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9.1  Introduction

Scenarios are widely used to explore plausible future alternatives given 
the high degree of uncertainty in future projections (see Mahmoud et al. 
2009; Rounsevell and Metzger 2010 for reviews). They can be effective in 
guiding planning strategies through identifying shared visions of future 
outcomes, as well as assessing the effectiveness of different interventions 
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in terms of performance against future uncertainties. Scenarios already 
form a key part of Bangladesh’s planning process through the develop-
ment of Vision 2021 and the associated Perspective Plan, which map out 
a desired scenario for Bangladesh in 2021 (GED 2012). Further, scenar-
ios are a core element of the developing Bangladesh Delta Plan 2100, 
which provides a long-term adaptive and integrative planning framework 
up to 2050 and 2100 (BanDuDeltAS 2014; GED 2015).

This research adopts a scenario process which draws upon the latest 
global climate change community scenarios which consider climate emis-
sions and socio-economic change (Moss et al. 2010; Kriegler et al. 2012; 
IPCC 2014). These global scenarios are modified to reflect local issues 
which are of specific relevance to stakeholders and decision makers. The 
project combines three climate change scenarios with three socio- 
economic scenarios to cover a range of plausible futures for coastal 
Bangladesh. The combination of these nine scenarios was aimed at iden-
tifying a range of possible future change, as well as investigating the effec-
tiveness of different management interventions. Most importantly, the 
development of these scenarios was aimed at generating a dialogue across 
institutions and sectors to create a shared vision of the future and address 
existing challenges in a holistic and integrated way.

A critical component of the scenario development process has been 
stakeholder involvement as part of an iterative learning loop (Fig. 9.1). As 
described in Chap. 4, the iterative learning loop involved co- development 
of qualitative and quantitative scenarios with stakeholders using an itera-
tive process. Around 60 institutions (including government authorities, 
multi- and bi-lateral donors, local and international non-governmental 
organisations (NGOs), academic institutions and individual experts) 
have been involved in identifying key issues, developing baseline scenar-
ios and identifying management interventions over a series of stakeholder 
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workshops. This process has created three plausible future storylines con-
sidering governance, institutional change, economics, social values and 
the natural environment. It has enabled the quantification of these sce-
narios in a range of integrated detailed biophysical and socio-economic 
models which can be used to identify pathways out of poverty and 
improved well-being. Furthermore, it has facilitated the cross- institutional 
and cross-sectoral discussions needed to address and manage such com-
plex systems (Holling 1978; Liu et al. 2007).

The following sections provide further details of the scenario process, 
beginning with an overview of the scenario framework, followed by an 
outline of the climate and socio-economic scenarios, and finishing with 
key outcomes. The results of the scenario analysis using the individual 
and integrated models are described in Chaps. 13, 14, 15, 16, 17, 18, 19, 
20, 21, 22, 23, 24, 25, 26, 27, and 28, whilst further detail regarding 
stakeholder engagement is provided in Chap. 10.
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Fig. 9.1 Developing qualitative and quantitative scenarios through an iterative 
learning loop with project partners and stakeholders (Adapted from Nicholls 
et al. 2016)
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9.2  Scenario Framework

The scenarios adopted combine three socio-economic development path-
ways up to 2050 and three alternative future climates up to 2099 
(Table 9.1). 2050 was selected as the limit of the socio-economic projec-
tions due to both the high level of uncertainty in projecting such changes 
to longer time frames and to maximise consistency with local strategic 
planning timescales. Whilst there is also significant uncertainty in changes 
in climate, for known inputs the existing models allow such projections 
up to 2099 (and potentially longer). The climate projections represent a 
range of plausible changes in temperature and precipitation over the 
Ganges-Brahmaputra-Meghna (GBM) region, incorporating uncertainty 
in model parameter values. The three socio-economic development sce-
narios are based on the shared socio-economic pathways (SSPs) (Kriegler 
et al. 2012; O’Neill et al. 2012; IPCC 2014) as explained below. Each 
scenario was downscaled in a stakeholder-led process of discussion in 
workshop rather than as a quantitative exercise. The result was three 
locally specific socio-economic scenarios with a high level of detail, pro-
viding a distinct approach to identifying locally relevant scenarios for 
coastal Bangladesh.

The climate and socio-economic scenarios are summarised in Sects. 
9.3 and 9.4, whilst further information on the climate analysis can be 
found in Chap. 11 and Caesar et al. (2015). Specific economic scenarios 
are described in Chap. 12.

Table 9.1 Combination of climate and socio-economic scenarios with nomenclature

Climate scenario

Socio-economic scenario

Less 
Sustainable

Business As 
Usual

More 
Sustainable

Q0 Warmer (+2.2 °C) and wetter 
(+8%)

Q0-LS Q0-BAU Q0-MS

Q8 Warmer (+2.5 °C) and drier 
(−1%)

Q8-LS Q8-BAU Q8-MS

Q16 Warmer (+2.7 °C) and much 
wetter (+10%)

Q16-LS Q16-BAU Q16-MS
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9.3  Climate

A coupled global (HadCM3) (Gordon et  al. 2000; Pope et  al. 2000; 
Collins et al. 2001) and regional (HadRM3P) (Massey et al. 2015) cli-
mate model developed by the Met Office Hadley Centre was used to 
project temperature and precipitation across the GBM region up to 
2099 (Collins et al. 2011; Caesar et al. 2015). Given uncertainty in cli-
mate model parameter values, 17 different combinations of parameter 
values were used to identify ranges in possible temperature and precipi-
tation changes (see Chap. 11, Fig. 11.3). Despite substantial variability 
between the 17 iterations, all projections indicate a warmer and wetter 
climate by 2099.

From these 17 scenarios, three were selected for application in the 
models to cover a range of possible change (Q0, Q8 and Q16). Ensemble 
members were selected to provide a central baseline (Q0), a warmer and 
drier scenario during the mid-century (Q8), and a much warmer and 
wetter scenario for both 2050 and 2099 (Q16). Sea-level rise is also a 
critical issue for Bangladesh. Global sea-level rise scenarios are based 
directly on the Fifth Assessment Report of the Intergovernmental Panel 
on Climate Change (Church et al. 2013). These are not explicitly cou-
pled to the Q0, Q8 and Q16 scenarios, and their application is explained 
in the relevant chapter (see Chaps. 14 and 16). Land subsidence is taken 
from observations (Chap. 15), while example cyclones are used to illus-
trate their possible effects (Chap. 16).

9.4  Socio-economic Change

Three socio-economic scenarios were developed to cover a range of plau-
sible patterns of future development based on locally relevant issues iden-
tified by stakeholders. A Business As Usual (BAU) scenario was used to 
represent stakeholder expectations of the future assuming development 
patterns continue as they have in the recent past and is similar to the 
SSP2 Middle of the Road scenario. A More Sustainable (MS) scenario 
was used to represent an ‘improved’ (but still realistic) future, drawing 
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upon elements of the SSP1 (Sustainability) scenario, whilst a Less 
Sustainable (LS) scenario provided a less desirable outcome and com-
bines components of the SSP3 (Fragmentation) and SSP4 (Inequality) 
scenarios (O’Neill et  al. 2012). No objective measure of sustainability 
was used in the three resulting scenarios, with More and Less Sustainable 
being determined solely with reference to BAU—there is therefore no 
suggestion that the More Sustainable future would actually achieve 
sustainability.

Scenario development focused on adopting an interdisciplinary 
approach covering key elements of the biophysical environment as well as 
changes in livelihoods, education, economics and governance both locally 
and internationally. The approach adopted involved close collaboration 
with stakeholders and the project team with a view to developing both 
qualitative narratives and quantitative scenarios for the evaluation of 
management interventions. As such, scenario development involved four 
main stages: (i) identification of key issues of relevance to stakeholders, 
(ii) qualitative narratives for the three baseline scenarios to 2050, 
(iii) quantification of the narratives for baseline scenarios and (iv) identi-
fication and evaluation of management interventions (Fig. 9.2).

The four stages of scenario development were conducted as part of an 
iterative process with six national level stakeholder workshops held over 
the period from October 2013 to May 2016, as outlined in Chap. 10. 
Identification of key issues and downscaling of the SSPs into the three 
socio-economic baseline scenarios (stage 1) and the development of the 
qualitative narratives (stage 2) are outlined with further description in 
Chap. 10. Stages 3 and 4 are described in 9.4.1 and 9.4.2.

A series of interviews were held during 2012 and 2013 with relevant 
stakeholders, primarily at the national level, with a view to determining 

Baseline Scenarios

1.
Key Issues

2.
Qualitative
Narratives

3.
Quantitative

Baselines

4.
Management
Interventions

Fig. 9.2 Four stages in scenario development
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the key issues of concern in relation to longer-term livelihood and envi-
ronmental protection in the south-western part of the GBM delta. This 
produced a list of around 15 broad issues that were broken down by 
stakeholders at the first workshop into 105 constituent elements, catego-
rised into natural resource management, food security, health/liveli-
hoods/poverty and governance. Having deconstructed each of these key 
issues, participants at this workshop then agreed on the extent to which 
each element would change by 2050  in a BAU environment, using a 
seven-point scale, making assumptions regarding the extent to which cur-
rent trends were likely to continue or not, and taking account of existing 
government policy initiatives and strategic direction.

Outcomes of these interviews and workshop were used to produce a 
detailed and internally consistent narrative by the project team that 
encompassed all of the elements and their anticipated status in 2050, 
effectively providing a downscaled qualitative narrative for the BAU sce-
nario. This was augmented by project members through the preparation 
of draft narratives describing the Less and More Sustainable scenarios, 
and all three narratives were closely examined by stakeholders at a subse-
quent workshop for plausibility and for internal and cross-scenario con-
sistency, with further revisions made in line with stakeholder 
recommendations. The result was three detailed co-produced descrip-
tions of how the socio-economic situation in Bangladesh might look in 
2050, along with what stakeholders believed are the consequences on the 
biophysical environment (included in Chap. 10 Appendix 1). The latter 
consequences form the basis of the next stage, which entailed more 
detailed quantification.

9.4.1  Quantification of the Qualitative Narratives

Representation of the baseline scenarios in a modelling framework 
enables further investigation to understand potential changes in 
Bangladesh’s natural resources and the dynamics between the natural 
environment and human well-being. The use of an integrated modelling 
approach can facilitate interdisciplinary discussions regarding such com-
plex dynamics between the biophysical and socio-economic systems, to 
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identify key uncertainties, and explore the effectiveness of management 
interventions (Voinov and Gaddis 2008). However, this requires the 
quantification of the qualitative narratives such that the three socio- 
economic scenarios could be modelled.

This qualitative to quantitative process (referred to here as Q2Q) pres-
ents a challenge given the uncertainty in projecting changes to 2050 (and 
to support the biophysical modelling in some cases to 2100). As such, a 
five-step approach was adopted: (i) estimation of quantitative values by 
project members based on published data and expert knowledge where 
possible, (ii) identification amongst the project team of estimates which 
are most uncertain or unknown, and where stakeholder input would be 
of most value, (iii) individual stakeholder questionnaires to explore the 
range of responses across stakeholders and to avoid responses being influ-
enced by dominant group members, (iv) stakeholder group discussions 
and consensus regarding key assumptions, and (v) iterative testing of 
assumptions in the modelling framework and presentation to stakehold-
ers for feedback and modification.

Thirteen categories of model assumptions were used for consultation 
with stakeholders (Table 9.2). These were divided into a biophysical and 
socio-economic questionnaire which was emailed to participants with 
follow-up phone calls. Participants were primarily identified by local 
partners as well as through previous connections formed as part of earlier 
stakeholder interviews and workshops.

Following distribution of the individual questionnaires, a stakeholder 
workshop was held to facilitate group discussions. The workshop was 
attended by twenty participants from twelve external organisations and a 
further ten participants from partner organisations who were not directly 
involved in the research work. Given limited individual response to the 
questionnaires, the workshop began with independent completion of the 
questionnaires followed by sectoral group discussions, finishing with a 
cross-sectoral discussion.

The outcome of the Q2Q process was largely successful in terms of 
engaging representatives from different institutions and disciplines to dis-
cuss future changes across a range of key issues. Informal participant 
feedback indicated the process was interesting, useful and informative, 
although a number of participants found the questions challenging. 

 E. J. Barbour et al.
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Fourteen participants completed a formal feedback form, of which the 
large majority indicated that the workshop had contributed to their wider 
understanding of ecosystem services at least to some extent, through the 
quantification of real conditions and assumptions, the use of narratives, 
assumptions and scenarios and discussion with economists about eco-
nomic valuation of ecosystem services.

The process was also valuable in providing quantitative input for the 
modelling framework which is hoped to have improved the acceptance 
and validity of the modelling outputs. However, there were varying levels 
of response given the wide range of subjects covered by the questionnaire 
relative to the number of participants. Some components received much 
greater attention than others based on the expertise and interest within 

Table 9.2 Scenario categories for quantitative biophysical and socio-economic 
model assumptions

Biophysical Socio-economic

Water resources Migration
• Dam construction
• Major water transfers
• Drought indices
• Water extractions
• Effluent discharge
• Sewage treatment plants
• Deep/shallow groundwater 

extraction
• Subsidy programmes for 

groundwater
• Flood management: polder height 

and maintenance

• Changes in migration type
• Factors influencing migration
• Influence of policy and policy 

makers
Employment

• Change in employment
Literacy

• Change in national literacy
• Change in rural literacy

Subsidies and loans
• Current and planned subsidies
• Changes in loan provisions in 

rural areas
Land use Poverty metrics

• Sundarbans encroachment
• Crop yields and salinity tolerance
• Aquaculture area and technology
• Change in land cover types
• Land zoning programme and 

incentives
• Access—rail/road/bridge construction

• Poverty dimensions
• Commonly used poverty metrics
• Advantages/disadvantages of 

different metrics

Fisheries
• Fishing effort
• Fishing subsidies
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the groups. Time was also a limiting factor, particularly in the water 
resources group, where questions regarding future infrastructure develop-
ment consumed most of the time with other questions on groundwater, 
water quality and polder management receiving little attention.

Where participants were asked to comment on values previously esti-
mated within the project team, in general there was reasonable agreement 
with what had been proposed, or small suggested variations. Where par-
ticipants were asked to provide new values for different assumptions, in 
general there was reasonable agreement between respondents in terms of 
overall direction and magnitude of change, but with the specific value of 
change varying between responses. The greatest disagreement for pro-
posed assumptions concerned water transfer volumes and timing. Despite 
requesting individual responses, it was evident from some questionnaire 
responses that there was likely to have been discussion between partici-
pants sitting near one another. Whilst this is a limitation in not showing 
a full spread of individual perceptions prior to the group session, the 
generation of discussion about such topics is still a positive outcome.

In general, group responses reflected some elements of the individual 
responses, whilst in a few cases the group discussion introduced addi-
tional perspectives or changed the majority view of individuals. This 
change may also have been influenced by some participants joining group 
discussions on topics which were different from the sections they com-
pleted for the individual questionnaires. Results from the Q2Q process 
were disseminated to the modelling teams and incorporated into the 
boundary conditions for the component and integrated modelling runs.

9.4.2  Management Interventions and Adaptation 
Responses

A key strength of the adopted approach is the use of a modelling frame-
work to allow management interventions to be tested against a range of 
uncertain futures, considering both climate and socio-economic change. 
Alongside the testing of baseline model assumptions, the main manage-
ment interventions of relevance to stakeholders were also identified.

A critical element for management interventions was providing stake-
holders with sufficient guidance as to what approaches could be modelled 

 E. J. Barbour et al.



 173

whilst not limiting or influencing input through leading questions. Initial 
efforts to have stakeholders identify interventions, irrespective of model-
ling capacity, were unsuccessful as stakeholders defaulted to the policies 
they already knew and understood. For example, stakeholder recommen-
dations included mainstreaming poverty reduction in all development 
projects, proper implementation of the national social protection scheme 
and capacity development of local government. As these could not be 
analysed in the models, a series of suggestions that could be analysed were 
subsequently provided to stakeholders in advance of their technical dis-
cussions. These proposals included renegotiation of the Farakka Treaty, 
construction of the Ganges Barrage, changing polder height and other 
structural interventions to manage flooding and sea-level rise, improved 
drainage to reduce waterlogging, groundwater use policies, land zoning 
policies, new potential crops and subsidies for farming.

Unfortunately however, this appeared to drive group discussions and 
frame their proposed interventions, instead of providing indicative sug-
gestions. It remains a challenge to have stakeholders identify interventions 
that are outside of existing sectoral approaches or beyond research-driven 
suggestions. It is for this reason that the iterative learning loop and inte-
grated model approach (Fig. 9.1) are particularly valuable, as stakeholders 
have multiple opportunities to engage. After developing the inputs, they 
see the modelled results of their sector-driven interventions in terms of 
broader impacts across ecosystem services and livelihoods. They are then 
able to propose alternative interventions that are able to respond more 
directly to the integrated model results considering cross-sectoral impacts. 
With the application of the integrated model to test specific interventions 
in the Bangladesh Delta Plan 2100, this process is ongoing. The continu-
ation of this work demonstrates the success of the approach.

9.5  Key Insights

Development of both qualitative and quantitative scenarios across a 
diverse range of biophysical and socio-economic issues facilitates cross- 
disciplinary discussion and learning. The scenarios present a range of 
plausible futures which are used to evaluate the impact of future change 
and the effectiveness of different management interventions. Adopting a 
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systems-based approach of this scale is challenging but essential to the 
effective management of coastal Bangladesh and can be used to support 
the development of existing and future government plans including the 
Five-Year Plans, Vision 2021 and the Delta Plan 2100.

Involving stakeholders is critical to the success of the scenario process, 
as well as improving the acceptance and validity of the model and creat-
ing ownership of the process. As such, the scenario workshops are a key 
component of the stakeholder engagement within the research. It is 
intended that the scenarios are adaptive and continue to be iterated as 
new data and knowledge becomes available.

The scenario development processes highlighted a number of future chal-
lenges. Identifying trends in socio-economic processes with multiple inter-
actions and dependencies is severely limited by the current capacity to 
understand and represent these processes, particularly in a quantitative way 
(Berkhout et al. 2002; Swart et al. 2004). This is further compounded by the 
range of scales considered, from international cooperation and macroeco-
nomic issues through to individual and household behaviour. Despite an 
increasing number of studies adopting interdisciplinary scenario develop-
ment down to the regional scale, the majority of these remain focused on a 
sub-set of future changes (e.g. flood risk—Hall et al. 2005), water resources 
(Soboll et al. 2011) and land use change (Baker et al. 2004; Rounsevell et al. 
2005; Audsley et al. 2006), with few addressing the extent of biophysical 
and socio-economic changes considered in this research. In particular, there 
is limited evaluation of socio-economic scenarios focusing on human well-
being and poverty (Lázár et al. 2015). This complexity creates a challenge for 
effective stakeholder engagement, requiring participants from multiple sec-
tors with sufficient time to engage in the scenario process. The workshops 
identified that there was generally inadequate time in a single workshop to 
both sufficiently explain the overall context, as well as to allow stakeholders 
to discuss and respond to questions and invited feedback. Hence, multiple 
workshops and repeated engagement are critical to better engagement.

Despite these challenges, continued engagement with stakeholders 
throughout the scenario process is successful in developing both qualita-
tive and quantitative plausible futures. The process has assisted in pro-
moting dialogue about the complex dynamics influencing changes in the 
natural and human environment and breaking down silos between those 
with different expertise.
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