perspective.
The next step to effectively prepare for CCDM must include collaborative efforts. STEP M
can be implemented to collect climate, population, and migration-related space-based
data, which can then be distributed to experts for processing and analysis. The outcome of
this analysis can be forwarded to decision-makers who can make more informed decisions,
resulting more effective adaptation to climate change. The potential benefits of STEP M
include reducing societal costs of adapting to CCDM, reducing loss of human-life, and
positioning societies in a firm stance to brace the impacts of climate change.
To summarize, listed below are reasons why this report is feasible and justified:
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Climate change-related phenomenon is currently underway;
STEP M is applicable and relevant;
STEP M can be implemented in a cost effective manner through international
collaboration, such as with organizations like the Group on Earth Observations
(GEO);
STEP M has the potential to reduce costs incurred by the effects of climate change;
STEP M describes a general process that can be adapted to many countries;
STEP M is easy to understand and an example is provided.
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2 CLIMATE CHANGE AND MIGRATION
In this chapter, an overview of climate change and migration is provided. We briefly discuss
the impacts of climate change and introduce climate models. Subsequently, different types
of migration, migration theory and population growth trends are reviewed. Next, the
intersection of migration and climate change is discussed in the form of CCDM. Finally,
major international organizations with the capacity to address CCDM are listed.

2.1

Climate Change Overview

Current climate change is caused by a combination of anthropogenic and natural factors,
such as carbon emissions due to burning of fossil fuels, and variations in solar radiation.
These lead to a gradual increase in global temperature, which affects several environmental
factors over time. This may displace people from their homes, forcing them to seek safer
environments for re-settlement. As an example, it is estimated that about 14 million
Egyptians may be displaced by 2050 due to sea-level rise. Countries such as Pakistan,
Indonesia and islands such as Tuvalu and the Maldives, are also at risk for flooding as a
result of climate change (Boano et al., 2008). Figure 2-1 shows that the global average sea
level is directly correlated to the global average temperature.

Figure 2-1: Changes in global temperature and sea level over 150 years (IPCC, 2007)
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Impacts

Climate change can have long-term impacts, such as desertification and drought, or can
build up to sudden extreme events, such as fires and flash floods. Secondary effects, such
as storm surges, can arise due to a combination of climatic drivers. In the long-term, these
hazards are expected to contribute to large-scale migration. This section provides an
extremely brief background on a vast subject. While some further issues will be covered
specifically in the Bangladesh case study (Section 5), readers interested in more extensive
lists should refer to Climate Links (Ansdell, 2009), the IPCC or UNFCCC.
Short-Term Effects: Natural Disasters

Natural disasters are extreme environmental events that can force displacement of a large
number of people. The intensity of some natural disasters are expected to increase due to
climate change, including increased number and intensity of cyclones, increased size and
frequency of wildfires, etc. As an example of how this relates to migration, flooding due to
increased storm intensity is one of the top recurring natural disasters. A study by Cohen
and Bradley (2010) stated that about 36 million people were displaced in 2008 as a result of
floods and other environmental stresses around the world. It was estimated that up to 1.5
million people fled the New Orleans area as a result of Hurricane Katrina. Only about
500,000 people returned to their homes while roughly one million people were forced to
relocate (Clark, 2008).
Long-Term Effects

Examples of long-term primary effects of climate change include desertification, heat
waves, increased rainfall intensity, increasing sea level, among many others. Extreme
events, such as tropical cyclones and flooding, are expected to become more frequent and
severe in intensity and will likely have a longer-term impact than before when they force
permanent migration. However, the effects are not limited to these alone (IPCC, 2007).
Many of these effects relate directly to migration, for example drought results in famine
due to insufficient rainfall for farming and grazing of animals which forces people to relocate to new areas (Clark, 2008). Additionally, These primary effects can cause secondary
effects – for example, increased temperatures can contribute to health-related problems,
especially in densely populated urban areas that experience a heat island effect.
2.1.2

Models

Climate models have been developed to study the short- and long-term impacts of climate
change. They are a mathematical representation of the climate that can be analyzed in
various ways to determine multiple parameters. Figure 2-2 is an example of the results
from a climate model product that divides the Earth, ocean and atmosphere into a
grid-based system to forecast sea-surface temperatures.

8
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Figure 2-2: Global sea temperature model (NCAR, n.d)

The IPCC has published results from several Atmosphere-Ocean General Circulation Models.
These models typically use greenhouse gas (GHG) concentrations from land monitoring, icecore samples, aerosols, solar irradiance, land use, etc. as inputs (IPCC, 2007). The Global
Climate Observing System (GCOS) has defined the Essential Climate Variables (ECVs) that
are necessary to model climate change. ECVs that can be measured via satellite are listed in
Table 2-1; see Ansdell (2013), IPCC (2007), and GCOS 2013 for more details.
Table 2-1: Essential Climate Variables (IPCC, 2007)

ATMOSPHERIC

OCEANIC

TERRESTRIAL

Lower atmosphere: Air temperature, precipitation, air pressure,
surface radiation budget, wind speed, wind direction, water vapor
Upper atmosphere: Earth radiation budget, upper-air temperature,
wind speed, wind direction, water vapor, cloud properties
Composition: Carbon dioxide, methane, ozone, other long-lived
GHGs, aerosols
Surface: Sea-surface temperature, sea-surface salinity, sea level, sea
state, sea ice, current, ocean color, carbon dioxide partial pressure
Sub-surface: Temperature, salinity, current, nutrients, carbon, ocean
tracers/phytoplankton
River discharge, water use, groundwater, lake levels, snow cover,
glaciers and ice caps, permafrost and seasonally-frozen ground,
albedo, land cover, fraction of absorbed photosynthetically active
radiation, leaf area index, biomass, fire disturbance, soil moisture
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Migration Overview

theory, and the role population growth plays in migration.
2.2.1

Definitions and Types

Migration is a process of moving from one location to another; being for different durations
and/or different reasons. It can be self-imposed or forced by circumstances. There are four
main ways to categorize migration:
Location
 National / Local – Migration within the same country or the same part of it.
 International / Regional – International movement is characterized by long
distances and crossing borders.
Duration
 Short-term – Temporary movement usually within the same country.
 Long-term / Permanent – Usually due to significant change in one’s life or the
original living space becoming inhabitable. This can be motivated by the prospect of
a better future in a new location, or driven by an external force.
Volition
 Voluntary – A decision based on a conscious decision; this is more common that
involuntary migration.
 Involuntary – Migration forced by external factors. This may occur due to an
outbreak of war, political instability or natural disaster.
Motivation
 Economic – Prospect of a better life or better wages; this is the most common
motivation for migration.
 Education – Migration to achieve educational goals. This often occurs locally within
developed counties, but internationally for students in less developed countries.
This is typically temporary, although it can be a method for permanent migration.
 Environment – Opportunity to move to a place with better living conditions.
 Climate change – Changes to the local climate reduces the habitability of the
original location.
 Social – Migration is driven by a connection with other family members or friends.
 Disaster – Natural disasters or war in the original location forces re-location.
Reasons for migration will vary depending on the migrant and the country of origin. In a
recent survey by Ishtiaque and Ullah (2013), the top eight out of seventeen reasons that
were identified by Bangladeshi citizens for migrating to the capital city, Dhaka, were mainly
due to economic factors and the frequent recurrence of natural disasters (Figure 2-3).
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Reasons for Migration to Dhaka, Bangladesh
Occupation at Rural Origin
Dhaka means Financial Opportunity
Getting Access to City's Informal Economy
Availability of Jobs
Influence of Family Members
Financial Crisis
Lack of Employment Opportunity
Natural Disaster
0

10

20

30

40
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Figure 2-3: Top eight reasons for migration to Dhaka, Bangladesh (Adapted from Ishtiaque and Ullah,
2013)

2.2.2

Theory

Migration theory will be touched on here insofar as it relates to STEP M. Voluntary
migration is based on a relatively simple cost-benefit analysis. The Happiness factor
describes a psychological happiness level that has a large influence on the motivation to
migrate. It takes into account quality of life in the original location, and the perceived
quality of life at the possible location based on economic, social, and environmental factors.
It also takes into account the potential barriers to migration. The combination of these
factors indicates how willing potential migrants will be to move to a new location, derived
from weighing the overall costs and benefits.
The cost-benefit analysis can be summarized as push and pull factors; the two main types
of factors that cause migration. Push factors describe reasons why one should migrate from
a place, such as negative or unwanted aspects of life. Pull factors describe reasons that
attract a migrant to a new location, such as new opportunities or improved living
conditions. Figure 2-4 shows some common examples of push and pull factors.

Figure 2-4: Push and Pull Factors (BBC, n.d)

Several studies have shown that the most common driver of migration is the difference in
employment opportunities, which is often connected to the concept of a better life.
However, with an increasing shift in the global climate, it is possible that seeking
employment will fall behind, or even become a result of, CCDM.
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Population Growth Trends

Following the advancements set forth by the Industrial Revolution, socio-economic aspects
of life changed which lead to unprecedented accelerated growth during the 20th century.
However, data shows that population growth trends differ between developed and
developing countries, with the former being less rapid than the latter, and contributing less
to global population growth. Figure 2-5 illustrates the steep rise in population over the past
60 years. The global population in 2013 was estimated at 7.2 billion people. Population
projections for the 21st century vary depending on the rate of fertility (Figure 2-6). In the
2012 Revision of the UN Population Estimates and Projections, the population is predicted
to increase to 8.1 billion by 2025 and 10.9 billion by 2100. However, this projection
assumes a decline in the fertility curve.

Figure 2-5: World population development (Philippe, 2005)

Figure 2-6: Population of the world 1950-2100 (UN Population Division/DESA, 2013)
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If growth continues at the same rate, the world population will reach 16 billion people by
2100, in other words, 10 times the population that existed in 1900 (Dodds et al., 2012). The
most influential factor for the future will be the level of progress made in under-developed
nations, especially in Africa, which are currently the main contributors to the positive
growth rate as shown in Figure 2-7.

Figure 2-7: Fertility Map, 2013 – Average number of children per woman (CIA, 2013)

Rapid population growth in climate change-vulnerable areas will contribute to migration
pressures by further straining limited natural resources. The inter-twining relationship
between population growth and migration are closely studied by social scientists. In the
next section, we discuss climate change driven migration which is the convergence of
climate and migration; a topic that is still largely misunderstood and under-studied.

2.3

Climate Change Driven Migration

This section provides a brief overview of the complex nexus of migration, environment and
climate change, with respect to the environmental impacts of climate change on human
mobility, its development implications, and how it links to broader migration and
demographic trends. The estimates of twenty-five million to one billion migrants displaced
by climate change represents the number of people who are potentially at risk, but does
not account for the adaptation measures that could be adopted to mitigate these risks.
Climate change has led to many geographical changes like sea-level rise, increase in global
temperatures, loss of polar ice-caps, deterioration of agricultural lands, desertification and
water pollution. The number of natural disasters has more than doubled over the last two
decades. Further changes in the global climate will have a major impact on migration within
the next century.
The inter-relation between migration and climate change has been largely ignored by
experts and policy-makers until recently. The reason for such neglect may be due to the
fact that people debated about the predicted numbers, and because there was little
consensus among researchers about whether or not environmental migration is a distinct
form of migration. Presently, it is agreed by most experts in the field that there are four
different ways in which climate change can affect the movement of people (IOM, 2009):
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The intensification of natural disasters;
Increased warming and drought that affects agricultural production and access to
clean water;
Rising sea levels making coastal areas uninhabitable and increasing the number of
sinking island states (44% of the world’s population lives within 150 kilometers of
the coast);
Competition over natural resources leading to conflict, and in turn, displacement.

Climate change is a strong driver of migration and fits into existing migration theories. Table
2-2 shows the potential placement of environmental factors in classic migration theories.
Table 2-2: Placing Environmental Factors within Migration Theories (IOM, 2009)

General typology of migration (Petersen, 1958)
Potential placement of environmental hazards: as ecological ‘’push’’ factor yielding
migration as an ‘’innovative’’ response
Stress–threshold model (Wolpert, 1966)
Potential placement of environmental hazards: as ‘’stressors’’
Mobility transition hypothesis (Zelinsky, 1971)
Potential placement of environmental hazards: as related to ‘’personal preferences”
Residential mobility decision-making model (Speare, 1974)
Potential placement of environmental hazards: as ‘’locational characteristics’’
Neo-classical migration models (various contributors)
Potential placement of environmental hazards: as a “location-specific disamenity”
Presently, the media depicts CCDM in a negative light by exaggerating the numbers of
migrants and sensationalizing news stories. This imposes greater challenges to the policymaking process. According to Barnett and Webber (2009), “The literature on climate
change and migration is generally very pessimistic about mobility arising from climate
change. This creates a starting point bias in thinking about policy responses, eschewing the
development of policies that seek to harness migration as a strategy to promote adaptation
to climate change.”

2.4
2.4.1

International Organizations for CCDM
UNFCCC

During the 1992 United Nations (UN) Conference on Environment and Development, the
assembled members negotiated the UNFCCC – an international treaty with the objective of
stabilizing GHG emissions in the atmosphere. There are currently 195 Parties, observer
states and observer organizations to the UNFCCC. While the UNFCCC set no legally binding
limits on GHG emissions, the subsequently adopted Kyoto Protocol and Cancun Agreements
did (United Nations Framework Convention on Climate Change, 2013).
UNFCCC objectives are met through a variety of institutions, mechanisms and
arrangements that are listed in Figure 2-8. Of particular interest to this report is the
objective of adaptation established under the Cancun Adaptation Framework. They
established a process by which countries can address medium- to long-term climatechange-related needs. The process includes development of NAPs that address strategies
for adapting to climate change. Of the countries that submit NAPs to the UNFCCC, countries
that are designated as the LDCs can apply for support in implementing NAPs. Support
comes in the form of:
14
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Funding provided through a variety of mechanisms laid out in the UNFCCC;
Technology transfer focused on providing climate-related capabilities and on the
provision of green technologies;
Capacity building directed toward enabling individuals and institutions to mitigate
and adapt to climate change.

This support is complemented and coordinated through the UNFCCC LDC Expert Group
(LEG) that provides expert assistance to the LDCs. The strategies developed in the NAPs, as
well as support provided to achieve them, are constantly monitored and refined. The
authors of this report see potential within this structure, to enhance current efforts toward
migration adaptation to climate change through the use of space assets. This report will
address the areas that space can improve the efficacy of prediction and adaptation to
climate change, with migration as one, but not the only, adaptive measure.

Figure 2-8: Arrangements of the UNFCCC (UNFCC, n.d.)

2.4.2

International Organization for Migration

The IOM is the main inter-governmental body dedicated to general migration. According to
the Asian Development Bank report (2012), “The IOM works to help ensure effective and
humane management of migration, promote international cooperation on migration issues,
and assist in the search for practical solutions to migration problems by providing
humanitarian assistance to refugees.” As the leading IOM acts with its partners in the
international community to:





Assist in meeting the growing operational challenges of migration management;
Advance understanding of migration issues;
Encourage social and economic development through migration;
Uphold the human dignity and well-being of migrants.

IOM noted in 2008 that the LDCs that were working with the UNFCCC had not yet included
migration in their long-term strategies (International Organization for Migration, 2008).
IOM promotes sustainable development ideas when it comes to addressing problems
related to environmental migration (Figure 2-9).
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Figure 2-9: Sustainability diagram (IOM, n.d)

2.4.3

Intergovernmental Panel on Climate Change

“The IPCC is the leading international body for the assessment of climate change. It was
established by the UN Environment Program (UNEP) and the World Meteorological
Organization in 1988 to provide the world with a clear scientific view on the current state of
knowledge in climate change and its potential environmental and socio-economic impacts”
(IPCC, 2014). The IPCC is an inter-governmental scientific body under the UN. Its role is to
review and assess the most recent scientific, technical and socio-economic information
produced worldwide relevant to the understanding of climate change. It does not conduct
research nor monitor climate-related data or parameters.

2.5

Summary

From this chapter, it is shown that climate change is going to cause massive problems
worldwide in the coming decades. Human migration will also be affected by the impacts
that climate change has on the world’s environments and economies. Population growth
has only caused more strain on the Earth’s resources and habitats. CCDM is a direct
consequence of both climate change and a rapidly growing population. Many people are
going to be pressured or forced to migrate to new locations due to climate change driven
storms, sea level rise, droughts, floods, and other phenomena. Several groups have already
identified climate change as a major problem of concern, including the UNFCCC, the IOM,
and the IPCC. Next it is the authors’ desire to see whether space systems will be able to play
a role in the management of CCDM.
16
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3 ROLE OF SPACE IN CCDM
The last two centuries have seen technological innovation enabling humanity to overcome
the adverse effects of population growth. Among technologies, the space sector has
evolved significantly since the launch of the first man-made satellite, Sputnik, in 1957. We
have since then developed the capability to observe Earth, communicate over vast
distances, and navigate through remote areas. These capabilities are the three primary
roles of satellites, and each of these can play a role in the response to climate change. Of
the three, EO is of most significance to climate change and migration. However, these space
technologies may be more meaningful than mere tools. By trying to relate the use of space
technology with the prediction, preparation and management of CCDM, an assessment of
space technology and its importance for supporting social development is provided. Lastly,
relevant organizations that facilitate data-sharing for the context of CCDM are described.

3.1

Technological Change Theory

An ever-increasing population stresses the supply of resources and is unsustainable in the
long-term. Social scientists like Thomas Malthus in his work ‘An Essay on the Principle of
Population’ predicted an apocalyptic future due to the over-population effect (1798). The
prediction was based on the idea that the world population was not sustainable due to the
population growth rate being higher than food production. There were fears that
Malthusian predictions would come true during the Industrial Revolution, but this was
without taking into account mankind’s capacity to innovate. Through steady technological
progress, mankind proved the theory wrong. Technological change is a social process that
involves innovators, adopters of new trends and behavior, political institutions and
marketers (Clark, 2007).
Figure 3-1 shows the idea behind the theory of technological change; the process of
creation, and the adoption and diffusion of technology, which has the power to bring about
a social change. It is a cyclic process that relies on the appropriate communication channels
to effectively disseminate the information whenever there is a need for change. Space
technology could very well prove to be that invention and innovation; to allow us to surpass
our most optimistic forecast of the future with respect to population growth and migration
trends.

Figure 3-1: Technological Change Cycle
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Trickle Down Effect

Space has a lot of indirect effects on the socio-economic development of a country. As a
technology, it acts as an enabler, a multiplier, a means for cost avoidance, an accelerator of
economic growth, and a strategic tool for planning and policy making. Developing countries
such as India are a good example of using space for the benefit of its people, and for
national planning and development. Some of the intangible impacts of space are the
creation of knowledge, forging international co-operation and inspiring youth. Tracing
economic benefits of space can be difficult due to the unquantifiable utilization of space
systems, for e.g., “value” of lives saved, property spared in owing to the timely availability
of space-based data in cases of disaster, or societal gains in remote areas that are
attributable only to satellite communications (OECD, 2007).
Investment in STEP M will have long-term economic benefits for the LDCs. Figure 3-2 shows
the added value output when industry works alongside the space sector, leading to
economic growth through contractual work and the creation of jobs. Space-based research
has produced many interesting spin-offs and buoyed innovation, helping to create skilled
human capital. Examples of spin-offs include: the incubator, the water purifier, new
medicines, disaster management assistance, and precision agriculture. Space has also
taught and inspired managers globally about quality control, project management
techniques and innovative production methods; the effects of which have been felt in other
national industries. The social impact of space has been felt mainly through its contribution
to the fields of medicine and disaster management tools. Overall, investment in space
activities adds value at every point in its value chain (OECD, 2007).

Space Activities

Technical
Benefits

Economic
Benefits

Non-Space Activities
Social
Benefits

Added Value

Added Value

Added Value

Knowledge
base creation

Commercial
exploitation

Increase
in
Added
Value

Security of
Life

Figure 3-2: Value chain of Space Activities

3.3

Current Space Capabilities

Presently, space technology and its applications have become an integral part of our
society, from High Definition television to the Global Positioning System (GPS). As of early
2014, there were 1,167 satellites in orbit (UCS, 2013). Applications include three main
categories: communications, remote sensing, and navigation. Based on altitude, these
missions typically operate in three types of orbits: Low Earth Orbit (LEO), Geostationary
Orbit (GSO; see text box on the next page), and Medium Earth Orbit (MEO); according to
the required repeat frequency and spatial resolution.
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Currently, there are four main Global
Navigation Satellite Systems (GNSS)
This document refers to both
developed by different countries: GPS,
geosynchronous orbit and the Group
GLONASS, Galileo, and BeiDou. All these
on Earth Observations. Because both
systems are undergoing construction or
terms typically use the same
modernization to increase their accuracy,
abbreviation, this paper will
availability, integrity and continuity. Apart
disambiguate by referring to them as:
from day-to-day life applications, the
GEO – Group on Earth Observations
impact of GNSS in the field of agriculture
GSO – Geostationary Orbit
has been immense. The largest market for
GNSS applications is in location-based
services and road transportation, but the dominating market in the space sector is satellite
communications. The latter part of the 20th century saw a communication revolution, and
space applications played an important role in shaping the industry. Satellite
communication has evolved rapidly to meet users’ demand, capacities and various
applications, such as voice telephony, television, mobile satellite technology, amateur
radio, satellite broadband, and so on. Presently, there are 150 communication satellites in
orbit, operated by states and private agencies.

GEO vs. GSO

Since 1960, more than 240 environmental satellite missions developed by the National
Aeronautics and Space Administration (NASA), European Space Agency (ESA) and other
space agencies have been launched. This includes over 160 meteorological satellites and
more than 50 satellites operated as part of an ocean, land, or disaster monitoring series.
More than 30 satellite missions specially aimed at monitoring climate components and
supporting climate process management have been designed and developed by various
space agencies (Dowell et al., 2013). Table 3-1 describes which wavelengths can be useful
for climate change remote sensing and provides examples of sensors.
Table 3-1: Applications of different wavebands for different applications (SciDev.net, 2009)
Wavelength
Visible

Waveband
0.4-0.7mm

Near infrared

0.7-1.0mm

Shortwave infrared

0.7-3.0mm

Thermal infrared

Microwave
(radar)

3.0-14mm

0.1-100cm

Useful for

Example sensors

Building stock assessment

AVHRR; MODIS; IKONOS

Population density

IKONOS; MODIS

Digital elevation model

ASTER; PRISM

Vegetation mapping

SPOT; Landsat; TM; AVHRR; MODIS

Flood mapping

MODIS

Water vapor

AIRS

Active fire detection

MODIS

Burn scar mapping

MODIS

Hotspots

MODIS; AVHRR

Volcanic activity

Hyperion

Earth deformation

Radarsat SAR; PALSAR

Rainfall

Meteosat microwave imager (aboard RMM)

River discharge and volume

AMSR-E

Flood mapping and forecasting

AMSR-E

Surface winds

QuikScat radar

3D storm structure

Precipitation radar (aboard TRMM)
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Predicting CCDM

3.4.1

Space-based data in Climate Models

The relationship between migration and climate change is not well established
mathematically. Research on how climate change model outputs can be used as drivers for
migration models is still at an early stage. By investing in STEP M, LDCs can contribute to
ongoing research by developing expertise in migration modeling. This would benefit both
the LDC and countries that face similar issues. Access to space-based data will give LDCs the
opportunity to generate local climate models and validate their techniques.
3.4.2

Migration Models

Migration models are based on a wide variety of sociological, economic, environmental and
political assumptions. There are many different theories of migration, and there can be
variance in how a single theory is modeled. Additionally, there is currently a poor
understanding of certain social, economic and cultural factors influencing migration, such
as the perception of risk, social networks, and changing labor markets (McLeman, 2012).
Most migration models require non-climatic input data, although disaster frequency,
precipitation and other climate variables can also act as inputs. The list of input variables
can be as large as the number of migration push/pull factors. Table 3-2 links migration
drivers with climate variables, and in this way, indirectly links them to space applications.
Table 3-2: Linking Migration Issues to Climate Variables (Ansdell, 2009)
Migration-related

Climate Variables

Issues
Sea level rise

Flooding

Erosion

Cyclone

Drought

Food
(Crop, Fish, etc.)

Atmospheric

Air temperature, upper-air temperature, Carbon dioxide, methane, ozone, GHGs

Oceanic

Sea-surface temperature, sea level, sea state, sea ice, temperature

Terrestrial

Snow cover, glaciers and ice caps, albedo

Atmospheric

Precipitation

Oceanic

Sea level, sea state, sea ice, current

Terrestrial

Lake levels, snow cover, glaciers and ice caps

Atmospheric

-----

Oceanic

-----

Terrestrial

Land cover, biomass, soil moisture

Atmospheric

Wind speed, wind direction, cloud properties

Oceanic

Current, surface temperature

Terrestrial

Costal gradient,

Atmospheric

Precipitation, water vapor, cloud properties

Oceanic

-----

Terrestrial

Soil moisture

Atmospheric

Precipitation

Oceanic

Salinity, carbon dioxide partial pressure, nutrients, carbon, ocean
tracers/phytoplankton

Terrestrial

Permafrost and seasonally-frozen ground, albedo, land cover, fraction of
absorbed photo synthetically active radiation, soil moisture

Water
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Atmospheric

Precipitation, water vapor

Oceanic

-----

Terrestrial

River discharge, water use, groundwater
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Using climate model outputs as migration model inputs would require defining
mathematical relationships between climate variables and unrelated factors such as income
(Perch-Nielsen, 2004). Spatial vulnerability models use GIS to combine the output from
climate models with population, agriculture and other resource data (McLeman, 2012).
Such models have traditionally been limited by the incorrect assumption that climatic
indicators correlate to migration in a straightforward manner. In general, CCDM must be
viewed as being influenced by more than just climate; socioeconomic and cultural factors
also play a large role.
Hazard analysis models attempt to simulate migrant behavior in accordance with climate
stimuli (McLeman, 2012). Currently, studies are underway to apply this approach to
Bangladesh, but the success will depend on the generation of a sufficient amount of
statistical data. The behaviors of migrants are complex in general, with some migrating to
or from areas affected by climate change and urban centers cyclically, to cope with
increasing risk or to seek higher incomes. Furthermore, those who wish to migrate
sometimes are limited by poverty, lack of education, job skills and/or social links (Warner,
2010). More data on migrant behavior is needed as input into current CCDM models.
3.4.3

Challenges and Future Directions

We have seen that models of CCDM are currently challenged by the lack of data and
understanding of migration itself. Remote sensing will offer important inputs in the form of
data for general and regional climate models as well as GIS data on land-use. Figure 3-3
illustrates the mathematical correlation between climate models and migration. Better
climate and CCDM models will allow LDCs to better prepare for and anticipate CCDM.

Climate
Models
Precipitation
Temperature
Soil moisture
Storm frequency

Migration
Mathematical
Correlation

Income
Population size
Risk
Social networks

Figure 3-3: Linking Climate Models with Migration
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Relevant International Organizations

3.5.1

COPUOS and UN-SPIDER

The UN Office for Outer Space Affairs (UNOOSA) is the organization responsible for
promoting international cooperation in the peaceful uses of outer space. Its subsidiary
committee, the UN Committee on the Peaceful Uses of Outer Space (COPUOS), was
established to ensure that space is used only for peaceful co-existence. COPUOS was set up
by the UN General Assembly in 1959 to review the scope of international cooperation in
peaceful uses of outer space, to devise programs in this field, to encourage continued
research and the dissemination of information on outer space matters, and to study legal
problems arising from the exploration of outer space. The UN Platform for space- based
Information for Disaster Management and Emergency response (UN-SPIDER) was
established in 2006 by the UN General Assembly in its resolution 61/110. It is also a
program implemented by UNOOSA.
According to Leitgab and Epler (2011), “UN-SPIDER provides a gateway to space
information for disaster management, serves as a bridge to interlink the disaster
management and space communities, and facilitates capacity-building and institutional
strengthening. When natural disasters occur, which often affect material and human
resources, space technologies can be used to provide quick observation, communication
and positioning, especially if the ground based facilities are destroyed.” The employment of
space-based technology in disaster management is complex, hence the UN-SPIDER program
is used to coordinate and facilitate access to space-based information for disaster
management.
3.5.2

GEO/GEOSS

GEO was created in response to the joint call for action by the 2002 World Summit on
Sustainable Development and the Group of Eight countries. The Global Earth Observation
System of Systems (GEOSS) was established by GEO to achieve a comprehensive,
coordinated and sustained observation system of the Earth, in order to improve its
monitoring and increase our understanding of Earth’s processes and behavior. Figure 3-4
shows the nine different social benefit areas identified as critical for GEO.
By promoting international cooperation and coordination in the science of EO, GEO has
created an institutional framework for its member states, based on which a set of high-level
data sharing principles must be followed:
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Open exchange of data, metadata, products shared within GEOSS and the
recognition of relevant international instruments (since the act of imaging an
afflicted state is covered through the Freedom of Outer Space established by the
1967 Outer Space Treaty, the International Charter Space and Major Disasters and
the 1986 UN Remote Sensing Principles) and national policies and legislations;
All shared data, metadata and products shall be available with minimum time delay
and at minimum cost;
All shared data, metadata and products shall be free of charge or no more than the
cost of reproduction will be encouraged for research and education.
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Figure 3-4: GEO Societal Benefit Areas

3.5.3

International Charter on Space and Major Disasters

The International Charter on Space and Major Disasters provides an organizational
interface for the acquisition and transmission of space-based data to relief organizations in
the event of major disasters. The Charter was initiated by the European Space Agency and
the French Space Agency after the UNISPACE III conference held in Vienna, Austria in July
1999. The Canadian Space Agency signed onto the Charter on 20 October 2000 and it
officially came into operation on 1 November 2000 (Disaster Charter, 2013). Different space
technologies consisting of private, national and international space agencies provide
support for humanitarian activities during disasters. The Charter was initially activated to
help flood victims in northeast France in December 2001 (Disaster Carter, 2013). Since then,
the Charter has been used to integrate various space assets to help during numerous
disasters such as earthquakes, oil spills, forest fires, volcanic eruptions and hurricanes
across the globe. Until 11 March 2014, the Charter was reactivated after the Chinese
Meteorological Administration had requested for satellite imagery to help in the search for
the missing Malaysian airliner MH370 (Disaster Charter, 2014). Presently, there are fifteen
different member agencies that have signed the Charter (Disaster Carter, 2014).
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Summary

Space technologies and innovations provide many benefits for many nations. Technological
change, trickle down effects, and direct space systems usage have led to many
extraordinary capabilities and products worldwide. The continued usage of space systems
will only continue to enhance wealth and international cooperation. Many international
organizations that are organized around space systems exist, including COPUOS, UNSPIDER, and GEO, while the International Charter on Space and Major Disasters promotes
the acquisition and transmission of satellite data for many nations at risk of national
disasters, helping to save lives and economic investments. There is a great potential for
space-based data and migration models to be integrated in such a way as to better predict
and manage CCDM worldwide. In the next chapter, the NAP process will be introduced with
suggested augmentations using space-based solutions for the management of CCDM by
each LDC.
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4 STEP M PROCESS
This Chapter aims to inform LDCs who are interested in the opportunity to improve their
CCDM-related NAPs by detailing STEP M, a process for utilizing space-based capabilities
within the NAP process. Step M is a process that can be used in conjunction with a NAP
process that targets CCDM. The guiding principles for the NAP process have a simple, costeffective, and multidisciplinary approach to climate change. By proposing the use of spacebased resources as technical aids for assisting long-term planning and operating processes,
LDCs can increase the efficiency and efficacy of addressing CCDM. This chapter discusses
where and how to apply space in the assessment and management of climate change,
migration, and the conjunction of both phenomenon. This chapter follows the breakdown
of the NAP process, as defined by the UNFCCC, and identifies the how the NAP would be
adjusted at each point of the process to accommodate the inclusion of space-resources
within the NAP. There are four Elements of NAP process that form the basic outline of this
chapter. Each element contains several Steps, and each Step is composed of Building
Blocks. The Steps and Building Blocks are continuous and build upon each other; therefore,
there is overlap among them.
Table 4-1 maps the links between NAP process components, broken down into Elements
and Steps, and the STEP M section numbers in this Chapter. In this Chapter, each Element,
Step, and Building Block are mapped to sub sections.
Table 4-1: Mapping of NAP Components to STEP M Sections

NAP Component
Element
Step
Building Block

STEP M Section #
4.X
4.X.X
Not numbered (bold)

Example
4.1 Element A
4.1.2 Element A, Step 2
Element A, Step 2, Building Block 3

Recommendation for a LDC to use the NAP process as an appropriate strategy for their
country’s development is beyond the scope of this report. Similarly, it is incumbent upon
the LDC to determine if the use of STEP M is an appropriate route for development. Any
country looking to use STEP M can choose which STEP M suggestion(s) to undertake. This
should be approached in an iterative manner in order to build upon national-level capacity
and develop resiliency to climate change. LDCs do not need to follow each part of Step M,
but can choose which options are appropriate for their use. At a high level, the UNFCCC
intended that the NAP process should encompass government agencies and ministries, as
well as the private sector, local municipalities and communities, non-governmental
organizations (NGOs), and other relevant stakeholders. STEP M was developed with the
same intent.
Due to STEP M paralleling the NAP process directly, there are direct text extractions from
the NAP process throughout this chapter. For example, Figure 4-1 is an adaptation of Table
1 in the NAP document (LEG, 2012). Building Blocks, which are detailed at the beginning of
each step, are extracted directly from the Table of Steps published by the LDC Expert Group
(2012). Therefore, all Elements, Steps, and Building Blocks listed have been taken from
either one of these two sources. Some Building Blocks address issues where spaceresources do not apply, and are therefore not applicable to STEP M.
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Elements

Steps
Initiating and launching of the
NAP process

Element A. Lay the
groundwork and
address gaps

Stocktaking: identifying available
information
Addressing capacity gaps
Assessing development needs
and climate vulnerabilities
Analyzing current climate and
future climate change scenarios

Assessing climate vulnerabilities
and identifying adaptation options
Element B.
Preparatory
elements

Reviewing and appraising
adaptation options
Compiling and communicating
national adaptation plans

National
Adaptation Plan

Integrating climate change
adaptation
Prioritizing climate change
adaptation in national planning

Element C.
Implementation
strategies

Developing a national
implementation strategy
Enhancing capacity

Promoting coordination

Monitoring the NAP process

Element D.
Reporting,
monitoring and
review

Reviewing the NAP process
Iteratively updating the
national adaptation plans
Outreach and reporting

Figure 4-1: Composition of the NAP Process
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Element A: Lay the Groundwork and Address Gaps

Element A of the NAP process lays the groundwork and addresses gaps. This involves four
key steps outlined by the UNFCCC that will be discussed in the following Steps:
1. Initiating and launching the NAP process.
2. Stocktaking: Identifying available information on climate change impacts,
vulnerability and adaptation and assessing gaps and needs of the enabling
environment for the NAP process.
3. Addressing capacity gaps and weaknesses in undertaking the NAP process.
4. Comprehensively and iteratively assessing development needs and climate
vulnerabilities.
4.1.1

Element A, Step 1: Initiating and Launching of the NAP Process

This is the initial step of the NAP process. There are five Building Blocks within this Step, as
depicted in Figure 4-2. In addition, Figure 4-2 includes examples from UNFCCC NAP outputs
in the right-most column.
Building Blocks

Sample Outputs

Figure 4-2: Building Blocks and Sample Outputs of Element A, Step 1

Element A, Step 1, Building Block 1: Briefing on NAP Process, Adaptation Challenges,
and Opportunities

Politicians and policy makers should collaborate with climate change experts to coordinate
baseline information aimed at understanding the NAP process, pertinent aspects of climate
change, and the spectrum of policy and technical solutions. In the case that migration is
selected as an adaptation strategy, the potential contributions of space assets should be
considered. The introduction of space assets to provide critical information regarding future
and ongoing migration will incur requirements of what data to collect, how to collect it and
methods to disseminate it. But it should be kept in mind that the use of space-resources for
International Space University, MSS 2014
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CCDM would potentially provide the LDC with benefits in many other areas. Several steps
are required to effectively use space within a NAP and all mechanisms should address
current and future challenges related to CCDM.
Element A, Step 1, Building Block 2: Coordinating Mechanism

A national coordinating body (NCB) must be established in order to acquire, manage,
analyze and regulate the use of space within the NAP. Members of a coordinating body
must include policy makers and experts from various fields; including economics, ethics,
law, human behavior, and science. Additionally, the use of space assets in implementing
and monitoring such a plan would require the participation of an expert from this sector,
particularly in EO. NCB would also require representation of the national census bureau to
provide input on demographics, population estimation, distribution and growth.
As CCDM is both a national and international issue, governing bodies would most
effectively operate at the national level, with representatives from international
organizations and neighbor states. NCBs could range in size from a small climate change
analysis cell to a space agency; however, in the case of the LDCs, smaller and more focused
organizations are more likely. These would play a key role in acquiring, interpreting and
monitoring climate change, population and resource management related space-based
data. International organizations could also be contributing members to the NCB. The
UNFCCC could provide oversight of the NAP implementation. The LEG could help monitor
the application of the NAP. Furthermore, when dealing specifically with migration, the IOM
and the UN Population Division would be able to provide valuable migration reports,
demographic data and policy reviews to understand the understanding of trends and
projections in under-studied regions. Section 7.1.1 details a potential NCB structure for
Bangladesh, in case it decides to adopt a space-based NAP.
For NAPs that intend to use space assets, there are options for acquiring space-based data
for countries with limited or no domestic access to such data. One method would be
through space environment joint ventures, or bilateral agreements, with space-faring
states. One hindrance is that this option could be limited due to international relations or
concerns of data re-distribution. A secondary, but potentially more effective, method
would be to access data through international organizations focused on aiding the LDCs
such as GEO; see Section 3.5.2 for more details.
Element A, Step 1, Building Block 3: National Vision and Mandate for NAPs

In this Building Block, the NCB establishes a mandate that summarizes the criteria of the
NAP, and possibly implements the plan in a legally binding manner. Once completed, the
mandate is communicated to the relevant government organs and the public. In the case of
a migration-related NAP, the LDC may find it beneficial to highlight the usefulness of space
assets within this mandate. Subsequently, the NCB devises a framework that summarizes
policies and adaptations that effectively manage forthcoming issues related to CCDM. A
mandate would include many components that are outside the scope of this report;
however, possible components related to the use of space assets to address CCDM within a
NAP may include:
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Acquiring data on climate change indices from EO satellites as a tool to analyze
current climate and as an input to forecast future climate change. The mandate
may also link the output of these forecasts to migration models. Modeling of
climate change and migration is discussed further in Sections 3.4.2 and 3.4.3.
If migration is chosen as an adaptation strategy, a mandate may include utilizing EO
data to aid resource management, both in locations experiencing immigration and
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emigration, as well as for development of strategies that promote efficient
migration. Use of EO data for resource management may reduce the vulnerability
of a nation to the impacts of climate change and also reduce overall humanitarian
and financial costs. The utility of the infrastructure developed to utilize EO data will
extend beyond the use of the data for CCDM, and may enable the LDC to apply the
infrastructure and expertise in other areas.
Funding sources would include governmental agencies and international
organizations. The LDCs could seek funds through mechanisms outlined in Element
A, Step 1, Building Block 4. Furthermore, the NAP process includes support in terms
of technology development and capacity building. The mandate could include a
directive to address the acquisition of EO data as well as the capability to process
and analyze it.
The implementation and monitoring of STEP M would be constant and occur
gradually over an extended period of time. The adaptation plan would be updated
annually, documenting new climate and resource management data, population
growth and distribution data, and lessons learned from scenarios of both voluntary
and involuntary migration. The mandate could address the iteration of analysis
using data acquired subsequent to the previous analysis.

Element A, Step 1, Building Block 4: Access to Technical and Financial Support

Technology transfer is a means of obtaining technical support for countries that are not
equipped with the financial resources or the know-how to develop technology; as is the
case for many of the LDCs. The issue of technology transfer may be complicated and vary
from nation to nation when it comes to using space technology for addressing climate
change and subsequent migration. CCDM is a scientific-social-humanitarian phenomenon
for which official channels of technology transfer are yet to be defined. However, the
UNFCCC commits to provide technical support and defines existing technology transfer
mechanisms (LEG, 2012). This step also encourages LDCs to consider the adequacy of their
scientific information and how climate change will impact specific development goals and
activities (for more details refer to Section 7.2).
Financial support for NAPs can be derived from the government, inter-governmental
organizations and/or international organizations. LDCs would most likely acquire funding
through international or intergovernmental organizations such as the Special Climate
Change Fund managed by the Global Environment Facility. If STEP M were incorporated
into a NAP, the funding aspect would be unlikely to change significantly. Examples of
funding options for STEP M can be found in the Bangladesh Case Study (Section 7.5). LDCs
without domestic space-based data analysis capabilities could contract with or create
private companies that acquire and interpret space-based data. These private companies
could become vital assets during the implementation and monitoring phases. Thus, the
implementation of STEP M by the LDCs would boost their technical capacity, as well as
foster industrial growth through public-private partnerships.
Element A, Step 1, Building Block 5: NAP Framework/Strategy and Road Map

This Building Block involves the establishment of a framework or strategy for adaptation, as
well as a road map to achieve the goals of the NAP. This is highly specific to each LDC and
each NAP, and is outside the scope of STEP M.
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Element A, Step 2: Stocktaking

This Step involves determining the current knowledge base from which the LDCs can
develop the NAP, and information gaps that need to be filled before proceeding with the
NAP process. The knowledge base in question consists of understanding climate change
impacts, vulnerabilities and adaptation options. Furthermore, the LDC should identify any
barriers or capacity gaps that would hinder implementation of the NAP. This Step is broken
down into four Building Blocks, as illustrated in Figure 4-3.
While EO data is highly relevant to the assessment of a knowledge base, it is not relevant to
the assessment of capacity gaps for the LDC.

Building Blocks

Sample Outputs

Figure 4-3: Building Blocks and Sample Outputs of Element A, Step 2

Element A, Step 2, Building Block 1: Stocktaking of Adaptation Activities

The second Step of Element A is stocktaking, which means that LDCs should identify current
activities that are addressing current and anticipated climate change. This Building Block is
not relevant to STEP M, except if the adaptation activities include use of satellite data. In
this case, the entry barriers would be significantly lower for the LDC to use satellite data to
address CCDM.
Element A, Step 2, Building Block 2: Synthesis of Available Knowledge on Impacts,
Vulnerability, and Adaptation

The synthesis of available knowledge on impacts, vulnerability and adaptation will be
specific to each LDC needs to be addressed on a case-by-case basis. The impacts of, and
vulnerabilities to, CCDM strongly depend on climate, geographical and socio-economic
factors. The LDCs are especially interesting considering that carbon dioxide emissions per
capita tend to be quite low (The World Bank, 2013a), yet they are among the most
vulnerable to climate change. Space-based data is useful in predicting the triggers of CCDM
through time-lapse, conjunction and gradient analyses. The broad scope of space-data can
provide wide-scale coverage for assessing impacts and national adaptation strategies. The
30
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amount of space-based climate change and resource management data allows for better
prediction models of how climate change will impact migration, as discussed in Section 3.4.
It also informs decision-makers on how best to implement migration-related policies. A
third use is for identifying mechanisms to reinforce vulnerable areas and regions with
adequate resources so as to prevent or facilitate CCDM.
Element A, Step 2, Building Block 3: Capacity Gaps Analysis

The purpose of this Building Block is to “conduct a gap analysis to assess capacities and
weaknesses, adequacy of available data and information, and resources to effectively
engage in the NAP process.” This is particularly relevant to the STEP M process, as it aims to
provide LDCs with a mechanism to access previously unavailable data. If gaps are identified,
space should be considered as an option to fill those gaps and possibly augment or replace
other data sources as well.
While addressing CCDM, an LDC is likely to find that a knowledge gap is the relationship
between climate change and migration. This is a complex relationship and good models
have yet to be demonstrated, partially because there are many other confounding drivers
(Hoffmann, 2013). Furthermore, the impacts of climate change can only be predicted with
low fidelity. A great deal of uncertainty still remains about the scale of CCDM over the
coming decades. Estimates range from 25 million to 1 billion by 2050, with the preferred
estimate averaging 200 million migrants (IOM, 2008). The lack of empirical data on causality
is only one of many uncertainties, which themselves tend to de-value migration, especially
CCDM, as priorities in environmental policy and international relations. In this environment
of uncertainty, each LDC may need to develop an understanding of how climate change
impacts migration within its borders; see Section 3.4.3 for further discussion.
As previously mentioned, space assets can augment or replace current ground-based
climate and resource-management data collection systems by providing large-scale,
high-resolution data with frequent updates. Higher quality data can enhance the fidelity of
climate trend predictions, which in turn can be used to create better models about the
impact of climatic events on human population distribution and resource availability. The
development of more sophisticated models may allow LDCs to bridge the gap of
uncertainty dividing migration and climate change by illuminating any causal relationship
between these topics. These models could also assist in efficiently planning or preventing
migration.
Element A, Step 2, Building Block 4: Barriers Analysis

Despite the benefits of using space-based data within the NAP, there are potential barriers
to the design and implementation of such a plan. There are two likely barriers to using
satellite data within a NAP:




Satellite imagery of a region can be sensitive on a national security basis depending
on the resolution and the targeted location. An ethical dilemma arises when EO
data can jeopardize national interests, but can also be used to save lives.
The LDCs normally have very limited space capabilities, if any at all, and restricted
access to expensive (high resolution) data sets. Reducing the cost of satellite data
would break down this barrier. This does not require ownership or operation of
satellites; instead, satellite data can be acquired by building institutional capacity
through agreements and data-sharing policies. Organizations such as GEO can aid
with the acquisition of data at reduced or no cost for member countries.
Furthermore, data acquisition can be aided or funded by various organizations, as
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outlined in Section 3.5. A cost-benefit analysis (such as in Table 4-2) may reveal that
use of EO data, despite the cost of acquisition, may be significantly more cost
effective than terrestrial-based data.
Analysis of EO data is often more difficult than analysis of terrestrial-based data. To
overcome this barrier, further institutional and technical capacity will be required in
order to implement STEP M. After data acquisition, experts must analyze and
interpret the data in order to make accurate and feasible recommendations for
CCDM. Through technology transfer and capacity building support from the
UNFCCC, a LDC can develop data analysis capabilities. These would likely start in
the form of an analysis cell that would be capable of processing and analyzing
various types of climate and resource management data.
Element A, Step 3: Addressing Capacity Gaps

The third Step in Element A includes addressing capacity gaps and weaknesses in
undertaking the NAP process. Figure 4-4 illustrates the Building Blocks outlined to achieve
this Step. Undertaking the NAP process involves developing the national institutional and
technological capacities for formulating and optimizing the NAP. Once implemented, there
would be an enhanced awareness of the potential opportunities for climate change
adaptation at the various levels in development and developmental planning. Increased
communication, awareness of the situation, and a nation’s capabilities could be enhanced
by various means.
Building Blocks

Sample Outputs

Figure 4-4: Building Blocks and Sample Outputs of Element A, Step 3

Element A, Step 3, Building Block 1: Building Institutional and Technical Capacity

Building institutional and technical capacity with regards to access to space is extremely
important in developing STEP M. While the most obvious aspect may be that most LDCs
lack access to space and lack experience with satellite data analysis, there are several other
institutional capacities that must be formed to handle specific coordinating tasks.
Technical Capacity
Space-faring nations have full space capabilities and therefore can readily access climate
change and resource management data. They also have the institutional and financial
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means to analyze and interpret data in order to assist in effectively assessing and managing
CCDM. For the LDCs, development of STEP M may appear outside their initial capacity;
however, this is likely not the case. After the LDC’s technology sector has been appraised
(Section 4.1.2), noted deficiencies can be addressed through the technology transfer and
capacity building mandates of the UNFCCC. Further deficiencies in education can be
addressed through higher-level education in the long term, and vocational training in the
short term. The capacity building would be used to create or augment the technical support
group (TSG), which would handle the analysis of satellite data.
Institutional Arrangements
The NCB will need to coordinate the outputs of the TSG with other aspects of the NAP
infrastructure. Other elements of the NAP infrastructure will include coordinating with the:



Prime Minister’s Office (or equivalent): for NCB oversight and approval.
Council of Ministries: various government organs that coordinate response to
climate change and adaptation policies;
 International Coordinating Unit: responsible for interaction and coordination with
international bodies such as the UNFCCC and IOM;
 TSG: acquires, stores, and analyzes data on CCDM issues; and the
 Population Bureau: an organ of the government responsible for population and
migration management.
For an example of a more specific application of these arrangements, see Section 7.1.
Element A, Step 3, Building Block 2: Opportunities for Integrating Adaptation into
Development

Opportunities for integrating climate adaptation into ongoing national development
projects should to be assessed for each LDC in order to successfully integrate CCDM
adaptation into the planning process. To achieve this, the stakeholders of the NAP process
should be engaged at all levels of planning to develop a comprehensive understanding of
the phenomenon. LDCs that choose to develop the capability to analyze EO data will have
an opportunity to utilize such expertise in various applications that result in economic and
social benefits far beyond the scope of the NAP. For example, EO data analysis usually has
an economic trickle-down multiplier of three – meaning that expenditures in this area
usually benefit the economy three-fold. An example of social benefits is the ability to track
and predict the course of viral epidemics. These benefits are discussed in more detail in
Section 3.2, as well as in the case study on Bangladesh.
Element A, Step 3, Building Block 3: Programs on Climate Change Communication,
Public Awareness-Raising and Education

One component of implementing STEP M is to perform outreach about its value and
methodology of approach. Dissemination of information is not only important for policymakers but for the average citizen, who will secure the potential benefits of STEP M. It is
necessary to educate citizens about the underlying methodology, which includes increasing
their knowledge base about climate change, resource management, migration dynamics,
and the role of space in producing information. This will help end-users better interpret and
utilize data, and to make more informed decisions about CCDM. The coordinating body will
be responsible for ensuring STEP M is appropriately communicated to its citizens, either in
the form of policies, programs or education. A thorough example of public outreach is
provided in the case study on Bangladesh in section 7.4.
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Element A, Step 4: Assessing Development Needs and Climate Vulnerabilities

The final Step of Element A includes the assessment of risks and opportunities relative to
the components of the NAP developed thus far in the process. When identified, this Step
prescribes mitigating risk through an iterative process (Figure 4-5).
Building Blocks

Sample Outputs

Figure 4-5: Building Blocks and Sample Outputs of Element A, Step 4

Element A, Step 4, Building Block 1: Compile Development Objectives, Policies,
Plans, and Programs

Building Block 1 of Step 4 is highly specific to each LDC. When addressing CCDM and space
resources, the LDC should compile three sets of development objectives, policies, plans and
programs. These three sets will apply to climate change, migration, and space/technical.
Element A, Step 4, Building Block 2: Synergy between development and adaptation
objectives, policies, plans, and programs

Synergy between STEP M and other national objectives, policies, plans and programs needs
to be assessed so that adaptation strategies to climate change can be maximized efficiently
yet still respect the limitations of a nation’s capacity. While the NAP process specifically
covers this for climate change, the same principles apply when dealing with migration and
space. Inclusion of these two topics will require an expansion of the consulted stakeholders
and an understanding of the issues. For example, a satellite data analysis cell could provide
analysis for both climate change issues and urban development; and migrants from flooded
coastal areas could be directed to communities that have employment opportunities.
Discussion between the interested stakeholders is critical to establishing these links.

4.2

Element B: Preparatory Elements

Element A focuses on understanding the state of the LDC relative to initiation of the NAP
process: current physical, organizational, and intellectual assets, as well as a solid
understanding of anticipated climate change impacts. Subsequently, Element B is designed
to prepare the LDC to embark on the NAP process. This includes an in-depth assessment
and integration efforts. Assessments of climate change “impact, vulnerability, and
adaptation” will enable a CCDM NAP to be integrated into the plans and strategies of the
LDC on national and sub-national levels.
Adaptation to long-term climate change has not been exhaustively studied, especially
during non-catastrophic times. The impact of climate on many LDCs is especially severe
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International Space University, MSS 2014

STEP M

STEP M Process

since they have limited resources, and few are devoted to predicting, analyzing, and
managing migration. Space assets can be utilized to enhance the efficiency of a country’s
response towards CCDM and improve the planning, decision-making, and evaluation
processes leading to increased efficiency throughout the NAP process.




Understand current theories for migration due to climate change
Understand the long term driving forces of major migration events
Understand the relationship between vulnerability, risk, adaptive capacity, and
climate change (McLemen, 2006)

Element B of the UNFCCC NAP Process, Preparatory Elements, defines four Steps to assist
the country in preparation to use STEP M. As previously mentioned, each LDC will make
decisions based on national circumstances, environmental factors, and other unique
conditions. According to the LEG (2012), Element B is divided into five Steps to assist in
developing the NAP:
1. Analyze current climate and future climate change scenarios;
2. Assess climate vulnerabilities at the sector and other levels, and identifying
adaptation options;
3. Review adaptation options;
4. Compile and communicating a NAP; and,
5. Integrate climate change adaptation into national and subnational development
and sectorial planning.
4.2.1

Element B, Step 1: Analyzing Current Climate and Future Climate Scenarios

This Step is focused on evaluating current and potential future climate risks and evaluating
vulnerabilities. The Building Blocks encompassed within this Step are presented in Figure
4-6.

Building Blocks

Sample Outputs

Figure 4-6: Building Blocks and Sample Outputs of Element B, Step 1

Element B, Step 1, Building Block 1: Analysis of Current Climate

Space-based resources can be used to monitor essential climate variables (ECVs) and to
develop excellent situational awareness. The use of space technology in this capacity can
provide the required data at various temporal, spectral and spatial resolutions. In the case
of acquiring climatic data, low resolution is typically required for each of these scales. For
temporal resolution, it may be sufficient to acquire data on an hourly, daily, or monthly
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time scale, depending on the ECV. For spatial scales, climatic variables change slowly with
distance so low spatial resolution is typically required; an exception would be near
geographic boundaries such as mountains or coastlines. Furthermore, space resources can
provide low-resolution data on very broad scales, potentially providing a snapshot of the
entire country in one dataset. However, for situations that require finer resolution, this
data can also be acquired, but generally at a higher cost. The variability of capacity can be
tailored to the climatic analysis that is being performed.
Element B, Step 1, Building Block 2: Future Climate Risks and Migration
Uncertainty/Scenario Analysis

Climate models can be used to identify key drivers in climatic systems that are easily
observable by space assets. These climatic variables can be monitored and trends can be
identified. Forecasting performed using this data will illustrate risks and uncertainties that
CCDM poses to the LDC. Principle climatic variables can be found in Table 2-1).
Element B, Step 1, Building Block 3: Communicating Projected Climate Change
Information

Use of space assets to observe space indices allow observations on a national scale and
provide decisions with climatic information to make informed decisions.
4.2.2

Element B, Step 2: Identifying Climate Vulnerabilities and Adaptation Options

After understanding the current climate conditions of the desired country and the
prediction models for its future climate, determining the climate vulnerabilities and its
subsequent adaptation options is the next Step. These Building Blocks discuss how to
assess, rank, and categorize climate vulnerabilities in order to determine if space
technology could be a potential and acceptable solution to address CCDM (Figure 4-7).
Building Blocks

Sample Outputs

Figure 4-7: Building Blocks and Sample Outputs of Element B, Step 2

Element B, Step 2, Building Block 1: Climate Vulnerability Assessment at Multiple
Levels

Vulnerability to various predicted climate scenarios need to be assessed at various
appropriate levels (national, sub-national, etc.). Use of models and trending data will be of
use in this Building Block, requiring historical climate change data, migration data and
support models. Space assets would be of particular use in these assessments.
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Element B, Step 2, Building Block 2: Ranking Climate Change Risks and
Vulnerabilities

Assess vulnerability to climate change at the sectorial and/or sub-national levels (applying
applicable frameworks when needed) through the synthesis of climate change forecasts
with the effected populations’ valuable land, resources and national treasures.
Element B, Step 2, Building Block 3: Scoping Adaptation Options

Rank climate change risks and vulnerabilities, then identify and categorize adaptation
options at multiple levels to address priority vulnerabilities. Space assets can be utilized to
predict, plan, and monitor population growth, resources, and infrastructure. Because data
from space assets have a broad scope, the LDC should consider how it would contribute to
addressing other ranked vulnerabilities. In this way, the development of a space
infrastructure (even just an analysis cell) can have a wide-ranging impact beyond
addressing CCDM.
4.2.3

Element B, Step 3: Reviewing and Appraising Adaptation Options

Step 3 of Element B involves reviewing and appraising adaptation options (Figure 4-8). The
options should be evaluated on the basis of metrics defined by national goals. If these
options include migration, the LDC will need to evaluate the costs and benefits of using
space-related tools to address CCDM. The LDC should include secondary benefits, such as
those resulting from the scope of application of space data and follow-on benefits. An
appraisal of these uses will be required for each LDC. Evaluation of adaptation measures
and evaluation criteria is further detailed in Table 7 of the document Technical Guidelines
for the National Adaptation Plan Process (2012); Box 6 of the same document outlines
ranking and prioritization methods. Use of these evaluation criteria and prioritization
methods for options that include use of space-assets would require expert input to detail
the complex options, costs and benefits of the use of space in the context of each individual
LDC.
Building Blocks

Sample Outputs

Figure 4-8: Building Blocks and Sample Outputs of Element B, Step 3

Element B, Step 3, Building Block 1: Appraisal of Adaptation Options

When deciding how to rank the options outlined for adaptation, the option of using space
data should be considered. In this consideration, the LDC should consider the complexity,
costs, and benefits of available options. Options for space data includes acquisition
sources, (Sections 3.5 and 7.2), funding options (Section 4.1.1), data management (Section
4.2.5), and secondary economic effects (Sections 3.1 through 3.3). If migration occurs due
to long-term climate change or is chosen as an adaptation strategy, then satellite data
could be useful for the various reasons listed below:
International Space University, MSS 2014

37

STEP M

STEP M Process

1. Spatial aspects of satellite information include:
a. Swath: satellites can provide data for large areas, potentially an entire
country, at a single point in time. Contrarily, terrestrial data sets are limited
by the number of observation posts that are equipped to observe that
particular ECV (see Table 2-1). The trade between the use of data acquired
via satellite or terrestrial means must be made according to the topography
over which the variable is to be measured, the cost of the equipment
necessary to measure the variable, etc. For expensive or complicated
measurements, use of terrestrial measurements that requires
instrumentation to be moved to many observation locations to achieve the
desired coverage may result in significantly higher costs.
b. Resolution: climate variables can be measured from space at various
resolutions, depending on the variable. Some data may require high
resolution, and others low resolution. The required resolution impacts the
cost of the satellite data, which may make the data more or less expensive
than acquisition by terrestrial means.
2. Temporal: while satellites can observe large areas over very short periods of time,
terrestrial means may have difficultly achieving the same resolution over such a
small timescale. For climate variables that change rapidly (compared to the time
required to move equipment), this is a unique capability of space assets. For simple
instrumentation (temperature sensors), the counterpoint could be the deployment
of a large number of measurement stations; however, maintenance, calibration and
data acquisition from a distributed network are additional difficulties.
3. Radiometric: satellites carry sensors that can observe various bands of the
electromagnetic spectrum. Appropriate use of data in these bands allows for
insights into a surprising number of terrestrial, oceanic, and atmospheric climate
variables.
4. Bias: satellite data is frequently calibrated against known sources. Calibration of a
large number of sensors in a terrestrial network could prove difficult, costly, and
could impact reliability of collected data.
5. Secondary benefits: use of satellite data requires significant analysis before it is
refined into useful information. Through the technology transfer and capacity
building goals of the NAP process, analysis capabilities can be developed by LDCs.
Development of these capabilities could provide a seed for further technologically
advanced economic activities. An example is SERVIR (Regional Visualization and
Monitoring System), the collaboration of NASA, United Sates for International
Development (USAID) and GEO, that provides data analysis facilities and training to
developing countries. The facilities developed and training provided during the
process of the NAP could be used to support other national goals of the LDC.
From the list (above), it can be observed that there is a high dependence of the cost of
terrestrial measurement systems on the required spatial and temporal resolutions.
Generally, space-assets can observe larger areas in small timeframes than terrestrial
sensors, while remaining more cost effective. Furthermore, some climate variables may
require expensive measurement equipment that is impractical to transport or purchase for
multiple locations. Table 4-2 provides a brief economic, ecological and social cost-benefit
analysis of the use of migration and space assets in STEP M.
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Table 4-2: Examples of Costs and Benefits of Migration and the Use of Space for Economic,
Ecological and Social Considerations

Economic

Migration

-Loss of infrastructure
-Creation of infrastructure

Costs
-Hardware
-Data
-Training of analysts
-Strategically planned
society
Migration
-Staged retreat from
threatened areas
-Better utilization of
Benefits
resources
-R&D of technical capability
Space
-Incorporation of new
technologies in
infrastructure
Space

Ecological
-Degradation of
environmental diversity by
homogeneous groups
-Hydrological impact of
humans
-Use of existing satellites
means there is no additional
ecological cost
-Potential for planned ecology
-Protection of species
-Preservation of natural lands
-Increased biodiversity

N/A
-Better living conditions
-Planned society
-Better education
-Cultural diversification
-Training increases scientific
understanding, education
-Optimize relocation options
-Moving / dilution of
regional culture
-Potential impact to health
care
-Change in infrastructure use
N/A

Migration

-Duplication of services
-Diversification of markets

Space

-Dual use
-Sectors to use space for
greater efficiency

-Potential for insight into
other issues when addressing
climate change and/or
migration

4.2.4

-Generational culture shift
-Standard of living change

-Better understanding of
ecological processes for
improved decision making

-Removal / additions of
humans to the food web
-Potential disease factor
-Food chain disturbance

Impacts

Social

Element B, Step 4: Compiling and Communicating NAPs

If CCDM is a primary concern (Element B, Step 2), and if space-resources are ranked as a
potential aid to addressing CCDM (Element B, Step 3), space capabilities will need to be
included in the NAP(s) and the benefits of using space should be communicated to the
nation. This is a challenging topic, as public perception of the use of space assets is
commonly biased toward concepts of exorbitant expenses, with little understanding of the
balancing benefits. This is the case even in developed nations with well-developed space
programs.
This Step addresses the compiling of NAPs by the LDC and communicating the chosen NAPs
to the nation (Figure 4-9). While reading this section, keep in mind that some sections are
not space specific, but require the participants to understand any space-related solutions
the LDC has chosen to employ. Therefore, while this section includes suggestions on how to
manage and communicate STEP M, it would be best to consult experts in this area before
doing so.
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Building Blocks

Sample Outputs

Figure 4-9: Building Blocks and Sample Outputs of Element B, Step 4

Element B, Step 4, Building Block 1: Draft NAPs

A LDC following the NAP process would have a good understanding of the most significant
climate risks, as well as options for addressing these risks. This Building Block includes using
this information to draft NAPs to address these risks. Space-resources could have been
used prior to this Building Block to identify the climate risks. But space-resources could also
be included in the draft NAPs at this point as a way to address the problems identified.
During this process, space applications can be integrated into several NAPS according to the
diverse scope satellite data. This data can contribute to:





Creating climate change models detailing surface temperature, ambient
temperature, rain fall, wind speed and currents, humidity, storm behavior, water
temperature, flooding, droughts, monsoons, earthquake effects, etc.
Observing and monitoring urban infrastructure such as roads, railways, and large
man-made structures, general agriculture, plant/crop growth and health, changing.
Understanding changing topography with high fidelity, determining types of
geology (such as water retention ability), geography (creation of dams, lakes, and
water control systems).

Planning for the use of space-resources should include developing analysis expertise,
infrastructure capabilities, and dissemination methods. Although the initial cost of these
activities may be relatively high, the maintenance costs are relatively low. Furthermore,
assistance from the UNFCCC for capacity building is available.
Element B, Step 4, Building Block 2: Finalize NAPs and Process Endorsement

Finalizing the NAP and endorsing the document are not space applicable tasks. Those
processes would require input from experts in the area and the entire document should be
reviewed and approved by the NCB. This process should be similar for most countries and
for most NAP topics.
Element B, Step 4, Building Block 3: Communicate NAPs at National Level

As a managerial topic, communicating that NAP at a national level is not relevant to space
applications. However, many LDCs are unique in their governance and thus the process for
communicating the NAP will vary from country to country.
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Element B, Step 5: Integrating Climate Change Adaptation

This is the last section of Element B, Preparatory elements, and transitions to Element C,
implementation strategies. It describes opportunities and constraints to integrate climate
change into national and sub-national developments and plans; methods to increase the
capacity of integration; and, integrating the space adaptation option into existing planning
processes. The integration process will be highly dependent on each LDC and their current
national and sub-national development plans; therefore, these building blocks may not
directly apply to each LDC. They would need to assess their current and future plans to
determine if the adaptation option can be integrated or if new plans need to be created
(Figure 4-10).
Building Blocks

Sample Outputs

Figure 4-10: Building Blocks and Sample Outputs of Element B, Step 5

Element B, Step 5, Building Block 1: Opportunities and Constraints for Integrating
Climate Change into Planning

Integration of climate change adaptation into the development and sectorial planning
process can provide opportunities in development planning, analysis, and management.
Using satellite data of local infrastructure, geographical information, and climate change
models can provide tools for supporting opportunities and mitigating constraints. However,
whether this can be synergistically integrated with other activities and plans of the LDC
depends heavily on the LDC. It is also possible that the existing plans will be incompatible
with a migratory approach to adapting to climate change; in this case, the LDC can choose a
way forward based on national priorities.
Element B, Step 5, Building Block 2: Building Capacity for Integration

Building the capacity for integration of STEP M would include management tasks that
would be the responsibility of the NCB. The information developed in Element B Steps 1-4
(Sections 4.2.1-4.2.4) is intended to aid the NCB in making informed decisions on optimal
methods and policy initiatives to integrate space as an adaptation solution into their
existing and/or future development plans.
An often-overlooked aspect of developing the capacity to use satellite data is data
management. Satellites can produce large amounts of data; the successful use of this data
requires storage, servers to provide access, and powerful computers for processing.
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Furthermore, accepting foreign data sources may come with requirements for protection of
that data. Figure 4-11 depicts a national data flow of satellite data for STEP M.
1. The political oversight for the NAP process will interface with international
organizations that can provide the required data.
2. Data is distributed directly to the TSG for analysis.
3. The data will be processed and analyzed by the TSG or scientific institutions
responsible for climate change and population studies selected by the TSG.
4. The extracted information will be distributed through the NCB to the general
public, private industry, local governments and other stake-holders. Information
will also be provided to the NAP Political Oversight.
The NCB will create awareness about CCDM through the findings of the Technical
committee and other research bodies. If development of a technical economic sector is part
of the national goals, the NCB may highlight the use of space-based data to attract more
players to this field. Outreach programs using conventional terrestrial means or teleeducation can be utilized for outreach activities.
International Organizations
GEO, GCOS, UN-SPIDER, UNFCCC, IOM, IPCC

1

National Coordinating Body

2
Technical Support Group

Figure 4-11: Notional Data Acquisition and Disseminating Flow Chart

Element B, Step 5, Building Block 3: Integration of Adaptation into Existing Plan
Processes

The satellite data and analysis used in the NAP process could potentially be integrated into
existing development efforts. This could potentially be of great benefit to these efforts,
particularly if satellite data is combined with terrestrially-acquired data in tools such as GIS.

4.3

Element C: Implementation Strategies

This Element will discuss the design of implementation strategies of the NAP through the
application of space resources. The implementation of the NAP is divided into four Steps by
the LEG (2012):
1.
2.
3.
4.
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Prioritizing climate change adaptation;
Developing a long-term national adaptation implementation strategy;
Enhancing capacity for planning and implementation of adaptation;
Promoting coordination and synergy at the regional level and with other
multilateral environmental agreements.
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Element C, Step 1: Prioritizing Climate Change Adaptation

In this Step, the LDC implementing the NAP will prioritize adaptation activities. To achieve
this, it is useful to define criteria that will facilitate ranking of adaptation strategies.
Migration may be one of the adaptation actions assessed through this process. This Step
consists of two Building Blocks as illustrated in Figure 4-12.

Building Blocks

Sample Outputs

Figure 4-12: Building Blocks and Sample Outputs of Element C, Step 1

Element C, Step 1, Building Block 1: National Criteria for Prioritizing Implementation

General criteria suggested by the LEG for this Building Block are (LEG, 2012):










Potential to address key vulnerabilities and risks effectively;
Enhancement of adaptive capacity and resilience at community and national levels;
Fiscal responsibility (cost-effectiveness);
The time frame for implementing adaptation activities;
Institutional capacity to implement the adaptation activities;
Potential to complement national goals, such as achieving and safeguarding food
security in order to enhance adaptive capacity, or protecting and enhancing
ecosystem structures and functions for the sustainable provision of ecosystem
goods and services;
Potential to deliver “no regrets” solutions: that is, a positive impact even if climate
change impacts do not occur. Those measures are especially useful when the type
or degree of climate change impacts is still linked to a high degree of uncertainty;
Co-benefits or side-effects: whether measures will create positive or negative sideeffects for development goals, or where costs can be shared.

These criteria are to be prioritized by taking into account the current socioeconomic and
environmental development priorities of the country. The criteria themselves are
sufficiently generic to include migration as an adaptation strategy, and the use of space to
assist this strategy if it is chosen.
Element C, Step 1, Building Block 2: Identify Opportunities for Building on Existing
Adaptation Activities

Space can augment existing adaptation activities. Ground-based surveys can be augmented
by GIS products, or vice versa. Furthermore, ground surveys can enhance the fidelity of
space-based analysis by providing ground-truth data.
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Element C, Step 2: Developing a Long-Term Implementation Strategy

The second Step in Element C is to analyze the current status of the LDC, study how the
adaptation plan could be implemented, and improve or complement any existing activities
in place. After this step is completed, the NAP is ready to be implemented. This Step
consists of two Building Blocks outlined in Figure 4-13.

Building Blocks

Sample Outputs

Figure 4-13: Building Blocks and Sample Outputs of Element C, Step 2

Element C, Step 2, Building Block 1: Strategy for Adaptation Implementation

The adaptation plan will target the areas of highest risk identified in previous Elements of
the plan. The required sequence of activities as well as organizations responsible for the
operation and implementation of these activities will be identified. Space-based tools that
can track ECVs and the effects of climate change on populations will become inputs for
planning the sequence of adaptation activities. The cost of each activity will be one of the
key factors in determining programs that can be realistically implemented.
Element C, Step 2, Building Block 2: Implementation of NAPs through Policies,
Projects and Programs

An initial policy necessary for implementing the STEP M process is the establishment of a
NCB for CCDM. While the NCB will need to work broadly within the LDC and international
community, the following addresses the work the NCB would need to undertake regarding
space. The NCB will work with other government agencies to create additional policies to
facilitate remote sensing data collection, as well as product dissemination within the LDC.
Options for mobilizing resources, such as remote sensing data, would need to be weighed.
For example, data could be obtained from existing national bureaus as well as international
organizations such as GEO, GCOS, etc. This data would then pass down to departments and
ministries of environment, disaster management, social welfare, border control, etc. who
will implement specific migration-related projects based on the data.
4.3.3

Element C, Step 3: Enhancing Capacity for Planning and Implementation

The third Step of Element C is to establish a long-term strategy of the adaptation plan.
Technical and legal framework capacities are assessed and improvements suggested,
strengthening long-term adaptation to climate change on a national and regional level. This
Step consists of three Building Blocks, each of which is outlined in Figure 4-14.
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Building Blocks

Sample Outputs

Figure 4-14: Building Blocks and Sample Outputs of Element C, Step 3

Element C, Step 3, Building Block 1: Strengthening Long-Term Institutional and
Regulatory Frameworks

The national regulatory framework should be updated as necessary to receiving relevant
transfers of space technology. This can be in areas such as GIS production, ground station
equipment, and climate models. Other activities, depending on the context of the LDC,
could include strengthening the regulatory framework for recognizing climate migrants and
strengthening financial institutions.
Element C, Step 3, Building Block 2: Training at Sectorial and Sub-national Levels

On-going training of the different sectors about the action plan will be required to facilitate
the implementation and adaptation of the plan. The educational sector would be very
useful for this effort, as well as tele-education resources such as the GEONETCast satellite
communication network. In Asia, FengYunCast is the GEONETCast component that can
deliver tele-educational content via satellite (Moodie, 2009). In the short term, vocational
training would be required for indigenous analysis of satellite data, for administrate work
with multi-lateral bodies, and for provision of community level efforts. Long term training
should include higher education to extend indigenous analysis capabilities and to reduce
dependence on external sources.
Element C, Step 3, Building Block 3: Outreach on Outputs Nationally and Promotion of
International Cooperation

National outreach may be done via terrestrial channels such as the mass media, to prevent
insufficient action from being taken at the individual or the industry level. Satellite
television can aid the government in reaching the public, and international cooperation can
be promoted via the government and industry’s active participation in meetings organized
by space organizations such as UNOOSA, GEO and UNFCCC. Outreach and dissemination
will be discussed in even more detail in Section 7.4, and international co-operation is
discussed in Section 7.6.
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Element C, Step 4: Promoting Coordination and Synergy

The fourth Step of Element C is to coordinate the adaptation effort with different regions
and multilateral environmental agreements. This Step consists of three Building Blocks.
These Building Blocks are outlined and explained below (Figure 4-15).
Building Blocks

Sample Outputs

Figure 4-15: Building Blocks and Sample Outputs of Element C, Step 4

Element C, Step 4, Building Block 1: Coordination of Adaptation Planning Across
Sectors

The NCB can take charge of coordination of planning across sectors; for CCDM this will
include involving all concerned stakeholders across the spectrum of human services, the
TSG, and local authorities. The NCB can use this process to address migration between
regions in the country as necessary.
Element C, Step 4, Building Block 2: Synergy at the Regional Level

Local and international cooperation would be helpful to promote synergy when
implementing STEP M, which should also encourage the development of the LDC. The NCB
should coordinate with the following; the UNFCCC; the IOM (for assistance with intra and
international migration); and with space, environmental and border control agencies in
other countries. Climate change and migration effects should be seen in a broader context
beyond the nation’s own borders, due to the effects of one country on its neighbors (and
vice versa).
Element C, Step 4, Building Block 3: Synergy with Multilateral Environmental
Agreements

The aim of this Building Block is to see if there are any existing multilateral environmental
agreements (MEAs) that share activities in common with STEP M, and to identify if space
technologies can be used to ensure compliance or facilitate such shared activities. An
example of an MEA is the Convention to Combat Desertification, which is related to
mitigating the effects of drought. The synergy in this case would include recognizing the
interrelated connections between drought and climate change, and to design efforts to
combat drought with climate change adaptation efforts. Remote sensing can be used to
identify areas at risk from drought, and migration due to drought, as well as for surveying
aquifers for sustainable use or adapting to drought. Space spin-off technologies such as
water filters can also function as a drought adaptation by aiding in the more efficient use of
drinking water.
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Another MEA is the Convention on Biological Diversity the aim of which is to conserve
ecosystems. The synergy here would be mainly to ensure coordination between the two
goals of conserving human livelihoods and animal and plant habitats. Again, space
technologies can be used to map both human and natural environments, with particular
emphasis on areas where human needs may potentially overlap with ecosystem
conservation needs. This will help in planning activities for CCDM that comply with the
Convention on Biological Diversity.

4.4

Element D: Reporting, Monitoring and Review

The fourth Element named “Reporting, Monitoring, and Reviewing” involves collecting
information about the whole NAP process, assessing its effectiveness by looking at
established metrics, and providing outputs of the data to various relevant shareholders.
This process would be iterative. Element D is divided into the following four Steps by the
LEG (2012):
1.
2.
3.
4.
4.4.1

Monitoring the NAP process;
Reviewing the NAP process to assess progress, effectiveness and gaps;
Iteratively updating the NAPs;
Outreach on the NAP process and reporting on progress and effectiveness.
Element D, Step 1: Monitoring the NAP Process

This Step defines a framework for monitoring and evaluating the NAP process. Important
specific areas to be studied in the NAP process will be identified for further evaluation of
effectiveness. For the space-related aspects of the NAP, specific metrics concerning EO data
collection and distribution systems will be made, and these will be used to evaluate the
effectiveness and progress of the NAP in this area. This Step involves three Building Blocks,
each of which are described below (Figure 4-16).

Building Blocks

Sample Outputs

Figure 4-16: Building Blocks and Sample Outputs of Element D, Step 1
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Element D, Step 1, Building Block 1: Identify Areas of the NAP Process to Monitor
Progress, Effectiveness, and Gaps

In this Step, the NCB and other relevant institutions should evaluate various aspects of the
NAP process, including space-related aspects, for operational efficiency and efficacy
through an analysis of progress, effectiveness and gaps (PEG). If deficiencies are identified,
these areas should be evaluated to identify gaps in the process and changes that could be
made to address these gaps. Gaps could occur at junctions anywhere between using space
resources and disseminating information derived from these resources. All relevant areas,
such as data acquisition, processing, analysis, and distribution, should be specifically
targeted for study. This could vary depending on the level of inspection, be it on a national
or local scale. It is important for the original objectives of the NAP to be recalled and
highlighted for comparison to actual actions taken during implementation of the NAP. The
space technology sector should decide what intervals are suitable to address inefficiencies
in the NAP process. In addition, it is important to monitor and review what has already
taken place. Specific areas to identify include, but are not limited to, the necessary relevant
data needed for CCDM, the sources of that data, the cost of acquiring such data, the
policies regarding the dissemination of such data, the analysis of the data, the distribution
of the results, and any others that describe the overall function of the space system data
chain. Other aspects related to STEP M that require a process to evaluate PEG include
technology transfer, financial risks, assessment of climatic variables that affect migration,
monitoring of population trends, and natural resources.
Element D, Step 1, Building Block 2: Define Metrics for Documenting PEG

The space technology sector and NCB should define any metric that could be used to study
the PEG in the overall NAP. These metrics will facilitate the evolution of whether or not a
data type or procedure complies with the goals of the NAP. Once again, the individual
metrics will vary per each LDC. Possible common metrics may address data acquisition,
distribution, analysis, accuracy of the derived information, cost/benefit of EO data vs.
terrestrial data, and timeliness of the system. These metrics will assist in the evolution of
the process efficiency. The system of metrics could be divided in five different areas, as
shown in Table 4-3.
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Table 4-3: Metrics for evaluating PEG (UNFCCC/LDC Expert Group, 2012)

Metrics

Definition

Examples

Process
Metrics

To assess leadership and to
measure courses of action to
achieve a goal

The presence of leadership within the space
technology sector, a peer-review process involving
all of the relevant stakeholders (public, local and
national policy makers and implementers; space
agency)

Input Metrics

To measure tangible
quantities put into a process
to achieve a goal

The level of expertise of space community,
sufficient level of committed space resources and
knowledge

Output
Metrics

To measure the products and
services delivered, new skills
and knowledge developed

Space-related products and services that come
from the committed space resources, number of
people educated in the use of technology

Outcome
Metrics /
Result-based
Metrics

To measure results that stem
directly from the actions of
the program and influence
that participants or activities
have outside the program

The capacity to manage CCDM from the products
of the space industry, the integration of CCDM in
the general NAP process for climate change

To measure the long-term
consequences of outcomes

Contributions to the ability of the national and
local authorities to manage CCDM, other
capabilities for dealing with the effects of climate
change

Impact
Metrics

Element D, Step 1, Building Block 3: Collect Information Throughout the NAP Process
to Apply the Metrics Developed

Once the important indices and metrics have been identified, collected data and analysis
should be archived in a format that can be readily available. Transparency should be a top
priority, although differences should be made concerning public data and data sensitive to
national security and copyright. Since there will be large volumes of data concerning longterm CCDM, special storage capacity might be required to insure that records are
maintained concerning the progress, effectiveness, and gaps in the NAP process through a
decade-long timescale. This will depend on the LDC, but optimally all of the data should be
stored under one office for ease of access and a clear understanding of responsibility. New
space and Earth science and technology that could augment either the space segments or
the grounds should be included so as to maximize the output and results of the STEP M
process.
4.4.2

Element D, Step 2: Assessing PEG Progress

The second Step of Element D involves using the Monitoring and Evaluations (M&E)
framework established in the first Step to assess the progress and effectiveness of the NAP
on a regular basis. During this process, gaps in the overall system should be identified. The
information regarding CCDM will constantly be collected throughout. This Step involves two
Building Blocks, each of which are described below (Figure 4-17).
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Building Blocks

Sample Outputs

Figure 4-17: Building Blocks and Sample Outputs of Element D, Step 2

Element D, Step 2, Building Block 1: Synthesis of New Assessments & Emerging
Science and the Results and Outcomes from Implemented Adaptation Activities

The effectiveness of the NAP will be measured based on how well the plan addresses the
issues concerning CCDM. There are two main factors that will determine whether the NAP
is working to optimum satisfaction: the results and lessons learned from the NAP, and the
new information from scientific experts regarding space assets or CCDM. The results from
current adaptation plans will give insight into whether a particular system or procedure is
working to effectively manage CCDM. In addition, scientists are constantly developing new
technologies and capabilities, and some of it may be related to climate change and/or
migration. These findings should be synthesized with the data obtained from the NAP
process, and this synthesis will help policy makers on matters relating to the use of space
resources for CCDM.
Element D, Step 2, Building Block 2: Evaluate metrics collected to assess progress,
effectiveness, and gaps of the NAP process

An official review process is necessary for an effective NAP to work. The frequency of the
NAP review process will also be outlined in the overall strategy for using space resources
for CCDM. The review process itself will analyze the metrics (defined in Element D, Step 2,
Building Block 1) to determine whether the desired CCDM outputs are being met. This will
include the metrics used to evaluate space systems integrated in to the NAP. For all
practical purposes, a non-governmental organization is most likely the best type of
organization to oversee the review process as it will help eliminate bias. A peer-review
process could also be accomplished with the cooperation of other nations and NGOs, thus
leading to a proper nationwide perspective on the effectiveness of space (governmental)
resources for the purpose of CCDM. The results of this review process should be
communicated to all of the stakeholders in the country being reviewed.
4.4.3

Element D, Step 3: Iteratively Updating the NAP

Element D, Step 3 describes how the NAP will be updated to accommodate M&E findings so
that the process will stay relevant in terms of monitoring CCDM using space technology.
This will involve updates of technology, required data, analysis techniques, agency
interactions and others. It is also important to ensure that these updates and procedures
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will align with any other possible national development plan or strategy. This Step involves
two Building Blocks, each of which are described below (Figure 4-18).
Building Blocks

Sample Outputs

Figure 4-18: Building Blocks and Sample Outputs of Element D, Step 3

Element D, Step 3, Building Block 1: Repeat Some Steps and Update NAPs and
Related Documentation

Once the review process has analyzed the effectiveness of the NAP, the relevant metrics for
effectiveness, and any new technological advances, the NAP process should be updated.
Optimally, this will allow information regarding current trends of CCDM to be obtained and
utilized by the LDC more efficiently. In terms of space technology, new databases might
need to be added, more effective satellite imagery might need to be obtained, and new
regional targets of interest might need to be studied using space systems, to name a few
examples of CCDM-related NAP updates. This is an ongoing process, and it will be
implemented periodically as defined in the NAP, depending on the individual LDC.
Element D, Step 3, Building Block 2: Production of Updates to the NAP Outputs
Aligned with Relevant National Development Plans

The updates to the adaptation plan should to be aligned with other relevant national
development plans. The NCB will be in charge of implementing the use of space data in
STEP M, and the results and outputs from the updated section(s) of the NAP should be
aligned with other national plans. For example, a LDC might have a development plan
regarding poverty reduction strategy or other such national policies. The updates to the
NAP should be compared to these other strategies in order to ensure certain outcomes and
streamlining information flow within both processes. This will increase the overall
effectiveness of all the plans involved.
4.4.4

Element D, Step 4: Outreach and Reporting on Progress and Effectiveness

The information concerning both the outputs of the NAP process and the overall
effectiveness of the NAP should be made public to increase transparency. There is also a
requirement to send this information to the Conference of Parties (COP) and the UNFCCC
secretariat. This Step involves two Building Blocks, each of which are described below
(Figure 4-19).
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Building Blocks

Element D.
Reporting,
monitoring and
review

Step 4: Outreach
on the NAP
process and
reporting on
progress and
effectiveness

Disseminate the NAPs and
related outputs to the
UNFCCC secretariat and
others

Sample Outputs
Progress report and
information in national
communications

Provide information in
national communications
on progress in and
effectiveness of the NAP
process

Figure 4-19: Building Blocks and Sample Outputs of Element D, Step 4

Element D, Step 4, Building Block 1: Disseminate the NAPs and related outputs to the
UNFCCC secretariat and others

The entire NAP process will produce many outputs concerning CCDM. These outputs should
be made available to the UNFCCC as well as to other relevant stakeholders. For the space
segment of STEP M, the information regarding the satellite systems, the remote sensing
data obtained, the migration induced, and other relevant information should be made
available to the UNFCCC secretariat. In addition, the public, the regional and local officials,
and the national government should be aware of the progress of the STEP M process.
Element D, Step 4, Building Block 2: Provide information in national communications
on progress in and effectiveness of the NAP process

The COP has invited the LDCs to provide information regarding the NAP process through
their respective national communications. The information regarding the effectiveness of
space systems to monitor CCDM can be made through national communication channels or
more often through more direct channels. This feedback will inform other LDCs who may be
facing similar challenges due to climate change.

4.5

Summary of STEP M: Role of Space in the NAP

Figure 4-20 describes the role of space assets within STEP M, as described in this chapter.
Data remote sensing satellites act as inputs into several analysis methods, including:




Time-lapse analysis: analysis of how key climate variables mapped over a spatially
distributed area change over time;
Conjunction analysis: analysis of interactions between, and aggregation of, key
climate variables over a spatially distributed area;
Gradient analysis: analysis of key climate variables for changes in the “dynamics,
structure, and function of ecosystems” (Gosz, 1992).

In addition to these analysis methods, satellite data can support predictive climate models,
migration models, and models that combine these issues. Outputs of these models
subsequently support decision making and adaptation measures.
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Figure 4-20: Role of Space in the NAP
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5 CASE STUDY: INTRODUCING BANGLADESH
STEP M is defined in Chapter 4 as a process that LDCs can use to integrate space tools into
the NAP process when adapting to CCDM. The STEP M process is applied to Bangladesh in
Chapter 6 as a validation case study. Before application of the case study, this chapter
introduces background details that are pertinent to the case study.
The UNFCCC states that a country-driven approach is more effective than a regional or
topical approach when addressing climate change, as determined by lessons learned from
the NAPA process (2012); the case study follows the UNFCCC rationale. The countries most
likely to benefit from the STEP M process are the LDCs defined by the UNFCCC. To select a
LDC for the case study, population and Gross Domestic Product (GDP) for the 14 LDCs were
tabulated (Table 5-1), and projected impacts of climate change were evaluated.
Table 5-1: LDC Comparison (CIA, 2014)

Country
Bangladesh
Haiti
Burundi
Bhutan
Kiribati
Madagascar
Malawi
Mauritania
Niger
Samoa
Senegal
Cambodia
Comoros
Djibouti

Population
(thousand)

Area
(km2)

163,655
130,168
9,893
27,750
9,850
27,830
742
47,000
110
810
22,600
580,000
16,700
118,000
3,400 1,030,700
16,899 1,266,700
189
2,831
12,400
196,192
15,100
181,035
752
2,235
865
23,200

Population
density
(people/km2)
1,257
356
353
15
135
38
141
3
13
66
63
83
336
37

GDP
(million USD)
116,600
7,800
2,472
1,780
175
9,975
12,810
7,604
6,486
680
13,890
13,930
588
1,336

GDP per
capita
(USD/person)
712
788
250
2,399
1,597
441
767
2,236
383
3,603
1,120
922
781
1,544

Bangladesh was chosen based on GDP per capita, population, vulnerability to climate
change, and the probability of CCDM. This chapter is divided into four sections: a
background of Bangladesh, a discussion of the challenges Bangladesh faces due to climate
change, and the geo-political role India plays in the sub-continent region.

5.1

About Bangladesh

This section provides a brief overview of the country of Bangladesh. This includes physical,
governmental, and socio-economic issues. The section concludes with a discussion of
migration issues, natural disasters and space capabilities before transitioning to a
discussion on climate change issues in Section 5.2.
5.1.1

Location and Geography

The People´s Republic of Bangladesh is located in Southern Asia between 20°34′ and 26°38′
north latitude and 88°01′ and 92°41′ east longitude, bordering the Bay of Bengal between
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Burma and India, and situated on a large delta of three strong rivers flowing from the
Himalayas: the Brahmaputra, Ganges, and Meghna. Together, this creates the Green Delta,
otherwise known as the Ganges Delta, Sunderbans Delta, Bengal Delta, and Ganges
Brahmaputra Delta; it is considered as one of the most fertile regions in the world. The total
area of the country is 143,998 km2, which is split between 130,168 km2 of land and 13,830
km2 of water. The capital of Bangladesh is Dhaka, one of the largest cities in the Indian subcontinent. A considerable portion of Bangladesh is less than 12 m above sea level
(Government of Bangladesh, 2014). Figure 5-1 is a physiographic map of Bangladesh.

Figure 5-1: Map of Bangladesh (CIA, 2011)

5.1.2

Governance

Bangladesh is a unitary state with a democratic government. Figure 5-2 shows the country’s
seven divisions named after the city which governs them: Barisal, Chittagong, Dhaka,
Khulna, Rajshahi, Rangpur and Sylhet.
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Figure 5-2: Regional Map of Bangladesh (CIA, 2011)

The governmental organization overseeing these regions is a standard parliamentary
democratic system, formed by the Executive Branch which is composed of the President
as the Chief of State and the Prime Minister (PM) as the Head of Government,
the Legislative Branch, and a unicameral National Parliament comprising of 300 seats. The
Judicial Branch is led by the Chief Justice, and it is composed of the Supreme Court and
several civil courts (CIA, 2012).
5.1.3

Economy

Bangladesh’s economy is primarily agrarian. It makes up approximately 17.2% of the GDP in
addition with aquaculture and provides employment to almost 50% of the population (CIA,
2014). The fertile lands of Bangladesh are suitable for growing a wide variety of staple crops
such as rice, jute, tea, wheat, sugarcane, milk and poultry, among several others. Beside
agriculture, other industries of Bangladesh include textile, construction, and manufacturing
industries. The remittances from citizens working abroad are the second largest source of
Bangladesh’s foreign income (Columbia University Press, 2012), accumulating roughly 10%
of its GDP (UNDP, 2013). In 2013, the GDP of Bangladesh was 324.6 billion and had
a growth of 5.8% with a per capita income of 2,100 USD (CIA, 2014).
5.1.4

Natural Resources

Some of the natural resources important to Bangladesh are water, fish, forestry, and
natural gas. Natural resources such as water are very important for the economic
development of the country (CIA, 2014), mainly because it is heavily relied upon for
irrigation. The crops mentioned previously in Section 5.1.3 further add to the abundance of
natural resources found in Bangladesh. Climate change is threatening these natural
resources in certain regions, and unfortunately their loss is already forcing migration and
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may lead to significantly more CCDM in the near-future. The application of STEP M to
outline how space assets can be used to prevent and prepare for CCDM through monitoring
and protecting Bangladesh’s natural resources is discussed in Sections 6.1 to 6.6.
Natural gas, one of the most important natural resources for Bangladesh, is the only
significant source of energy and accounts for almost 75% of commercial energy
consumption. The largest gas consumer is the power sector, but current supply capacity is
insufficient to meet the projected growth in demand. Demand for gas has increased at the
rate of about 12% per annum, with the power industry and household sector registering the
highest levels of growth (Natural gas and its future utilization in Bangladesh, 2007).
The sedimentary alluvial and deltaic deposits from the three major rivers have contributed
to the formation of a large aquifer which serves as an abundant freshwater source. This
groundwater was a major natural resource, but increase in arsenic contamination has
limited its usability. Using space assets as a tool to detect and monitor arsenic poisoning of
groundwater is discussed in Section 6.3. Additionally, the detection of aquifers can be
augmented by various space technologies.
5.1.5

Population and Population Growth

The estimated population of Bangladesh as of 2014 is 166 million people (CIA, 2014), with a
population density of almost 1,000 people per km2, growing at a rate of 1.6% annually
(Habib, 2006). The age distribution is shown in Figure 5-3.

Figure 5-3: Bangladesh population distribution (CIA, 2014)

Population growth rate has decreased considerably since Bangladesh gained independence.
Additionally, better education and social welfare programs have contributed to slowing
population growth. Figure 5-4 illustrates the population projections for Bangladesh until
2050, which displays three scenarios based on different rates of growth. The number of
people that will be affected by climate change will depend on which projection is the most
accurate, but it is roughly estimated that at least 20 million people will flee Bangladesh as
climate change-driven migrants by 2050 (Dodds et al., 2010).
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Figure 5-4 Population projections for Bangladesh (UNDP, 2010)

5.1.6

Migration and Migratory Trends

Several factors affect internal migration and emigration from Bangladesh. Economic and
environmental conditions act as push factors for migration to larger cities, such as Dhaka or
Chittagong, or force migration to other countries like India. Successive studies and policy
papers have documented these internal and international movements. Current estimates of
the number of emigrants per year are above 600,000. Internal migration has generally been
co-related to urbanization, which is occurring at a rate of approximately 3% over the last 40
years and is considered to be one of the highest in the world (Marshal and Rahman, 2013)
(Figure 5-5).

Figure 5-5: Urban populations per size class of Bangladesh in 2011
(UN Population Division/DESA, 2012)
The rapidly expanding bright pink area corresponds to Dhaka.
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Three principal key drivers for migration include economic factors, quality of public
services, and environmental concerns (Marshal and Rahman, 2013). Labor migration is an
important reason for migration in Bangladesh as most people move to seek better lives and
improve their well-being. In 2010, approximately 391,000 migrants went abroad for
overseas employment, and estimates suggest that there are currently more than 7 million
Bangladeshis living abroad, with 3.3 million migrants living in India itself (IOM, 2012). With
the effects of climate change being felt more prominently by those in the agricultural
sector, a significant portion of the population may migrate to urban centers to seek out
new forms of employment. High population densities also increase vulnerability to climate
change, since more people are exposed to risk. Also opportunities for migration within a
country are limited. The loss of land for living space and agriculture will force people to
migrate (Litchfield, 2010). Food scarcity may contribute to regional conflict. Furthermore,
such migration will lead to increased urban populations which may further lead to
migration internationally (Litchfield, 2010). Thus, climate change is becoming an
increasingly important push factor for migration. The chain effect of impacts that climate
change has on migration is summarized in Figure 1-1.
The purpose of understanding the relationship between population dynamics, migration,
and climate change vulnerabilities is to enable more effective planning of adaptive
strategies (Litchfield, 2010). The Bangladeshi government prepared a NAPA in 2005,
focusing on reducing the vulnerability of coastal communities to the impacts of climate
change. However it did not specifically address the combined problem of its high
population density and climate change risks, nor did it consider migration as an adaptive
strategy in preparing for climate change. Chapter 6 details how Bangladesh can use space
assets for the implementation of STEP M as a long-term response to climate change.
Collecting nation-wide population and migration data is specifically described in Section
4.1.4 and is part of laying the groundwork for developing STEP M. Figure 5-6 is an example
of migration data that is useful for this purpose.

Figure 5-6: Migration Patterns (Litchfield, 2010)
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Natural Disasters and Response Capabilities

Bangladesh is continuously affected by devastating natural disasters such as floods,
cyclones, riverbank erosion, drought and earthquakes. The Centre for Research on the
Epidemiology of Disaster’s Database lists 93 disasters over the period 1986 to 1995. Of
these, 40 were cyclones and 31 were floods. The cyclone disasters that occurred in 1970
(300,000 dead) and 1991 (138,000 dead) are among the worst natural disasters in the
world.
The nation’s capacity to respond to the consequences of natural disasters and mitigate its
impacts rests with the Ministry of Food and Disaster Management (MOFDM). Their
institutional responsibility is to reduce the vulnerability of the possible affected zones, and
to lead humanitarian assistance programs by coordinating support from non-governmental
organizations (Government of Bangladesh, 2014). “Levels of poverty vary substantially
across the country and is strongly correlated with spatial distribution of food insecurity”
(MOEF, 2005). Bangladesh receives support from organizations, such as the UN, IOM, UNSPIDER, and GEO to increase their capacity of response to natural disasters.
5.1.8

Space Capabilities

Bangladesh Space Research and Remote Sensing Organization (SPARRSO) is
the leading organization for research and development, and it operates under the Ministry
of Defense. Its mission is to apply remote sensing technology to environment and hazard
monitoring, and to identify and monitor the country’s natural resources (SPARRSO,
2013). Some of the main tasks defined by SPARRSO are interrelated with institutions that
support natural resource management, and forecast and prepare for natural disasters. The
principal divisions are: Crop Estimation, Analysis and Monitoring systems, Integrated River
Monitoring System, National Drought Monitoring System, Cell for Climate Change Research
and Impact Study, National Water-logging Monitoring System, Seasonal Disaster Monitoring
System, Satellite-based Coastal Monitoring System and Satellite-based Forest Information
Service (SPARRSO, 2013). Their infrastructure includes five first class surface observatories,
ten pilot balloon observatories, three Rawinsonde observatories, twelve AgroMet
observatories, four radar stations at Dhaka, satellite ground receiving stations for
Multifunctional Transport Satellite, National Oceanic and Atmospheric Administration
(NOAA) and Indian National Satellite System (INSAT), World Area Forecasts Charts from the
World Area Forecasting Center, and a Satellite Distribution System (SPARRSO, 2013). As
SPARRSO is already heavily involved with assessing climate data, they will be a key
component of NCB to implement STEP M, as outlined in general Section 4.1.1 and for the
capacity building case-study in Section 7.1.1.

5.2

Problems due to Climate Change

The following section introduces the problems that Bangladesh faces with respect to
climate change, not neglecting the fact that these problems are also affecting the
surrounding regions. These problems are described in Chapter 6 in more detail according to
the specific regions in Bangladesh that are affected.
5.2.1

Sea Level Rise

The two main reasons for rise in sea level are global warming and land subsidence. It is
estimated that the world’s temperature will rise by 2°C in this century due to climatic
phenomena such as the greenhouse effect and increase in sea-water temperature. This
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temperature rise will lead to melting of glaciers, which will increase sea levels gradually.
The global sea level is estimated to rise by 38-56cm by 2100 compared to recorded levels
from 1990 (Xu, 1999). Global warming is the main reason for sea level rise in the
Bangladesh delta, but the Ganges/Brahmaputra delta is also sinking at a rate of 8 to
18mm/year due to a combination of deltaic subsidence, compaction and de-watering
(Curry, 2013). In 2013, a World Bank press release stated that a 65-cm sea level rise could
eliminate 40% of the productive land in southern Bangladesh and force migration from
rural to urban areas. The government faces a threat of millions needing to migrate and
resettle. The country faces great challenges for the future with climate change threatening
any steps taken by the government to reduce poverty, increase economic growth, and
ensuring sustainability.
5.2.2

Flooding

Bangladesh is extremely prone to flooding. Bangladeshis experience floods for, on average,
two months a year. There are two types of river-based floods that occur in Bangladesh: the
frequent, localized, and identifiable normal flooding attributed to monsoon season, and
flash floods that occur unexpectedly and generally have disastrous effects. The monsoon
season brings heavy rainfall typically during early July to late September. These periodic
floods deprive locals the opportunity to accumulate assets, leaving them in poverty and
hindering their ability to migrate to other areas to seek an improved livelihood. One of the
worst floods in the history of Bangladesh occurred in the year 2012, which inundated
almost 100,000 km2 of land, destroying nearly 10,000 kilometers of railways, 4,000
kilometers of embankment, 2,000 bridges, and 1,000,000 houses. Approximately 31 million
people were influenced directly or indirectly, and the country‘s economy collapsed (The
Guardian, 2011).
Flooding is also a concern due to the frequency and intensity with which high-speed
cyclones hit the coastline of Bangladesh, bringing their heavy rainfall with them. Five or six
cyclones occur every year and the devastation they cause depends on their direction of
travel, and whether the time at which they make land-fall coincides with high tide. The
impacts of floods in Bangladesh are classified either as immediate or long-term. The
immediate impacts include declining economic activity, loss of goods and services,
restricted access to drinking water, fewer flood shelters and threats to health, sanitation
problems, and food security. Long-term consequences include erosion, loss of crop-land,
financial crises, hindered social mobility, and temporary migration (Ashraf, 2013). However,
with changes in climate, the frequency and intensity of cyclones will increase thus leading
to more frequent floods. The eventual loss of land will cause permanent migration.
5.2.3

Erosion

In Bangladesh, riverbank erosion is a periodic phenomenon due to the deltaic topography,
which consequently displaces 1 million people every year (Islam et al., 2012). Despite long
term research, this kind of erosion is still difficult to predict. Cohesive river bank erosion
models must consider a number of processes, including fluvial erosion due to hydraulic
forces and mass wasting processes due to soil strength and bank geometry. The impacts of
erosion according to Zafar (n.d) include the following: low phytoplankton production, loss
of biodiversity, degraded water quality, loss of mangrove re-growth, loss of habitat,
increased siltation and displacement and migration of coastal and river-bank populations.
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Other Climatic Events

Bangladesh experiences other climate change-related problems such as drought,
earthquakes, landslides, salinity intrusion, the backwater effect, and ground-water
contamination, each of which will be described in more detail in Chapter 6. The intensity of
impacts on different sectors due to climate change is shown in Table 5-2.
Table 5-2: Intensity of impacts on different sectors due to climate change (MOEF, 2005)
Sectoral
Vulnerability
Context
Crop
Agriculture
Fisheries

Physical Vulnerability Context
Sea Level Rise
Flood
Drought River Flash
Coastal
Salinity
Inundation Intrusion
flood flood

Extreme
Temperature

Erosion
and
Accretion

-

-

-

-

-

-

-

Livestock

-

Infrastructure
Industries
Biodiversity
Health
Human
settlement

Cyclones
Storm
Surges

-

-

Energy
High

-

-

-

Low

Moderate

Table 5-3 highlights the frequency of various types of disasters and their impact, measured
in loss of life or total affected, and Table 5-4 provides details on two major cyclones that
devastated Bangladesh. Future climatic scenarios of Bangladesh used to prepare the NAPA
by the Ministry of Environment and Forest (MOEF) in 2005 are tabulated in Table 5-5.
Table 5-3: Bangladesh Natural Disaster Profile (Columbia University, 2014)

Disaster
(1907-2004)

# of Events

Total Killed

Avg. # Killed

Total Affected

Avg. #
Affected

Cyclone

137

614,112

4,483

63,817,281

465,820

Drought

5

18

4

25,002,000

5,000,400

Earthquake

6

34

6

19,125

3,188

Flood

64

50,310

786

369,678,156

5,776,221

Table 5-4: Major Cyclones (Shamsuddoha et al., 2007)

Date

Wind Speed
(km/h)

Tidal Height
(meters)

Human deaths
(millions)

Financial Loss
(USD)

12 Nov 1970

196

4.5-6

0.3 Govt. 1.2 Media

86.4m

29 April 1991

225

6-10

0.13 Govt.

1,780m

Table 5-5: Future climate scenarios used for preparation of NAPA for Bangladesh (MOEF, 2005)

Year

Temperature change (°C) per year
Mean (standard deviation)

Precipitation change (% per year)
Mean (standard deviation)

Sea level Rise
(cm)

2030

1.0

5

14

2050

1.4

6

32

2100

2.4

10

88
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Strategic Role of India in the Region

Climate change is a major concern in the entire Asia-Pacific region. The Indian subcontinent region (Figure 5-7) is of particular concern, because it is experiencing higher
temperatures, rising sea levels, increasing cyclonic activity, and floods with increased
frequency and greater severity than ever before. Climate change has become the most
important cause for decelerating the development of national programs that aim to reduce
poverty and increase economic activity. The major reasons for this are high population
density, dependence on agriculture, and growing urbanization in the region. Overall, this
means that a larger number of people are being affected than in western countries. India,
with its impressive economic growth and its status as the world’s largest democracy, has a
strategic role to play in this region (Bhattacharyya and Werz, 2012).

Figure 5-7 Indian Subcontinent (Nations Online Project, n.d)

Climate change affects both India and Bangladesh, which in turn drives migration from
Bangladesh to India. Economic activities, such as agriculture, fishing, and tourism, become
pull factors for people looking for employment in India. Both legal and illegal migration
occurs at the borders, particularly from Bangladesh to the Indian state of West Bengal and
Assam, for economic and social reasons. This has often led to political conflicts between the
two friendly nations in the past, but CCDM is something that has recently been recognized
as a compounding threat to the existing problems of illegal immigration from Bangladesh to
India. The Indian Planning Commission is presently re-thinking the 2008 National Action
Plan on Climate Change, which outlined two national preventive and six adaptive missions
to be attempted through until 2017 (Bhattacharyya and Werz, 2012).
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India has domestic space assets that can observe the region. Stronger cooperation between
the two states on managing CCDM-related issues using space assets will prove to be
advantageous. A key issue that concerns both Bangladesh and India is that they share some
common natural resources, such as rivers, and have good trading relations. Water
management of the Brahmaputra and Ganga, the biggest rivers of India that flow into
Bangladesh, is a constant cause of tension between the two states. This is reflected in
India’s policy towards Muslim Bangladeshi migrants, which has been criticized by
international organizations. A UN Development Program report finds that migrants in India
are forced to “the margins of society, both economically and socially, and face unnecessary
high costs and risks because of non-recognition at the policy level and faulty
implementation of labor laws” (Bhattacharyya and Werz, 2012).
Strong trade ties between the two countries leads to some level of economic
interdependence. Questions surrounding food and energy security become more pressing
due to the large populations of both countries. Loss of agricultural land and produce due to
climate change can lead to inflation in food prices, and population growth further
exacerbates this by changing the supply-demand curve and driving migration. The impact
and chain-effect of climate change on food prices is illustrated in Figure 5-8.

Figure 5-8: The Effect of Climate change and Population growth on food prices (Litchfield, 2010)

5.4

Summary

Bangladesh is a country with a lot of biodiversity, a huge population, and a rich history. Its
economy is based on its agriculture, which is highly dependent upon its water resources
and arable land. The large population of the country will be a huge source of problems in
terms of CCDM. Sea level rise, flooding, erosion, and droughts make up some of the more
serious climate change induced problems in the region, and Bangladesh will have to deal
with them sooner rather than later. Bangladesh’s fate is inherently tied with that of India,
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and the two countries need to enhance their cooperation if CCDM is to be properly
addressed. The following chapter deals with the more specific climate change issues that
Bangladesh will face in each region. Possible space systems will also be proposed that can
be used in a NAP if adopted by Bangladesh.
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6 CASE STUDY: STEP M FOR BANGLADESH
Chapter 5 introduced the economic dependency of Bangladesh on climate change-sensitive
natural resources. The geophysical characteristics of Bangladesh, combined with its
stressed demographic distribution and resources provide the basis for an interesting case
study for STEP M. Reasons for migration were discussed with respect to how these trends
will transform from predominantly economic-based to more climate-change related in the
near future (Section 5.1.6). Figure 6-1 illustrates the growth of urban areas.
Urban
Rural

Figure 6-1: Changes in urban and rural populations (Earth Policy Institute, 2007)

Armed with a better understanding of migration behavior and driving factors within
Bangladesh, we can now move on to address Element C of the NAP process (Preparatory
Elements) within this chapter. We examine current and future climate change scenarios in
each of the following five regions of Bangladesh:
1.
2.
3.
4.
5.

Coastal Region
East and Northeast
North and Northwest
Riverbeds and River Basins
Cities

Relevant background information is given for each region, specifically including identifiable
climate-change problems and vulnerabilities that may provoke migration as an adaptive
response. Specific issues are briefly described, and detailed space capabilities to detect,
monitor, predict, analyze and model various solutions are suggested.
Every part of Bangladesh is vulnerable to climate change; however, the coastal region has
been identified as most at risk. Section 6.1 discusses the coastal region in greater detail
than the other regions because of this greater vulnerability to climate change and various
other ecological factors. Although this is intended as a case study to validate STEP M, the
recommendations made here could be used by Bangladesh in developing STEP M.
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Coastal Region
Brief Background

The coastal region of Bangladesh comprises approximately 32% of the nation’s geographical
area (Shamsuddoha, 2007). It is a unique region because it lies at the junction of an
extensive system of rivers and estuaries, and it forms a significant portion of the deltaic
floodplains that lie only about 1-5m above sea level (MOEF, 2009). The major rivers drain
into the Bay of Bengal and mix with offshore waters that overlie a wide continental shelf,
providing an ideal ecosystem for a diverse array of flora and fauna. Despite a high
susceptibility to flooding, the land is quite fertile due to sediments deposited by
floodwaters. These conditions, along with a 200 nautical mile exclusive economic zone,
foster a sustainable economy on agriculture and aquaculture. Fishing and farming
contribute significantly to the GDP and provide employment to almost 50% of the
population (CIA, 2013). Coastal inhabitants are a distinct sub-group because they make up
roughly one third of the total population and are among the poorest in the country (MOEF,
2009). Coastal rural regions are home to the majority of Bangladeshis, but migration to
urban centers is increasing. The combination of poverty and dependency on agriculture
identifies this sub-group as extremely vulnerable to the imminent climate change threat.
The severity and timeline of climatic events remains poorly understood, but more
importantly, where these displaced inhabitants will go if they need to migrate is unknown.
6.1.2

Relevant Problems

Climatic events have far-reaching impacts on the Bangladeshi coastal environment and
livelihood of its inhabitants. Increased cyclone frequency and intensity, erosion, sea level
rise, river-bed flooding, and increased salinity are the main concerns.
The Bangladesh coastline is home to the Sundarbans, the largest mangrove forest in the
world. As a protective barrier of the shoreline, mangroves serve as key bio-shields of
coastal communities. The dense mangroves have demonstrated the ability to protect
against tidal surges such as the 2004 Indian Ocean tsunami. Tsunami wave strength was
significantly dampened which offered some level of protection to in-land communities
(Barbier, 2006). There is now concern that these bio-shields will degrade due to frequent
and repeated exposure to extreme climate events (Giri et al., 2008).
Sea level rise and increased salinity are two climatic events that have begun to reduce the
amount of available land for cultivation and will be a strong driver of future migration. Onequarter of Bangladesh is inundated with excess water every year, but rising sea levels could
eliminate up to an estimated 15% of land mass (UNEP/GRID, 1989) and an estimated 40%
of arable land by the end of the century due to increased water-logging and salinity (CIA,
2013) (Figure 6-2 and Figure 6-3). With roughly 50% of Bangladesh suitable for growing
crops today (CIA, 2013), a 40% reduction would have devastating consequences. The loss of
fertile land will force inhabitants to migrate elsewhere and cause the economy to shrink,
but more importantly the shortage of food will place severe pressure on Bangladesh’s
growing population.
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Figure 6-2: Potential impact of a 1.5m sea-level rise (UNEP/GRID, 1989)
Modified rates of sea-level rise estimate land area affected will be ~15%.

Figure 6-3: Estimated impact of different levels of salinity ingress (Siddique et al, 2011)

A primary concern for coastal communities is access to freshwater. Sea level rise and
increased salinity are affecting the groundwater and limiting its consumption for irrigation
and potability. SPARRSO does not currently have a program that assesses freshwater
availability directly (Dhar, n.d). Bangladeshi-related freshwater studies examine
precipitation levels and indirectly address freshwater through studies about aquaculture
(Islam et al., n.d.; Salam and Ross, n.d).
6.1.3

Relevant Space Assets

Optical and radar satellite imagery from Landsat, SPOT, and Indian Remote Sensing (IRS) III
have been used to map and characterize existing mangrove forests. Time-lapse analysis of
multispectral scanner data, thematic mapper data, and enhanced thematic mapper data
has shown that the mangrove density has not significantly changed in the last 30 years (Giri
et al., 2008), most likely due to well-established conservation and rehabilitation programs
(IUCN, 2014).
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Currently, SPARRSO has a program to monitor mangrove degradation, but it is limited to
studying anthropogenic effects, such as deforestation and shrimp farming. This database
can be expanded to include satellite imagery that provides data about climate-driven
changes in mangrove density and rates of change (Figure 6-4).

Figure 6-4: Radar analysis of different stages of mangrove growth (Kuenzer et al, 2011)

A method to study mangrove density would be to analyze erosion and sea-level rise data
over an extended period of time. This can be integrated with weather models that predict
storm surges so that change can be modeled and predicted. Furthermore, changes in
salinity due to increased water temperature and growth of aquatic species must be
monitored since this will greatly impact mangrove survival (Barbier, 2006; Wieland, 2005).
Satellite imagery is also useful to assess areas for potential mangrove planting. Parameters
such as humidity, nutrient levels, soil moisture, and soil type need to be monitored as
optimal conditions are required for root development, anchorage, and stabilization
(Karkhanis, n.d). Digital elevation models indicating areas most vulnerable to sea-level rise
(for topographic reasons, improper drainage, etc.) would direct the planting efforts of
governmental programs and local communities.
Bangladesh has responded to climate change by researching new rice varieties that can
withstand longer periods of water submersion. This will combat short-term flooding but
does not address permanent effects or increased salinity in coastal regions (Dummett,
2009). Salty, brackish water extends as far as 100 km inland in some areas and has
destroyed once-fertile land (IOM, 2006). The Bangladesh Institute of Nuclear Agriculture
(BINA) is testing ways to develop a salt-resistant rice crop to replace the traditional lowyielding wet season (Aman) rice crop (IRIN, 2010; BINA, 2013). SPARRSO currently analyzes
satellite imagery to estimate traditional rice crop yields, but it would also benefit
Bangladesh to expand their capabilities to study the yield of this new variety of rice. An
extra 4-5 million tons of rice per year could be produced if the new rice crop is successfully
cultivated (BINA, 2013). Advanced Very High Resolution Radiometer (AVHRR) Normalized
Difference Vegetation Index (NDVI) composites in combination with specific parameters
such as soil salinity, moisture content, and topography can be integrated into a map that
indicates areas suitable for growing salt-resistant rice. More specifically, this map would
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indicate areas that were once fertile for other types of crops, such as jute, wheat, and
sugarcane, but have since been lost to the effects of climate change.
SPARRSO currently lacks data on the extent to how much land is affected by salinity (BINA,
2013). Multi-temporal optical and microwave remote sensing techniques can be used to
quantify the area affected by salt, which has a different surface reflectance than nonaffected areas (Figure 6-5). However, the capability to directly detect salinity levels depends
on an advanced stage of salinization that has permeated through to the surface. To assess
areas that are affected but not at an advanced stage, analyzing the reflectance of
vegetation grown in saline soil versus non-saline soil is useful. As the climate changes,
conditions that favor new types of crops will arise. Data sharing will be pertinent in order to
understand the environmental conditions that favor crop growth so that communities can
cultivate what is best suited for the current climate.

Figure 6-5: Surface reflectance of soil crusts affected by salt (Metternicht et al., 2003)
Comparison with crusts unaffected by salt; acquired by a ground-based Crop Scan radiometer
measuring in the visible and near-infrared wave bands

Satellite imagery from NASA’s Gravity Recovery and Climate Experiment mission would be
useful to monitor the movement and storage of ground-water (NASA, 2014; Kumar and
Smith, 2013). The deep aquifers that exist in the Bangladesh basin can potentially serve as a
freshwater source for several decades to come (Ravenscroft et al., 2013). Effective groundwater management can arise from using IRS Linear Imaging Self Scanner and Landsat
Thematic Mapper, in combination with radar interferometry and LIDAR altimetry, for
topographic modeling. The topography of Bangladesh could play an advantageous role in
the detection of aquifers; it is a coastal tropical country with a sloping landscape towards
the sea. This provides easy detection of aquifer leakage, whereby freshwater mixes with
sea water and produces a detectable signal on thermal infrared maps (Kresic and Smith,
1997). Detecting where freshwater is available will be important in deciding suitable sites
for re-location if migration is required.
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East and Northeast Region
Brief Background

The East and Northeast area of Bangladesh consists of a plateau region with low hills. Sylhet
is the major urban center in this area. It is one of the wealthier cities of Bangladesh and the
fifth largest city of the country. The region is very prone to flooding. Floods and flash floods
occur frequently in the wetland ecosystems called Haors. Physically, they are bowl shaped
shallow depressions that can contain from a few hectares to several thousand hectares of
water. These Haors support major subsistence and commercial fisheries and major ricegrowing activities (Climate Adaptation Services, 2013). Early monsoon flash floods are also
known to cause extensive damage to the boro crops.
6.2.2

Relevant Problems

Climate change will worsen the overall flooding problems in the region. The increased
rainfall due to climate change will cause more frequently occurring flooding problems,
which will in turn lead to congestion and water logging due to drainage issues. The
increased flooding is also making convergence of the natural waterways more difficult as
increased runoff weathers the established river systems. The increased flooding in the rural
areas will tend to drive people from those areas to Sylhet and other urban areas. In
addition, there will be increased flooding in the city of Sylhet as well, placing pressure on
the population living there (Ahmed, 2006).
Flooding in the east and northeast areas also causes an increase in vector-borne and waterborne diseases. The spread of diseases like malaria is very fast due to unhygienic drinking
water and sanitation conditions. With climate change increasing the annual flooding, risks
of diseases spreading also rises, which in turn would drive migration from these affected
areas. People will tend to leave the areas most affected by these conditions, and those with
means will migrate to other safer areas. The problems would require the monitoring of
locations with still water.
With Sylhet being one of the rapidly developing urban areas in the northeastern region of
Bangladesh, unplanned urbanization of the city is not uncommon (Rahman, 2011). Also, to
make place for the expanding city boundaries, hill cutting is rampant. This hill cutting leads
to deforestation, loss of biodiversity, ecological imbalance and climate change. The
expanding cities might have a pull effect in terms of migration towards the city, but would
also cause a push effect for CCDM towards the outskirts of the city.
6.2.3

Relevant Space Assets

As previously stated, flooding is this region’s most likely hazard due to climate change. A
map of the areas prone to flooding is available as Figure 6-7. Several types of remote
sensing satellite systems can be useful for monitoring the flooding trends in the
east/northeast. Topographic information of this area would allow the detection of the
possible paths for overflowing water or the areas that would be affected by floods. One
recommendation to the decision makers would be to analyze the locations that would be
most affected by the floods and make the required preparations to either counter the
floods or to re-locate any important facilities to a safer location. To locate safer areas, the
same satellite technologies can be used to locate higher grounds that would be less prone
to flooding. Areas with reduced risk would be able to accommodate more CCDM, and a
sustainable long-term development could be possible.
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NOAA’s AVHRR instruments carried on several remote sensing satellites have the ability to
monitor several climate change variables, such as land/water boundaries and thermal
properties, of a given target of interest. The AVHRR has the advantage of being multispectral instrument, capable of viewing both in the visible range and many infrared ranges
NIR, Short Wave Infrared (SWIR), and others). Another series of satellites that could prove
useful for the east and northeastern regions of Bangladesh is the RADARSAT series
operated by the Canadian Space Agency. RADARSAT would be appropriate to locate and
analyze areas with flooding due to the different reflective properties of land, water, and
human structures. Since the Synthetic Aperture Radar (SAR) instrument on board each of
these satellites is an active sensor, it has the ability to operate in either night or day, and it
also can be used regardless of the cloud cover or weather conditions. A comparison of
remote sensing data between the normal state of rivers and the flooded state would help
to estimate how much overflow is occurring, how much damage has been caused, and what
locations would be at risk in the future.
The spreading of diseases can be tracked via remote sensing satellite by locating the
concentrations of still water that are ideal for insect-transmitted diseases to develop. The
best tool for this task would be a SAR payload on the RADARSAT satellites, because this
would not be affected by clouds during monsoon. This problem would require the
monitoring of locations with still water to monitor areas with a higher chance of malaria.
Knowledge regarding the whereabouts of certain areas would be useful for identifying
which areas are at high risk for vector-borne diseases. People will be able to avoid such
areas or migrate away from them if such disease-ridden locations become untenable.
Remote sensing technologies would be helpful for efficient urban planning. Mapping of the
city boundaries, as well as the city’s infrastructure, is possible using remotely sensed
imagery and GIS services. The visible and thermal imaging sensors on satellites such as
those in the Landsat series of satellites are more than capable to supply useful urban
development data. The unplanned urban sprawl can be studied to better accommodate
CCDM from the rural areas. Another recommendation would be to gather accurate map
data for crops. To assess the damages to the crops and to efficiently manage the recovery
and repositioning of the crops, proper geographical and topological data is required. Firstly,
accurate maps of the crop areas must be collected, which can be achieved using remote
sensing satellites. Landsat 8, with its Thermal Infrared Sensor, could be used for gathering
the different types and maps of crops. The use of RADARSAT-2 is also useful for obtaining
topological data of the terrain. Using this information, it would be possible to assess which
crop fields are damaged or at risk with floods, and it would be possible to locate safer and
more fertile lands for agriculture to prosper and to avoid inflation of food grain prices.

6.3
6.3.1

West and Northwest Region
Brief Background

The West and Northwest areas of Bangladesh consists of three divisions: Rangpur, Rajshahi,
and Khulna. The demography of these areas varies, but all three regions have high
population density as shown below in Table 6-1. Primary occupation of most of the
population is in agriculture, which explains why the northwest area was such an excellent
area for food surplus (especially for rice and potatoes). However, the increase in
temperature has led to droughts and high salinity that decrease the overall crop yield. The
northwest area lies predominantly between 0-20 meters above sea level, and only in the
northwest region of Rangpur are there hills up to 30 meters (refer to Figure 6-6) for a
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topographic map). The low-lying topography of the country in the West and Northwest
region are partially why the land is so fertile, but this also explains why it is extremely
vulnerable to climate change.
Table 6-1: Populations of the West and Northwest Divisions of Bangladesh (Bangladesh Bureau of
Statistics, 2012)

Bangladesh Division
Rangpur
Rajshahi
Khulna

Population
(as of 2011 Census)
15,434,619
18,027,522
15,386,663

Population Density
(people per km2)
980
1000
700

Area (km2)
16,125
18,153
22,284

Figure 6-6: A topographic map of Bangladesh (Stute, n.d.)

6.3.2

Relevant Problems

The Comprehensive Disaster Management Program (Awal, 2012) has determined which
climate change shocks that Bangladesh is most vulnerable to: river bank erosion, flash
flood, salinity, landslide, drought, cyclone and flood. Figure 6-7 below shows those areas
and identifies the West and Northwest areas as vulnerable to flood, drought, salinity, river
bank erosion, and cyclones.
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Figure 6-7: Hazard map of Bangladesh (Awal, 2012)

Increasing temperature due to climate change will influence droughts, precipitation, and
other phenomenon, and it will exacerbate current problems. These problems include the
increased salinity and arsenic levels of ground and surface water respectively, increased
humidity (a problem specifically for Khulna), water logging, and decreased crop production.
One problem of particular interest is the continued restriction of water flow of the Ganges
River by the Indian dam, Farakka. Although problems associated with the operations of this
dam are strictly man-made, climate change will only exacerbate these problems. All of
these problems have been chosen for further study because they could lead to CCDM.
Northwest Bangladesh is extremely prone to droughts. In particular, the central, northern,
and southwestern districts of the northwest regions of Bangladesh are more prone to
agricultural and meteorological drought (Murad, 2011). It is one of the most difficult
natural disasters to monitor due to its gradual onset over time. Since drought is a regional
problem, and on average occurs once every 2.5 years in northern and northwest
Bangladesh (Adnan, 1993), this helps alleviate the monitoring difficulty. The intensity of the
drought didn’t climax in northwest Bangladesh until 2005 when the regular water sources,
such as tube wells and rainy months, did not replenish with water or provide precipitation
for 9 months out of the year (Sarker et al., 2011). Before 2005, there have been various
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patterns of droughts, including consecutive drought years, since 1973 (Sarker et al., 2011).
This natural drought, combined with India’s damming and barrages upstream of
Bangladeshi rivers, multiplied the extreme effects of drought on the north and
northwestern Bangladeshi people.
Originally, the purpose of dams in the region was to assist in control flooding during the
rainy seasons for both India and Bangladesh (Vemuri, 2012). Figure 6-7 shows the main
river that flows from India to Bangladesh. India’s Farakka barrage on the Ganges river lies
about 16.5 km from the Bangladesh border (Muhammad, 2013) and began operation in
1975 to assist both India and Bangladesh with their seasonal river flooding problems. Soon
after operation, in August of 1975, the first and fourth president of Bangladesh, Sheikh
Mujibur Rahman, was assassinated, creating a strained relationship between them and
India leading to the withholding of water from Bangladesh. Most of these rivers
crisscrossed millions of acres of land in India before their arrival in Bangladesh and both
Bangladesh and India have equal rights over the waters of these rivers (Bridge, 2000). Since
92% of Bangladesh’s water comes from external headwaters, where the remaining 8% from
rain (Mbugua, 2011) preventing water flow from these rivers is agriculturally detrimental.
Climate change induced drought will also make agriculture in the region naturally more
difficult. Therefore, it is likely in the coming years that people living in these areas will
migrate to locations without frequent drought and a consistent and/or reliable water
supply (Salman, 2002). Dams and embankment have both direct and indirect impacts on
the surrounding natural environment, and can therefore lead to migration. According to
Husain (2000), some of the direct impacts include:
1. Possible flood in summer/winter in lowlands causing damage to agriculture;
2. Reduction in agricultural products due to insufficient water for irrigation;
3. Transportation problems: boats rendered useless; tributaries are dry during dry
season;
4. Increased salinity threatening crops, animal life drinking water, and industrial
activities in southwest Bangladesh;
5. One fourth of the fertile agricultural land will become wasteland due to a shortage
of water.
Although many areas of the Northwest have seen drought, in times of increased water
flow, there is usually the occurrence of flooding of the Ganges and Tista rivers upstream in
the Indian dams. This has led to many problems for Bangladesh, such as a falling
groundwater table, increase salinity, and riverbank erosions (Section 6.4). Combined with
the effects of cyclones, there is an overall increase in humidity in Rajshahi (Shamsuzzoha,
2011).
Various agricultural areas of the north and northwest divisions have experienced immense
crop decrease due to climate affects such as arsenic poisoning and increased salinity (see
next topic), river bank erosion, water logging, and crop disease. The main crops of the north
and northwest areas are rice, jute, wheat, potato, onion, and garlic. Rice and jute are the
most produced crops in the region. Crop yield decreases in the west and northwest occurs
largely due to water logging or drought. During the 2009 drought, the estimated loss of rice
due to drought in the north and northwest areas was 300 acres and 1,560,000 kilotons
(Sarker et al., 2011).
The West and Northwestern region has an unusually high amount of arsenic in its soil,
which can be indirectly determined by space-based technologies by the reflected IR light
from vegetation (Basu, 2003). Although the arsenic in the soil comes mainly from natural
International Space University, MSS 2014

75

STEP M

Case Study: STEP M for Bangladesh

sources, the situation is exacerbated by the Indian barrages and man-made dams on the
Farakka and Tista rivers, impeding the natural flow and decreasing water volume. Although
the exact method for arsenic developing into the water is not known (many studies have
occurred on the mineralogy of the affected areas and in India, showing higher amounts of
arsenic compounds, but whether the arsenic becomes oxidized when introduced to the air
or if it separates by other means then absorbed by the groundwater and flood water is
unknown), the increase of arsenic in the water has been obvious since 1975 (Bridge, 2000).
Subsequently, more than 30 million people in the country are drinking toxic levels of
arsenic contaminated water (Bridge, 2000).
As previously mentioned in Section 6.1.2, salinity is an issue that is becoming more serious
as the effects due to climate change increase. Increased salinity in the water makes it much
harder for crops to grow, and as such, farmers and producers need to use more discretion
when choosing which crops to grow, particularly rice. Some varieties of rice are easier to
grow with higher salt concentrations; however, there is a limit to how crops will grow given
certain conditions, and the climate change induced salinity will continue to be a problem
for growers. Reduced agricultural output will tend to force people out of the growing
business, and they could be forced to leave their homesteads in favor of other
opportunities.
6.3.3

Relevant Space Assets

Temperature profiles of the west and northwest regions of Bangladesh can be utilized to
monitor the effects of drought throughout the year. Infrared sensors, such as those on
Landsat-8, can be used to build such profiles of the ground. NASA’s Aqua Satellite can also
be used to monitor climate change and water cycles, using its atmospheric infrared sounder
in order to make specific temperature profiles of the atmosphere above Bangladesh. The
Metop series of satellites from Eumetsat possess high resolution infrared radiation
sounders, which Bangladesh can also use to measure weather conditions both in and
around Bangladesh in order to understand the changes in drought conditions. These types
of temperature and weather data can be used to see how the atmospheric conditions could
lead to CCDM.
Dams and flooding conditions can be monitored using SAR. Canada’s RADARSAT satellite
series has SAR as one of the key instruments on board, and as such Bangladesh could use
these satellites for continued management of the state of the upstream river flows.
Drought can also be monitored using SAR. Different kinds of materials will each have a
different reflectivity, and SAR will be able to pick up differences between barren wastelands
and green growth. The thermal emission will also be able to be seen, giving insight into
drought conditions in Bangladesh. The Metop series as well as the Terra satellite can be
used to measure such emissions.
Floods can be seen using visual sensors, infrared sensors, and radar. Many different
satellites can provide such imagery. As an example, NOAA satellites and SPOT satellites can
both provide visual and infrared images that will allow clear pictures to be made of areas
hit by flooding and physical damage due to natural phenomenon such as cyclones. ENVISAT
can provide radar capabilities what will enable clear distinctions between land, water, and
man-made structures.
Water logging can be measured by the albedo (reflection) and the water color of the area’s
water resources. Visible, infrared, and thermal emission scanners can be used to gather this
data. To name a few examples, the NOAA series of satellites and the Terra series can be
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used to monitor the albedo of a certain piece of land, and many satellites like Landsat and
ENVISAT can be used in the visible, infrared, and thermal regions as well. Also, these same
satellites will be able to properly image the state of crops and agricultural output of a given
piece of land.
Arsenic concentrations in groundwater are hard to specifically measure using space-based
technologies. However, remote sensing systems can help identify patterns in land use and
climate change behaviors that could lead to the source of the arsenic increases, helping to
mitigate any problems with arsenic poisoning in the drinking water in west and
northwestern Bangladesh.
Surface water salinity can be monitored through satellites such as Aquarius, Risat-1, and
Soil Moisture and Ocean Salinity (SMOS). Aquarius contains both passive and active
radiometers, which will measure changes in the thermal emission of bodies of water due to
salinity. Risat-1 contains a SAR instrument, which can be used to directly see differences in
salinity between different water surfaces. SMOS possesses a microwave imaging
radiometer that operates similarly to those on board Aquarius. These can help see how the
inner waterways that affect agriculture and livelihoods are being changed due to climate
change. Knowledge of the salinity will allow policy makers to prepare for CCDM.

6.4
6.4.1

Riverbeds and River Basins
Brief Background

Bangladesh lies on a delta plain with five major river systems: the Jamuna-Brahmaputra,
the Padma-Ganges, the Surma-Meghna, the Padma-Meghna, and the Karnaphuli. Most of
the country lies at elevation of around 10 meters above sea level (Mahmood, 2012). In the
year 2000, the International Federation of the Red Cross and the Red Crescent Societies
both stated that river erosion was the biggest concern for Bangladesh in terms of climate
change issues.
6.4.2

Relevant Problems

Riverbank erosion occurs through three mechanisms: sub-aerial weakening and
weathering, fluvial erosion, and mass failure. Sub-aerial weathering involves ‘above ground’
influence on the coastline (rain, frost, etc.), while fluvial erosion involves the erosion of the
riverbanks by water current directly. Mass failure is when there is a collapse of bank
material under the action of gravity. All of these processes lead to increased bank erosion
and decay, which can affect people and resources in the surrounding areas (Azim Uddin and
Basak, n.d.). From the period of 1980 to 2010, the average riverbank erosion rate was 495
square meters per year (Nath et al., 2013). This trend is expected to continue in the coming
decades due to climate change.
Climate change has increased to flow rates of Bangladesh’s rivers through upstream
melting and runoff from the Himalayas (higher overall temperature) as well as increased
rainfall during the year. This has led to riverbank erosion and a constantly changing flow
pattern in the country. Flooding and increased flow rates rapidly change the riverbanks and
meanders in the river system. Deforestation in the region has also led to weakening of the
ground soil, which makes weathering and riverbank erosion effects much more efficient
(Azim Uddin and Basak, n.d.). A map of the flooding areas in Bangladesh is shown below in
Figure 6-8.
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Figure 6-8: Map showing Flooding Areas in Bangladesh (Mahmood, 2012)

Riverbank erosion in Bangladesh is highly dynamic and unpredictable (Department of
Disaster Management, 2012). The two main influences that river erosion has on the
livelihood of people in Bangladesh are agricultural land/yield losses and
homestead/structural losses. One million people are estimated to be directly influenced by
riverbank degradation every year in Bangladesh. Due to the poverty in such affected areas,
most of the people are not in an optimal position to recover what they have lost due to the
climate change-driven riverbank erosion. They are often forced to sell their properties and
migrate, and most tend to migrate from rural to urban areas in search of food, shelter, and
work opportunities. Such migration leads to increased urbanization in the form of growing
slums and squatters inside various major cities such as Dhaka, Chittagong, and others (Azim
Uddin and Basak, n.d.).
6.4.3

Relevant Space Assets

Currently, space systems employed to help mitigate the effects of climate change driven
river erosion in Bangladesh include the use of GNSS systems to help give current bank line
measurements as well as remote sensing data provided by Google Earth (Landsat, SPOT,
GeoEye-1, and other satellites) (Azim Uddin and Basak, n.d.). Such data has been made
available to Bangladesh for some time now, the earliest images being made available in
1980.
The GNSS systems, such as the GPS, are used to tag specific riverbanks and coastlines with
positioning tags. This provides very accurate physical positioning of the terrain and rivers,
which can be useful in urban planning and infrastructure maintenance. Areas of high river
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erosion likelihood can be identified for possible reinforcement techniques or evacuation of
the surrounding peoples (Azim Uddin and Basak, n.d.).
In addition to this, satellite imagery can be used to augment the capabilities of Bangladesh.
Data obtained from optical sensors have been used by Bangladesh. A satellite currently
used by Bangladesh that could be used for river erosion data acquisition is the Landsat-8,
which is used for land and water observational purposes. This sun-synchronous satellite can
image in visible, Near IR, and SWIR. These spectral bands are suitable for images of urban
planning, agriculture, and forestry applications, among others (USGS, 2013).
Also, satellites with SAR capabilities will be able to distinguish the differences between land
and water, as well as buildings near riverbanks. An example of a satellite with SAR payload
that Bangladesh and SPARRSO can utilize is RADARSAT-2.
The AVHRR sensor can be used to provide imagery of the state about various aspects of
Bangladesh’s land, such as crop yield, forestry, and land/water boundaries, among others.
Several satellites carry this type of sensor, but a notable one includes NOAA-15 of NOAA
series of satellites (NOAA, 2013). Each of these data sets can be used to predict areas most
affected by riverbank erosion. When these data sets are compared to population data over
time, STEP M processes will allow the government to better understand when and where
the climate change affected population will migrate.

6.5
6.5.1

Cities
Brief Background

We have seen in Section 5.1 that Dhaka and Chittagong are the largest cities in Bangladesh
to which climate change is expected to push migration. Dhaka is the capital city of
Bangladesh, and also the city with the largest population, followed by Chittagong. The
populations of these two cities are 15.4 million and 4.8 million respectively as of 2011 (CIA,
2013). Already in 2001, Dhaka and Chittagong held over 85% of Bangladesh’s urban
population (Banks et al., 2011). Together with several other cities, the urban population of
Bangladesh was 28.4% in 2011 and currently growing by 2.96% per year.
The high population growth rate of Dhaka and Chittagong in Bangladesh has been largely
due to migration from rural areas. The migration rate into the cities is likely to increase if
the livelihoods of rural residents are destroyed by flooding, cyclones, increased soil salinity
from sea level rise, and riverbank erosion (Alam and Rabbani, 2007). There is high risk of
environmental and health hazards for many of these migrants, who are typically poor and
will move into poorly constructed slums (Banks et al., 2011). Thus there is a high motivation
to map the locations, sizes, and growth trends of slums in the cities. An example from an
existing project that used satellite imagery to map slums is shown in Figure 6-9.
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Figure 6-9: Slums in Dhaka Ward 17 (Angeles et al., 2009)
Hatched areas represent slums identified via geo-referenced 1-meter and 5-meter resolution images
and verified via ground truthing in a 2005 survey by Centre for Urban Studies supported by the US
Agency for International Development (USAID) Mission in Bangladesh.

6.5.2

Relevant Problems

Climate change is expected to have the following two primary impacts in Dhaka: flooding
and heat stress (Alam and Rabbani, 2007). Over the years from 1971 to 2004, rainfall has
had a tendency to increase in intensity, overloading the capacity of the sewage system and
causing drainage congestion. This led to widespread flooding in the city in 1988, 1998, and
2004 with water depth as high as 40-60 cm in some areas. Adverse effects of heat, including
higher mortality rates, have been linked to accelerated urbanization and rising global
temperatures (Burkart et al., 2013).
Chittagong is Bangladesh’s main seaport, and it has a high risk of cyclones. The cyclones of
1991 and 2007 caused major damage to Chittagong, and climate change may increase the
intensity and frequency of cyclones (Jahan et al., 2013).
6.5.3

Relevant Space Assets

Increased urban development due to migration influx can increase the heat island effect
where cities are hotter than rural areas. To mitigate the risk of heat-related health issues
due to heat waves, thermal infrared imaging can be used to monitor the temperatures of
cities.
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Melting of glaciers and snow upstream in the Himalayas may lead to increased flooding
downstream in both Bangladesh cities and rural areas (Alam and Rabbani, 2007). The
Himalayas lie outside of Bangladesh in Nepal, but optical and near-infrared imagery is
available via satellites such as Landsat 8.
Flooding in Dhaka and other cities is linked to heavy precipitation. Space-based
precipitation monitoring via microwave sounding and active radar instruments on satellites
such as Global Precipitation Measurements provide wide-area, accurate and frequent
precipitation measurements and can complement ground-based measurements.
Increases in storm intensity and frequency present a risk to coastal cities such as
Chittagong. Better monitoring of storm tracks via satellite infrared and microwave imaging
can complement ground-based radar observation and enable better early warnings and
planning of cyclone and storm surge defenses in the long term. Available satellites include
NOAA and Fengyun (FY).
It is important to map the use and growth trends of city land in order to predict the impact
of extreme climate events, track the locations of slums and to plan for increased migration.
As city features are usually resolvable on the order of spatial resolution 1 – 10 m, highresolution optical, near-infrared, and radar (SAR) instruments on satellites such as Pleiades,
RapidEye, and TerraSAR-X could be used for this task.
Additionally, the following observables of rural areas may drive migration toward the major
cities by making rural land less habitable:




6.6

Sea level
Soil salinity
Riverbank erosion

Other Applications for Space Systems

Bangladesh Space Research and Remote Sensing Organization (SPARRSO) is currently
dedicated to using remote sensing satellites to monitor climate change, natural disasters,
and natural resources. There are several Satellite Ground Receiving Stations in Bangladesh,
which can receive data and images from remote sensing satellites of NASA, ESA, JAXA etc.
that are currently in orbit (SPARRSO, 2013). These systems, while not yet directly applied to
long-term CCDM, can be used to augment the suggested systems mentioned above.
6.6.1

Natural Disasters

Many types of disasters, such as floods, drought, cyclones, volcanic eruptions, etc. have
certain precursors (Van, 2000). An essential climate variable is a geophysical variable that is
associated with climate variation and change as well as the impact of climate change onto
Earth. GCOS has defined a set of essential climate variables for three spheres: atmosphere,
terrestrial, and oceanic (GCOS-82, 2003).
The following figures illustrate how Bangladesh has used some of the available remote
sensing satellites for prediction and monitoring of natural disasters like floods, erosion,
cyclone and drought, which impact Bangladesh frequently. The following figures (Figure
6-10, Figure 6-11, Figure 6-12, and Figure 6-13) illustrate EO images used for monitoring
these disasters.
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Figure 6-10: Landsat images of erosion in Bangladesh (Nath et al., 2013)

Figure 6-11: MODIS helping to monitor drought in Bangladesh (Murad et al., 2011)

Figure 6-12: NOAA AVHRR and RADARSAT images of flooding in Bangladesh (Dhar, n.d)
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Figure 6-13: NOAA and FY images of cyclones in Bangladesh (Dhar, n.d)

A program, Monsoon Asian Hydro-Atmosphere Scientific Research and Prediction Initiative
(MAHASRI), has been proposed to develop real time monitoring and flood forecasting
systems in co-operation with GEO (Islam, n.d). Bangladesh has the infrastructure to
successfully receive these datasets and utilize them towards managing long-term
environmental migration caused due to natural disasters.
6.6.2

Resource Management

The role of space technology in the areas of natural resources management and
environmental monitoring has increasingly become important. “Remotely sensing data, in
particular, provide excellent opportunities for studies that require synoptic or periodic
observations such as inventory, surveying, and monitoring in agriculture, hydrography,
geology, mineralogy, land cover, land use, and environment. The UN Program on Space
Applications is implementing a Natural Resources Management and Environmental
Monitoring Program to support developing countries in incorporating space-based
solutions for solving environmental monitoring and natural resources management issues”
(UNOOSA, 2011).
Resource management through space includes managing fresh water resources, crop
mapping, energy resources management, etc. Providing food security and fresh water are
the two most important challenges that states face in the event of migration. The stress of
climate change on human population movement has further heightened these problems.
Thereby, using satellites for such purposes are being recognized and encouraged by
international organizations. Presently, most space-faring nations have national agricultural
monitoring systems, which traditionally utilize rainfall data, sample field measurements,
agricultural statistics and, in some cases, agro-meteorological modeling. Figure 6-14 shows
radiometer imagery taken from NOAA’s satellite on crop development.
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Figure 6-14: NOAA AVHRR images of crop yield in Bangladesh (Dhar, n.d)

Bangladesh, being a member of GEO, would have access to more data related to
agricultural monitoring and energy resources mapping, which can be useful for ensuring the
health and safety of the migrant populations in the event of natural disasters, as well as on
a long term basis.
6.6.3

Satellites Useful for Bangladesh

Bangladesh is a member of GEO (Group on Earth Observations), which means it has access
to GEO data covering nine areas: Disasters, Health, Energy, Climate, Agriculture, Ecosystem,
Biodiversity, Water, and Weather (GEO, 2014).

Figure 6-15: GEO remote sensing satellite resources (GEO, 2014b)
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The following table lists potential remote sensing data and satellites of GEO that can be
used for monitoring Bangladesh:
Table 6-2: Potential remote sensing data and satellites for Bangladesh (CEOS, 2014)

Agency
NOAA

Instruments
AVHRR/3
Imager

NASA

ESA
CNES
CSA

JAXA
CAST

ISRO

ASTER
ETM+
MODIS
OLI
VIRS
ASCAT

Current Satellites
NOAA-18, NOAA-19, NOAA-15,
Metop-B, NOAA-16, Metop-A
GOES-14, GOES-15, GOES-13

HRG, HRS, VEGETATION

Terra
Landsat 7
Terra, Aqua
Landsat 8
TRMM
Metop-B, Metop-A
Meteosat-8, Meteosat-9, Meteosat10
SPOT-5

SAR (RADARSAT-2)
AMSR-2
TANSO-CAI
IVISSR (FY-2)
MERSI, MIRAS, MWAS, MWRI, VIRR
S-Band SAR
AWiFS, LISS-III, LISS-IV
Imager (INSAT)
SAR-X

RADARSAT-2
GCOM-W1
GOSAT
FY-2D, FY-2E, FY-2F
FY-3A, FY-3B, FY-3C
HJ-1C
RESOURCESAT-1, RESOURCESAT-2
INSAT-3D
RISAT-2

SEVIRI

This EO data, when integrated with the adaptation plan outlined in this report, could serve
as a test example of how integration of space based data with terrestrial systems can act as
an efficient tool for managing a socio-economic issue like migration. The northeast part of
Bangladesh experiences flash floods nearly every year.

6.7

Summary and Recommendations

Now the authors wish to provide recommendations for Bangladesh to consider adding to
the NAP for CCDM. These recommendations provide a summary of what was explained in
Sections 6.1 to 6.6. It is divided up by region, and each region has a list of observables that
area influenced by climate change, the types of data from space systems that can be used
to monitor such observables, and individual recommendations for why Bangladesh should
care about these data sets. All of these observables have the ability predict and manage
CCDM within Bangladesh and the surrounding areas. The recommendations are
summarized in Table 6-3 below.
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Table 6-3: List of Recommendations for Bangladesh

Region

Observables

Mangrove Forests

Soil Salinity

Moisture Content

Coastal
Region

Topography

Salt
Concentration

Groundwater

Still Water

Data Types

Recommendation

Visible, IR,
Radar

Mangrove forests provide a source of protection
for tidal surges, and thus they protect people
and wildlife near the coast. Monitoring and
maintaining these mangroves is crucial in order
to mitigate CCDM.

Visible, IR

Soil salinity affects the yield of crops. The
economy and livelihood of Bangladesh relies
heavily on agriculture, and since climate change
is expected to raise the salinity of the arable
land, the NCB needs to monitor how the
properties of the soil will change over time.

Visible, IR

The amount of moisture contained in various
soil and forestry should be monitored through
space systems because this will affect how well
the plant life and environment is adapting to
climate change.

Visible, IR,
Radar

Maps of altitude from sea level of various
landscapes within Bangladesh will help policy
makers understand which areas of the coast are
most vulnerable to sea level rise. Appropriate
measures can be taken to either reinforce
homesteads there or move the people to safety.

Visible,
Microwave

With the coming rise in sea level over the next
decades, one way to understand how the rising
tides are affecting inland waterways is to
monitor the salt concentration in the rivers and
coastlines. Since agriculture depends highly on
these rivers for irrigation, understanding the
changes in salt concentration can help the
growers prepare for a potentially bad harvest.

Gravity,
Radar, Lidar,
IR

The groundwater is very important from an
agricultural
and
human
consumption
perspective. CCDM will happen if people are not
able to arrange for potable water and water for
irrigation, the NCB needs to gather data relevant
to groundwater.

Radar

Still water provides a haven for disease and
disease-carrying organisms. Radar is perfect for
identifying still water concentrations in order to
combat the diseases there or to move the
population away from potential hazards.

Visible, IR,
Radar

Flooding affects huge portions of the population
each year. Areas affected by the flood can be
directly seen from satellite systems, and this can
help policy-makers deal with the consequential
CCDM.

East &
Northeast
Region
Flooding
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Observables

Visible, IR

Visible, IR

Agriculture is one of the major economic sectors
of Bangladesh. Climate change will have a huge
impact on agriculture. Over time, satellites will
be able to give insight into how productive the
yield is and which areas are suffering more due
to climate change.

Visible, IR,
Radar

Basic data about the landscape and geography
of Bangladesh has fundamental uses in all of
studies of climate change. This data, obtained
through remote sensing, can be used along with
almost every other data set to provide a holistic
view of nationwide climate change issues.

IR, Thermal IR

Global temperature rise will inevitably lead to
drought conditions, especially in Northwest
Bangladesh. Temperature profiles taken using
satellite technologies will give better predictions
of the drought patterns over time.

Visible, IR,
Radar

The rivers of India and Bangladesh have dams
and other structures that are supposed to
mitigate flooding problems. How these
structures are affected by increased flooding in
the region can easily be seen with Radar and
optical instruments.

Floods

Visible, IR,
Radar

Flooding affects huge portions of the population
each year. Areas affected by flood can be
directly seen from satellite systems, and this can
help policy-makers deal with the consequential
CCDM.

Water Logging

Visible, IR,
Thermal IR

Agriculture can be very susceptible to water
logging, and similar satellite imagery that is used
for floods can also be used to estimate the risk
of water logging in the lowlands of Bangladesh.

Visible, IR,
Radar

Arsenic poisoning in the groundwater, while
hard to measure directly from space, can be
estimated using both remote sensing images
and ground-based methods. Space systems
allow the users to see the effects due to
increase arsenic concentrations, i.e. agricultural
production, changes in reflective properties, and
others.

Agricultural Crops

Geographical &
Topographical
Data

Temperature
Profiles

Dams & Water
Structures

West &
Northwest
Region

Recommendation
Man-made construction, such as buildings, can
be seen using remote sensing satellites. Urban
centers will continue to grow as the rural
agricultural sector suffers from the changing
climate, and city planners can use this data to
accommodate and/or relocate these climate
change refugees.

Urban Sprawl

East &
Northeast
Region

Data Types

Arsenic Increase
(indirect)

International Space University, MSS 2014

87

STEP M

Region

River
Basins &
Riverbeds

Case Study: STEP M for Bangladesh

Observables

Data Types

Recommendation

Salinity Increase

Thermal IR,
Radar,
Microwave

The salinity of surface water can be seen using
several images, and this is important for
categorizing changes in the rivers and the bodies
of water responsible for crop irrigation.

Land & Water
Boundaries,
Riverbeds, and
Coastlines

GNSS
(tagging),
Visible,
Thermal IR,
Radar

Huge portions of the population live near rivers,
and as such it is important to see where the
river banks actually begin and end. This is
expected to change due to climate change
induced river erosion, but using satellite
capabilities to see how the dynamics of the
rivers are changing will aid in better structural,
agricultural, and environmental planning

Urban Planning

GNSS
(tagging),
Visible, Near
IR, SWIR

As previously mentioned, satellites can easily
pick out man-made structures and urban
development. Comparing this data to the
riverbank land/water boundary data can reduce
any risks associated with CCDM.

Agriculture

GNSS
(tagging),
Visible, Near
IR, SWIR

As previously mentioned, agriculture heavily
depends on irrigation from the rivers. It also
depends on having reliable soils near such
riverbeds. The destruction and changes of the
riverbeds due to river erosion will affect millions
of people, and understanding these phenomena
is critical for the future of Bangladesh.

Forestry

Visible, Near
IR, SWIR,
Thermal IR

Forestry provides protection to the surrounding
soils from riverbed erosion. Knowledge about
the forestry and the habitats of wildlife near the
region can help policy makers conserved these
areas for the good of the country.

Thermal IR

With the inevitable increase in global
temperatures, the heat island effects of urban
areas need to be taken into account when
considering droughts and human health hazards.
Thermal imaging provides inside into the
problems faced by urban centers.

Visible, Near
IR, Lidar

The melting of glaciers and snow mass in the
Himalayan mountains will increase the river flow
downstream in both India and Bangladesh,
affecting millions of people. Changes in glaciers
and snow mass need to be monitored in order
to predict the potential runoff and damages.

Radar,
Microwave

Rain will increase from climate change. In a
country like Bangladesh, this can exacerbate
problems due to flooding, water logging, and
river erosion. Date from rainfall is useful to
emergency responders, policy makers, and the
general public.

Urban Heat Island

Cities

Himalayan Glacier
and Snow Mass

Rainfall
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Observables

Cyclones

Data Types

Recommendation

Near IR,
Microwave,
Radar

Weather phenomenon like cyclones can be
extremely deadly and damaging. Migration will
inevitably take place because of such storms,
and data of the affected or potentially affected
zones will help Bangladesh accommodate
refugees and rebuild damaged property.

Visible (high
resolution),
Near IR,
Radar

As previously mentioned, satellites can easily
pick out man-made structures and urban
development. Comparing this data to the city
boundary data and the surrounding landscapes
(i.e. rivers, wetlands, hill country, etc.) can
reduce any risks associated with CCDM.

Cities

City Land Use
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7 CASE STUDY: CAPACITY BUILDING
The implementation of STEP M presents an opportunity for LDCs to transform the
negatively perceived phenomena of CCDM into an opportunity for national development
and strengthening institutional capacity. Through the employment of space assets, the
creation of a knowledge base and capacity at a national level is of great significance.
Element A of the NAP emphasizes capacity gap analysis and is followed by capacity building
measures implemented by country-driven approaches (e.g. awareness-raising, tool
development, technology transfer, funding, and the training and planning of workshops at
the local, national, regional and global levels). In the previous chapter, the technical
requirements of STEP M for addressing CCDM in Bangladesh were discussed. This chapter
highlights the challenges for Bangladesh in designing capacity building measures for the
implementation of STEP M.

7.1

Governance

The preparation process for developing and implementing STEP M should follow the
guiding principles outlined in Chapter 4 through the formation of a NCB as introduced in
Section 4.1.1.
7.1.1

National Coordinating Body

STEP M might be prepared by a national council consisting of representatives from the
following ministries:
Ministry of Environment and Forest (MOEF): The MOEF includes the Department of
Environment, which includes a Climate Change Cell that acts as a Secretariat for climatechange related work within the government. The government of Bangladesh has
established an inter-ministerial committee on climate change headed by the MOEF.
Ministry of Science & Technology (MOST): The MOST is a ministry of the government of
Bangladesh that coordinates science and technology activities in the country. The principle
agenda of the MOST is socio-economic development of Bangladesh through research,
development, extension and successful utilization of science and technology.
Ministry of Home Affairs (MOHA): The MOHA is responsible for formulating immigration
and emigration-related polices. Its goals are to ensure the safety and security of the people
of Bangladesh.
Ministry of Disaster Management and Relief (MoDMR): The MoDMR has been given a
mandate to drive forward national risk reduction reform programs. Its mission relative to
this agenda is: “To achieve a paradigm shift in disaster management from conventional
response and relief to a more comprehensive risk reduction culture, and to promote food
security as an important factor in ensuring the resilience of communities to hazards”
(DMRD, 2014).
Ministry of Social Welfare (MOSW): The MOSW is one of the important ministries dealing
with human resource development, poverty alleviation, welfare-development, and
empowerment of the bypassed and disadvantaged group of people.
National Environment Committee: This committee determines the environmental policies
that are chaired by the PM (MOEF, 2005).
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National Steering Committee on Climate Change: This committee is headed by Advisors
and comprises secretaries of environment, forestry and all relevant ministries and civil
society representatives. The role of the committee is to develop and oversee the
implementation of the national Climate Change Strategy and National Action Plan. The
work tasks were divided into five categories: adaptation, migration, technology transfer,
financing and public awareness (MOEF, 2005).
National Disaster Management Council: The National Disaster Management Council is the
highest-level forum for the formulation and review of disaster management policies (MOEF,
2005).
Ministry of Food and Disaster Management: This is the main ministry for disaster
management. The head organization, Disaster Management Bureau, is responsible for
coordinating local and national disaster management interventions across all other
agencies. “In 2000, the Government published Standing Orders on Disaster, which provide a
detailed institutional framework for disaster risk reduction and emergency management
and defines the roles and responsibilities of different actors” (MOEF, 2005).
Comprehensive Disaster Management Program: This program is based on donor funding
and aims at strengthening the Disaster Management Bureau to shift the focus away from
relief to disaster preparedness and risk reduction (MOEF, 2005).
SPARRSO: The Bangladeshi space research organization SPARRSO, along with the
meteorological department, interacts closely with NASA, ESA, and Japanese Aerospace
Exploration Agency (JAXA) for developing its remote sensing capabilities as was previously
discussed in Section 6.6.
To prepare and implement STEP M, representatives from the ministries stated above would
comprise a NCB to initiate, execute, and coordinate this process. Additional members of the
coordinating body may consist of the following:









Policy makers and officials to assist the council of ministers;
Local representatives of the Government (Union Parishad Chairman and Members);
Representative from the Bangladesh Bureau of Statistics (BBS);
Representatives from the Center for Environmental and Geographic Information
Services and the Bangladesh Telecommunication Regulatory Commission;
Representatives from the UNFCCC, IPCC and/or and the LEG;
GEO to assist in working towards the open exchange of data and metadata;
UN-SPIDER provides relevant services and space-based information for disaster
management support;
The IOM and the UNDP for additional migration reports and policy reviews.
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National Coordinating Body

Prime Minister Office
(Chair)

Council of Ministries
(egs. MOEF, MOHA, MOSW)

Coordination unit
(egs. UNFCCC, LEG)

Technical Support Group
(egs. MOST, SPARRSO)

Advisory Committee
(e.g. BBS)

Figure 7-1: Hierarchy Diagram for NCB of STEP M

7.2

Technology Transfer

The two main commitments that developed countries have made to developing countries
under the UNFCCC, as well as the Bali Action Plan, are technology transfer and transfer of
financial resources (Raman, 2008). Support is accomplished through technology transfer,
which avoids the cost of technology development, encourages efficient implementation of
the adaptation plan, increases socio-economic standards and builds international relations
(ADB, 2012).
Bangladesh is a developing nation that does not possess a large amount of protected
technology, which could be used to drive new research and development (Haug, 1992).
Developed countries have defined regulations that govern intellectual property transfer to
other nations, which can act as an obstacle for the LDCs wishing to implement STEP M.
Bangladesh also lacks a pool of skilled personnel to upgrade existing technology. This falls in
line with the two-gap theory, which outlines the inability to create or maintain a
technological base and the inability to import technology because the cost exceeds export
revenues. In the scenario of pressing urgency to implement STEP M, it becomes evident
that strict policy in this matter can be a critical factor for success (Peter, 2003).
With regards to climate change in Bangladesh, the debate of how best to accelerate,
deploy, diffuse, and transfer affordable Environmentally Sound Technologies (ESTs) from
developed countries to developing countries has been going on for some time (Raman,
2008). Developed countries stress the importance of intellectual property when they speak
of ease of technology transfer, whereas developing countries see this as a barrier to
technology transfer. According to Raman (2008) on technology transfer for climate change,
“ESTs may only be effective when they work as a whole package, which include hardware
(devices, equipment, process and complementary technological system, etc.); software
(awareness, knowledge, information, intellectual property rights, designs, etc.); human
resources; financial resources to make development, diffusion, and transfer to happen; an
enabling environment in the form of regulatory framework by both developed and
developing countries; and appropriate institutional arrangement and infrastructure.”
7.2.1

UNFCCC’s Mechanisms for Technology Transfer

Facilitating support of financial, methodological, and institutional activities is the main
objective for any technology transfer mechanism. It also increases a nation’s know-how and
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the coordination of potential stakeholders for mutual benefits. Mechanisms for technology
transfer can be divided into four sub-themes (UNFCCC, 2014).
1. Innovative Financing to pool funds for technology development and technology
transfer from numerous sources.
2. International Cooperation to isolate the means to bring major players together to
create a favorable environment for discussion.
3. Endogenous Development of Technologies to encourage endogenous development
and research.
4. Collaborative Research and Development to promote collaboration for research and
development on technologies.
To implement these sub-themes, the UNFCCC indicated the need for a dedicated program
to be developed by the Global Environmental Facility. Hence in 2008, the Strategic Program
on Technology Transfer was approved and later re-named the Poznan Strategic Program on
Technology Transfer (COP, 2008).
7.2.2

Technology Transfer for Bangladesh

Bangladesh recognizes the critical role of technology transfer and has agreed that it could
be the unique key to unlock new ways of implementing existing NAPs. They are a member
of the Global Environmental Facility and have been receiving benefits from developed
countries. As it stands currently, the Global Environmental Facility has recognized the
potential of solar energy in Bangladesh and has started financing pilot projects to increase
the country’s capacity (Nguyen, 2013). Policy instruments, such as tax exemptions for EST
exports from developed countries, subsidies to encourage research and development and
transfer of ESTs, and favorable conditions for EST-related export credits, could be employed
by Bangladesh to encourage the technology transfer process. A smooth technology transfer
process is also created by the involvement of private investment and mature public-private
partnerships, but due to strict regulations of space technology transfer, the success of STEP
M would depend on the timeliness of technology diffusion.

7.3

Data Dissemination Methodology

As initially described in Section 4.2, data dissemination is an integral component of STEP M
and is now outlined below. A graphical representation of acquiring and disseminating data
is given in Figure 7-2.








Data would be acquired from relevant sources, e.g., GEO.
The Technical Support Group would distribute the data to the necessary in-house
parties, and other scientific centers if needed.
The data would be processed and analyzed by the Technical Support Group.
The processed data would be distributed to the necessary parties.
The NCB would then decide if they disseminate the data to the public or through
other channels.
Feedback communication would exist between all levels so as to increase
coordination.
The NCB would also coordinate outreach and awareness about CCDM through the
appropriate channels and how an investment into space-based resources can
benefit the economy. Outreach programs using conventional terrestrial means or
the mode of tele-education can be utilized.
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International Organizations
GEO, GCOS, UN-SPIDER, UNFCCC, IOM, IPCC

1

National Coordinating Body for Bangladesh

2
Technical Support Group

Figure 7-2: Process for Acquiring and Disseminating Data

The Bangladesh government has outlined an ambitious plan, known as “Digital
Bangladesh,” aiming to connect entire country digitally by 2021 (Kabir, 2012). The goal is to
create a knowledge-based integrated national e-governance system, where people will
have simple and rapid access to information via public services. It is assumed that by 2021
Bangladesh will have a country-wide network that will operate to ensure high speed
information flow between decision centers and action centers. This progressive step will
help accelerate the national decision-making process and the outcome of those decisions
(Kabir, 2012). This is an important capacity-building step that will aid the distribution of
space-based data acquired through the NCB for STEP M.
Key Points in Data Management
 Information will be gathered and made available to the various stakeholders
through a database used specifically for STEP M
 National outreach programs for STEP M will be implemented to promote national
awareness, and enhance international cooperation for addressing CCDM peacefully
using space technology
 To facilitate the implementation of STEP M, capacity building through training will
be required. Academic institutions would be useful in this context, in addition to
tele-education resources, such as the GEONETCast satellite communication
network

7.4

Outreach Activities for STEP M

Creating and implementing STEP M will require the support of many different parties. It
requires appropriate funding, political support, international cooperation and proper
implementation by the decision makers. Furthermore, to fulfill STEP M’s maximum
potential and success, the public must be properly informed of its use, methodology and
outcomes (discussed in Sections 4.1-4.4) in order to increase the public’s understanding
and support of STEP M. Consequently, there will be less risk of public backlash, better
funding opportunities, engagement of the private sector and political stability.
The STEP M outreach plan has been divided according to its three audiences:
National community: The NCB would decide how to disseminate information to
Bangladeshi citizens. Irrespective of the process of dissemination, the decision makers and
social agents should cooperate effectively to communicate the social benefits of STEP M to
the nation. Easily available information describing the use of STEP M to improve quality of
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life would encourage community-level cooperation. To do so, the NCB should increase the
transparency of STEP M by any appropriate medium.
Two specific demographics for public outreach are women and children. Bangladesh has a
higher primary school enrollment rates and overall number of students than the average
LDC. This presents a unique outreach opportunity to include STEP M and the LDCs
adaptation to CCDM in the school’s curriculum by working with the national education
board.
International community: As it is mentioned in previous sections, international cooperation
holds the key for successful implementation of STEP M. Its dissemination and outreach
would be a way to engage other countries in cooperating and perhaps pave the path for
new opportunities. The NCB could attend international conferences and symposiums
organized by the UNFCCC, IOM and regional governments about climate change and
migration. Such interaction at public forums would increase public awareness on the
progress of Bangladesh, which could lead to the further improvement of STEP M-based
ideas.
Private Sector: The general NAP process has been designed to encourage national industry
and entrepreneurs to create new opportunities. STEP M would coordinate outreach to the
private sector, as it presents a plethora of entrepreneurial opportunities. Creating a
business-friendly environment through necessary policy measures could be a useful way to
connect with the private sector.

7.5

Funding of the Plan

A recent report by the Asian Development Bank (2012) estimated the cost for adaptation to
climate change in the Asia-Pacific region to be around USD40 billion until the year 2050. In
the previous chapters, the question of how migration affects the costs of adaptation has
been discussed intermittently but there is no clear estimate of how future economic,
technological, political and demographic conditions will affect this USD40 billion figure. As
introduced in Section 4.1.1, initiating STEP M to manage CCDM requires planning of longterm funding. Financial tools for the management of CCDM are presently inadequate, as
the phenomenon has not yet been well defined by international organizations (ADB, 2012).
Including space-based assets to address the issue makes it even more complex. In this
section, a rough funding plan is proposed for STEP M and more specifically for Bangladesh.
Aid for human welfare and economic development comes primarily from developed
countries through bilateral and multilateral agencies like the UN, the IMF and the World
Bank. In the event of a natural disaster or political/armed conflict, an appeal is sent to
donors to meet the additional funding requirements. This type of strategy for fund-raising
can prove to be risky in times of global economic slowdown, when donor resources are
constrained (ADB, 2012). Due to such uncertainties, humanitarian aid and development
agencies adopt a well-defined risk management approach for providing required services by
assessing the legitimacy, accountability and transparency of the organization or
government that is requesting the fund.
Over time, space-based data sharing for humanitarian needs has increased and is being
continuously promoted by international organizations like GEO, the International Charter
for Space and Major Disasters, and UN-SPIDER, who advocate the sharing of free EO data.
This reduces the cost of funding an adaptation plan that suggests usage of space resources
and data to manage a complicated issue like CCDM.
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Costs of Managing CCDM using Space Assets

Table 7-1 lists some of the direct and indirect costs of managing CCDM using space
technology resources.
Table 7-1: Costs of CCDM

No.

Direct Costs

Indirect Costs

1

Transporting and providing Social costs like loss of family, land, lesser
relief shelters for migrants
liberties, etc.

2

Protecting
migrants
possible conflicts

3

Loss of agriculture produce due Lower national productivity due to loss of labor
to climate change phenomena
force

4

Infrastructure for acquiring and For creating awareness among its people for
managing space-based data
using downstream services of such space based
techniques for CCDM

5

Investing in knowledge base Economic deterioration in the place of origin
creation in the area of space due to brain drain
technology on a long term basis

6

Developing disaster response Lower ‘happiness factor’ due to lack of social
plans using space technology
cohesion caused by migration

7

Investing in indigenous research Fiscal impacts on nations due to change in
and development for tackling demography of the population, leading to
problems without help from changes in government expenditure areas
outside agencies

7.5.2

from Loss of real-estate and property left behind

Funding Mechanisms

Presently, there exists no international source or relief organization that is dedicated
exclusively to funding CCDM. By using space to manage and adapt to CCDM, we add
another variable in the funding schemes. Two organizations that recognize the threats
posed by CCDM in Bangladesh and provide funds are:
1. IOM: The impact of climate change has been felt in the recent activities of IOM, with
more than 500 funded projects since 2000 in response to environmental migration
(IOM, 2008). IOM’s response promotes migration as an adaptation strategy, and to
engage in capacity building of governments in addressing environmental migration.
According to the Asian Development Bank report (2012), “The IOM Development Fund
provides special support to IOM-developing member states and member states with
economies in transition, for the development and implementation of joint
government–IOM projects to address particular areas of migration management. Since
its inception in 2001, the organization has allocated USD32 million for 360 projects in
112 countries to address specific areas of capacity building in migration management.”
2. UNFCCC: According to the Asian Development Bank report (2012), “The Global
Environmental Facility is the largest climate change fund and includes several smaller
funds for different purposes, of which the Special Climate Change Fund and the Least
Developed Countries Fund could be of interest in the context of climate-induced

96

International Space University, MSS 2014

STEP M

Case Study: Capacity Building

migration.” Additional funding sources stem from the Adaptation Fund and the Green
Climate Fund, which also have their roots in the UNFCCC. These funds are supposed to
provide $100 billion per year to developing countries; a significant part of which will be
devoted to adaptation programs and strategies (Warner, 2011).
There are numerous other potential funding sources, some of which are listed in Table 7-2.
Table 7-2: Funding Sources for CCDM (OCHA, 2010)

Name of the
Fund
UNFCCC
Adaptation
Fund
Japan Cool
Earth
Partnership
Global Facility
for Disaster
Reduction and
Recovery
UNFCCC Least
Developed
Countries Fund
UNFCCC Special
Climate Change
Fund
European
Commission
Global Climate
Change
Alliance
German
International
Climate
Initiative
World Bank
Pilot Program
for Climate
Resilience

Access for
humanitarian
actors

Current size of the fund

Direct and
Indirect

Net funding availability of USD 23.53 million, with
significant extra funding envisaged to be made
available through Certified Emission Reductions issued
through the Clean Development Mechanism of the
Kyoto Protocol.

Direct

Up to USD 2 billion pledged for adaptation from a total
of USD 10 billion.

Direct

USD 135 million contributed.

Indirect

USD 180.8 million pledged, with contributions
amounting to USD 147 million.

Indirect

USD 123.1 million pledged, with contributions of USD
104.1 million.

Indirect

EUR 139.6 million deposited. In addition, EUR 180
million will be used for Directorate of Relief &
Rehabilitation to serve the objective of the Alliance in
African, Caribbean and Pacific countries.

Direct

EUR 120 million per year earmarked for developing
countries and countries in transition.

Indirect

USD 614 million pledged, with USD 128.6 million
currently available to support funding decisions.

The prospects of funding mechanisms for CCDM using space assets are limited and
complex. It will either derive from assistance for migration or for managing climate change.
The space segment of the adaptation plan requires capacity building to address these two
issues together in a holistic way. Still, a specialized and low risk funding mechanism may be
a more attractive solution. Paragraph 14f of the Cancun Adaptation Framework (2010)
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states that “measures to enhance understanding, coordination and cooperation with regard
to climate change induced displacement, migration and planned re-location, where
appropriate, at national, regional and international levels” (UNFCCC, 2011). The eligibility to
receive funds under the Green Climate Fund is presently unclear.
In order to recognize risks due to climate change, reform of the insurance sector of the
LDCs is a necessary step. This would ease the pressure on governments to support its
citizens continuously. Bangladesh has a good banking system and offers crop insurance,
among other protections, to protect farmers from low productivity due to floods or
drought. The development of an index-based insurance or financial product can be taken
up for such climate risk management, for example, to provide protection against sea-level
rise to people living in coastal areas. Protection would come in the form of a higher
payment to the policy-holder if the sea-level rises more quickly than expected and vice
versa for a slower sea-level rise (ADB, 2012). Challenges to such a proposal consist of basic
risks, i.e. where there is loss but the insurance contract does not cover, or how to
determine the best use of weather measurements. Space-based data could be used to
make such a product acceptable to both the policy-holder and insurer.
The involvement of the Grameen Bank of Bangladesh to provide micro-financed loans to
farmers and climate migrants who have incurred losses due to climate change-related
events may further strengthen the funding proposal. This proposal involves effective
implementation of weather derivatives, catastrophe bonds, and other index-based financial
or insurance products, to work at grass-root level. Similar principles apply to the
governmental and institutional utilization of insurance, with the exception that insurance
must satisfy key decision maker objectives whose identity and interests may be difficult to
ascertain (ADB, 2012). Mechanisms like mobile phone banking for a cheaper transfer of
remittances is another interesting option considered by global banks and other
development finance institutions. These funding sources could play “matchmaker,”
especially by helping to identify areas where such mechanisms could be accepted and used
to benefit the poor populations (IOM, 2011).
The chosen financial institutions have to be strengthened before implementing STEP M or
any other NAP process since policy initiatives have to be taken to ensure that the country
does not run into debt. Using high-end technology like space technology for managing
CCDM in LDCs will both benefit CCDM directly and indirectly, improving the economic
conditions of these countries.

7.6

International Cooperation, Agreements and Treaties

As introduced in Section 4.3, international co-operation will play a major role in ensuring
the success of STEP M. The vulnerability of Bangladesh has been noted by the international
community, and coordination between multi-lateral agencies for CCDM presently exists to
some degree. However, pertaining to the field of space applications and technology,
Bangladesh is not a signatory of any agreement to date. One of the main obstacles for
Bangladesh is readily cost-effective access to optimal space-based data, however the
country receives support in the form of data from international institutions in order to
manage disasters, monitor climate change and manage resources.
The Bangladesh space research organization, SPARRSO, is regularly supported by NASA, ESA
and JAXA. It is well-equipped and undertakes many responsibilities. Other international and
non-governmental organizations which support Bangladesh through access to space-based
data include:
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GEO: They assist Bangladesh in supplying, managing, processing and analyzing
remote sensing data pertaining to natural disaster, agriculture and urban planning
development (GEO, 2012).
UN-SPIDER: They cooperate with Bangladesh in order to evaluate disasters and
reduce the risks of these events. Specifically, they address space technology in
order to provide solutions to monitoring and preventing disasters (UN-SPIDER,
2011). UN-SPIDER also collaborates to support governmental institutions of
Bangladesh such as the Disaster Management Bureau, the Directorate of Relief and
Rehabilitation, the Centre for Environmental and Geographic Information Services,
the Bangladesh Meteorological Department, Space Research and Remote Sensing
Organization, the Comprehensive Disaster Management Program, Survey of
Bangladesh, the Cyclone Preparedness Program, the Institute of Water
Management, Flood Forecasting and Warning Centre, the Bangladesh
Telecommunication Regulatory Commission and the Early Recovery Facility of UN
Development Programme (UN-SPIDER, 2011). The main policy of UN-SPIDER is to
work as a liaison for Bangladesh with organizations, which are established in China
and India, such as the National Disaster Reduction Center of China, the Asia-Pacific
Space Cooperation Organization and the Centre for Space Science and Technology
Education in Asia and the Pacific, in order to obtain access to space-based data
relating to disaster management (UN-SPIDER, 2011).
Asian Association on Remote Sensing: A non-governmental organization that
supports Bangladesh in the form of access to space-based data, dedicated to the
exchange of information related to remote sensing (Huque, 2010).
Inter-Islamic Network on Space Sciences and Technology: An institution that
actively collaborates with its member states for the peaceful uses of outer space,
using the potential of outer space for their benefit and development (Huque, 2010).

SPARRSO, through the Advanced Meteorological Satellite Ground Station receives data
from the NOAA-series satellites and the Japanese geostationary meteorological satellite
(GMS-5). The data is used to determine conditions for tornadoes, depressions and tropical
cyclones. Another application is agricultural management, in which SPARRSO provides the
final product that supports the food monitoring system directly to the Ministry of Food and
Agriculture (Huque, 2010). The Environment and GIS Support Project for water sector
planning, in conjunction with SPARRSO, cooperate with international agencies such as
RADARSAT International, Canada, Space Imaging, USA, National Remote Sensing Agency,
India, Asian Institute of Technology, Thailand, and the National Aerospace Laboratory of the
Netherlands (Huque, 2010).
Bangladesh has many agreements with countries that are not necessarily relating to spaceactivities but could prove useful when it comes to acquiring additional terrestrial data for
complementing STEP M. Examples are listed below:
Agreements with China:
 Cooperation in the Field of Agriculture between the Ministry of Agriculture of China
and the Ministry of Agriculture of Bangladesh (MOFA, 2005);
 Cooperation in the field of water resources (MOFA, 2005);
 Scientific and Technical cooperation in the field of agriculture (MOFA, 2008);
 Implementation Plan on Provision of Hydro Information of the
Yaluzangbu/Brahmaputra River in flood season by China (MOFA, 2008);
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Agreement with Japan:
 Cooperation with the management disaster program project (MOFA, 2008);
Agreement with United States:
 Agreement regarding the status of United States armed forces visiting Bangladesh
on humanitarian assistance and needs assessment program, 1998;
 Agreement between NOAA of the USA and the Ministry of Science and Technology
of Bangladesh for cooperation in the Global Learning and Observations to Benefit
the Environment Program, 2000 (Government of Bangladesh, 2010).
Bangladesh is not a member of COPUOS but has signed the following treaties that fall into a
similar line of scope:



Treaty Banning Nuclear Weapon Tests in the Atmosphere, in Outer Space and
Under Water, 1985;
Treaty on Principles Governing the Activities of States for the Exploration and Use
of Outer Space including the Moon and Other Celestial Bodies (Outer Space Treaty),
1986. (Government of Bangladesh, 2010).

Despite these, Bangladesh does not have any formal agreements with space-faring nations.
The nation has the capability to manage remote sensing data for fulfilling its national needs,
using organizations such as UN-SPIDER and GEO. By adopting STEP M, the country may
benefit in enhancing its international co-operation with respect to its national space
activities.
It is essential to include one important pillar related to climate change and space
applications: the use of space applications data to mitigate climate change impacts and
provide sustainability to the development of Bangladesh. Additionally, it will help realize
the millennium initiatives of Bangladesh, specifically goal seven of the objective Ensure
Environment Sustainability. This goal is divided into four applicable principles:






Integrate the principles of sustainable development into country policies and
programs and reverse the loss of environmental resources (United Nations
Development Programme, 2010);
Reduce biodiversity loss, achieving, by 2010, a significant reduction in the rate of
loss (United Nations Development Programme, 2010);
Halve by 2015, the proportion of people without sustainable access to safe drinking
water and basic sanitation. .(United Nations Development Programme, 2010);
By 2020, to have achieved a significant improvement in the lives of at least 100
million slum dwellers (United Nations Development Programme, 2010).

The application of the space data can be used to prevent, monitor and support several
proposals and agreements made by the UN. The Kyoto Protocol is another concern and is
taken into account by the government of Bangladesh. Since 1991, there has been an
increase in CO2 emissions in Bangladesh and currently stands at 0.3 tons per capita (UN
Office, 2007). The current proportion of terrestrial and marine areas protected is 2.3
percent, under the 5% goal proposed in the millennium development goals (United Nations
Development Programme, 2010).

100

International Space University, MSS 2014

STEP M

7.7

Case Study: Capacity Building

Human Security

CCDM is an important environmental, social and political challenge for the region’s
population and governments. The vulnerability of Bangladesh, especially to environmental
migration, is a matter of global concern. It raises the human rights questions of these
environmental refugees, their income security, access to social services, and their ability to
support households. According to the UN High Commissioner for Refugees report by
Warner (2010), the “relationship between refugees and the environment has long been
overlooked, and civilians were often forced to flee in the first place because of
environmental degradation and the battle for natural resources.” CCDM also compromises
human security to a certain degree by increasing food insecurity, and paving the way for
potential social conflicts. Illegal immigration of Bangladeshi citizens into the Indian state of
Assam has been a major reason for inflammatory politics in the region, which has often led
to rioting by mobs, causing social and political instability. Such instances threaten the
security of the Muslim Bangladeshi migrants in Hindu-dominated India, and calls for
institutional strengthening on an international level for responding to the growing threats
of CCDM. The human security approach to environmental migration consists of the
essential tension between the choices of human rights and sovereign rights. It suggests that
governance should rely on bottom-up policy-making rather than a top-down approach,
which means that the government engages with and listens to the people who are at most
risk. This approach stresses the importance of local community-based consultation to
increase their involvement in the design and implementation of adaptation and mitigation
projects (Elliot, 2012). Space technology with its wide outreach provides innovative
solutions to these problems, as discussed in the following sections.
7.7.1

Providing Gender Protection

If environmental migration occurs in the LDCs, it will affect women more so than men due
to their socially recognized roles, and due to the prevalent gender-based discrimination in
the LDCs (Hunter, 2009). The different requirements of the female biology combined with a
women’s resilience towards migration set them apart. The impact of environmental
migration on health, welfare and security of women is being widely discussed in
international forums. Gender distinctions, in the form of social status, power and
household activities share an important role in assessing the vulnerability and future
livelihood options for both men and women, due to migration from climate change affected
regions (Hunter, 2009).
Space can play an important role in bridging the gender gap, which may be further
aggravated by environmental migration. Through tele-education, vocational training and
general knowledge about basic health, sanitation, and sexual education could be taught to
these women instead of potentially being pushed to the fringes of society. Tele-medicine is
another useful tool to ensure the health of child-bearing women, general child-care and for
imparting minor medical aid information that could prove useful during the event of a
natural disaster.
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Figure 7-3: Tele-education methodology (Department of State Educational Research and Training,
n.d)

Such gender empowerment steps taken at the community level could benefit the social
productivity of Bangladesh immensely. Neighboring India has already successfully
implemented tele-education and tele-medicine programs for villages using its INSAT series
of satellites, which could provide a good starting point for Bangladesh to plan its own
similar program. The availability of GEONETCast will be an asset in this regard.
7.7.2

Border Security and Control

The term “illegal immigration” implies the migration of people across international borders
in violation of immigration laws of the receiving country. It is a major concern for many
countries, particularly for countries such as the United States and India. Border patrols are
established to secure a country’s borders which can encompass a variety of terrains and
remote locations, such as deserts, mountains and water borders. Three main components
are employed for securing borders: technology, infrastructure, and personnel. Most border
patrols use emerging technologies that promote mobility, but also create the best level of
surveillance and protection (Tiffany, 2009).
In Bangladesh, border issues are complicated due to the multiple trans-boundary rivers,
including the massive Brahmaputra. The rivers make it difficult to prevent people from
crossing the border into India and the surrounding counties. The responsibility for patrolling
the border falls to the Border Security Force on the Indian side and the Border Guards in
Bangladesh. It has been noted in Section 5.3 that CCDM in Bangladesh can further
exacerbate the illegal immigration flow to India, which may sour political ties. By adopting
STEP M, the issue of border security and control can be strengthened through use of spacebased data and co-operation from both countries.
The role of satellites in domestic and international homeland security operations has
recently assumed critical proportions. To maintain secure borders, persistent surveillance is
required, and monitoring of borders and shorelines requires constant vigilance in all
weather. Satellite technology and fixed/mobile Ku-band VSAT terminals in particular, make
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up an important part of the network to secure borders with police control check-points.
Such systems integrate the space and terrestrial infrastructure by using VSATs to provide
wideband communications links between mobile surveillance, local communication towers,
and mobile/fixed command and control centers (Elbert, 2004).
The border between India and Bangladesh is not completely fenced at present, unlike the
one with Pakistan. This border fence and its governance are central to the security of India,
which is why it may be of interest to assist Bangladesh if it decides to adopt STEP M. The
major weak links in border security occur along the 4,095 km border of Bangladesh include
West Bengal, Meghalaya, Mizoram, Assam, and Tripura. The border is spread over remote
areas, especially in the northwest part of the country, making terrestrial communication
alternatives expensive. Using satellites for data collection and voice communication by
border security centers is important and necessary to enable quick reaction and decisionmaking.

7.8















Summary of Key Policy Implications
Developing the capacity to draw leverage from remote sensing technologies, both for
monitoring long-term climate change and for building and deploying early warning
systems.
Developing the national and local capacity to adapt to CCDM.
Implementing relevant policy research to ensure that adaptation and mitigation
measures do not affect human well-being, and that it simultaneously minimizes societal
costs.
Implementing research on fiscal and regulatory measures to strengthen the financial
institutions of the country.
Supporting policy change and institutional development to promote public-private
partnerships for technology transfer and development, because of the prospective
utilization of space spin-offs for services in agriculture, health sector, climate modeling,
etc.
Developing tools, policy support, and technical assistance for climate-friendly urban
infrastructure investment to counter the adverse effects of rapid urbanization and
rural-to-urban migration
Training and transfer of decision support tools to select policy options that provide
protection to the people living in high-risk regions
Developing comprehensive national technology plans that provide the basis for the
systematic removal of barriers needed to develop markets for prioritized technologies
Quickly disseminating weather and climate information to people living in high-risk
zones
Strengthening of communication channels between upper echelons of government and
at the grass-root levels.

International Space University, MSS 2014

103

STEP M

Case Study: Legal & Ethical Challenges

8 CASE STUDY: LEGAL & ETHICAL CHALLENGES
In the previous chapters, we discussed the implications of adopting STEP M. This chapter
continues along similar lines to highlight some of the legal and ethical challenges that
would arise as a result of STEP M. While this section is intended to specifically relate to the
case study of Bangladesh, these issues are treated broadly with the intent that they will be
applicable to other LDCs.
Legal aspects covered in this chapter include both national and international treatment of
migration, as well as the use of EO data with regard to copyright law. This chapter also
covers ethical issues of migration and conflict, the moral imbalance of climate change, the
trade of national priorities in a resource limited environment, and forward-looking
responsibility.

8.1

Legal Aspects

As STEP M addresses an increasing population and migratory flow, it is necessary for
Bangladesh and other LDCs to implement robust rules and regulations for internal and
cross-border migration, and international migration. Complicating these legal aspects is the
fact that instruments and norms are more likely to be shaped around exceptions and
common practices. From these special practices and cases, general legal reasoning is
formed. Frameworks and laws covering international migration and use of EO data have yet
to be covered by any single legal instrument or norm (IOM, n.d), leaving STEP M to draw its
legal implementation from several instruments; both a challenge and an opportunity for
further development.
8.1.1

National Migration Law

With the extent of land expected to be lost due to sea level rise in Bangladesh, national
migration laws and policies will need to be robust and adaptive. The policies will need to
address the issues of educating vulnerable populations on the anticipated changes,
movement of these populations, resettlement, and compensation for lost property to
enable migrants to be productive in the location of resettlement.
8.1.2

International Migration Law

International migration law (IML) is recognized as an umbrella term covering a variety of
principles and rules that together regulate international obligations of states on behalf of
migrants (IOM, n.d). Accordingly, the following distinct branches of international law are
applicable to IML: human rights law, humanitarian law, labor law, refugee law, consular
law, and maritime law (IOM, n.d). The government of Bangladesh will need to develop
policies to manage migration, combat discrimination and collect the necessary information
about migrants. For example, remittances from migrant workers from Bangladesh
constitute the country's second largest foreign export earner (Section 5.1.3). Furthermore,
it is estimated that by the year 2050 one out of every six workers of the world will be a
migrant worker (Sidiqui, 2003), and so the number of people migrating from Bangladesh for
the purposes of work is expected to be a major percentage of the population.
Migrants are generally vulnerable to exploitation because they lack protective rights. To
address this, the IOM has recognized the need for applying existing conventions and
treaties to ensure the human rights of migrant workers are protected. These laws would be
of no use however without a proper understanding of their meaning by the benefiting
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state. The appropriate actions in this regard have a compounding importance for LDCs, due
to the connection most international monetary funds place between funding and human
rights. These funds could be dependent upon respecting and practicing the basic legal
principals of international law such as jus cogens, to some degree. The IOM provides
dissemination of information on IML to academics, government policy makers,
international organizations and NGOs. LDCs dealing with these issues, such as Bangladesh,
can therefore use these programs to strengthen their understanding of legal aspects
surrounding international migration as necessary.
8.1.3

International EO Copyright Law

STEP M’s reliance on use of space-based data and support of data sharing requires
consideration of international EO copyright law. Two types of law apply to data sharing
among
inter-governmental
agencies:
intellectual
property
legislation
and
copyright/database protection. The prevailing concept regarding EO data sharing is that
there is no “international copyright.” Copyright protections would depend on the national
laws of each country and their interpretation before a specific court of law and/or other
dispute mechanisms (Uhlir et al, 2003). In the case of remote sensing, data can range from
uncorrected raw observations to various levels of analyzed data, including images or maps.
The general principle in international law for use of data from automated sensors appears
to hinge on legal access by the third party (GEO, 2011). However, databases and other
collections of information may be subjected to automatic copyright protection if the
“selection or arrangement” of their contents includes some human originality (WIPO,
1996).
What makes this topic even more complex is that all these norms and rules are defined by
practices and exceptions. Because of this, the concept of statutory sui generis database law
takes hold. This goes beyond copyright law to provide an exclusive right in more
“insubstantial parts” of compilations of information, and even of otherwise noncopyrightable data that are the result of a “substantial investment” (National Research
Council, 1999). On this last note, there is a possibility of copyright infringement for a LDC
such as Bangladesh that does not possess its own remote sensing satellite systems and
must rely on data sharing.
Through bilateral agreements and associations with organizations such as GEO, LDCs can
obtain satellite data regarding climate change and migration. Specifically, Bangladesh as a
member of GEO has access to the GEOSS Data-CORE. This provides access to data held by
GEO members and participating organizations. Additionally, the reuse and re-dissemination
of GEOSS data is promoted by the GEOSS Data Sharing Principles to increase the societal
benefits intended by GEOSS (GEO, 2009).
As for the collection of data into databases that are protected to varying degrees by
copyright statutes, these have a less defined status, unless their legal terms and conditions
are specifically explained (e.g. in an accompanying license or metadata).
8.1.4

Legal Recommendations

Bangladesh (and any LDC following the STEP M process) should address the
recommendations below:


The agency responsible for managing IML should strengthen adherence with
regional and national standards of IOM. In doing so, the unit would also have to
carry out more training and capacity building activities on IML.
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The Technical Support Group should vigilantly protect satellite data obtained
through multilateral organizations according to copyright law and the contractual
agreement under which the data was obtained.

Legal considerations specific to STEP M should be reviewed in Section 4.1.1. Legal barriers
to national/IML and obtaining data are addressed in Section 4.1.2. Analysis of the
institutional capacity necessary to handle legal issues is addressed in Section 4.1.3, and the
implementation of this institutional capacity is addressed in Section 4.3.2. Throughout this
process, synergy should be pursued with multilateral environmental agreements to ensure
a constant access to the necessary data sources, as prescribed by the NAP process in
Section 4.3.4. During the iterative review cycle of the NAP process, the effectiveness of the
legal framework could be evaluated if deficiencies have been identified (refer to Section
4.4).

8.2

Ethics

This section discusses the ethical implications of a LDC adopting STEP M. It begins with an
exploration of the conflicts that arise due to CCDM, and then how STEP M can be a vehicle
to correct the moral imbalance created by climate change is explained. The subsequent
section examines how national priorities can be balanced, and identifies potential negative
side effects of STEP M with appropriate mitigation strategies. Finally, the use of STEP M to
create forward-looking ethical responsibility is discussed.
8.2.1

Migration and Conflict

The ethics of migration have been discussed extensively in literature, with a primary focus
on the conflict of interests between migrating individuals and the receiving nations (Parker,
2007). Section 7.7.2 explains how some countries have constructed vast lines of border
security to stem the flow of migrants (see Figure 8-1). Many rationales exist for doing so,
and any attempt to simplify and objectify the issues typically falls short of being useful.
Space technologies can contribute to the efficacy of border security, despite the moral
ambiguities. Climate change will be one of the factors leading to increased attempts at
cross-border migration, and has been projected to contribute to a rise in the risk of conflict.
There is no clear ethical answer to this issue, as it is unrealistic for all neighboring countries
to accept climate change-driven migrants due to the potentially large socio-economic
impacts. The primary focus for managing CCDM should be on taking other measures within
the nation to adapt to climate change, even through the use of intra-national migration.
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Figure 8-1: Security on the India-Bangladesh Border

8.2.2

Correcting the Moral Imbalance

Anthropogenic climate change is largely a product of unsustainable industrialization and
exploitation of natural resources by developed countries. Many of the most vulnerable
countries to the impacts of climate change are those that have benefited from
industrialization the least. Hence, it appears to be morally imbalanced that the LDCs bear
the brunt of others’ deeds (Palmer, 2011). To examine this further, we note here the two
contrasting economic worldviews of prioritarianism and utilitarianism. Prioritarianism
assigns greater social value to a given increase in wellbeing if it reaches a poor person,
while utilitarianism assigns the same social value no matter how benefits are distributed
(Harsanyi, 1977).
Throughout this report, the main consensus has been that an economic and
environmentally sound approach in exploiting space applications offers potentially large
benefits for LDCs. This report has taken a prioritarianistic approach by suggesting that
funding (Section 7.5.2), space technology (Section 7.2) and remote sensing data be sourced
from developed nations as necessary to directly benefit the LDCs. This is an attempt to
restore the moral imbalance caused by the impact of developed countries on climate. This
is a forward-looking approach towards the issue, which is basically the assigning of actions
based on capacity and resources. This approach is consistent with the UNFCCC’s position on
climate change and is part of the rationale for the founding of the NAP process.
8.2.3

National Priorities

The use of space resources by LDCs to prepare for CCDM and manage it effectively raises
moral questions about priorities, since access to basic amenities of life for a large
percentage of individuals is difficult in these countries. Determining whether money should
be directed towards space solutions should be answered in terms of funding, utility and
risk. What is the risk of failure of the NAP if space technology is used? Will the value added
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be sufficiently large to justify the risk? These questions are given thought in Section 7.5,
which suggests that funding be sourced from developed nations via organizations such as
the UNFCCC. Additionally, the use of space technologies and capacity building of space and
network infrastructure is expected to have positive multiplier effects on the economy. This
report anticipates that the use of space resources will have net positive socioeconomic
effects on the citizens and economy of LDCs vulnerable to climate change and CCDM.
8.2.4

Negative Externalities

Should the NAP go ahead then because the benefits exceed the costs? Prior to
implementation of STEP M, LDCs should consider whether the anticipated benefits exceed
the costs of implementation in terms of negative externalities. A hypothetical example
might be the increased use of remote sensing and GNSS technology as a consequence of
implementing STEP M; a possible benefit may be increased governmental reliance on
satellite data, at the cost of employing technicians to obtain field measurements. If the
benefits exceed the costs, it does not automatically follow that the project should go
ahead; those who benefit from it should not impose their costs on others who do not. This
report therefore recommends that STEP M be implemented in parallel with other
sustainable development initiatives to protect the environment.
8.2.5

Forward-Looking Responsibility

This report does not answer fundamental questions regarding the costs of climate change,
or the cost of migration as a result of such climate change. Neither does it examine the
question of potential lives lost, or the moral dilemma of accepting CCDM as inevitable.
Instead, this report helps a LDC to create a plan using space as a tool when migration is
chosen or forced as an adaptation strategy to climate change. This is in line with
institutional responsibilities to create opportunities for individuals to advance their own
wellbeing and do what is morally right. STEP M engages those institutions that are
responsible for implementing STEP M to enable individuals to assume forward-looking
responsibility (Fahlquist, 2008). In this report, this includes resources such as space-based
data collected and disseminated by the NCB, as described in Section 4.1.1 and for the case
of Bangladesh in Section 7.1.

8.3

Summary

There are many legal and ethical issues that Bangladesh and other LDCs must consider for
the adoption of STEP M. Issues concerning national migration law, IML, and EO copyright
laws are a few of the major areas of concern for LDCs. In addition, many ethical questions
remain, some of them dealing with migration and conflict, moral imbalance, and national
priorities, among others. The next chapter will offer final recommendations made by the
authors, a risk analysis of STEP M, and concluding remarks.
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9 CONCLUSIONS
This chapter analyzes the risks involved with STEP M and incorporates the mitigation
strategies into recommendations for implementation. To follow with the structure of this
report, general recommendations are provided first followed by specific recommendations
for Bangladesh. For details on each recommendation, please see the respective section
referenced after each recommendation.

9.1

Risk Analysis of STEP M

LDCs interested in the STEP M process should consider the risks of implementation.
National technical, socio-economic, and financial, political, administrative and ethical risks
are analyzed in Table 9-1 and Table 9-2, along with potential risk mitigation strategies.
Some of the risks indicated in the table are derived from the Bangladesh NAPA.
Table 9-1: Risk and Mitigation Analysis of Adopting STEM M
ID

Risk Identification

Probability

Severity

Score

Risk Mitigation

Technical
T1

Loss of technical infrastructure
due to natural disasters

M/H

M

D3

M

M

C3

Loss of NAP related space data
T2

Initial lack of skilled labor for
analysis of space-based data

provider
Encourage training program with

from ground stations due to
poor management

T3

Use backup satellite data

well-established space fairing
nations
Invest in vocational education,

L/M

H

B5

use technology transfer and
capacity building from UNFCCC

Socio-economic
Adopting space-related CCDM
S1

policies occurs at the expense
of other social benefits

Create subcommittee within the
L/M

M

B3

programs

NCB to ensure effective
allocation of resources among
different political bodies

Lack of awareness among the
S2

public about the NAP slows
down the implementation

M/H

M

D3

Public outreach by the NCB

process
Misunderstanding by NAP NCB
S3

of the vulnerabilities the
people face due to CCDM leads

The subcommittee of the NCB
L/M

L/M

B2

to further disparity

would also have to address any
social disparity resulting in the
implementation of an NAP

Financial
Donor countries have scarcity
F1

of resources due to economic

H

M/H

E4

slowdown

Develop alternate avenues for
financing the NAP
Employ domestic scientists or

Uncertainty in CCDM costs lead
F2

to miscalculations in NAP

hire a private and independent
M/H

financial planning
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Political
Populace do not support the
P1

P2

Create subcommittee within NCB

government’s funding of CCDM
NAP instead of other social

M/H

M

D3

to ensure effective allocation of
resources and communication to

welfare schemes

the populace (Section 4.2.4)

Some developed countries may

Multilateral agreements can be

oppose transfer of technology

H

due to the potential dual use

L/M

E2

of space assets

conducted in order to prevent
gathering of any sensitive
military information

Administrative
An organization such as the UN
Weak organization structure
A1

Institute for Training and

can affect the execution of the

L/M

M/H

B4

project

Research can assist in forming an
effective international
organization structure

Support for NAP teams could

Sustain country teams

diminish after conclusion of
A2

the NAP preparation, which

M

H

C5

could lead to disbanding of the
Unclear direction and project

A4

process to ensure smoother and
more effective implementation

teams

A3

throughout all stages of the NAP

Clear guidance on policy and

could cause problems in the

M

NAP development and the

M/H

C4

project design should be
provided and communicated at

implementation

an early stage

Unorganized Internal structure

Properly select project partners

of project partners could slow

M

down the process of

M/H

C4

disbursement of funds

and promote proper
communication between the
organizations

Ethical
Further marginalization of poor
by investing into advanced
E1

Design policies and institutions

technology instead of

L/M

L/M

B2

providing basic amenities of

to have non-zero multiplier
effects on the economy

life
Table 9-2: Risk Matrix and Legend
RISK
MATRIX

A

B

Probability
C
D

LEGEND
E

1

Severity

2

110

3

S3
E1

P2

S1

T2

4

A1

A3
A4

5

T3

A2

T1
S2
P1
F2

Severity

Probability

1

Low (L)

A Low (L)

2

Low/Medium (L/M)

B Low/Medium (L/M)

3

Medium (M)

C Medium (M)

4

Medium/High (M/H)

D Medium/High (M/H)

5

High (H)

E

High (H)

F1
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Recommendations

These lists summarize STEP M recommendations for a LDC choosing to use space assets as a
tool to integrate planning and management of CCDM into a NAP.
9.2.1

















General

Initiate an adaptation plan for migration using space assets. Politicians and policymakers need to collaborate with climate change experts to begin the process of
integrating space for migration into a NAP, as an adaptive measure for CCDM
(Section 4.1.1)
A LDC could seek funds through organizations such as the UNFCCC and IOM (see
section 4.1.1). Reforms in the insurance sector to recognize risks due to climate
change would ease the pressure on government to support its citizens
continuously. The development of index-based insurances or financial products
could provide protection to people at risk from climate change (ADB, 2012) (Section
7.5.2)
STEP M should be implemented in parallel with other sustainable development
initiatives to reduce pollution, waste and carbon emissions (Section 4.1.2)
The use of space assets in implementing and monitoring such a plan requires the
participation of experts in the EO field (Section 4.1.3)
Establish a National Coordinating Body (NCB) to coordinate, implement and
monitor STEP M. This body would consist of representatives from the national and
local governments, policy-makers, inter-governmental international organizations,
national census bureaus, various leading experts etc. The coordinating body should
establish a mandate that summarizes the criteria of CCDM and the end-goals of
implementing STEP M while highlighting the usefulness of space assets. A product
of this process would be a framework that summarizes policies and strategies that
will effectively manage existing and forthcoming issues related to CCDM (Section
4.1.3)
Identify opportunities for technology and knowledge transfer in a given country to
increase adaptation capabilities (Section 4.1.3)
On-going training of the different parties involved would be required for the
continued implementation and monitoring of STEP M (Section 4.1.3)
Climate risks should be prioritized and addressed by identifying the following: what
space-based data is required to understand the trends and potential impact of
climatic events, how space-based data will be acquired and analyzed, and in what
way it will be disseminated to end-users (Section 4.1.4)
Encourage the development of more sophisticated models about the impact of
climate events on humans and resources, to create a clearer picture of the
relationship between climate change and migration. This would assist policy and
program development, more effectively preparing a nation for climate change
either through more efficient migration or enabling communities to remain where
they are (Section 4.2.1)
Outreach is important for gaining public, private and international support for STEP
M. The NCB should engage the public through various media and coordinate
education of climate change and migration. The NCB body should also reach out to
the private sector through meetings with industry leaders regarding government
subsidizations and infrastructure project tenders. Finally, the coordinating body
should gain international support by presenting their implementation of STEP M at
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conferences and symposiums held by organizations such as the UNFCCC, IOM and
regional intergovernmental associations on climate change and migration (Section
4.4.4 and Section 7.4)
9.2.2














Case Study: Bangladesh

EO data such as SAR, altimetry, infography and multispectral imagery can be used
to address climate change effects such as sea-level rise, coastal salinization and
impact on crops (Section 6.1.3) and integrated to create more accurate climate
models
Population and migration data can be inputted into these climate models to help
predict CCDM for Bangladesh
Changes in mangrove density and rate of growth can be monitored more carefully
through climate modeling, and analyzed to direct planting efforts to augment and
protect the mangrove ecosystem
Planting mangroves in existing and new locations can help reinforce coastal
communities to reduce the extent and severity of environmental damage, delaying
CCDM or perhaps preventing CCDM altogether
Using satellite imagery to perform a thorough appraisal of saline-affected areas so
as to direct planting efforts of new salt-resistant crops, further leading to accurate
estimations of rice crop yield
Using satellite imagery to monitor and locate freshwater sources, either via
monitoring movement underground or looking for aquifer leakage
Detecting freshwater sources to effectively protect them, either through
underground dams, or find suitable areas for re-location and direct well-digging
Satellite data and GIS can aid in improving infrastructure planning, for homes,
dikes, and riverbank reinforcement (Section 6.3.3)

Figure 9-1: Bangladesh Delta Monitoring
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Conclusion

Explosive human population growth, alongside developments in agriculture and industry,
has perturbed Earth’s natural climatic cycle over the past two centuries. Climate change is
becoming a pressing issue, causing increased frequency and severity of natural disasters,
and provoking gradual changes in environmental factors, such as temperature, and sea
level. One of the anticipated impacts of climate change is the displacement of millions of
people who will be forced to extricate themselves from their homes and migrate to
locations that are better suited to human habitation. The issue of climate change driven
migration has been acknowledged by the international community, but has yet to be
critically addressed, assessed and planned as an adaptive strategy. This report is intended
for use by the least developed countries, as designated by the UNFCCC, that see potential in
using space systems to monitor the climate change variables that are becoming strong
drivers for human migration.
Changes in climate will cause far-reaching problems in various sectors, e.g. economy,
society, geopolitics, resource management, and environmental degradation. These
challenges will lead to various push and pull factors influencing temporary and permanent
human migration. Some of these push factors are more significant than others—a village
overcome by a rising sea is left with no choice but to move to higher ground, while
desertification may be endured if freshwater is available in underground aquifers.
The role of human actions in climate change is not a new concept and many organizations
are working towards reduction of the scope and intensity of climate change, as well as
toward smarter usage of the Earth’s resources. There are also humanitarian organizations
that recognize the vulnerability of countries that would be most affected by climate change,
and consequently work towards providing the necessary resources so LDCs can combat it.
The UN-based treaty, UNFCCC, was ratified by UN member states with the objective of
aiding adaptation to and mitigation of the effects of climate change. One vehicle to
facilitate LDC adaption to climate change is the adoption of a UNFCCC NAP. Other
supporting organizations include the International Organization for Migration. The IOM in
particular has identified CCDM as an issue of global scale, and has encouraged LDCs to
consider migration as an adaptation strategy when creating NAPs.
For LDCs that are developing NAPs and choose to use space systems to relieve CCDM, this
report has outlined STEP M as a process that can be used to integrate space resources
within the NAP process. This is achieved by providing STEP M as a general framework,
which is validated through a case study. STEP M follows the general NAP framework set
down by the UNFCCC and applies space-based assets and capabilities to the Four Elements
of the NAP. When developing STEP M, attention was given to enabling factors such as
sources of funding, examples for governance of space-related resources within the NAP
process, and resources for LDCs to acquire space-based climate change data for little or no
cost from environmentally-minded organizations such as GEO. The assistance these
organizations provide does not end with data provision, but there are examples such as
SERVIR that provides capacity building and technology transfer to enable LDCs to acquire,
process, and interpret satellite data indigenously. While the STEP M process is focused on
enabling any LDC to use space-resources within a NAP that addresses migration, this may
seem intangible without a concrete application; therefore, STEP M is applied to Bangladesh
as a validation.
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In order to validate and provide a concrete example, STEP M is applied to Bangladesh as a
LDC with internationally recognized vulnerability to a wide range of climate change
challenges and CCDM in particular. Because Bangladesh exhibits many common
characteristics with other LDCs (e.g. low GDP, high population density, and unique
geophysical characteristics), recommendations made specifically for Bangladesh may also
be applicable to other similar countries. For Bangladesh, STEP M identified climate change
variables with strong linkages to migration and identified relevant measurements for these
variables that can be made using satellite remote sensing systems. The information
acquired by these satellite systems can have several applications, such as climate change
models, informing national or regional decision makers, and managing CCDM. Space-based
capabilities are highly versatile and any LDC should not feel constricted to use space assets
only for migration, but should also consider space as a tool to provide insights into other
national problems. In this way, development of expertise with space capabilities can apply
to several aspects of an LDC’s development and potentially have a positive impact on the
economy.
The use of space can provide economical insights into climate change and migration
processes. Overall, this report should not be taken as an exhaustive study, but rather as a
guide for any LDC desiring to use space-based resources within a NAP that addresses CCDM
or that chooses migration as an adaptation strategy. Because space assets can provide
significant insight into climate change and migration processes, use of these technologically
advanced assets could enhance the ability of LDCs to develop adaptive policies to deal with
these issues. Fortunately, through international aid, use of space resources and the
enhancements this can bring to NAPs for climate change and migration is not out of reach
for the LDCs.
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APPENDICES
Appendix 1
This Appendix includes details of satellites that could be useful for Bangladesh; see CEOS
(2014) for more information.

Table A1-1: NOAA AVHRR parameters (CEOS, 2014)

Instrument

Agency

Satellite

AVHRR/3
Advanced
Very High
Resolution
Radiometer/3

NOAA

NOAA-18,
NOAA-19,
NOAA-15,
Metop-B,
NOAA-16,
Metop-A

Technical characteristics
Waveband:

VIS: 0.58 - 0.68 µm, NIR: 0.725 - 1.1 µm, SWIR:
1.58 - 1.64 µm, MWIR: 3.55 - 3.93 µm, TIR:
10.3 - 11.3 µm, 11.5 - 12.5 µm
VIS, NIR, SWIR, MWIR, TIR, FIR

Spatial resolution:

1.1 km
Best resolution: 1100 m

Swath width:

3000 km approximately, ensures full global
coverage twice daily

Table A1-2: RADARSAT parameters (CEOS, 2014)

Instrument

Agency

Satellite

SAR
Synthetic
Aperture
Radar
C-band

CSA

RADARSAT-2

Technical characteristics
Waveband:

Microwave: C band 5.405 GHz.

Spatial resolution:

Standard: 27 - 17 x 25 m (4 looks); Wide: 40 19 x 25 m (4 looks); Fine: 10 - 7 x 8 m (1 look);
ScanSAR (N/W): 80 - 38 x 60 m / 160 - 172 x
100 m (4/8 looks), Extended (H/L): 18 - 16 x 25
m / 60 - 23 x 25 m (4 looks); Ultra-Fine: 4.6 2.1 x 2.8 m (1 look); Fine Quad-Pol: 14 - 8 x 8
m (1 look); Standard Quad-Pol: 24 - 17 x 8 m (1
look); Multi-Look Fine: 10 - 7 x 8 m (4 looks);
Spotlight: 4.6 - 2.1 x 0.8 m (1 look);
Best resolution: 0.8 m

Swath width:

Standard: 100 km (inc.: 20 - 49 deg); Wide: 150
km (inc.: 20 - 45 deg); Fine: 50 km (inc.: 30 - 50
deg); ScanSAR (N/W): 300/500 km (inc.: 20 46 / 20 - 49 deg); Extended (H/L): 75/170 km
(inc.: 49 - 60 / 10 - 23 deg); Ultra-Fine: 20 km
(inc.: 20 - 49 deg); Quad-Pol (Standard and
Fine): 25 km (inc.: 20 - 41 deg); Multi-Look
Fine: 50 km (inc.: 30 - 50 deg). Left- and rightlooking capability; spotlight 18 km x 8 km;

Accuracy:

Relative Radiometric Accuracy (within a 100
km scene): <1 dB
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Table A1-3: MODIS parameters (CEOS, 2014)

Instrument

Agency

Satellite

MODIS
MODerateResolution Imaging
Spectroradiometer

NASA

Terra, Aqua

Technical characteristics
Waveband:

VIS - TIR: 36 bands in range 0.4 - 14.4 µm
VIS, NIR, SWIR, MWIR, TIR

Spatial resolution:

Cloud cover: 250 m (day) and 1000 m
(night), Surface temperature: 1000 m
Best resolution: 250 m

Swath width:

2330 km

Accuracy:

Long wave radiance: 100 nW/m2, Short
wave radiance: 5%, Surface temperature
of land: <1 K, Surface temperature of
ocean: <0.2 K, Snow and ice cover: 10%

Table A1-4: Landsat parameters (CEOS, 2014)

Instrument

Agency

Satellite

ETM+
Enhanced
Thematic
Mapper
Plus

USGS

Landsat 7

Technical characteristics
Waveband:

VIS - TIR: 8 bands: 0.45 - 12.5 µm
VIS, NIR, SWIR, TIR

Spatial resolution:

PAN: 15 m, VIS - SWIR: 30 m, TIR: 60 m
Best resolution: 15 m

Swath width:

185 km

Accuracy:

50 - 250 m systematically corrected geodetic
accuracy

OLI
Operational
Land
Imager

USGS

Landsat 8

Waveband:

VIS - SWIR: 9 bands: 0.43 - 2.3 µm
VIS, NIR, SWIR

Spatial resolution:

Pan: 15 m, VIS - SWIR: 30 m
Best resolution: 15 m

Swath width:

185 km

Accuracy:

Absolute geodetic accuracy of 65 m; relative
geodetic accuracy of 25 m (excluding terrain
effects); geometric accuracy of 12 m or better

TIRS
Thermal
Infrared
Sensor

USGS

Landsat 8

Waveband:

TIR 10.5 µm and 12 µm
TIR

Spatial resolution:

100 m
Best resolution: 100 m

Swath width:

185 km

Table A1-5: Fengyun-series parameters (CEOS, 2014)

Instrument

Agency

Satellite

IVISSR (FY-2)
Improved
Multispectral
Visible and
Infra-red Scan
Radiometer (5
channels)

NRSCC
(NSMCCMA, CNSA,
CAST)

FY-2D,
FY-2E,
FY-2F
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Technical characteristics
Waveband:

VIS - TIR: 0.5 - 12.5 µm (5 channels)
VIS, MWIR, TIR

Spatial resolution:

5 km
Best resolution: 5000 m

Swath width:

Full Earth disk

Accuracy:

1.25 - 5 km
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Appendix 2
Knowing what measurements can be made from space as well as what satellites they are
made from and what agency owns the satellite is crucial for accessing data related to
CCDM. The following tables are excerpts compiled from the Climate Links team project final
report at the International Space University, and are reproduced with permission. The full
versions of these tables outline the “26 Essential Climate Variables (ECV) that are
measurable by satellite.” The first three tables are organized into Terrestrial, Atmospheric
and Oceanic variables (Ansdell, 2009).
Table A2-1: Terrestrial ECVs monitored by satellites

Variable
(Terrestrial)
Lake observation
(surface level)
Lake observation
(surface level)
Lake observation
(surface
temperature)
Lake observation
(surface level)
Lake observation
Glaciers/Ice
caps/Ice sheets
(area)
Glaciers/Ice
caps/Ice sheets
(area)

Satellite (agency, orbit, status)

Payload that is able to measure the
variable (accuracy)

Jason-1 (NASA/CNES, MEO, iO)

Poseidon-2 Altimeter (<4.2cm)

Jason-2 (NASA/CNES, MEO, iO)

Poseidon-3 Altimeter (<3.3cm)

Aqua (NASA, LEO, iO)

AIRS [Atmospheric Infrared Sounder]

ENVISAT (ESA, LEO, iO)

RA-2 [Radar Altimeter 2]

Sentinel-3 (ESA, LEO, by 2012)

SRAL [Sentinel-3 Ku/C Radar
Altimeter]

Landsat-5 (NASA, LEO,
iO/restricted)

TM [Thematic mapper] (30m)

Landsat-7 (NASA, LEO,
iO/restricted)

ETM+ [Enhanced Thematic mapper
plus] (15/30m)

Table A2-2: Atmospheric ECVs monitored by satellite

Variable
(Atmospheric)
Surface wind
speed/direction

METOP-A/B/C (ESA, Polar LEO,
iO/by 2012/by 2016)

Surface wind
speed

ERS-2 (ESA, Near-Polar LEO,
iO/restricted)

Surface wind
speed

Aqua (NASA, LEO, iO)

Surface wind
speed
Surface wind
speed
Surface wind
speed

Satellite (agency, orbit, status)

ADM-Aeolus (ESA, LEO, by 2010)

Payload that is able to measure the
variable (accuracy, if applicable)
ASCAT [Advanced scatterometer]
(+/- 2m/s, +/- 20deg)
AMI/WS [Active Microwave
Instrument/Wind Scatterometer]
(+/- 3m/s)
AMSR-E [Advanced Microwave
Scanning Radiometer - Earth
Observing System]
ALADIN [Atmospheric Laser Doppler
Instrument]

QuikSCAT? (NASA, LEO, iO)

SeaWinds?

OceanSat?-1 (ISRO, LEO, iO)

MSMR [Multi-channel scanning
microwave radiometer]
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Table A2-3: Oceanic ECVs monitored by satellite

Variable
(Oceanic)
Sea Surface
Temperature
Sea Surface
Temperature
Sea Surface
Temperature
Sea Surface
Temperature
Sea Surface
Temperature

Satellite (agency, orbit, status)
Aqua (NASA, LEO, iO)
Aqua (NASA, LEO, iO)
METOP-A/B/C (ESA, Polar LEO,
iO/by 2012/by 2016)
METOP-A/B/C (ESA, Polar LEO,
iO/by 2012/by 2016)
METOP-A/B/C (ESA, Polar LEO,
iO/by 2012/by 2016) (ESA, Polar
LEO, iO)

Payload that is able to measure the
variable (accuracy)
AIRS [Atmospheric Infrared Sounder]
AMSR-E [Advanced Microwave
Scanning Radiometer - Earth
Observing System]
AVHHR/3 [Advanced Very High
Resolution Radiometer]
HIRS/4 [High resolution Infrared
Radiation Sounder]
IASI [Infrared Atmospheric Sounding
Interferometer]

Table A2-4: Options for constructing local to regional climate changes scenarios, listed in order of
increasing complexity and resource demand

Method (application)
Sensitivity analysis
Resource management, sectoral

1.
2.
3.
4.

Change factors
Most adaptation
activities

Climate analogues
Communication,
institutional, sectoral

Advantages
Easy to apply
Requires no future climate change
information
Shows most important variables or
system thresholds
Allows comparison between studies

1. Easy to apply
2. Can handle probabilistic climate
model output
1. Easy to apply
2. Requires no future climate change
information
3. Reveals multi-sector impacts of or
vulnerability to past climate
conditions or extreme events, such
as a flood or drought episodes

1.

2.
1.
2.
1.

2.

1.

Trend extrapolation
New infrastructure
(coastal)
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1. Easy to apply
2. Reflects local conditions
3. Uses recent patterns of climate
variability and change
4. Instrumented series can be
extended through environmental
reconstruction
5. Tools freely available

2.

3.
4.
5.

Disadvantages
Provides no insight into the
likelihood of associated impacts unless benchmarked to
other scenarios
Impact model uncertainty
seldom reported or unknown
Perturbs only baseline mean
and variance
Limited availability of scenarios for 2020s
Assumes that the same
socioeconomic or environmental responses recur under
similar climate conditions
Requires data on confounding
factors such as population
growth, technological advance and conflict
Typically
assumes
linear
change
Trends (sign and magnitude)
are sensitive to the choice or
length of record
Assumes that climatology of a
region does not change
Needs high-quality observational data for calibration
Confounding factors can
cause false trends
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Method (application)
1.
2.
Pattern-scaling
Institutional, sectoral

3.
4.

Weather generators
Resource
management,
retrofitting,
behavioral

Advantages
Modest computational demand
Allows analysis of global climate
model (GCM) and emissions
uncertainty
Shows regional and transient
patterns of climate change
Tools freely available

1. Modest computational demand
2. Provides daily or sub-daily
meteorological variables
3. Preserves relationships between
weather variables
4. Already in widespread use for
simulating present climate
5. Tools freely available

1.

2.

3.
1.

2.

3.

4.
1.

Empirical
downscaling
New infrastructure,
resource
management,
behavioral

1.
2.
3.
4.

Modest computational demand
Provides transient daily variables
Reflects local conditions
Can provide scenarios for exotic
variables (e.g. urban heat island, air
quality)
5. Tools freely available

2.

3.

4.
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Disadvantages
Assumes climate change
pattern for 2080s maps to
earlier periods
Assumes linear relationship
with global mean temperatures
Coarse spatial resolution
Needs high-quality observational data for calibration and
verification
Assumes a constant relationship between large-scale circulation patterns and local
weather
Scenarios are sensitive to
choice of predictors and
quality of GCM output
Scenarios are typically timeslice rather than transient
Requires high-quality observational data for calibration
and verification
Assumes a constant relationship between large-scale circulation patterns and local
weather
Scenarios are sensitive to
choice of forcing factors and
host GCM
Choice of host GCM constrained by archived outputs
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