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Feeding and nourishing a growing global population in Bangladesh is a major

challenge in a changing climate. A multi-level participatory scenario approach

with corresponding modeling and decision support tools is developed and

applied to support decision-makers in developing scenario-guided enabling

policy for food security in the future under climate change. The results

presented in this paper show how, under different scenarios, the agri-food

system may transform in the next decade as a result of the interaction of

intertwined institutional, technological, and market drivers in Bangladesh. For

scenario building, the food and agriculture community was brought together

with the climate and energy community. We also experimented with different

ways to bring voices that are often less included in policymaking, such as poor

rural communities and youth. The scenario quantification is performed by

MAGNET, a GTAP-based multi-sector and multi-region computable general

equilibrium model. The simulation results depict a comprehensive picture of

corresponding and varied pressures on agricultural resources and opportunities

for economic development and trade in Bangladesh. Finally, we did an ex-ante

assessment of the trade-offs and synergies between zero-hunger- and zero-

emission-related targets within the Bangladesh Sustainable Development Goals

(SDGs) under the developed scenarios.
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1 Introduction

Feeding and nourishing a growing global population is a

major challenge, which will be further complicated by a changing

climate (Yu et al., 2010; IPCC, 2021). Access to sufficient safe and

nutritious food is far from universal. Inequality in the food

system can be observed throughout, with unequal distribution

of production and access to high-quality diets, leading to the so-

called “triple burden of malnutrition” (Global Nutrition Report,

2020). At the same time, achieving the temperature target agreed

upon in the Paris Agreement and the Sustainable Development

Goal (SDG) 13 (Climate Action) will require substantial changes

to societies everywhere. Food systems will play a new role in

climate adaptation and mitigation efforts, as today, they account

for between a fifth and more than a third of anthropogenic

emissions (Rosenzweig et al., 2020; Crippa et al., 2021). Bringing

together these key societal goals requires extensive changes, and

depending on the chosen development pathways, there will be

difficult trade-offs and potential co-benefits between the different

objectives. Decision-making can often be highly technical and

top-down, omitting sections of society, especially the poorest.

Implementing change in food systems and for climate change

mitigation is hampered by skewed power relationships and

vested interests (Zurek et al., 2022). Food systems, which also

provide the livelihood for the majority of the world’s poor, are

right at the intersection of hunger, poverty, environmental goals,

and underpin resilient societies. Inevitably, there will be trade-

offs between alternative pathways to achieving the zero-hunger

(SDG 2) and zero-emissions (SDG 13) goals (Pradhan et al.,

2017; Valin et al., 2021). These can be exacerbated if planning for

one goal (e.g., zero hunger) without considering the implications

of other goals (e.g., zero emissions). However, there will be

opportunities for co-benefits if policies are designed based on

various stakeholder perspectives and needs that span both goals.

Therefore, the development of participatory scenarios or

plausible futures can be helpful as this process can bring

scientific and stakeholder communities together to guide such

choices (Carlsson-Kanyamam et al., 2008; Henrichs et al., 2010;

Kok et al., 2015; Vervoort and Gupta 2018).

Bangladesh is resource-poor and one of the most vulnerable

countries to the impacts of climate change (Banerjee et al., 2015;

Aryal et al., 2020a; Aryal et al., 2020b; Eckstein et al., 2020;

University of Notre Dame, 2021; WMO, 2021). Inequality in the

food system can be observed, with unequal distribution of

production and access to high-quality diets (FAO-IFAD-

UNICEF-WFP-WHO, 2018; Reggers, 2019). Across South

Asia, the temperature has been increasing at a rate of

0.14°C–0.20°C per decade since the 1960s, coupled with a

rising number of hot days and warm nights (IPCC, 2021). In

this region, a likely increase in the annual mean temperature of

2.1°C–2.6°C is estimated to increase the heat-stressed area by 21%

in 2050 (Tesfaye et al., 2017). Most projections of the general

circulation models (GCMs) and the special report on emission

scenarios (SRES) show that higher temperatures will lead to

lower rice yields as a result of shorter growing periods (IPCC,

2021). This will contribute to greater fluctuations in crop

production and food availability in Bangladesh. Moreover,

food prices by 2050 are projected to be 2.5 times higher

compared to 2000 for major food crops (e.g., rice, wheat,

maize, and soybean) due to climate change (Nelson et al.,

2009). In the absence of adaptation plans, rising market prices

and economic losses from climate impacts will reduce the

purchasing power of lower-income households, even in a fast-

growing country such as Bangladesh (Wang et al., 2017). These

impacts will be even more severe for smallholder farmers in

Bangladesh because of poor infrastructure, limited access to

global markets, low productivity, and lack of access to formal

safety nets (Aryal et al., 2020a).

Although the agriculture sector is one of the most impacted

by climate change, it is the leading contributor to Bangladesh’s

GHG emissions (WRI, 2022). The government of Bangladesh

(GoB) has ratified many international agreements to reduce

emissions and mainstream renewable energy sources.

However, expediting economic growth, access to energy, and

ending food insecurity and poverty have had to be prioritized. In

the current nationally determined contributions (NDC),

Bangladesh’s mitigation contribution only covers the power,

transport, and industry sectors, so the GoB is not using the

many opportunities for reducing GHG emissions through

mitigation and other low-carbon, climate-resilient

development opportunities that exist for the agriculture sector.

Furthermore, in Bangladesh, there exists a disconnect in the

debate across the food security, poverty, and climate change

communities due to various political-economic factors that play a

significant role in policymaking and implementation (UNFCC,

2021).

Bangladesh has made substantial progress toward reducing

hunger and improving the well-being of its growing population

over the past several decades, as evidenced by its Global Hunger

Index falling from 36.1 (alarming) to 25.8 (serious) (Grebmer

et al., 2019) and halving of poverty rates. However, progress

along these metrics has begun to slow in part due to increased

flooding. Reflecting low incomes, rice continues to provide two-

thirds of calories, with 15% of the population having insufficient

access to calories, and insufficient dietary diversity continues to

be a concern (Welthungerhilfe and Concern Worldwide, 2018).

However, food and nutrition security is increasingly threatened

by more frequent and severe extreme climate events. Supply

shocks caused by the global pandemic and the war in Ukraine

further show the high degree of fragility of the agri-food system

with subsequent effects on food security. COVID-19 led to an

unprecedented global breakdown of trade, transport, and face-to-

face human interactions. Food systems were affected by

disrupted supply chains, mobility restrictions, and loss of

income. Although much remains uncertain, the economic

contraction due to the global pandemic is projected to
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increase extreme poverty and the prevalence of undernutrition in

developing countries such as Bangladesh by 20% (Laborde,

Martin, and Vos, 2020) and 19%, respectively (FAO, IFAD

UNICEF, WFP, and WHO, 2020). The pandemic has

impacted food security in several ways. The main driver has

been the loss of income and reduced purchasing power and

access to food. The Bangladeshi garment sector, for example,

which accounts for 80% of Bangladesh’s export earnings (IFC,

2019), was severely disrupted by lockdown measures.

Secondarily, food security has been impacted by mobility

restrictions that have limited the functioning of food outlets,

such as markets, further disrupting the supply of nutrient-rich

but perishable foods (Laborde et al., 2020).

The most recent report on the “State of Food Security and

Nutrition in theWorld” (FAO, IFADUNICEF,WFP, andWHO,

2020) shows that raising the consumer price during the

pandemic has made a healthy diet unaffordable for an

additional 112 million people around the world. This estimate

will be much higher if we account for the income loss during the

pandemic and further the impact of the disruption in supply

chains and the increase in fertilizers and energy prices due to the

war in Ukraine. The pandemic mitigation measures hit the poor

disproportionally, who relied more on physical labor, lacked

options for remote work, and shifted food expenditure,

comprising a large share of total expenditure, toward staples

to meet caloric needs (Swinnen and McDermott 2020),

potentially sacrificing long-run health.

This study was undertaken as part of the UK GCRF/Foreign,

Commonwealth & Development Office (FCDO)-funded project

“ZeroHunger-Zero Emissions” and aimed to support national and

regional decision-makers in Bangladesh to develop scenario-

guided policy and investment planning relevant to food security

and climate change. Therefore, we analyzed together with

stakeholders four scenarios on how food systems in Bangladesh

may transform by 2050, based on different assumptions on

changes to governance systems, as well as attitudes to dealing

with climate and environmental change, and what these changes

might mean for the food system and climate outcomes. To do this,

we worked to develop and apply a participatory approach with

correspondingmodeling tools to create scenarios and analyze their

implications. The study used the plausible futures/scenario

approach to bring different stakeholder communities, which

often do not talk together. Focusing on SDG 2 (zero hunger)

and 13 (climate action), this brought the food and agriculture

community together with the climate and energy community to

discuss how to ensure food security in a world threatened by

dangerous levels of climate change while at the same time making

drastic cuts in greenhouse gas emissions. The project also

experimented with different ways to make the process equitable

and include perspectives that are often less heard in policymaking

and technical debates, such as from poor rural communities or

students and youth groups. The project was able to bring these

different perspectives into a debate, thus testing the effectiveness of

this technique. The project ensured dialogue on some contentious

issues, such as the controversial debate on the need for low-carbon

development from a developing country perspective and the role of

food systems for this, especially as food security is the key political

goal in Bangladesh. For this, the project developed four qualitative

scenarios with stakeholders and quantified their implications by

modeling a set of variables of interest, such as food security levels

or GHG emissions from the agricultural sector up to 2050. The

qualitative scenarios were also analyzed and presented to

policymakers at the Planning Commission to integrate their

views to identify and build consensus around the alternative

pathways for achieving the zero-hunger/zero-emission goals by

supporting the successful implementation of policies in a range of

national contexts.

This paper presents the qualitative scenarios developed with

stakeholders in Bangladesh and their quantification using the

MAGNET model developed by Wageningen University. It

discusses the methods used and the results of the

quantification work with respect to achieving food security

(SDG 2) and climate action goals (SDG 13) by 2050 and

potential synergies and trade-offs of the different development

pathways. In light of the economic impact of the COVID-19

pandemic being largely sector-specific and short-term in nature,

we did not include the impact of the COVID-19 outbreak in our

projections. MAGNET, like many other CGE models, is

specifically parametrized to assess long-term impacts. The

focus of the CGE models which have been used to assess the

macro-economic consequences of the COVID-19 outbreak has

so far been limited to the macro-level, with McKibben and

Fernando (2020) estimating population and GDP effects and

Maliszewska et al. (2020) assessing the impact on GDP and trade.

In order to account for short-term disruptions in food security,

there is a need for more research and new parameterization of the

model, such as new estimation of elasticities of substitution in

certain parts of the model to reflect the expected short-term

nature of the pandemic.

The next section describes the data and methods used in this

study. Section 3 describes the scenario narratives and their

quantification, including the description of the four global

contextual scenarios which are used to link Bangladesh-

specific scenarios to the IPCC-based global Shared

Socioeconomic Pathways (SSPs). Section 4 analyzes the results

of the scenario quantifications and projections, focusing on the

main outcome of each of the four pathways in terms of a set of

sustainability indicators and analyzes the trade-off and synergies

between SDG 2 and SDG 13. Section 5 presents a conclusion.

2 Data and methods

There are various methods for looking into the future. In this

paper, we used a qualitative–quantitative scenario approach in

developing a set of scenarios for the future of the Bangladeshi
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food system and analyzed their implications. This section

describes the basic methods we employed.

2.1 Development of qualitative scenarios
for Bangladesh

For the development of scenarios, 20 Bangladeshi experts

involved in the food or energy sector were interviewed in detail,

followed by two workshops in which the participatory scenarios

were built. The interviews revealed different perspectives on

Bangladesh’s future. However, food security was seen as the

country’s number one priority. A key finding was the lack of

interaction between the existing agriculture and climate change/

energy sectors in the country, which would have to work together

in the future to address both the food security and climate change

goals of the country.

In the two workshops with stakeholders from government and

private sectors, academia, and NGOs, the project facilitated the

development of four qualitative scenarios describing alternative

future Bangladeshi food systems (for the specific methodology,

see Henrichs et al., 2010). Figure 1 describes how the scenario

work is framed in this study and the basic steps of the scenario

development process. At the start of the scenario-building process,

the participants were asked to identify the factors and issues driving

change in Bangladesh and its food system. After the collation of the

identified drivers, they were organized by category, and the

participants were asked to vote for the main drivers of change in

terms of their importance but also with respect to the uncertainty

about their direction in the future. Thus, two drivers that were seen

as both highly influential but also uncertain were identified:

governance (inclusive or top-down) and the attitude toward

dealing with environmental change (reactive or proactive). This

led to four scenarios with different combinations of these drivers.

The participants were split into four groups and asked to describe

how Bangladesh and its food system might look like in 2041 with

either inclusive or top-down governance and reactive or proactive

environmental management. Different combinations of governance

and environmental management options were identified: a

Bangladesh with inclusive governance but bad/reactive

environmental management; a country with proactive

environmental management and top-down governance; a country

with inclusive governance and proactive environmental

management; and a Bangladesh with both top-down governance

and reactive environmental management. After groups presented

their depictions, they were tasked with determining the sequence of

events from today that would lead to their imagined world to test the

plausibility of the described end states of each scenario, thus

developing a set of stories about how the future could unfold.

This last step also included choosing two or three drivers from the

list developed before and describing their status in the proposed

future scenario to give more nuance and context to the developed

scenarios. Thus, participants sketched out four plausible futures that

might describe Bangladesh and its food system in 2041.

These scenarios were developed further over the following

months and shared with rural communities, youth groups, and

students for their reactions. The results of their deliberations

were brought into the second workshop to help refine the

scenarios. The final step of the qualitative scenario-building

process was then a discussion of the implications of the

different scenarios for various food security and climate

change variables (e.g., in which scenario did people have

FIGURE 1
Describing how scenario work is framed in the study and which basic steps of the scenario development process were used.
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higher levels of food security and in which scenario could the

food system contribute more to a low-carbon future) and groups

of society. Additional analysis variables included inequality,

gender justice, and the potential trade-offs between food

security and climate mitigation outcomes.

Looking across the different futures or scenarios allowed for

a comparison of the implications of these futures for different

groups in society and the environment, revealing important

issues that decision-makers need to be aware of concerning

future change. These deliberations were also shared in a third

workshop with the Bangladeshi Planning Commission, which

highlighted key challenges in the food system, including

changing behavior, habits, and attitudes to food and how far

people are willing—or able—to diversify to healthier diets,

reduce consumption of highly sweetened foods, if possible,

reduce the overuse of chemical inputs in agriculture, and

reduce greenhouse gas emissions from the expanding beef

and dairy sectors. Participants reflected that changing

patterns in farming, such as male migration and the

feminization of the rural workforce, presented challenges and

opportunities for positive changes and “doing farming

differently” and better via support for small-scale, often

women, farmers with advice and credit, appropriate

technologies, community enterprises, and co-operatives.

Proper land-use planning and management are crucial too.

For the energy sector, adopting new technology was

identified as critical. However, it will need to be

complemented by changing mindsets such that fossil-fuel-

based energy models do not continue being the default

option. Young people especially pressed for open discussion

of ideas, wider engagement, and constructive questioning and

urged stakeholders not to play blame games or delegate

responsibilities.

The qualitative scenarios were then used to quantify input

assumptions for the model.

2.1.1 The model
For the quantification of the pathways and scenarios, the

agri-food tailored macro-economic model MAGNET (Woltjer

et al., 2014) was used. The MAGNET model is a multi-

regional, multi-sectoral, applied general equilibrium model

based on neo-classical microeconomic theory (Nowicki et al.,

2009, Woltjer et al., 2014; Van Meijl et al., 2018; Van Meijl

et al., 2020a). The MAGNET database is built on the GTAP

dataset (Aguiar et al., 2016). MAGNET assumes perfect

competition, and producers are assumed to choose the

cheapest combination of imperfectly substitutable labor,

capital, land, natural resources, and intermediates. The core

of MAGNET is an input–output (IO) model, which links

industries in value-added chains from primary goods, over

continuously higher stages of intermediate processing, with

the final assembly of goods and services for consumption.

MAGNET focuses on modeling agri-food markets and

assumes that products traded internationally are

differentiated by country of origin (Armington, 1969).

2.2 The model database and the
improvement of household food
expenditure data

The MAGNET database used in this study is an extension of

the GTAP database V10, with 2014 as the reference year (Aguiar,

Narayanan, and McDougall, 2016)1. In the construction of the

GTAP database, not all data are available for each reference year,

and therefore, an updating procedure suitable for generic

application across all countries of the world is applied.

However, data availability and data quality are always a

concern in the construction of complex datasets for models.

To this end, a previously developed updating procedure could be

used to incorporate new information from our review of

alternative Bangladeshi statistics. This is particularly relevant

for Bangladesh, given that the input–output (IO) tables are

relatively old, dating back to 1994, with the aforementioned

GTAP generic updating of the tables to reflect changes in

macro-trends in the 20 years between 1994 and the base year

of MAGNET, which may miss structural and compositional

changes in Bangladeshi expenditure patterns. This is because

Bangladesh is not part of the production targeting procedure; the

composition of private expenditures will only be affected by

changes in trade, while it is confirmed that the total expenditure

level is in line with the GDP of the GTAP year.

As the influence of changes in trade on consumption patterns

is likely to be limited, the original IO expenditure structure will

likely persist during updates of the GTAP dataset. This raises

concerns given the 20-year gap between the most recent

Bangladeshi IO data and the GTAP data used in MAGNET,

which is particularly of concern due to the rapid increases in per

capita income during this period, with GDP per capita (in

constant 2010 US $) increasing by 84% from 433$ to 797$ or

from 1.19 to 2.18 dollars per person a day. Given the solid

evidence of Engel’s law (Clements et al., 2017), changes in food

expenditures beyond those captured by the GTAP database are

expected.

To tackle the aforementioned issue, we used data from Waid

et al. (2017), which describe changes in food expenditures for

Bangladesh based on a consolidated set of nationally

representative household surveys, which has been used in several

studies for modeling the subnational level food security of

Bangladesh (Waid et al., 2018; Hossain et al., 2019; Brown et al.,

2021). All data in GTAP are expressed in dollar values and not

physical quantities. These changes in value shares of key food groups

over time give an insight into how we may need to adjust the

MAGNET expenditure data. The data coverage is close to our

1994 IO reference year (1995) and 2011 GTAP reference year

(2014). Although data from Waid et al. (2017) are presented in
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TABLE 1 Sources listed in column S refer to: 1 = SSP database (the datasets can be found here: https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=
about# ; for an overview see Riahi et al, 2017 ); 2 = GTAP database (https://www.gtap.agecon.purdu).

Variables/
projections

Explanation Spatial and temporal
dimension

Source

Drivers (exogenous variables in MAGNET model)

GDP growth SSP database aims at the documentation of quantitative
projections of the so-called Shared Socioeconomic
Pathways (SSPs) and related Integrated Assessment
scenarios (for an overview see Riahi et al, 2017). The
GDP projections are based on harmonized assumptions
for the interpretation of the SSP storylines in terms of
the main drivers of economic growth. They differ
however with respect to the employed methodology and
outcomes. In case users can only use one interpretation
of the SSPs, for each SSP a single ‘illustrative’ case has
been selected.

→205 world regions 1

→2014-2050

Population growth For each SSP a single population and urbanization
scenario, developed by the International Institute for
Applied Systems Analysis (IIASA) and the National
Center for Atmospheric Research (NCAR), is provided.

→205 world regions 1

→2014-2050

Model database (calibration of MAGNET model for base year 2014)

Input-Output (I-O) tables Input-Output Tables (IOTs) includes the flows of final
and intermediate goods and services defined according
to product and industry outputs (product × product and
industry × industry tables):

→Base year: 2014 2

→Intermediate and final uses of domestic goods →57 economic sectors

→Intermdiate and final use of imports →140 world regions

→Investment usage of domestic and imported products
by commodity

→Household and government consumption of domestic
products and imports by commodity

→Export by commodity

→Change in stocks of domestic products and imports by
commodity

International datasets of
Macroeconomic aggregates

→GDP & GDP expenditure →Base year: 2014 2

→Balanced bilateral trade of products & services →57 economic sectors

→Energy data →140 world regions

→Protection data such as import tariffs

→Non-commodity indirect taxes, net, by industry

→Employment of labour by industry

→Employment of capital by industry

→Employment of land by industry

→Cmoddity taxes by commodity

→Import duty by commodity

→ 3

GHG Emissions CO2, non-CO2 →Base year: 2014

→57 economic sectors

→140 world regions

(Continued on following page)
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primary agricultural commodities, the underlying household survey

data include composite dishes (or processed foods). These are

converted to primary product content. Therefore, these data do

not provide guidance on the developments in processed food.

Broad developments from 1995 to 2010 are in line with the

cross-sectional patterns of food budget shares moving from low-

to high-income groups (Clements et al., 2017): (1) decline in the

budget of bread and cereals (starches); (2) increase in meat and

seafood; and (3) small increase in dairy. However, the only

evident difference is for fruits and vegetables, which increased

slightly in Bangladesh (from 9.6% in 1985 to 11.0% of food

expenditure), whereas the cross-sectional data show a declining

expenditure share for higher-income groups. The budget share of

fish in Bangladesh seems relatively high (12.3% in 1985, growing

to 14.6% in 2010). Shares in the cross-sectional data for the lowest

income quartile countries are 8.8% of food expenditures (these

data refer to 2011). In contrast, meat expenditures grow from 5%

to 8.8%, below the cross-sectional average for the lowest income

quartile (13.2%). Thus, while the increasing trend in meat and

fish expenditures is in line with the globally observed pattern, fish

plays a more important role in the Bangladeshi diet compared to

other countries at a comparable income level. Given the lack of

FIGURE 2
Scenario framework: either more decentralized, participatory, and transparent or more top-down and authoritarian.

TABLE 1 (Continued) Sources listed in column S refer to: 1 = SSP database (the datasets can be found here: https://tntcat.iiasa.ac.at/SspDb/dsd?Action=
htmlpage&page=about# ; for an overview see Riahi et al, 2017 ); 2 = GTAP database (https://www.gtap.agecon.purdu).

Variables/
projections

Explanation Spatial and temporal
dimension

Source

Land supply To implement the land supply function in MAGNET
(Woltjer et al, 2011), data on agricultural land area per
sector in each region are used

3,4

Updating MAGNET model database in line with Bangladesh Household surveys

Household food expenditure
per food category

The datasets is constructed and consolidated based on
the Household consumption and expenditures surveys
(HIES) & Bangladesh Demographic and Health Survey
(BDHS). It provides a common base to facilitate for
research work with household consumption and
expenditure data in Bangladesh while updating the
average energy requirements for infants and young
children for the WHO 2006 growth standards and 2007
growth reference curves.

As extensively described in the
paper, we use the aggregated
household food expenditure of
this database to update the
Bangladesh Social Accounting
Matrix (SAM) which is
constructed based on the GTAP
data

5
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information on processed and other foods in Waid et al. (2017)

and at least rough alignment with the cross-sectional pattern in

Clements et al. (2017), we used the latter as a reference when

approximating changes in the MAGNET expenditure shares not

covered by the household surveys. This is especially relevant from

the perspective of food versus other non-food expenditures.

Categories are also included in Clements et al. (2017).

Based on the previous analysis, we updated the base year data

of the model using cross-entropy (CE), an approach based on

information theory (Golan, 2007), which allows us to take varied

sources of information (CGE model results, national accounts,

socioeconomic projections, household survey data, and expert

opinion), and reconcile them while minimizing the deviation

from original datasets, and thereby allowing us to capture

disaggregated household results, with respect to national totals

and distribution of observed outcomes at the household level.

This approach has been implemented in various settings to help

reconcile economic datasets and assumptions for general and

partial equilibrium models (Golan, Perloff, and Shen, 2001;

Robinson, Cattaneo, and El-Said, 2001). It has also been used

to disaggregate national accounts using household survey data in

a process similar to our own initial micro-analysis (Robilliard

and Robinson, 2003). The data sources and the main variable

used for the scenario modeling and simulation are presented in

Table 1.

3 The scenario narratives and
simulation setup

3.1 Scenario narratives

As described in Section 2, the study developed scenarios in

two workshops, using two scenario axes that describe four

possible combinations or scenarios of the two main driving

forces selected by workshop participants (see Figure 2). These

combinations of the two drivers now constituted the basis for the

so-called “scenario storylines.” The two key drivers identified by

the stakeholders were the type of environmental management

that Bangladeshi decision-makers would adopt in the future

(proactive vs. reactive mindsets) to address environmental

problems and the type of governance system that would

prevail in Bangladesh (decentralized, inclusive, and

transparent vs. top-down and authoritarian).

3.1.1 The Divided Road
Bangladesh takes a Divided Road. A new government comes

to power that promises to “clean up” society and the

environment. Run by a strong man, it establishes a digitally

controlled authoritarian system. Investment flows in from China

as part of the Belt and Road initiative. Greater inequality is

accepted. In some ways, the government is more effective; it

creates a better economy and environment for some, but life is

worse for many. The winners are the digitally savvy middle class,

many of whom live in the high-tech new capital of Mymensingh.

The majority of people, however, are deemed to be “anti-social”

or “bad citizens.” The government encourages agri-business and

high-tech farming, which saves water and chemical inputs but

needs little labor. Much food is grown for export to China. The

environment is healthier for the better off, and there is a big boost

in renewable energy. However, the promise to “clean up”

environmental and social problems is a policy to “clean away”

poor neighborhoods, so they are no longer so visible.

3.1.2 The Middle Road
In taking a Middle Road, historical trends continue. There

are few radical departures from current policies and practices.

Governance, inclusivity, and environmental focus and

management are patchy. Despite good policies on paper,

practice and implementation leave much to be desired. In

theory, the Sustainable Development Goals unify policy.

However, in practice, conventional economic growth takes

priority. Despite a big expansion in solar power, the country

is locked into coal. Coal power generation in the Sundarbans is a

big factor explaining the collapse of the ecosystem there. The

government strives to mitigate the impacts of disasters, but

accelerating climate change is eroding the government’s

capacity to get ahead of the problems. Young people continue

to drift to the cities, and farming becomes increasingly feminized.

3.1.3 The Green Road
Bangladesh treads a Green Road. Despite their quarrels, all

political parties agree to have the Sustainable Development Goals

as their guiding vision. Good governance, a more inclusive

society, and a healthy environment are priorities. The

government motto is “leave no one behind.” “Digital

Bangladesh” is a great enabler of good and effective

governance. There are great efforts to boost agroecology and

green energy and implement land reform and labor rights to

boost health, education, and nutrition. As a climate leader,

Bangladesh is a major recipient of money from the Green

Climate Fund. However, there are still many problems. There

is heavy pressure to continue to use artificial fertilizers and

pesticides, agroecology runs up against land shortages, and

creating a more inclusive government is slow and difficult and

faces resistance. The legacy of environmental degradation proves

hard to reverse in the short-term.

3.1.4 The Rocky Road
Climate breakdown, environmental decay, and political in-

fighting set Bangladesh down a Rocky Road. Government is weak

and erratic. Much of the economy is criminalized by being

infiltrated by Yaba money. Parts of the country pretty much

run themselves—some better than others. Whether a citizen lives

well or badly depends on where they live, their connections with

the powerful, and how rich they are, as they can buy services and
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security. Belonging to a particular family or community can, in

some parts of the country, buffer some of the difficulties, so the

standard of living is quite varied across the country. Agricultural

production falters, the industry cannot modernize, air and water

pollution worsens, inequality increases, and severe hunger

returns. As even more men migrate to survive, women are left

behind to face the dual burdens of care and work. Farming is

increasingly feminized, but women are vulnerable to violence

from rascals trying to grab land.

3.2 Simulation setup

The scenarios were quantified using the agri-food tailored

macro-economic model MAGNET (Woltjer et al., 2014). By

using the socioeconomic assumptions from the scenario

narratives, all the scenarios were ranked with respect to a

baseline. These rankings were taken as inputs for the MAGNET

model. The model was able to provide us with a range of different

output variables which we could choose from. In the development of

the quantified scenarios, we identified two levels of influence: the

level of global socioeconomic development (contextual scenarios)

and the level of the four scenarios for Bangladesh, which were

developed in this study and outlined in detail in the previous section.

The contextual baseline scenario is constructed based on several

assumptions, as set out in the following. It is assumed that the

baseline follows a middle-of-the-road shared socioeconomic

pathway (SSP2) up to 2050, meaning that the world economy as

a whole is expected to face moderate social and economic challenges

over the coming decades, as suggested by the assumed GDP and

population growth rates. The narratives of the SSP scenarios can be

found in detail in O’Neill et al. (2016). Table 2 summarizes the SSP

scenario narratives and assumptions.

The scenario is implemented in MAGNET and quantified.

Table 3 shows the main scenario-specific characteristics for

macro-economic development and specific land-use

components (for more details, see Doelman et al., 2017).

4 Results

4.1 Drivers

On the basis of the aforementioned scenarios and how

Bangladesh may develop in the global context in the long-term,

the following key contextual scenario projections are inferred from

the SSP scenarios linked to the Bangladesh-specific scenario.

4.1.1 Population and GDP
In SSP scenario narratives, population and economic

developments strongly impact the ability of societies to

anticipate mitigation and adaptation challenges. For example,

a larger, poorer population will face more difficulties adapting to

the effects of climate change. In SSP2, the global population will

grow to 9.4 billion people by 2070 and slowly decline thereafter

(KC and Lutz, 2015). GDP follows regional historical trends and

grows by a factor of 6 in SSP2 by the end of the century, with the

global GDP/capita reaching about 60 (thousand year-2005 USD/

capita, purchasing-power-parity—PPP) (Dellink et al., 2015).

The SSP2 income projection is situated in between the

TABLE 2 Shared socio-economic pathway (SSP) scenario description, for more details, see Riahi et al. (2016).

Scenario Contextual global
pathway

Description

Green Road SSP1, Sustainability A world that makes relatively good progress towards sustainability, with sustained efforts to achieve development
goals, while reducing resource intensity and fossil fuel dependency. Elements that contribute to this are an open
globalised economy, rapid development of low-income countries, a reduction of inequality (globally and within
economies), rapid technology development, low population growth and a high level of awareness regarding
environmental degradation. More environmental awareness reduces food waste, the appetite for meat as well as
making land use regulation sector.

Mid Road SSP2, Middle of the Road A business as usual scenario. In this world, trends typical of recent decades continue, with some progress towards
achieving development goals, reductions in resource and energy intensity at historical rates, and slowly decreasing
fossil fuel dependency.

Rocky Road SSP3, Regional Rivalry A world which is separated into regions characterised by extreme poverty, pockets of moderate wealth and a bulk of
countries that struggle to maintain living standards for a strongly growing population. Regional blocks of countries
have re-emerged with little coordination between them. Countries focus on achieving energy and food security goals
within their own region. The world has deglobalized, and international trade, including energy resource and
agricultural markets, is severely restricted. Population growth in this scenario is high as a result of limited
improvements in education and low economic growth.

Divided Road SSP4, Inequality A highly unequal world both within and across countries. A relatively small, rich global elite is responsible for much
of the emissions, while a larger, poorer group contributes little to emissions and is vulnerable to impacts of climate
change, in industrialised as well as in developing countries. Governance and globalisation are effective for and
controlled by the elite, but are ineffective for most of the population. Land use regulation is strict in high/middle
income countries whereas it is unsuccessful in low income regions.
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estimates for SSP1 and SSP3, which reach global average income

levels of 82 and 22 (thousand year-2005 USD/capita PPP)

by 2100.

For Bangladesh, the assumed population growth trajectory in

all four scenarios is presented in Figure 3. In all four scenarios,

the population in Bangladesh is expected to increase. In Rocky

Road (SSP3), Bangladesh is expected to have a much larger

population in 2050 compared to other scenarios. In Rocky

Road and Middle Road, Bangladesh assumes a consistent

increase in population, with the fastest growth projected

during the 2030–2050 period. In contrast, the Green and

Divided Roads show a slowdown in population during this

time period. In the case of Green Road, this slowdown is in

line with a general expectation that population growth would

ease as economic growth picks up, as shown in Figure 4. This

clearly should be understood in a relative sense.

As shown in Figure 4, the assumed GDP growth rates across

all four scenarios are expected to increase in the period

2011–2050, although the growth trajectory varies across the

four scenarios and over time, where Bangladesh is expected to

see faster GDP growth during 2030–2040 followed by a gradual

slowdown. This is in contrast with the Divide Road, in which

Bangladesh will be experiencing a gradual slowdown in GDP

growth throughout the two projected decades.

4.1.2 Land productivity
Changes in land productivity in the model comprise

exogenous and endogenous components. Endogenous changes

in land productivity are primarily driven by changing prices in

the model, as these would cause the reallocation of economic

resources and reshuffling of land-based activities, resulting in

changes in land productivity. Exogenous factors reflect

assumptions on overall technical progress (e.g., fertilizer

application and irrigation) and improvements in land

management. Exogenous changes in land productivity are

expected to be overall positive in all the scenarios. Land

productivity in Bangladesh, in general, shows a slowing

growth over the projection periods based on estimates from

the IMAGE model (Stehfest et al., 2014). In general, the changes

in the ratio are negative in all the regions, reflective of contractive

trends in agricultural land supply over the long-term.

4.1.3 Labor, capital, and natural resources
Supplies of labor, capital, and natural resources in Bangladesh

are exogenously given in the model. The supply of labor, including

skilled and unskilled labor, is assumed to follow population growth

trajectories, whereas the supply of capital is assumed to follow the

growth of GDP. Moreover, the supply of natural resources is

assumed to take a quarter of the underlying GDP growth rates.

Thus, assumptions on the supply of these primary factors are

consistent with the assumed GDP and population growth,

indicative of similar regional and dynamic patterns, applicable to

the supply of these endowment commodities.

4.2 Sustainability impact

4.2.1 Agri-food production, consumption,
prices, and trade

One of the important aspects under the model’s coverage

is the agri-food system, which is also essential in analyzing

food security in this paper. The model projects, among other

TABLE 3 Scenario-specific characteristics for macro-economic development in agri-food sector and specific land-use components (for more details, see
Doelman et al. 2017). Notation: LIC: ‘Low Income Country’; HIC: ‘High Income Country’.

Scenario Green Road Mid Road Rocky Road Divided Road

GDP growth High in LICs, MICs;
medium in HIC

Medium, uneven Slow Low in LICs, medium in other countries

Population growth Low Medium High Medium

Inequality Reduced across and within
countries

Uneven moderate
reductions across countries

High, especially within countries High especially across countries

Land use change
regulation

High Medium Low From strong in HICs to low in LICs

Agricultural
productivity

High Medium Low High in HICs and low in LICs

Trends in meat
preference

Negative preference shift
for meat

Endogenous meat
consumption dynamics

Positive preference shift for meat Endogenous meat consumption dynamics

Food waste Reduced food waste (one
third lower than SSP2)

Current level of food waste
(33% of production)

Higher level of food waste (one third
higher than SSP2)

Current level food waste, as SSP2

Trends in
agricultural
commodities

Abolishment of import
tariffs and export subsidies

Current import tariffs and
export subsidies

10% import tax for agricultural
products by 2050, for self-sufficiency
concerns.

Abolishment of import tariffs and export
subsidies and increase export cost of food
from LIC to HIC.
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things, agricultural and food production, consumption, and

prices for individual commodities and sectors in Bangladesh.

Figure 5 presents the projected changes in total production,

private consumption, and real market price in the agri-food

sector in Bangladesh across all four scenarios.

Agri-food production and consumption in Bangladesh are

projected to increase in all the scenarios. The weakest growth is

in Rocky Road. As shown in the previous section, the Bangladeshi

population in all four scenarios is expected to grow between

2014 and 2050. At the same time, per capita incomes in

2050 are projected to be a multiple of the base year’s levels.

These trends mean that market demand for food will continue to

grow, suggesting significant increases in the production of several

key commodities. While largely driven by domestic consumption,

agri-food production in Bangladesh also needs to compete with

imports from other regions, which is projected to emerge in

scenarios where economic growth is expected to be high,

especially Green Road in 2011–2040. The total import value

increased in 2014–2050 due to the 50% reduction in the trade

tariffs with all other regions assumed in this scenario (see Table 4).

The full agricultural trade liberalization between Bangladesh,

South-East Asia (SEA), and China, which is assumed in the

Divided Road in 2030–2050, results in slightly positive growth in

the net export value for Bangladesh compared to the other

scenarios (Figure 6).

4.2.2 Food security
To account for the various aspects of food security, we follow

the FAO’s distinction of availability, access, utilization, and

stability. We derive model-based indicators for the first three

dimensions: food availability, food access, and food utilization.

These indicators have been developed and elaborated for the

FOODSECURE and IPCC scenarios (van Meijl et al., 2020,

respectively). We measure food availability in kcal per capita

per day (food available for consumption, e.g., Nelson et al., 2014;

Von Lampe et al., 2014). This includes all domestically produced

and imported food available for consumption at the household

level.

Food access relates to people’s food purchasing power (FPP)

and, therefore, to food prices, dietary patterns, and income

development (Lele et al., 2016). A first and crude proxy for food

access is the change in agri-food prices. The income dimension of

food access is neglected in this often-used indicator. The “food

purchasing power” (FPP) indicator considers the income dimension

by relating the price development of a specific food consumption

basket to the income development of a particular income

group. More specifically,

ΔFPP � Δ Income

ΔPrice .

In line with Van Meijl et al. (2020a), we use the consumption

of cereals (rice and grains) for the food basket as a proxy for the

diet of people potentially in poverty, as rice is an important food

component of low-income groups in Asia, whereas grains are

important in Africa. For the income component of low-income

groups, the wages of unskilled (production) workers in the

cereals sector are used as a proxy. Less sophisticated proxies

are used for the food utilization dimension.

The fraction of calories derived from fruits and vegetables in

total calories of food consumption is used as a proxy for food

utilization, following the FAO compendium of indicators for

nutrition-sensitive agriculture (FAO, IFAD, UNICEF, WFP-

WHO, 2018; Van Meijl et al., 2020).

4.2.2.1 Food availability

Overall, the food availability in terms of kcal per capita per

day is increasing in all scenarios (Figure 7) due to higher GDP

growth and an overall increase in agricultural production.

This indicator shows a relatively higher growth in the Green

Road as food availability increases owing to the increase in

imports of agri-food products, lower prices, and a relatively

higher GDP per capita. The other scenarios show relatively

less improvement in food availability compared to the Green

Road. The Rocky Road has the lowest growth in food

availability and even slightly negative growth in

2040–2050 due to a lower GDP/capita growth, an increase

in food prices, and a decrease in the food supply, both

domestically produced and imported in this period.

4.2.2.2 Food accessibility

The indicator for food access is the food purchasing power

of cereals for unskilled agricultural workers (Figure 8).

Unskilled workers in the cereal sector are used as a proxy

for unskilled agricultural workers. For the food basket, we use

the consumption of cereals (rice and grains) as a proxy for the

diet of people potentially in poverty. We use changes in the

wages of unskilled workers in the cereals sector as a proxy for

the income component of poor people.

Overall, this indicator shows a relative improvement in all the

scenarios due to the overall increase in income per capita. In the

Rocky Road, the indicator declines in 2030–2050 caused by lower

income/capita growth. Despite higher agri-food prices (cereals),

the wages for unskilled people (cereal sector) decrease due to

lower economic growth.

4.2.2.3 Food utilization

According to Ruel (2003), micronutrient deficiencies and the

burden of non-communicable diseases can be reduced by dietary

changes. In this paper, we use the share of calories derived from

fruits and vegetables as an imperfect proxy for food utilization

(Figure 9). This share rises for an average household in

Bangladesh in all the scenarios due to the higher availability

and accessibility to a diverse food basket. Despite a high level of

access and availability in the Green Road, we do not see a

proportional improvement in the utilization. The indicator

even shows a decreasing growth rate in 2030–2050. These
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results are in line with the anticipation that a shift toward fast

food will likely shift diets to incorporate fewer whole foods

(fruits and vegetables) and more processed foods, especially as

we do not assume any exogenous dietary shifts in the scenarios.

4.2.3 Environmental impact
MAGNET accounts for different emitting gases (CO2, N2O,

CH4, and F-GASes) and different source fuels and activities (coal,

crude oil, gas, petrol, chemicals, fertilizer, and industrial

activities) as a part of its greenhouse gas emission projections,

with aggregate projections across all gases and sources reported

in Figure 10 for the agri-food sector.

GHG emissions are projected to increase in all scenarios, in line

with the assumed economic expansion in these scenarios. Growth in

emissions in the two fast-growing scenarios (Green Road and

Middle Road) is expected to be substantially higher than in the

other regions. However, in the Green Road scenario, Bangladesh

complies with the 10% emission reduction target for all sectors,

which results in lower growth compared to Mid Road, in which

Bangladesh meets the 5% reduction in GHG emission with no

mitigation measure taken in the agriculture sector. Despite more

drastic mitigation measures and much higher CO2 efficiency in the

Green Road (Figure 10), the total GHG emission level is projected to

be 70% higher compared to the base year.

Furthermore, the Green Road results in the highest

agricultural land pressure compared to the other scenarios

(see Figure 11), especially in 2030–2050, in which Bangladesh

enjoys very high economic growth.

4.3 SDG indicators: Synergies and trade-
offs

In this section, we present some SDG indicators derived from

the SDG insight modules in the model. These indicators

complement the variables reported previously, facilitating

measuring progress toward the SDGs. Although the SDG

modules produce individual indicators consistent with the

broad SDG framework, we summarize these indicators using a

widely recognized framework known as “People, Planet, and

Prosperity.” One advantage of this framework is that it allows us

to scrutinize a wide range of SDG indicators through succinct yet

inclusive lenses covering social, economic, and environmental

domains.

4.3.1 People
Several people-related indicators derived from the SDG

1 and SDG 2 modules are reported in Figure 12. These

indicators, including the ratio of rural wage (for unskilled

workers) to cereal price, calorie consumption per capita per

day, and per capita disposable income, can be used to trace

progress toward addressing the direct well-being of people

and food security.

A steady increase in the ratio of rural wage to cereal price is a

good measurement that poor people may fare well under a

scenario, as is the case in most of the scenarios. However, the

Rocky Road stands out as the one scenario expected to have a

declining ratio down the track, an indication of likely worsening

well-being for the poor in this scenario.

Changes in calorie consumption per capita per day show

another different picture across regions. This indicator was

discussed in detail in the previous section.

The per capita disposable income (income adjusted for

tax payments) is, to some extent, linked to per capita GDP

growth, and as such, relatively high growth in per capita GDP

in the Green Road. Bangladesh, in this pathway, sees

relatively high growth in per capita disposable income,

indicative of potential large improvements in the well-

being of the overall population in the Green Road. In

contrast, the lower-income pathways (Rocky Road and

Divided Road) are expected to experience slower growth

in per capita disposable income.

FIGURE 3
Population growth index in algorithmic scale (2011 = 1).

FIGURE 4
GDP PPP growth index in algorithmic scale (2011 = 1).
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4.3.2 Prosperity
Prosperity-related SDG indicators are mainly used to

measure the economic performance of a region. Derived from

SDGmodules 7 and 8, we report indicators defined as the change

in net trade position and final energy consumption and relate

these indicators to some other variables discussed earlier.

Change in the net trade position, despite not painting a full

picture of an economy, sheds light on whether a region or certain

sectors in a region may become more or less competitive than

other regions. This indicator suggests declining competitiveness

across all the scenarios (Figure 13), which may be explained by

the rising costs in domestic production. It is noteworthy that the

Green Road shows the highest decline among all the other

scenarios, which clearly shows a trade-off with gains toward

SDG2 targets.

FIGURE 5
Percentage change in production, consumption, and prices
of agri-food commodities in 2050 compared to the base year
(2011).

TABLE 4 Scenario quantification assumptions in MAGNET.

Narratives Assumptions ZHZE scenarios
for BGD

Green road Middle Road Divided Road Rocky Road

Global
contextual
scenarios

SSP1 SSP2 SSP4 SSP3

Socio-economic
assumptions

GDP/Capital growth Standard SSP shocks 2 - Good economic
growth at a slow pace.
Less focus on GDP as a
measure of economic
growth and more on
inclusiveness and
environmental
stability.

2 - Economic growth is
as it is today for a
decade and then slows
down because of
environmental
degradation and the
impacts of climate
change.

3 - huge emphasis on
economic growth, big
push for economic
growth and good
services and healthy
environment for the
middle class. Rest of
the population (low
earners) suffer from
the impacts of
economic growth from
non environmentall
friendly options.

0 - lower economic
growth than today
and slowing down.
Economic growth in
the black economy;
wealth generated
from the black
market are not
reflected in the
national accounts.

Population/ Labour
growth

standard SSP shocks 2 - population growth
Is the lower; women’s
empowerment leads to
less population growth
in this scenario.

3 - population growth
quite high; women are
not as easily included
in the workforce and
are less empowered.

2 - women are equally
included in the
workforce but their
working conditions
have not improved
much. The middle class
families are smaller but
the family sizes for the
lower income
population have not
declined much.

4 - women are not
included in the work
force, little emphasis
on education on
women;s education.
Lot of unskilled
labour, many
children are ensured
to for survival.

Fossil fuel prices Will result from
CO2 price and other
assumptions

1 - Fossil fuel prices
decreasing as
alternative energy
availability increases.

3 - Still heavily
dependent on fossil
fuel imports, prices
quite volatile.

2 - More push for
alternative sources but
also a greater demand
for fossil fuel. Volatility
reduced because of
improved
infrastructure and
more stable supply of
fossil fuel from SEA.

1 - Access to energy
highly unequal and
arbitrary. Prices are
erratic due to
decreased supply and
depend on where
location.

Productivity Land productivity:
agri production per

standard SSP shocks 2 - slow growth and a
push for productivity

3 - high productivity
driven by inputs. Push

3 - Land productivity is
unequal. People

1 - unequal
distribution of

(Continued on following page)

Frontiers in Environmental Science frontiersin.org13

Moghayer et al. 10.3389/fenvs.2022.977760

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.977760


TABLE 4 (Continued) Scenario quantification assumptions in MAGNET.

Narratives Assumptions ZHZE scenarios
for BGD

Green road Middle Road Divided Road Rocky Road

Global
contextual
scenarios

SSP1 SSP2 SSP4 SSP3

hectare (or any unit of
land)

but within ecological
limits.

for intensification but
ecological roadblocks
limit productivity
eventually.

without capital to
invest become less
productivity. Access to
food is then reduced by
the unavailibility of
lack of income from
waged rural labour.

productivity due to
the fragmented
nature of the
country.

Feed productivity
(efficiency): feed use
per unit of livestock
production

standard SSP shocks 4 - feed productivity
essential to the success
of the agro ecological
system.

3 - Different kind of
technical change, there
is a slow pace of
growth in productivity
because of patchy
implementation of
policy.

4 - Feed productivity
highly efficient;
modern technology
and advances help
improve livestock.

2 - slow technological
growth, feed
available is not very
efficient even though
a lot of people own
cows.

Productivity of fuel in
transport: use of
(fossil) fuels per
kilometre

S4N shocks 3 - push towards more
efficient technology
and fossil fuel use.
Takes a while to
implement these
inclusive processes and
ensure widespread
adoption.

1 - productivity of fuel
in transport
deteriorating due to
the lack of availability
and higher prices of
fuel.

4 - push towards highly
efficient and advanced
technology and
alternative fuel that can
be easily implemented
by the authoritarian
regimes. Better roads
and infrastructure
leading to less
congestion and greater
fuel efficiency.

1 - Not very different
from today. While
new technology is
becoming available
the change is very
sporadic and not
widely adopted.

Productivity of inputs
in productions of
renewable energy

S4N shocks 3 - Push for RE to be
deployed and made
accessible for
everyone.

1 - lack of finance and
governance and the
SHS drive has slowed
down.

3 - high availability of
technology and
implementation of RE
policies and
governance.

1 - Highly unequal
access to RE
technology; very
individualistic no
push by the
government for RE.

Regulations Afforestation
(agricultural area
converted to forest)

asymptote shocks 4 - Assuming this
includes agro forestry.

2 - mixed picture,
some afforestation but
not enough, depletion
of Sunderbans.

2 - only focus of
afforestation is for tree
crop exports (fruits;
wood); local demand
for fruit and veg also
increase so more of a
focus for the use of
land for agriculture.

1 - more people on
smaller pockets of
land contributing to
deforestation. Drug
keeping/making
areas forested for
growing illegal crops.

Energy efficiency (for
example biofuel
mandates of
renewable energy
directive)

The legislation will
allow the use of 5%
ethanol with
conventional fuels,
but does not mandate
production levels.

3 - strong push for
mandates but
implementation not as
successful.

2 - very much like the
present picture. Many
energy efficiency
mandates present but
implementation has
not been possible.

3 - government led
push for energy
efficiency regulations
but strong backlash
from private
international
corporations.

1 - old fashioned
factories have not
been updated; high
polluting and lack of
modern efficient
infrastructure. Lack
of availability of
modern energy
technology/use.

Policy Agricultural policy
(e.g. subsidies)

scenario specific 3 - Big push for
agriculture to become
more productive but
within ecological
limits. Different policy
instruments to support
that and incentivise
such a move. (Would

3 - Focus on food
security, large scale
subsidies for energy
and fertilizers for
agriculture.

2 - Not as protected,
more of a push for
market based
instruements and large
scale agriculture.
Opening up land
ownership to land
investors by the private

1 - Little push for
agriculture
protection. Not
much power to
implement the
existing policies.

(Continued on following page)
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TABLE 4 (Continued) Scenario quantification assumptions in MAGNET.

Narratives Assumptions ZHZE scenarios
for BGD

Green road Middle Road Divided Road Rocky Road

Global
contextual
scenarios

SSP1 SSP2 SSP4 SSP3

like this to reflect food
security and not just
agriculture policy?)

sector, less regulation
by government. Aim is
to get FDI.

Trade (tariffs and
subsidies) and trade
agreement with other
regions

scenario specific 2 - Still need to import
rice while the effects of
agro ecology take
place. Some protection
for national
agriculture while the
effects of the
implemented policies
get stronger.
Modernisation of
RGM sector alongside
labour rights makes
the sector and exports
more productive but
slowly.

2 - advances have been
made to ensure rice
security but there is
still a need for
imported rice to ensure
food security for the
growing population
under growing
environmental
degradation. RMG
industry unlikely to
meet its potential.
Little diversification of
the RMG industry.

3 - imports from SEA
and integration with
the Chinese market.
Open market, fruit and
veg grown for export
but a lot of rice in
imported. There is
diversification from the
RMG industry into the
ICT sector but it is a
very unequal society so
its still leaves many
people behind in an
unreformed RMG
sector with fewer
labour rights.

1 - a lot of black
market trade takes
place, tax revenues
are reduced even
further. Some people
will get very rich but
the majority of the
population suffers.
Protection of certain
high value crops that
bring in a lot of
money increases
because of power
elites. Other food
stables will be highly
neglected. Overall
trade openness but
very patchy
implementation and
a lot of diversion of
revenues from
corruption.

Climate policy:
carbon tax on
emissions, emission
quotas, and subsidies
for bio-based energy

Emission reduction
according INDC of
Bangladesh. 5% by
2030 in industry and
services or 10% (all
sectors) with
international help

4 - all policy and
financial instruments
are exploited to get
climate change under
control. (What
happens to the
international climate
finance regime?)

2 - Some policies exist
but there is a lack of
implementation
making it ineffective.
Implementation here
depends on the
availability
international climate
finance.

3 - lot of top down
implementation of
climate change policy
initiatives.

1 - few policies exist
but implementing
them to tackle
climate change is not
a priority.

Intrinsic
motivation

Trends in meat
consumption

Consumer preference
shock-->Would a
reduction of for
example 20% to
compare with trend is
sensible for BGD?
Expected trend
generated by scenario
assumptions will be
increase of meat
consumption.

1 - meat consumption
goes down as part of a
healthy and
sustainable livestyle
but eggs, fish and dairy
consumption
increases. Push
towards reducing the
meat consumption of
the rich.

3 - continuation of an
increase in meat
consumption, poor
people aspire for the
food intake similar to
the rich.

2 -mean consumption
amongst the rich
people increases.

3 - Huge split in the
consumption of
meat, only the rich
mafia are able to
afford and control
the availability of
meat.

Consumer preference
shifts (Household
Energy savings)

Consumer preference
shocks

4 - increase in energy
efficiency, energy
savings and RE. People
are very aware of their
choices and its impact
on the environment.
Governemnt support,
education and
awareness raising
schemes for
behavioural change.

2 - starting awareness
but little incentives for
behavioural change,
very dependent on
individual choices.

2 - government is more
interested in investing
resources for economic
growth rather than
environmentally
friendly initiatives.
Consumerism is
encouraged, any
changes in behavioural
change is very much an
individual choice.

1 - inadvertent
energy savings as
part of a move
towards savings by
small pockets of
general population.
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Final energy consumption is a gauge for access to energy, a

measurement consistent with the SDG7 goal—ensure access to

affordable, reliable, sustainable, and modern energy for all.

Projections on final energy consumption show that higher-

income scenarios, Green Road and Mid Road, are expected to

experience higher growth in final energy consumption, while the

growth trend in lower-income scenarios is less pronounced.

4.3.3 Planet
Planet-related indicators derived from relevant SDGmodules

(SDGs 9, 12, and 13) measure the extent to which changes in

economic activities may become more environmentally friendly.

Among other candidates, GHG emissions per unit of GDP,

sectoral emissions per unit of value added, and the share of

renewable energy in total energy production are reported as

measurements for an environment-oriented check.

As an alternative measurement for emissions intensity,

emissions per unit of GDP are expected to edge lower in all the

scenarios (Figure 13), especially in the Green Road, indicative of

economic growth in this scenario being compounded with

substantial technological progress rendering commodity

production becoming less reliant on energy inputs. This is

FIGURE 6
Net export value of total agri-food commodities.

FIGURE 7
Food availability index (2011 = 1) measured by kcal per capita
per day available for consumption.

FIGURE 8
Food accessibility index (2011 = 1) measured in food
purchasing power cereals for unskilled agricultural workers.

FIGURE 9
Food utilization index (2011 = 1) measures in the share of
calories derived from fruits and vegetables.

FIGURE 10
GHG emission in agri-food sectors CO2 equivalent index
(2011 = 1).
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consistent with broad assumptions made for the baseline, including

not only explicit technological progress shocks (e.g., land

productivity shocks), but also implicit technological progress built

into assumed GDP and population growth. Given the Green Road

trajectory, GDP growth may only be partially sustained by the

assumed population growth. Thus, this part of the built-in technical

progress also contributes to the efficiency gain in energy use and

consequently less GHG emissions in the economy.

At the sectoral level, GHG emissions per unit of value added

in crops and livestock sectors also show a declining trend across

regions. Given the overall declining emissions per unit of GDP,

these sectoral results are unsurprising, as these sectoral

measurements are simply the decomposition of the

FIGURE 11
Land pressure and agricultural land use percentage of total available land.

FIGURE 12
SDG 1 and SDG 2 insight indicator growth in 2050: % change
in 2050 compared to the base year 2011.

FIGURE 13
SDG 7 insight indicator growth: % change in 2050 compared
to the base year 2011.

FIGURE 14
SDG 13, SDG 12, SDG 9 insight indicator growth: % change in
2050 compared to the base year 2011.
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Bangladesh country-level measurement, and the reported

sectoral results show a consistent trend (Figure 14).

For the share of renewable energy production in total

energy production (see Figure 14), all scenarios are expected

to experience an increasing share of renewable energy

production. In the case of the Rocky Road, the growth is

very low as this is the only scenario in which Bangladesh does

not meet the NDC GHG emission targets in 2030. Even the

growth in Green Road is only 18%, which is much lower than

expected. The impact can also be seen in the high total GHG

emission in this scenario, which was reported in the previous

sections, suggesting that despite the expected fast growth in

renewable energy sectors, the assumed renewable energy

trajectories in the Green Road, underpinned by, among

other things, implemented biofuels and bioelectricity policy

shocks and meeting the highest NDC target by 2030 remain

insufficient to increase the share of renewables amongst the

energy mix (Figure 14). This highlights another trade-off

between rapid economic growth and higher food security

and the greening of the economy in the Green Road.

5 Conclusion and future prospects

The scenario work portraying different futures for the

Bangladeshi food system shows that diverse pathways for the

country are possible, each with differing and far-reaching

consequences for food security (SDG 2) and low-carbon

development (SDG 13). In general, the scenario results point

to similar directions, although they vary in the magnitude and

speed of projected changes.

With respect to achieving food security for Bangladesh by

2050 (SDG2), all described pathways make progress toward

this goal but at different paces. The Green Road scenario

shows the biggest increase, whereas the Rocky Road pathway,

characterized by both reactive environmental management

and difficult governance circumstance, shows the smallest

improvement. Interestingly, the Divided Road scenario only

scores a bit better than the Rocky Road scenario, pointing to

large differences across the population with respect to food

availability. One question that arises here is whether the

higher availability of food translates into better nutritional

outcomes across the population. The current Bangladeshi diet

is relatively low in fresh fruit and vegetable consumption. The

Green Road scenario, with its emphasis on strong

environmental stewardship and the SDGs, fares quite well

in this aspect compared to the other scenarios. However, the

overall intake of fruits and vegetables is insufficient to meet

healthy consumption targets. This points to the fact that

higher availability needs to be combined with a shift in

consumer behavior and better access. With respect to food

accessibility, the Green Road fares the best again, followed by

the Divided and Middle Roads, all of which show an increase

in access to food for the population up to 2050. In the Rocky

Road, the disintegration of governance and patchiness of

economic development led to an overall decline in food

accessibility, as substantial parts of the population would

struggle to make a living and afford food. However, these

results point to the need for further disaggregation of food

accessibility data for all scenarios but particularly for the

Rocky and Divided Road scenarios to better understand the

difference across the whole population.

With respect to climate action for SDG 13 and the Paris

Agreement, the total GHG emissions of Bangladesh will not go

down completely in any of the scenarios. Although growing

efficiency per unit of output will help bring down emissions

trajectories, even in the scenario with the strongest proactive

environmental management (Green Road), GHG emissions will

not reach zero by 2050. In this scenario, gains in efficiency per unit of

output will be outpaced by growing emissions due to economic

growth. This finding is an important result with far-reaching

implications for policymaking as it points to the delicate balance

that policymakers will have to strike between the type of economic

growth pathway they are choosing and GHG mitigation goals that

an emerging economy such as Bangladesh might have to comply

with in the future. This points to the difficult choices policymakers

will have to make between short-term gains in human well-being

and long-term planetary health objectives.

Furthermore, the Green Road scenarios show another

important trade-off that might arise in the future, namely, the

issue of growing land pressure that this scenario shows despite

strong proactive management of natural resources. This results

from a combination of agricultural extensification measures and

strong income growth in addition to a rise in agricultural exports

in the scenario. This interaction of important drivers of land use

change exposes the need for strong environmental policies and

their implementation for safeguarding biodiversity.

The scenario analysis presented in this paper on possible

pathways for Bangladesh presents options for achieving both

food security and climate actions simultaneously (see the Green

Road scenario). This requires not just strong action around

environmental stewardship and management but also the

implementation of policies via a well-functioning governance

system and the political will to move into a more sustainable

trajectory. The analysis also cautions against the assumption

that these goals can be achieved without focusing on the type of

economic growth pathways sought for Bangladesh or the

several other driving forces that will determine the balance

between both goals. At the same time, the results also point to

the need for close attention to the impact that food security and

climate policies might have on the achievements of other goals

and the need for an inclusive debate within the country on how

to achieve a “good” balance between the various goals that the

SDGs have put on the table, as there will be “no free lunch,”

i.e., trade-off decisions will have to be made across the various

goals.
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The recent crises caused by the COVID-19 pandemic and the

Ukraine war are causing disruptions in global food supplies with

grave consequences. Recent evidence shows that the world is

moving backward in achieving many SDG 2 targets leaving the

world with an even larger gap to the targets set for 2030 (FAO,

IFAD UNICEF, WFP, and WHO, 2020). Although these crises

are considered short-run supply shocks, the consequences on

food security are likely to be longer-lived, and other similar

shocks in the future cannot be discounted. Therefore, effective

scenario foresight modeling of food security is needed to better

anticipate these types of shock to the food system. However, the

parametric values of the MAGNETmodel used in this study and,

in general, the CGE models are equipped by default for long-run

scenario analyses, where the time horizons under consideration

are typically 5 years or longer. To assess an economic impact

spanning shorter time horizons, these types of models will need

to be reparametrized to better simulate short-run behavior. There

remain many research areas for the future to enhance the

treatment of a severe crisis such as COVID-19. The first is to

enhance the weakness of CGEmodels such as modeling demand-

side shocks and include better monetary and fiscal policies.

Second, a better assessment of food access requires an explicit

household dimension in the model to cover both income and

food expenditures at a specific household level. Moreover, the

importance of transition possibilities of labor from agriculture to

other sectors and lock-in effects in segmented labor markets is

crucial. Moreover, for a better assessment of the food utilization

dimension, the explicit modeling of micro- and macronutrients

at the household level is needed in combination with clear

guidelines for healthy diets.
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