


Linkage among Climate Change, International Trade
and Environmental Quality: Multiple Global and Local

Indicator Analysis

Moinul Islam

January 25, 2016





Linkage among Climate Change, International
Trade and Environmental Quality: Multiple Global

and Local Indicator Analysis

Moinul Islam

A Thesis Submitted In Partial Fulfillment of the Requirements For
the Degree of Doctor of Engineering

Department of Urban and Environmental Engineering
Graduate School of Engineering

Kyushu University
Japan

January 25, 2016





Kyushu University

Graduate School of Engineering

Moinul Islam

The undersigned hereby certify that they have read and recommended to the

Graduate School of Engineering for the acceptance of this thesis entitled

Linkage among Climate Change, International Trade and Environmental Quality:

Multiple Global and Local Indicator Analysis

by Moinul Islam in partial fulfillment of the requirements for the

degree of Doctor of Engineering

Shunsuke MANAGI, Ph.D
Professor, Departments of Urban and Environmental Engineering

Principal Advisor

Kenichi TSUKAHARA, Ph.D.
Professor, Departments of Urban and Environmental Engineering

Yasuhiro MITANI, Ph.D.
Professor, Department of Civil Engineering





Abstract

The production of internationally traded goods and services released greenhouse gases
(GHG) and air pollutants into the atmosphere and I find that trade openness increase the release
of embodied emissions in international trade (EET). I also note the impact of sector trade on
EET. By applying a fixed-effect model using large balanced panel data from 187 countries
between 1990 and 2011, I determine that each unit of increase in trade openness results in
a 10% to 23% increase in GHG embodied emissions (EE). The sector trade effect is also
significant for the EE of CO2, CH4, N2O, CO, NMVOC, NOx, PM10 and SO2. My
findings also clearly visualize that the impact of the GDP on EE of exports is positive but that
it is negative on the EE in imports. I suggest that the countries monitor emission transfers
via sector trade, in addition to trade openness, to ensure progress toward mitigation of global
embodied GHG emission and air pollutants.

I also aim to study the impact of the most favored nation (MFN) tariff on the environment
at the aggregate level. I find support for the environmental Kuznets curve (EKC) hypothesis
for pollutants (carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), carbon monoxide
(CO), non-methane volatile organic compounds (NMVOC), nitrogen oxides (NOX ), partic-
ulate matter (PM10) and sulphur dioxide (SO2) ). I estimate the impact of income change and
tariff cuts on environmental quality using detailed emission data for about 186 countries over
1990-2014. Tariff cuts have a significantly negative impact on the emission of most pollutants.

Bangladesh is vulnerable to climatic changes, and there has been a serious debate about
the occurrence and the relationship with the frequency of flooding. For example, in Dhaka,
further flood controls are claimed to be necessary due to a change of climatic patterns and
more frequent flood events. Despite the importance of this topic, it has received little research
attention. Thus, I examine (i) whether a temporal change in climate variables is occurring,
(ii) local people’s perceptions to climate and (iii) cooperative attitudes toward flood controls.
I conducted face-to-face surveys with 1,011 respondents of different social and demographic
strata and seven experts in Bangladesh. Using these data, I first derive a temporal trend of
climate variables and analyze how closely people’s perceptions align with the climate data.
Second, I examine the willingness to pay (WTP) for flood controls as a proxy of cooperative
attitudes, and characterize the determinants in relation to perceptions to climate as well as
socio-economic characteristics. I obtain the following principal results. First, some climate
variables are identified to exhibit clear upward or downward trends, but most people correctly
perceive such temporal changes. More specifically, people’s perceptions and our statistical
analysis are identical in the qualitative changes of climate. Second, people who correctly
perceive climatic changes tend to express a higher WTP than those who do not. Overall,
these findings suggest that accurate climate perceptions are keys to increasing cooperation into
managing climatic change and related disasters.

Water management for agriculture is becoming increasingly complex in Bangladesh. Agri-
culture provide employment opportunities to rural population, and ensure food security. A di-
versified cropping pattern or output mix is widely held as an important strategy to cope with
risk. Farmers of Bangladesh are diversifying their cropping to adapt seasonal flooding and
irrigation water arsenic contamination. The demand for food has increased dramatically over
the last 40 years in Bangladesh due to the increase in population and wealth. But farmers
adaptation is fundamentally adjusting and manage food demand. Bangladesh farmers are pro-
ducing enough rice grain to satisfy local demand. Moreover, they are exporting aromatic rice
in abroad. The government of Bangladesh is planning massive investments in the southern
region for the improved provision of surface water irrigation.
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However, the fast pace of climate change is hindering adaptation efforts. Bangladesh farm-
ers still face extremely difficult challenges; the continued study of water risks and adaptation
methods would not only help the farmers who produce the crops but also would help to reduce
the food shortage and provide safer food. Increased runoff and flooding may alter the global
risk of water contamination when global food security will rely on adaptation and mitiga-
tion. I have emphasized the importance of considering multiple water risks and the interaction
between the risks and irrigation in order to understand risk adaptation and the impacts on sus-
tainable agriculture production. Reduction of irrigation water usage through appropriate crop
choices would greatly reduce vulnerability of the crops to arsenic contamination and promote
food security, especially in flood prone areas.

Key Words: Climate Change; International Trade; Tariff; EKC; GDP; Greenhouse Gas; Water
risk; Adaptation
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1 Introduction

The changing climate was considered as a local and national issue previously. But in recent

periods this climate change concern systematically addressed by international institutions such as

the UNFCCC, the FAO, and the WTO (Persson, 2011). The two fundamental response options

to the climate change risks are mitigation of climate change and adaptation to climate change.

Mitigation refers to limiting global climate change through reducing the emissions of greenhouse

gasses (GHG). Adaptation aims to moderate the adverse effects of climate change by taking a wide

range of measures that are targeted at the vulnerable community and vulnerable sectors.

The production process of consumer goods and services causing GHG emissions. The benefit,

and hence the responsibility for emissions varies by production and consumption condition and

is unequally distributed across and within countries (Hertwich and Peters, 2009). The Intergov-

ernmental Panel on Climate Change (IPCC) extensively analyze the sources of greenhouse gas

emissions (Metz et al., 2007). A global trade analysis is necessary to correctly understand the

IPCC emission sources to consumption activities (Hertwich and Peters, 2009).

The United Nations (UN) Framework Convention on Climate Change (UNFCCC) considers

adaptation as actions were taken in response to climate changes resulting from anthropogenic GHG

emissions (Pielke, 2005). Therefore, Pielke et al. (2007) conclude that “new ways of thinking

about, talking about and acting on climate change are necessary if a changing society is to adapt

to a changing climate”. Adaptation to climate change is a combination of private-sector response,

reallocation of the production structure, and changes in agriculture and land use patterns (Collier

et al., 2008).

Natural hazards are an ongoing part of human history, and coping with them is a critical element

of how resource use and human settlement have evolved (Diamond (1999); Sidle et al. (2004)).

Consequently, Bangladesh has reduced mortality associated with typhoons and flooding in the past

decade through careful planning focused on the most vulnerable sectors of society (Mirza (2003);

Karim et al. (1999)).

This paper focuses on the climate change vulnerability assessments.The remainder of this pa-

1



per is organized as follows. Chapter 1 presents the global context of international trade and impact

on GHG and air pollutants emission. Chapter 2 represents the impact of tariff cuts on global en-

vironmental quality. Chapter 3 sketches the local context of climate change and natural disaster

vulnerability adaptation. Chapter 4 represent the local and international context of the environ-

mental quality impact on land use.
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2 Chapter 1

Impact of Trade Openness and Sector Trade in Embodied Greenhouse Gases Emissions

and Air Pollutants

2.1 Introduction

The effect of trade on the environment is economically ambiguous. The globalization of the

economy has both positive and negative effects on environmental quality. With the increase in

international trade, it is becoming increasingly important to accurately determine the environmen-

tal impacts resulting from pollution embodied in trade (Peters and Hertwich, 2006). Most of the

existing empirical studies find conflicting evidence regarding the effects of trade on environment

(Koo (1974); Walter (1976); Leonard (1988); Tobey (2001); Dean (1992); Low and Safadi (1992);

Gale IV (1995); Jayadevappa (1996)). Studies have found lower growth rates in pollution inten-

sity due to production for countries that pursue more open trade policies (Birdsall and Wheeler

(1993); Lucas et al. (1992); Wheeler and Martin (1992)). However, Rock (1996) has contradicted

this, indicating that open trade policies are more pollution intensive than are inward-looking trade

policies. To address these concerns, the intricate links between trade and embodied emissions (EE)

must be understood. Therefore, the aim of this research is to investigate the causes of global EE

by examining trade openness, sectors’ trade, and gross domestic product (GDP) data.

Trade creates a mechanism for consumers to shift environmental pollution associated with their

consumption to other countries (Yunfeng and Laike, 2010). Accordingly, free trade improves the

environments of developed countries’ while exacerbating the damages to the environments of de-

veloping countries’ (Copeland and Taylor (1994); Copeland and Taylor (1995)). More specifically,

as greenhouse gases (GHG) are the primary contributors to global warming, our research aim to

determine whether trade leads to increased levels of GHG emissions. A logical hypothesis given

that carbon leakage exerts tremendous influences on international trade and economies Peters and

Hertwich (2008); Peters et al. (2011)).
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The more open the economy, the greater the impacts of foreign trade on the economy (Machado

et al., 2001). The environmental effects of trade openness is a critical question with respect to

economic policy ((Copeland and Taylor, 2013); (Taylor, 2004)), and thus the relationship between

trade openness and environmental quality has attracted profound interest (Antweiler et al. (2001);

Cole and Elliott (2003); Frankel and Rose (2005); Harbaugh et al. (2002)). Antweiler et al. (2001)

estimate the effects of trade openness and the GDP on environmental pollution by using data for

SO2 concentrations and find that SO2 concentrations increase as the GDP increases and decreases

as trade openness decreases.

Is it the consuming country, the producing country or both that emit EE due to the production

of export and import goods? In fact, global emissions are linked to both exports and imports, while

countries that are transferring their emissions, impact the global environment. Whether trade has

a beneficial effect on the environment varies depending on the pollutant and the country (Managi

et al., 2009). Despite aggressive legislation enforced on major emitters, total global air pollution

emissions have increased such that, when, regulatory policies do not account for embodied imports,

global emissions are likely to increase (Kanemoto et al., 2014). Therefore, the growth rates in

emissions are strongest in rapidly developing economies (Raupach et al., 2007).

Global trade, which expands at a rate that is faster than the rate of economic growth, driven by

the development of transport technologies. This leads to the risk that a growth in international trade

may hide environmental damage as it separates consumption from production (Hertwich (2012);

Lenzen et al. (2012b)). Moreover, increased trade openness correlates to increased pollution (Man-

agi et al. (2009)), which has environmental consequences as exports and imports either increase

or decrease local production and consequently greenhouse gas (GHG) emissions (Amor et al.,

2011). Accordingly, it is clear that international trade causes a geographical separation between

consumers and the pollution emitted from the production of many types of goods.

The emissions occur either directly through the production processes or indirectly in the global

supply chain. The accumulated emissions emitted in the production of the product are said to be EE

(Peters and Hertwich, 2008). The impact of exports and imports on global EE are different accord-
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ing to the specific industry. Some industries are significantly increasing their embodied emission

in exports (EEE) when other industries are impacting embodied emissions in import (EEI). Some

studies suggest using structural decomposition analysis to understand the changes in embodied

emissions in trade (EET)(Xu and Dietzenbacher (2014); Minx et al. (2011); Dietzenbacher and

Los (1998); Guan et al. (2014); Baiocchi and Minx (2010)). As I did not find any literature that

had studied the impact of trade openness on EET on a global scale,I address this issue in our

empirical work.

Economic-environment models based on input-output analysis are able to capture indirect en-

vironmental impacts caused by production. This makes them suitable for the estimation of EE.

In the last few years the use of sophisticated multi-region, multi-sector input-output framework

have emerged. Improvements in data availability and quality have changed the situation in the last

few years and more sophisticated models have been described recently (Wiedmann et al., 2007).

Input-output tables are available for many developed and some developing countries. Although the

sector aggregation varies from country to country, the principal economic accounting frame work

is a standardized process (UN (1999); UN (2003)).

Though much literature focused on the impact of trade on emissions by using multi-region

input-output (MRIO) data, the scope of industry-specific analysis by using econometric model was

extremely limited. Even so this method only directly considers the changes in international trade

with respect to final consumers by industry and does not incorporate arbitrary variables such as

trade openness. Moreover, global level studies have not focused on industry level changes. Thus,

our work contributes to the literature as it identifies industries responsibilities regarding EE in

international trade. I use econometric analysis to identify the elasticity of responsiveness between

trade volume and EE. The paper is structured as follows: section 2 describes the model, section 3

explains the data, section 4 discusses the results and section 5 presents the conclusion.
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2.2 Model

We apply a panel regression model to examine the impact of trade openness and sectors’ trade

on EEE and EEI. A model for the relationship between EEE and its determinants can be estimated

by applying equation 1.

Log (EEErt) = �0 + �1 Trade Opennessrt + �2 Log (Ex Agrt) + �3 Log (Ex Mnrt)

+�4 Log (Ex Ftrt) + �5 Log (Ex Otrt) + �6 Log (Ex Mert)

+�7 Log (Ex Emrt) + �8 Log (Ex Trrt) + �9 Log (Ex Omrt)

+�10 Log (Ex Egrt) + �11 Log (Ex Ttrt) + �12 Log (Ex Bsrt)

+�13 Log (Ex Osrt) + �14 Log (GDPrt) + �15 Log (Populationtrt) + uit

(1)

The relationship between EEI and its determinants can be estimated by applying equation 2.

Log (EEIst) = �0 + �1 Trade Opennessst + �2 Log (Ex Agst) + �3 Log (Ex Mnst)

+�4 Log (Ex Ftst) + �5 Log (Ex Otst) + �6 Log (Ex Mest)

+�7 Log (Ex Emst) + �8 Log (Ex Trst) + �9 Log (Ex Omst)

+�10 Log (Ex Egst) + �11 Log (Ex Ttst) + �12 Log (Ex Bsst)

+�13 Log (Ex Osst) + �14 Log (GDPst) + �15 Log (Populationtst) + ust

(2)

In equation 1 is the concentration of emission in exporting country r in year t. Similarly, in

equation 2 represents the emissions in the importing country s in year t. In equations 1 and 2,

coefficients and indicates the impact of trade openness on EEE and EEI respectively. Moreover, to

represents the elasticities of EEE with respect to each exporting sectors. In addition, to represents

the elasticity of EEI for the trade of all importing sectors in our analysis. I suspect that there are

time-specific effects, which affect all individuals in the same way.

We identify the exporting industries by where is the exporting country and I identify the im-
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porting industries by where is the importing country. Grossman and Krueger (1991) and Shafik

and Bandyopadhyay (1992) use the trade intensity variable, defined as the ratio of imports plus

exports to GDP, to measure the openness to international trade. Trade openness is frequently used

to measure the importance of international transactions relative to domestic transactions. This in-

dicator is calculated for each country as the simple average of total trade relative to GDP. In our

model and are the coefficients of trade openness which identify the impact of open trading on EEE

and EEI respectively.

All industrial sectors of a country organized under a category of 12 sectors based on the Interna-

tional Standard Industrial Classification and Central Product Classification(United Nations 2015a,

2015b). Agriculture (Ag), mining (Mn), food and textile (Ft), other transportable(Ot), metal prod-

ucts (Me), electrical and machinery (Em), transport equipment (Tr), other manufacturing (Om),

electricity and gas and water (Eg), trade and transport (Tt), business services (Bs) and, other ser-

vices (Os) are considered when observing sector trade effects on EEE and EEI (See Table 1 for

detail).

[Table 1 about here.]

With respect to estimating, it is important to consider whether the response coefficients should

be fixed or random. If they are assumed to be fixed, a fixed-effects panel model is appropriate

for the estimation. On the other hand, if they are assumed to be random, it is appropriate to

estimate equations with a generalized least squares methodology. If the Hausman test (Hausman

(1978)) rejects the random effects formulation in favor of fixed effects, the fixed effects panel data

specification is the best model. To determine if time fixed effects are required when running a

fixed effect model, I test to see if the dummies for all years are equal to 0. As they are not, time

fixed effect is necessary in our model. I estimate this by including a dummy variable for each time

period.
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2.2.1 The fixed effects models with an AR (1) disturbance

EET have typically increased slowly over time, meaning that the prior level of EET (t-1) may be

a strong predictor of the current level of EET (t). For this reason, uncorrected serial correlation may

become a problematic in any effort to predict changes in EE over time. Because serial correlation

in linear panel-data models biases the standard errors and causes the results to be less efficient, I

must identify serial correlation in the idiosyncratic error term in a panel- data model.

To assess this possibility, autocorrelation in all models was assessed using the Wooldridge test

for autocorrelation (Drukker et al., 2003). The Wooldridge tests employs the F-distribution to test

the null hypothesis that no auto-correlation exists in the data for a given regression model. Thus,

a statistically significant F statistic suggests that alternative statistical methods may be necessary

to appropriately analyze the data. All models reported herein, demonstrate evidence of a first-

order serial correlation in the data. Therefore, I analyze the fixed effects models with an AR (1)

disturbance.

The results presented are obtained after correcting for serial correlation. As most of the vari-

ables were used in log terms, the estimated coefficients are the relevant elasticities. In empirical

works, an elasticity is the estimated coefficient in a linear regression equation where both the de-

pendent variable and the independent variable are in natural logs. Elasticity is a popular tool among

empiricists because it is independent of units and thus simplifies data analysis.

2.2.2 Other explanatory variables

The GDP of each country’s economy is used as an explanatory variable because the literature on

international pollution suggests that countries with more affluent economies produce higher levels

of pollution. I measure economic size using estimates of the GDP, which is the total market value

of the goods and services produced in a country during a given year, i.e., equal to total consumer,

investment, and government spending. The GDP are reported in U.S. dollars (billions) to facilitate

cross-national comparisons. These data are derived from the World Bank’s World Development

Indicators Series (WDI, 2012).
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Population is used to control for the influence that high population might have on the relation-

ship between exports and emission. More populated nations tend to produce more pollution. Dietz

and Rosa (1997) determined that the size of a country’s population is positively related to CO2

levels. There are also a number of time specific factors that influence emissions. Examples of such

factors include world energy prices and technological developments etc. Following earlier studies

I control for these factors by including time specific dummy variables, as they allow us to control

for factors that evolve over time and impact all countries. Tab. 2 includes the descriptive statistics

of our explanatory variables.

[Table 2 about here.]

2.3 Data

Calculating the EET becomes complex due to the need to enumerate the unique production

systems in individual countries to a reasonable level of sectorial detail and then to link this to con-

sumption systems through international trade data. The most common methodology for this type of

analysis is a generalization of environmental input-output analysis (IOA) (Dufournaud et al., 1988)

to a multi-regional setting. I use the Eora multi-region input-output (MRIO) table (Lenzen et al.

(2012a); Lenzen et al. (2013)) as data source for some of the dependent and independent variables.

The Eora MRIO table includes 187 countries and each country has between 26 and 501 sectors,

for a total 15,909 sectors. This paper utilize the EE of the dis-aggregated 26 to 501 sectors and

aggregated them into 12 sectors. Table 1 presents the representative trading categories for every

trading sectors. Industrial groupings are based on similar production processes, similar products

or similar behaviors in financial markets. I directly obtain environmental emissions, gross outputs,

goods and services exports and imports by commodity and trade openness from the Eora MRIO

table.

This study uses multiple sources of GHG emissions and air pollutants data such as EDGAR

((European Commission Joint Research Centre (JRC))/Netherlands Environmental Assessment

Agency (Environmental Assessment Agency (PBL))) and IEA energy balances (IEA and OECD
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(2009)) as constraints and construct the direct GHG emissions and air pollutants database using

constrained optimization. The MRIO analysis allows us to attribute direct environmental emissions

into consuming countries and trade flows. Following Kanemoto et al. (2011), I attribute the direct

GHG emissions and air pollutants D to consumers:

Dr
i = f r

i x
r
i = f r

i (
X

js

T rs
ij +

X
ls

yrs
il ) 8i; r

, fx = f(T1 + y1) = f(Ax+ y1)

, f(I � A)x = fy1

, F = fx = f(I � A)�1y1 = fLy1 =
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where f is emission intensity with f r
i , is economic output with xr

i , T and y are intermediate

and final demands with T rs
ij and yrs

il , r is the exporting country, u is the last supplying country,

s is the importing country, and i and j are the sectors of origin and destination. L = (I � A)�1

is the Leontief inverse equation ofLru
ij . Equation 3 finds that the total world direct environmental

emissions are the same as the total world indirect emissions because a countries’ EEE are another

countries’ EEI and vice versa. I use the embodied greenhouse gas emissions and air pollutants in

exports and imports section by decomposing equation 4:
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The GDP data are the sum of the gross value added by all resident producers in the economy

plus any product taxes and minus any subsidies not included in the value of the products. It is

calculated without making deductions for depreciation of fabricated assets or for depletion and

degradation of natural resources. The data are in current U.S. dollars. The data are on population

simply refer to the total population in millions counts all residents regardless of legal status or

citizenship except for refugees not permanently settled in the country of asylum, who are generally

considered part of the population of their country of origin.
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2.4 Result and Discussion

Our analysis shows that a significant share of global EE are from the production of interna-

tionally traded goods and services. The results of the regression are displayed in Table 3, Table 4,

Table 5 and Table 6. I investigate the impact of trade openness and sectoral trade on EET. I con-

sider the emission of three GHG: carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O)

in our model and focus on the EE of these pollutants by considering the trade of 12 industrial

sectors. I also consider five air pollutants: carbon monoxide (CO), non-methane volatile organic

compounds (NMVOC), nitrogen oxides (NOX), particulate matter (PM10) and sulphur dioxide

(SO2) in our analysis and identify how trade openness and sectors trade impact EET.

[Table 3 about here.]

[Table 4 about here.]

[Table 5 about here.]

[Table 6 about here.]

Our empirical results suggest that trade openness contributes to the EE of GHG and air pol-

lutants. The coefficient trade openness variable in the regression table 3 and 4 are statistically

significant for all GHG and air pollutants. Figure1 indicates the trade openness effects on EEE and

EEI. From 1990 to 2011, due to global exports, EE of CO2 increased by 10.5%, CH4 increased by

14.7% and N2O increased by 23.6%, (Figure 1). With respect to five air pollutants, I notice signif-

icant increase in EEE due to trade openness. Specifically CO increased by 17.8% and NMVOC

increased by 16.5%.

[Figure 1 about here.]

Figure 2 present the country specific trade openness condition. When the trade openness score

is greater than one, trade volume of the economy exceeds the GDP. In Figure 2, some European

countries and a few Asian and African countries exhibit high trade openness score.
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[Figure 2 about here.]

Less input relative to output in the agricultural sector is particularly important for explaining

the emissions of methane (Bruvoll and Larsen, 2004). In recent years, many empirical studies have

focused on the estimations ofCH4 emissions from agricultural activities (Yamaji et al. (2003); Guo

and Zhou (2007); Huang et al. (2006)). Some literature have also focused on the impact of mining

on CH4 and N2O emission (Bibler et al. (1998); YUAN et al. (2006); Yang (2009)). I also note

that the agriculture sector coefficient is positively correlated with embodied CH4 emission. For

example, in our analysis, a 1% increase in agriculture product exports can increase embodied CH4

emissions by 0.04%. In addition, a 1% increases of mining product export cause a 0.04% increase

in embodied CH4 emissions and a 0.06% increase in embodied N2O emissions.

Eyring et al. (2010) identified the growing contributor to the total emissions from the trans-

portation sector. I find that the trade and transport sector have significant impact on the EEE of

GHG and air pollutants. According to our findings, a 1% increase on the trade and transport ser-

vices increases EEE of CO2 by 0.44%, N0x by 0.24% and SO2 by 0.35%. NMVOC is a group

of compounds, the composition of which depends on the source. A 1% increase in the mining,

metal, electrical and electricity sectors increases by 0.05%, 0.08%, 0.06% and 0.06% the EEE of

NMVOC respectively.

Sánchez-Chóliz and Duarte (2004) pointed exports of embodied CO2 emissions are mainly

concentrated in the basic sectors of the Spanish economy mining and energy, non-metallic indus-

tries, chemicals, and metals. I analyze the EEE for 187 countries and find mining, metal, electricity

sectors affect on CO2 emission. A 1% increase in mining, metal, electricity sectors export uplift

EEE of CO2 by 0.1%, 0.05%, 0.03% respectively. Wyckoff and Roop (1994) find that about 13%

of the CO2 emissions of six major OECD countries were embodied in their manufactured imports.

But in our analysis, the global manufacturing trade have no significant impacting on EEI of CO2.

Import of a 1% mining product increase EEI of CO2 by a 0.14%.

We found that mining sector trading is closely related with EEE of NOx, PM10 and SO2. A

1% increase in mining sectors increase export result by 0.04%, 0.06% and 0.05% in embodied
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NOx, PM10 and SO2 emission, respectively. The electricity sector is also a contributor of EEE

of these air pollutants. A 1% additional export of electricity will cause a 0.07% increase in NOx,

a 0.06% increase in PM10 and a 0.55% increase in SO2 emissions. The metal sector is another

important sector whose impact on EEE of air pollutants is always positive. In our analysis, a 1%

increase in metal sector exports increased the EEE of NOx, PM10 and SO2 by 0.06%, 0.09% and

0.08%, respectively.

PM10 are target species of the World Health Organization (WHO (2000)), due to their adverse

effects on human health and the environment. I determined that a 1% increase in trade and trans-

port, electricity, metal, mining and electrical sectors increases by 0.18%, 0.06%, 0.10%, 0.06% and

0.06% the embodied PM10 emission by export, respectively. A 1% increases in electrical import

results 0.2% increase in the embodied PM10 emissions.

Pollution intensive production increases a country’s GDP as well as its emissions. I present the

GDP impact on EEE and EEI in Figure 3 and the global GDP condition in Figure 4. According

to our findings, the GDP impact on EEE and EEI is always significant. Due to symmetry, the

global EEI are the same as the global EEE. Thus, our findings suggest that the GDP increases

EEE and reduce EEI. For instance, in Figure 3, in the case of CO2, I notice that 1% increase in

the national GDP results in an increase of 0.3% in EEE. Other GHG and air pollutants are also

significantly affected by the GDP. Socio-demographic drivers like population impact on EEE of

CO, NMVOC and SO2 is significant. I note that a million increase of population will increase

EEE of CO, NMVOC and SO2 by 0.001%, 0.002% and 0.002%, respectively.

[Figure 3 about here.]

[Figure 4 about here.]

2.5 Conclusion

The analysis reported above supports the hypothesis that there is a positive relationship between

trade and EE across a sample of 187 nations during the years 1990 through 2011. Industry specific
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export and import analysis revealed that GHG and air pollutants are strongly impacted by global

trade. In short, greater the increase in the exporting of mining products, metal products, electrical,

electricity, trade and transport, and other manufacturing products, the greater the increase in EEE.

Clearly these data indicate that the importing of the electrical product impact EEI.

Analysis of EEE are import when making policy decisions on at least two levels, the local and

regional scale pollution level, while the global policy effectiveness concerns impact pollution levels

on a global scale. Local scale pollutants such as SO2 and NOx, which are emitted in one country

to produce goods for export to another country, usually affect only people in the exporting country

or surrounding area. A large body of literature has examined such equity concerns and issues, i.e.,

whether the positive impact of increased trade outweigh potential negative environmental impacts

(Muradian et al. (2002);Giljum and Eisenmenger (2004)).

There are few studies that ensure the impact of trade openness on global EET by considering

different air pollutants and GHG. The results of my study indicate that the trade openness and

GDP are important factors to consider when measuring EET and therefore, they are important

when creating environment policy. Policy implications can be drawn from this paper. First, trade

openness can significantly increase EET at a global level. Second, the emission reduction policy

should focus on individual trading sectors. UNFCCC members are currently submitting their future

GHG emissions reduction targets for COP 21. However, the targets do not take into account the

future economic, environmental, and demographic variables, such as EET, trade openness, and

population, even though our study find that these variables actually determine emission levels.

The most suitable model for usage in EET analysis depends on the research question and the

purpose of the particular application. My global analysis provide overall contribution of the trading

sectors on EET. But the literature which need to get the country specific EET, it is important to

consider regional technology.
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3 Chapter 2

Do Tariff Cuts Deteriorate Environmental Quality?

3.1 Introduction

Reduction of the tariff and non-tariff barriers are the main form of trade reform policy. How-

ever, the impact of a liberal tariff on emissions of pollutants are not symmetric across all the

trading partner countries. Environmental degradation is correlated with the greater openness to

trade through tariff cut. Trade leads to increase in the size of the economy that increases pollution,

thus, trade is the cause of environmental degradation. But many economists have long argued that

trade is not the root cause of environmental damage (Birdsall and Wheeler, 1993; Lee and Roland-

Holst, 1997; Jones and Rodolfo, 1995). Free trade can be good for environment (Antweiler et al.

(2001); Liddle (2001)). Tsurumi et al. (2015) notice that the overall effect of appropriate regulation

benefits trade flows.

Due to lower trade barriers heavy polluters can move to countries with weaker regulation and

damage environment. This hypothesis is known as the Pollution Haven Hypothesis (PHH)which

basically suggests that high regulation countries will get rid from their dirty industries while lower

regulation countries will get them instead (Dinda, 2004).World Trade Organization (WTO) mem-

ber countries cannot fix their tariff rate for the trading partners randomly. The principle of the

Most Favored Nation (MFN) tariff rate is officially adopted for all partners. According to the

requirement of MFN,the contracting parties must impose the most favorable tariff to the product.

Economic growth have the impact on the quality of the environment through three different

ways; scale effects, technological effects, and composition effects (Grossman and Krueger, 1991).

More production requires more input. Therefore, natural resources are consumed in the process.

Higher production also implies wastes and emissions. This process will contributes to degrading

environmental quality. Thus economic growth cause a scale effect which imply an impact on the

total emissions. Economic growth also has a beneficial impact on the environment. As income
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grows, the structure of the economy tends to change. It also gradually increases cleaner activities

that produce less pollution. This effect is known as a composition effect.

Wealthy nation can spend more on the R&D (Komen et al. (1997)), and the technological

progress follow the economic growth. As a result the dirty technologies are replaced by cleaner

technologies. This also improves environmental quality. This is known as the technique effect

of economic growth. According to the environmental Kuznets curve (EKC) theory, the adverse

impact on environment due the scale effect will eventually be removed by positive impact of the

composition and technique effects. This will tend to lower the emission level (Vukina et al., 1999).

Many studies examine the existence of an inverted U-shaped relationship or the EKC hypoth-

esis between income and environmental degradation. There is still considerable uncertainty with

respect to the income levels, the peak level of environmental degradation and the mechanisms

behind the EKC (Verbeke and De Clercq, 2002). Managi (2006), Managi and Jena (2008), Tsu-

rumi and Managi (2010b), Tsurumi and Managi (2010a), Kumar et al. (2015), Kumar and Managi

(2010), Managi et al. (2009) focused on the impact of income on economic growth by decomposing

the impact in scale, technological and composition effects.

We intended to capture the effect of tariff policy on environmental quality.I am also interested in

whether there are any relationships between income and inter-temporal environmental performance

in the spirit of the EKC. The remainder of the paper is organized as follows: In Section 2, I discuss

the empirical methodology I considered and the efficiency and productivity of estimation models.

Data used in the study are described in Section 3 and results are presented in Section 4. The paper

closes in Section 5 with some concluding remarks.

3.2 Methodology

In our empirical analysis I consider an environmental quality equation in which I control in-

come and tariff rate. As the main objective of this study is testing the impact of income and tariff

cut on emissions, I did not include other additional variables in our model. The reduced form

model I use is following :
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Env:Damageit = �0 + �1 GDPit + �2 GDP
2
it + �3 Tariff rateit + �it (5)

here �it = �it + vit

Env:Damageit is the dependent variable measuring the emission and embodied emission of

different GHGs and air pollutants. GDP and GDP 2 measures the gross domestic product per-

capita and gross domestic product per-capita squared. Tariff rateit captures the overall MFN

tariff rates and �i represents year fixed effect. I consider the actual amount of emission and em-

bodied emission to identify the impact of MFN tariff rate in nominal scale.

The introduction of GDPit is intended to capture the scale effect as income plays an important

role in the determination of environmental outcomes. Its squared value GDP 2
it is considered to al-

low for non-linearity which may arise from non-homotheticities in production or consumption that

define the EKC (Cole and Elliott, 2003). The EKC is an inverted U-shaped relation between per

capita income and an environmental quality indicator. The EKC hypothesis predicts that the coef-

ficient on the per-capita income is positive and that on the squared per-capita income is negative,

the inverted U shape.

In this model, the effect of tariff policy on environmental quality is captured by the use of Most

Favored Nations applied weighted mean of tariff rates. The MFN tariff rates are weighted by the

import shares of the product groups for each of these countries. As for the hypothesis, I expect

to have a negative relationship between overall tariff rate and emissions. Higher tariff rates make

imported goods more costly to the domestic market, reduces its demand and hence emission.

To capture the environmental quality, I consider carbon dioxide (CO2) emission for consump-

tion of solid fuels, liquid fuels, gaseous fuels and fossil fuels. I also investigate embodied emission

of GHGs ( CO2, CH4 and N2O) and air pollutants ( NMVOC, NOX , PM10, CO, SO2) in our

empirical analysis.

�it is an error term consisting of an individual country effect �it and vit an idiosyncratic mea-

surement error , �it represents the omitted impact of other causes. I use country fixed effects to

control for any country specific effect that may affect pollutant emissions differently across coun-
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tries. Differences in environmental regulation for example or in abatement cost technologies are

captured by country fixed effects.

3.3 Data

Calculating the embodied emissions becomes complex due to the need to enumerate the unique

production systems in individual countries to a reasonable level of sector detail and then to link

this to consumption systems through international trade data. The most common methodology for

this type of analysis is a generalization of environmental input-output analysis (IOA) (Dufournaud

et al., 1988) to a multiregional setting. I use the Eora multi-region input-output (MRIO) table

(Lenzen et al. (2012a); Lenzen et al. (2013)) as data source for some of the dependent and inde-

pendent variables. The Eora MRIO table includes 187 countries and each country has between 26

and 501 sectors, for a total 15,909 sectors. I directly obtain embodied environmental emissions

from the Eora MRIO table.

This study uses multiple sources of GHG emissions and air pollutants data such as EDGAR

((European Commission Joint Research Centre (JRC))/Netherlands Environmental Assessment

Agency (Environmental Assessment Agency (PBL))) and IEA energy balances (IEA and OECD

(2009)) as constraints and construct the direct GHG emissions and air pollutants database using

constrained optimization. The MRIO analysis allows us to attribute direct environmental emissions

into consuming countries and trade flows. Following Kanemoto et al. (2011), I attribute the direct

GHG emissions and air pollutants D to consumers:
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where f is emission intensity with f r
i , is economic output with xr

i , T and y are intermediate
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and final demands with T rs
ij and yrs

il , r is the exporting country, u is the last supplying country,

s is the importing country, and i and j are the sectors of origin and destination. L = (I � A)�1

is the Leontief inverse equation ofLru
ij . Equation 2 finds that the total world direct environmental

emissions are the same as the total world indirect emissions because a country’s’ EEE are another

country’s EEI and vice versa. I use the embodied greenhouse gas emissions and air pollutants in

exports and imports section by decomposing equation 7:
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We get CO2 emission data from Carbon Dioxide Information Analysis Center, U.S. Depart-

ment of Energy. Data on GDP are obtained from the WDI database. Tariffs were obtained from

the United Nation Conference on Trade and Development TRAINS database and completed when

necessary from the World Trade Organization database.

[Table 7 about here.]

We consider the data of 186 countries and the 3 digit UN1 code list of countries are given in

Table 8.

[Table 8 about here.]

3.4 Result

We consider three measures of environmental pollution, CO2 emissions from different fuels,

embodied GHG emissions, and embodied air pollutants. All coefficients in the environmental

quality equation are highly significant and have the expected sign in the results of the FE panel

regression in Table ( 10, 16, 12 and 13). The scatter plot for the tariff rate and the emission for the

entire panel is depicted in Figure (5, 6, 11 and 13) displaying a negative relation. In each table,

the odd numbered models represent the impact of income on emissions, while the even numbered

1United Nations
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models predict the impact of income and tariff rate jointly on emission. The coefficient of the

variable GDP is positive and the coefficient of the variable GDP 2 is negative means that the EKC

hypothesis is valid.

3.4.1 CO2 emissions from fuel

Table 10 shows the results of the FE panel regression for CO2 emissions from fuel consump-

tion. The coefficients for all the eight models are found to be statistically significant. Model 1

shows that GDP has a positive and significant effect on CO2 emissions from solid fuels when GDP

per-capita squared relation is negative but significant. This relationship supports the EKC theory

where in the early stages of economic growth degradation and pollution increase, but beyond some

level of income per-capita the trend reverses so that at high-income levels economic growth leads

to environmental improvement.

[Table 9 about here.]

[Table 10 about here.]

In model 2, I consider the impact of MFN tariff rate on CO2 emission from solid fuels along

with our income variables. Model 2 shows that tariff rate has a clearly negative and significant

effect on CO2 emissions from solid fuel usage. 1% reduction of tariff rate will increase 93806.47

gt of CO2 emissions. In Figure 6(a) I can also notice the negative relationship between tariff rate

and CO2 emissions from fuels. I also consider the impact of tariff rate on CO2 emissions from

liquid fuel, gas fuel and fossil fuel in model 4, 6 and model 8 of our CO2 emission regression.

Figure 6(b), 6(c) and Figure 6(d) represent the negative relation between MFN tariff rate and CO2

emissions from liquid fuel, fossil fuel and from gas fuel respectively.

[Figure 5 about here.]

According to model 4, 1% lower rate of the tariff will increase the CO2 emission from liquid

fuel by 25323.92 thousand metric tons. Model 6 represents that 1% reduction of MFN tariff rate
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will damage the environment my increasing the CO2 emission from gas fuel by 3561 thousand

metric tons. Finally, 1% reduction of fossil fuel can uplift CO2 emission by 115,248 thousand

metric tons. This directly indicates that for the chosen set of countries, a reduction in the MFN

tariff rate is associated with a higher volume of CO2 emissions. Intuitively, if the trade is the

purveyor of dirty products, higher tariff rates make such imported industrial goods costlier in the

domestic market and increase the share of clean domestic products. The rise in import duty seems

to directly benefit the countries at least in terms of attaining a better level of emission.

3.4.2 GHG embodied emissions

Next, when the embodied emissions of GHGs are considered separately, the results change

only marginally without any directional shifts from our CO2 emissions result. The GDP and GDP

squared impact on all considered GHGs emission is significant and aligned with the EKC theory.

Although the coefficients are different in scale, the impacts are considering the same sign for all

six models I take in consideration. Figure 7(a), 7(a) and 7(c) are showing the negative relationship

of MFN tariff rate with CO2, CH4, and N2O embodied emissions respectively.

[Figure 6 about here.]

According to the model 2 of our GHGs embodied emissions regression result, tariff rate is

impacting negatively on environmental damage. 1% reduced rate of tariff can increase 38,081

gt2 of embodied CO2 emissions. The impact of tariff reduction is very high on embodied CH4

emission. 1% reduction of MFN tariff will increase 1.2e+09 gt of embodied emission of CH4.

Similarly, MFN tariff cut also have high and significant impact on N2O embodied emissions. 1%

MFN tariff reduction can increase 2.6e+09 gt of embodied N2O emissions.

[Table 11 about here.]
2Gross tonnage (often abbreviated as GT, G.T. or gt.) is a unit-less index related to a ship’s overall internal volume
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3.4.3 Air pollutants embodied emissions

We notice that the relationship of the air pollutants embodied emissions and income support the

EKC theory in our FE panel regression. The coefficients for linear and squared per-capita income

are still consistent with the existence of an EKC. I consider the NMVOC, NOX , PM10, CO

and SO2 embodied emissions in our air pollutant embodied emission regression. In Figure 12(a),

12(b), 12(c), 14(a), 14(b) I show the scatter plot of the relation between our MFN tariff rate and

air pollutants emissions. I can notice the negative correlation between tariff rate and emissions.

[Figure 7 about here.]

[Figure 8 about here.]

According to Table 12 and 13 the effect of MFN tariff rate on air pollutants emission is still

negative and statistically significant. 1% MFN tariff cut will increase 139.5 gt, 116.3 gt and 120

gt of embodied NMVOC, NOX and PM10 emission respectively. I also notice that 1% tariff cut

can emit embodied CO and SO2 by 235.6 gt and 169.2 gt accordingly.

[Table 12 about here.]

[Table 13 about here.]

3.5 Conclusion

We rely on a fairly long panel data on global emissions and embodied emissions to identify the

incidence of tariff cut on the environment. This paper investigated possible relations between the

imposition of MFN tariff rates and the level of emission at the cross-country level. I chose a set

of countries where the environmental standards are considered carefully. A period of 25 years the

trade policy can be used as a viable instrument to rectify or improve upon the level of emission.

Benefits from free trade come at an environmental cost to countries. In other words, there is a

tendency to experience increased global emissions when free trade agreements are fully operational

and countries enjoy MFN tariff rate.
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Overall, these results suggest that it is not necessary to apply discriminatory practice against

exporters of pollution-intensive commodities for preventing environmental degradation. It is pos-

sible to allow greater openness in terms of international capital flows and uniform tariff for all and

yet lower pollution via exposure to international trade.
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4 Chapter 3

Climate Perception and Flood Mitigation Cooperation: a Bangladesh Case Study

4.1 Introduction

Bangladesh is one of the most disaster-prone countries in the world because of its geograph-

ical setting (Brouwer et al., 2007). Only 10% of Bangladesh is 1m above the mean sea level

and one-third is under tidal influence. Global sea levels have risen through the 20th century, and

are expected to accelerate upward through the 21st century and beyond because of global warm-

ing (Nicholls and Cazenave, 2010). Most countries in South, Southeast, and East Asia appear to

be highly threatened by the sea level rise because of the widespread occurrence of densely pop-

ulated deltas (Parry et al., 2007). Due to such climatic changes and the associated sea level rise,

Bangladesh is predicted to suffer from huge economic damages by more intense and frequent flood

events in the foreseeable future (Schiermeier, 2011a,b).

There is a rich body of literature on climatic change and its potential impact on society. Some

research claims that humans are a main cause of altered climatic patterns (Stern, 2006, Cline, 2007,

Schiermeier, 2011b). For instance, Rockstrom et al. (2009) suggest that I have already exceeded

the planet’s “safe operating space” in the climate system, and a warmer world has more extreme

rainfall occurrences. This is because the amount of water vapor that the atmosphere holds increases

rapidly with temperature. Rainfall data also reveal significant increases of heavy precipitation over

much of northern hemisphere land and the tropics. Overall, these tendency of climate are reported

to increase the frequency of floods (Parry et al., 2007, Pall et al., 2011, Min et al., 2011).

Understanding people’s perceptions and their attitudes to climatic change is claimed to be im-

portant, because it is directly linked to the formulation of policies (Tobler et al., 2012b,a). Several

works demonstrate that abstract explanations of climatic change without actual experiences of

these “changes” are ineffective to convey what is actually occurring and to affect people’s mind-

sets and behaviors (see, e.g., Spence et al., 2011). The greatest barrier is the difficulty of cultivating
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correct perceptions of temporal trends and the natural variability of climate, especially among peo-

ple whose daily life is not dependent upon weather or climate (Hansen et al., 1998, Balling Jr. and

Cerveny, 2003, Hansen et al., 2012).3

Numerous studies have examined people’s perceptions and understanding to climatic change

in developed countries, claiming that highly educated people understand climate, and express their

knowledge in surveys (Viscusi and Zeckhauser, 2006). Moreover, people who are more confi-

dent about the issue tend to be more cooperative to prevent adverse effects of climatic change

(Semenza et al., 2008, Akter and Bennett, 2011, Akter et al., 2012, Spence et al., 2011). In con-

trast, other studies show that some socio-cultural and psychological factors impede preventive

actions for climatic change, even when people are knowledgeable about or confident about the

issue (Henderson-Sellers, 1990, O’Connor et al., 1999, Leiserowitz, 2006, Dessai and Sims, 2010,

Osbahr et al., 2011).

In developing countries, there have been relatively few studies on this subject, although there

are some works that have used surveys to examine local people’s understanding of climatic change

(Vedwan and Rhoades, 2001, Adelekan, 2005, Vedwan, 2006, Mertz et al., 2009). These previous

studies have found that people in developing countries demonstrate less understanding of climatic

change compared to people in developed countries. More specifically, people tend to qualitatively

mis-perceive the temporal changes of key climate variables due to several constraints, such as local

customs, the lack of education and information. In summary, few previous works have examined

local people’s perception and their cooperative attitudes toward climatic change in a single frame-

work, implying that the relationship between these two remains unsolved (Sanchez-Cortes and

Chavero, 2011, Crona et al., 2013).

Given this gap in the literature, I examine whether local people correctly perceive climatic

changes and how correct perception is related to their cooperative attitudes for flood controls

(climate-induced events) by taking a case of Dhaka, Bangladesh as a representative of developing

3Weather is defined to be the physical condition or state of the atmosphere such as rainfall or temperature over any
short period of time, whereas climate is defined to be the composite weather condition that characterizes the patterns
or cycles of weather changes over a considerable period of time (Merrett, 2008).
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countries. To this end, I conducted questionnaire surveys of 1011 respondents and seven experts to

elicit their perceptions and cooperative attitudes. First, I address how local people in Bangladesh

correctly perceive climatic change by comparing climate data taken from weather stations with

people’s perceptions elicited in surveys. Second, I identify how correct perceptions and other

socio-economic factors are related to cooperative attitudes by using a “willingness to pay” (WTP)

for flood controls as a good proxy for the degree of cooperation.4 With this approach, our research

specifically addresses the following questions: (i) Does a temporal change in climate is occurring

in Dhaka? (ii) How close do people’s perceptions to climate align with the climate data obtained

from weather stations? (iii) How do correct perceptions of climatic change and other factors affect

the WTP?

4.2 Study area and Data

The Meghna Basin area of Bangladesh was selected as a study area because it is vulnerable

to climatic changes and frequent flooding. Within the Meghna Basin area in central Bangladesh,

the administrative Upazilas-Narsingdi Sadar and Raipura were chosen. The two Upazilas are char-

acterized by different production potentials. Figure 9 is a map of the research area. Raipura has

relatively higher agricultural potential, whereas Narsingdi Sadar has lower agricultural but higher

industrial potential. The household is a unit of analysis, because it is the decision-making unit

in livelihood processes, with the senior and earning male as the decision maker. The survey was

conducted in 2011 and 2012.

[Figure 9 about here.]

The climatic conditions in Raipura and Narsingdi Sadar have relatively uniform temperatures,

high humidity, and heavy rainfall. Heavy rain usually occurs from June to September. The average

annual temperature ranges from 13°C to 35°C. The rivers in the Upazilas are Meghna (the most

4It is likely that most Bangladeshi people have difficulty reaching a common understanding of the terminology for
climatic change, so I avoid using this terminology to assess cooperative attitudes.
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important), Old Brahmaputra, Arial Khan and Kakan. Because Raipura Upazila and Narsingdi

Sadar Upazila are plain lands, the Meghna floods, especially in the rainy seasons.

The structured questionnaire is employed to collect the data on household socio-economic

characteristics, such as socio-demographic status, information sources at the household level, ap-

proximate losses of four major floods in Bangladesh (1988, 1998, 2004, and 2007), WTP for flood

protection, and perceptions of weather or climatic changes. Regarding the elicitation of WTP, I use

contingent valuation question, following Markantonis et al. (2013) and Ghanbarpour et al. (2014).

To be more specific about the flood event, I asked respondents their WTPs toward preventive mea-

sures and controls when the flood event of the same scale with each of major flood events that

occurred in 1988, 1998, 2004 and 2007 is assumed to occur in the future. For example, I asked

respondents their WTP under the scenario that the flood like the one that occurred in 1988 is as-

sumed to occur in the future. I elicited WTP under each scenario for the flood events in 1998, 2004

and 2007, respectively. I chose this way, because setting a specific scenario by mentioning the past

flood events give respondents a relatively uniform understanding for flooding in our pilot survey.

The participants were local people from various backgrounds including farmers, businessmen,

teachers, public officials and others. The heads of the households usually answered the survey

questions. Our survey also included seven well-reputed experts in Bangladesh specializing in me-

teorology and flood controls, who also answered questions related to weather or climatic changes,

perceptions of climate risks, and whether six seasons are becoming four seasons in study areas.

The questionnaire was developed interactively. Theoretical findings and primary field surveys

were used to design a first draft of the questionnaire. Then, the questions were carefully modified

to ensure that understanding and answering these questions would not require an academic back-

ground or expert knowledge.5 Another questionnaire was designed to elicit expert opinions on the

various issues of climate and flooding. The results of experts’ interviews are not used in the statis-

tical analysis that follows, however, these results were referenced when necessary for qualitative

judgments in the analysis.

5The original questionnaire is in Bengali. The translated version is available upon request.
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Fifteen villages in Narsingdi Sadar Upazila were selected on the basis of the flood risks and

heterogeneity of socio-economic characteristics across regions such as education, occupations, in-

come and so on. However, one village was excluded because of poor accessibility. In fourteen

selected villages in Raipura where there have been clear variation and heterogeneity of respon-

dents, surveys were successfully completed. In each village, households were chosen by random

sampling.6 The interviews were conducted by 16 field research assistants during the period from

December 24, 2011 to January 14, 2012. The survey involved 1,011 residents from 14 villages,

including low-, medium- and high-density population areas.

Daily weather data were collected from the Bangladesh Meteorological Department. The data

includes daily rainfall, daily average temperature, daily maximum temperature and daily minimum

temperature. First, to capture local climatic changes in the last 25 years, I examined data of three

nearby weather stations from 1985 to 2010 to ensure the robustness of our qualitative results. An

average value of the climate data taken from the three stations was used as a benchmark throughout

this analysis. The average distances of the stations from our survey areas are as follows: Dhaka,

38:4km, Comilla, 71:44km and Chandpur, 77:64km. I found no significant qualitative difference

among these three stations with respect to the data quality and the corresponding climatic pattern,

and the data are of good quality with few missing observations. Therefore, I present the analysis

using the data from the three stations. Finally, Figure 10 summarizes the data collection procedure

consisting of a primary field survey, a household survey, an expert interview and the collection of

meteorological data.

[Figure 10 about here.]
6More concretely, I implemented random geographic sampling after I chose the regions of our focus by selection

criteria such as flood risks (Emerson and MacFarlane, 1995, Soumare et al., 2007).
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4.3 Methodology and data analysis

4.3.1 Climatic and weather change

Rainfall and temperature are the most significant climate variables affecting human activities.

Therefore, I focus on climate variables related to rainfall and temperature for our analysis. For

farmers, the distribution and periodicity of rain events and temperature variation within a growing

season or a single year affect farming practices. For other land users, these rainfall and temperature

events may have some importance for everyday life. Considering a life cycle of people in Dhaka,

I selected eight important climate variables that potentially affect the daily life of local people.

Table 14 shows the variables chosen to identify a change in climatic pattern and the corresponding

reasons for their selection. I analyze these climate variables over the years 1985 to 2010 and derive

a temporal trend in climate variables.I plot historical observations of climate variables for each

month or each season. Finally, to determine the overall trend in climate variables, I estimate a

coefficient of the time trend by running regression analysis. The estimated regression is drawn on

the time series plot of climate variables.

[Table 14 about here.]

Respondents were asked what the weather and climate were like 25 years ago to access their

perceptions of normal climate patterns.I then asked what the weather and climate are like today and

posed some further questions related to changes in climate variables over time. Each respondent

was asked to give at least a qualitative answer of “increasing,’’ “no change,’’ or “decreasing’’ for

these questions. Their perceptions of the changes in climate variables over time were compared to

the meteorological records collected from three nearby stations where this field work took place.7

To judge whether a respondent’s perception is qualitatively consistent with the time series

climate data or not,I employ the following procedure. First, I draw the time series plot of the
7We initially attempted to incorporate questions related to the perceptions of the risk or standard deviations of

climate variables in a survey. However, our pilot survey revealed that it is difficult to create a uniform understanding
of this issue among Bangladeshi people partly due to the difference in educational background compared to developed
countries. Therefore, I avoided directly asking questions related to the risk of climatic change. Instead,I attempted to
translate this risk-related question into frameworks that could be easily understood (e.g., an increase in frequency of
extreme rainfall).
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climate variable of our interest, say, average summer temperature, from 1985 to 2010. Second, I

run the simple regression by taking a time trending variable as an independent variable, yielding

an estimated coefficient of time trending. If the estimated coefficient is more than 1%, I consider

it as “increasing.” If it is less than �1%, it is “decreasing.” Otherwise, no change. Our survey also

elicits each respondent’s perception to each climate variable; increasing, decreasing and no change.

If the respondent’s perception is the same as the qualitative change concluded from a time trending

regression, I consider the perception to be correct or consistent with time series climate data. Note

that I use the 1% criteria to judge whether a certain climate variable is increasing, decreasing or

no change based on our experts’ survey. The experts say that an annual or monthly 1% increase

(decrease) as a time trend becomes more than 10% increase (decrease) in 10 years later. It is

considered significant enough to say an increase or decrease in the context of Bangladesh climate.

4.3.2 WTP for flood controls

To identify the determinants of people’s cooperative attitudes toward flood damage protection,

a Tobit regression is applied, because our samples for WTPs include approximately 150 observa-

tions of zero. I use left censoring to censor these zero observation from our model. In our survey,

respondents indicated their WTP for flood protection by considering the four major floods that oc-

curred in the last 25 years in Bangladesh. The basic assumption is that WTP may be a good proxy

for people’s cooperative attitudes and may depend on their socio-economic household character-

istics, climate stimuli, correctness of perceptions and experiences. More formally, the underlying

regression is formulated as follows:

WTP = f(socioeconomic characteristics, experiences and correctness of perceptions) + �;

where

• WTP represents the willingness to pay for flood protection. In our sample, WTP 1988, WTP

1998, WTP 2004 and WTP 2007 correspond to the respondents’ WTP to collectively control
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the damage under the scenario that a flood event like the one that occurred in 1988, 1998,

2004 and 2007 is assumed to occur in the future. Table 15 provides aggregate total damage

for each flood event in 1988, 1998, 2004 and 2007 report.

[Table 15 about here.]

• Socio-economic characteristics correspond to the variables of education, income, conditions,

family structures, residential time, some knowledge about climatic change, and advance

access to flood information.

• Experience represents whether respondents have suffered from floods in the 1988 and 1998.

When they reported to have suffered, this variable indicates the corresponding economic loss

in each flood event. All reported damages are based upon 2010 price level. Economic loss

due to flood damage in 1988 and 1998 are converted to 2010 prices using GDP deflators

from the World Bank World Development Indicators.

• Perception represents whether respondents correctly perceive seasonal and climatic changes.

For this, I only choose climate variables and the corresponding perceptions that are directly

relevant to the occurrence of flooding. More specifically, climate variables related to rainfall

and precipitation are included in the regression. This perception variable is binary taking

the value of 1 when respondents correctly perceive the time trend of a climate variable in a

qualitative manner. Otherwise, it takes 0.8

• � is an error term.

Tables 16 and 17 provide the definition of explanatory variables and the summary statistics of all

the variables included in the Tobit regressions, respectively.
8In this judgment of whether the dummy variable of correct perception is set to 1, I use the coefficient of the tem-

poral trend for a climate variable estimated from the time series climate data in the previous section. For instance, the
coefficient is positive with more than 1% (or negative with less than�1%); I consider it “increasing” (or “decreasing”),
and those who answered “increasing” (or “decreasing”) in the survey are considered to have correct perceptions. In
some cases, I also obtain the coefficient of a temporal trend that is positive or negative, but very close to zero with
the absolute magnitude of less than 1% (e.g., an estimated coefficient of 0:0025 is considered to be no change, since
it is less than 1% in absolute value). In such a case, I consider it as no change and the answer “no change” from the
respondents is correct. I determine to use this 1% criteria based on our experts’ survey as mentioned earlier.
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[Table 16 about here.]

[Table 17 about here.]

4.4 Results and discussion

4.4.1 Climatic change

In rainfall Figure 11 (in five subFigures) plots the average rainfall on rainy days for each mon-

soon season. All four monsoon months in Figure 12(a) 12(b), 12(c) and 28(d) show that the aver-

age monthly rainfall over each month increased from 1985 to 2010. Pooling the monthly plot from

June to September, Figure 12(e) also shows the increasing trend over time. The slope of the linear

trend derived from the plot in Figure 12(e) implies that average rainfall on rainy days increased

by 0:0228mm within 25 years. Our survey results suggest that people’s perceptions are consistent

with the change in this climate variable. Of 1,011 individuals, 744 respondents, approximately

72:6% of the sample population, answered “increasing” in the survey and correctly perceived the

change in monsoon rainfall Figure (12, column 1), but 27:4% of the sample population underesti-

mated the change (Figure 12, column 1).

[Figure 11 about here.]

[Figure 12 about here.]

We now aim to identify a consistent trend in the rainfall extremes in monsoon months from the

data analysis. Figure 13 shows that the time trends in monsoon extreme rainfall were generally

positive over the years of our analysis, although a negative trend was found in October. The

overall trend in the data pooled from each month shows an increasing temporal trend from 1985

to 2010 (Figure 14(e)). A high percentage of participants (849/1,011, 84%) correctly perceived

the “increasing” trend in the extreme rainy days, but 16% underestimated the change (Figure 12,

column 2). Perceptions of extreme rainfall are important for understanding and predicting floods in
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monsoon seasons, and our findings of a change in extreme rainy days suggest that the Bangladeshi

people recognize the flooding risk.

[Figure 13 about here.]

Next, I consider average rainfall for eight months of each year as non-monsoon months, six of

them show a downward trend of the rainfall from 1985 to 2010 (Figure 14). Although two months

show a minor increase, one of them is the month just after the monsoon seasons. I examine the

overall trend in this climate variable by pooling the data from all non-monsoon months. Figure 15

shows a 2% decrease in rainfall from 1985 to 2010. People’s perceptions of the change agree with

the time series plots in Figure 14 and 15. Surprisingly, 954 of 1,011 respondents (94:36%) correctly

answered “decreasing”; only 5:64% of people overestimated the change (Figure 12, column 3).

[Figure 14 about here.]

[Figure 15 about here.]

We now examine the dry spell for individual non-monsoon months and for an overall non-

monsoon season. Figure 16 shows that most of non-monsoon months demonstrate an increasing

trend or no temporal trend of the longest dry spell. An overall trend derived from pooling the data

of all the non-monsoon months also shows a similar outcome, slightly increasing or close to zero

(Figure 17). I judge that the magnitude of the temporal trend is approximately “no change” where

the value of overall temporal trend in the longest dry spell is 0.0042 (< 0:01). The exceptions

are May and October. This may be because these months are immediately before and after the

monsoon months, respectively. A majority of respondents (854/1,011, 84:47%) correctly perceived

“no change” in the longest dry spell in non-monsoon months (Figure 12, column 4), whereas

15:53% of people underestimated the change.9

[Figure 16 about here.]

[Figure 17 about here.]
9As mentioned earlier, if the absolute value of the temporal trend is less than 0.01, I consider it to represent “no

change.”
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Change in temperature Figure 18 shows an increasing trend in the frequency of extremely hot

days in summer months from 1985 to 2010, although the first month of summer shows a decreas-

ing trend due to the effect of the preceding cold months. The other two months show a stronger

effect in this regard, and the number of extremely hot days in April and May increased by approxi-

mately 13% and 38%, respectively, from 1985 to 2010. The number of extremely hot summer days

increased by 5% (Figure 19(d)). Surprisingly, the surveyed population consistently (886/1,011,

87:64%) answered correctly that the number of extremely hot summer days has increased; only

12:36% of people underestimated the trend (Figure 12, column 5).

[Figure 18 about here.]

Another strong indicator of climatic change in Bangladesh is the change in temperatures. The

three measures of temperature are average daily maximum, minimum and mean, calculated to elu-

cidate the overall trend in summer months. Figure 19 shows a slightly rising trend for March,

April and May (Figure 20(a), 20(c) and 20(e)). Aggregating the data from the three months does

not change this trend, irrespective of the minimum, maximum and mean temperatures (Figure

20(b), 20(d) and 20(f)). The average mean temperature increased by 1:2%, and the average min-

imum and maximum temperatures increased by 1:3% and 1%, respectively (temporal trend lines,

Figure 20(b), 20(d) and 20(f)). The respondents’ answers are consistent with this meteorological

data analysis. The 830 respondents (830/1,011, 82:1%) identified an increasing trend in sum-

mer temperatures (Figure 12, column 6). However, 17:9% of the respondents underestimated this

change.

[Figure 19 about here.]

We now investigate the temporal trend of extremely cold days in winter seasons. Figure 20

shows that the number of the extremely winter cold days is decreasing over time (�6:6% in ag-

gregated observations from January to December; temporal trend line, Figure 21(c)). Accordingly,

798 respondents (798/1,011, 79%) correctly perceived this trend, and only 21% of the respondents

overestimated the change (Figure 12, column 7).
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Finally, I plot the average daily mean, maximum and minimum winter temperatures, which

have remained relatively constant (Figure 21). As expected, 904 respondents (904/1,011, 89:4%

in column 8 of Figure 12) correctly perceived “no change”; only 10:6% of the respondents overes-

timated the change. From the above analysis and from the graphical representation in Figure 12,

I conclude that Bangladeshi people correctly perceive the change in climatic patterns over time,

at least from a qualitative perspective. Based on our survey, approximately more than 80% of the

respondents correctly perceived the temporal trends of eight climate variables that are important in

Bangladesh.

[Figure 20 about here.]

[Figure 21 about here.]

4.4.2 People’s cooperative attitudes and WTP regression

Table 18 represents the regression results for WTP corresponding to floods in 1988, 1998,

2004 and 2007, respectively.10 The table also contains the marginal effect representing the change

in WTP when an independent variable increases by one unit. The results show that the education

of the head of household is statistically significant and increases WTP for flood damage protection

for all regressions of the floods in 1988, 1998, 2004 and 2007. The magnitudes of the marginal

effects of education on WTP in other regressions are similar, indicating the strong positive rela-

tionship between years of education and WTP for flood protection. An additional year of academic

education can increase the WTP for flood damage protection by BDT 17 to 28 (approximately).

[Table 18 about here.]

Household income, house condition, family structure and residential time have the same quali-

tative results on WTP for all of the regressions. In our analysis 82.5% respondents monthly income

10Initially, age, farmer, type of job, amount of cultivable land and cattle ownership were added to the model.
However, they were dropped, because they were not significant in any case of WTP and have no impacts on other
independent variables included in the analysis. In other words, I confirmed a robustness of our result.
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is below BDT 15,000, 89% live in parmanet hose, 66% have a single family and 88% are living

in study area over 20 years. These independent variables are statistically significant and increases

WTP for flood protection; the corresponding marginal effects are not economically negligible.

However, household members and household distance from the river negatively affect the WTP,

although not always with statistical significance. This result implies that WTP declines as the

number of household members and the distance from the river increase, consistent with intuition.

Next, I examine the independent variables of Loss 1988 and Loss 1998. As mentioned, these

two variables indicate whether the respondent experienced a large, well-known flood that occurred

in Bangladesh and the corresponding economic damage. Contrary to our hypothesis, the variables

are not economically significant implying that the marginal effect is not large enough. Although

some of the regressions in our analysis show statistical significance, the experience of these floods

does not affect WTP in an economically meaningful way. This result is in contrast with Cameron

and Shah (2015), because they find that experiences of natural disaster make people more risk-

averse implying that WTP should increase in experiences. In fact, there may be several potential

reasons for this result. First, some people might have migrated to other areas after the huge flood

events. Second, our reported data on Loss 1988 and Loss 1998 may be subject to measurement

errors. Third, every person who experienced the floods has different perceptions with respect to

the magnitude. For instance, some individuals consider that the flood in 1988 is bigger than that

in 1998 on the basis of the number of deaths, while others have an opposite perception due to the

fact that economic damage in 1998 is bigger than that in 1988 (see Table 15). These issues are

limitations in our study and something I cannot address with our analysis.11

We turn our attention to the variables of knowledge, information and perceptions related to

flooding and climate change. “Knowledge of climatic change” and “advance access to flood in-

formation” correspond to these key independent variables. In our survey, 78% respondents have

knowledge of climate change and 53% have advance access to flood information. In general, Table

18 shows strong positive effects of these variables on WTP for all regressions. This result suggests

11However, I also note that summary statistics of Loss 1988 and Loss 1998 are qualitatively consistent with aggre-
gate damage estimates, and thus the variables may not be unreasonable (See Table 15,17).
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that people who have knowledge related to climatic change as well as access to information on

flooding prior to the event are willing to pay more for control measures. These results are consis-

tent with previous literature in the sense that information and knowledge affect the understanding

of people and their behaviors to a change in climate (see, e.g., Capstick and Pidgeon, 2014).

Finally, I review the perception-related independent variables including “a seasonal change

from six to four seasons,” “precipitation in the monsoon months and in the non-monsoon months,”

and “extremely rainy days.” In our analysis 65%, 94% and 84% repondend have correct perception

respectively. Recall that these are included as perception-related variables because they are directly

related to the risk of flooding in the study region. Table 18 presents that all of the coefficients on

these perception variables are positive and statistically significant. In addition, the marginal effect

on WTP are economically significant. These results imply that people who correctly perceive

temporal changes in climate variables tend to exhibit higher WTP. To the best of our knowledge,

this is the first study demonstrating that correct perception to climate leads to higher WTP or more

cooperative attitude toward the mitigation of climate-change related disasters.

Overall, the results of our research, especially related to knowledge and perceptions, suggest

some important implications. It is reported that many people, especially in developed countries,

are skeptical about climatic changes, exhibiting non-cooperative attitudes toward mitigation poli-

cies (see, e.g., Semenza et al., 2008, Cookson, 2009). Sometimes, these non-cooperative behaviors

are attributed to uncertainty and ambiguity associated with the occurrence of climatic change.

However, our results imply that these attitudes may be changed if they become to possess correct

perception, information and education regarding climatic changes. In other words, people who

have knowledge and information as well as who correctly perceive the temporal change of climate

variables tend to be more cooperative. Based on these arguments, I suggest that experience, infor-

mation provision and education that can reduce ambiguity (or uncertainty) associated with climate

and flooding are keys to improving cooperation in managing climatic change and related natural

disasters.
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4.5 Conclusion

This paper examined climate data, people’s perception to climatic changes and attitudes toward

flood controls in Bangladesh. For the data collection, I conducted face-to-face surveys with 1,011

respondents and seven experts from different socio-economic backgrounds in Dhaka and elicited

their perceptions of climatic change and WTP for flood controls associated with climatic change.

Our results have some important implications. First, key climate variables are identified to exhibit

clear upward or downward trends suggesting some possibility of a change in climate. Second,

most Bangladeshi people in our survey correctly perceive the temporal trends of climate variables.

More specifically, people’s perceptions and our statistical analysis of climate are consistent with

each other in that they show the qualitatively same direction of temporal changes. Third, peo-

ple who correctly perceive climatic changes and have more education, income, information and

knowledge tend to express a higher WTP than those who do not. Overall, these findings suggest

that information provision and education associated with correct perceptions of climate are keys to

improving cooperation in managing climatic change and its related disasters.

Finally I note some of our study’s limitations. For instance, our survey does not cover all parts

of Bangladesh. I focus only on Dhaka because there are three weather stations nearby with high-

quality of daily climate data and few missing observations. The data quality was crucial to reliable

analysis in our study. In the future, if climate data accumulates in other weather stations, the same

type of analysis should be conducted to produce more robust results. Second, I did not ask any

question explicitly related to people’s perceptions of “risks” because I had difficulty explaining

the word “risk” in a uniform way that every respondent could understand. It is our belief that

recognition of risk is another important dimension in the climate-change debate when climatic

change includes uncertainty and ambiguity. Furthermore, if I could collect panel data concerning

dynamic change of perception and cooperative attitudes toward climatic change, I should be able

to test “experiential learning” or “motivated reasoning” studied by Myers et al. (2013).

Although there are some limitations and shortcomings in our study, I believe that the results

of this study could be important in untangling the relationship between people’s perceptions and
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attitudes toward climatic changes and related natural disasters. I are surprised that a majority

of Bangladeshi people correctly perceive the time trend of climate variables and exhibit higher

cooperative attitudes, given the fact that some previous papers report people’s miss-perception

or misunderstanding about climatic change in developing countries (see, e.g., Adelekan, 2005,

Osbahr et al., 2011). However, note that this debate still lacks a policy to translate the willingness

to prevent disasters associated with climatic changes into collective action yet. I hope that the

results of our research can serve as a reference for decision making of collective climate-change

policies and disaster management in the future.

4.6 Appendix

Contingent Valuation Questions in the Meghna River Basin Survey

At present, there is not enough fund from Bangladesh government and international donation fund-

ing to protect Meghna river basin areas from flood. You will be asked to place a value on flood

protection in this area through a yearly donation in favor to flood damage reduction. This donation

is not an actual request. However, please select your choice as if you were actually being offered

the opportunity to protect Meghna river basin flood damages. Your response is important in pro-

viding information about how much local residents value protecting Meghna river basin from flood

damages.

Please circle your maximum donation.

BDT 10 BDT 30 BDT 50 BDT 70 BDT 90 BDT 100

BDT 200 BDT 300 BDT 400 BDT 500 BDT 600 BDT 700

BDT 800 BDT 900 BDT 1000 BDT 2000 BDT 3000 BDT 4000

BDT 5000 Other (please specify) BDT
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5 Chapter 4

Adaptation to the Himalayan River Flood and Arsenic Contamination by Smallholder

Farmers’ of Bangladesh

5.1 Introduction

The Himalayan Mountains are the major source of water in the Ganges, Brahmaputra, and

Meghna (GBM) rivers. This is one of the poorest regions in the world and the economy of this

region solely depend on water (Rasul, 2015). Complex mountainous environments of Himalayas

are highly susceptible to natural hazards such as floods (Altaf et al., 2014). Locating on the conflu-

ence of the GBM rivers, Bangladesh is very prone to flooding. On average, annual floods inundate

20.5 % area of the country and this can reach as high as about 70 % during an extreme flood event

(Mirza, 2002). Moreover, the releases of water from the Indian dams during the monsoon season

cause devastating floods in Bangladesh (Adel, 2001).

The Himalayan rivers are stressed because of intensive dam building (Pandit et al., 2014).

Conflicts regarding the diversion of the Himalayan river water have intensified between India and

Bangladesh (Simons, 1994). Upstream India and downstream Bangladesh share more than 50

international rivers. India has set up water diversion constructions in more than 50% of these

rivers. The construction of dams on the Indian side of the common rivers has caused damage on the

Bangladesh side (Adel, 2012). Withdrawal of surface water in the upstream India in dry seasons

reduces the groundwater level in Bangladesh (Khuda, 2001). For instance, the operation of the

Farakka barrage in the upstream of the Ganges river in India caused reduction of surface water

resources in Bangladesh (Hossain et al., 2000). This diversion adversely affects Bangladesh’s

irrigated agriculture during the low-flow season (Richardson, 1994).

The GBM region’s groundwater aquifer are moderately to severely contaminate with arsenic

through a natural geologic phenomenon (Ahmed et al., 2004). This place with the highest arsenic

incidence is one of the poorest region in the world where millions of people are depending on
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smallholder agriculture for their daily food intake (Brammer and Ravenscroft, 2009). Arsenic-rich

groundwater from shallow tube wells is widely used for the irrigation in Bangladesh. It leads to

the accumulation of arsenic in paddy soils and potentially have adverse effects on rice yield and

quality (Dittmar et al., 2007).

The amount of arsenic cycled each year in Bangladesh through irrigation water is estimated to

be about 1000 metric tons (Saha and Ali, 2007). The level of arsenic is so high in Bangladesh that

it is considered the largest case of natural poisoning ever to occur (Yu et al., 2003). Khan et al.

(2010) found that the arsenic addition in either irrigation water or as soil applied arsenic resulted

in yield reductions from 21% to 74% in dry season rice (boro) and 8% to 80% in monsoon season

rice (aman) in Bangladesh. Abedin et al. (2002), Huq et al. (2006b), Panaullah et al. (2009), Azad

et al. (2012) and Hossain (2006) all present similar findings.

Adaptive capacity is seen as a necessary condition for reducing vulnerability, especially in

the most vulnerable regions (McCarthy, 2001). Reduction of increased hazard requires adaptation

measures in Bangladesh. The Intergovernmental Panel on Climate Change (IPCC) recognizes two

types of adaptation: autonomous adaptation and planned adaptation. Autonomous adaptation oc-

curs at the level of individuals. For example, the decision processes of farmers’ choices in terms of

land use change reflect an autonomous adaptation strategy (Audsley et al., 2006). Planned adap-

tation refers to the intervention of society through policy. For example, the common agricultural

policy has traditionally minimize deleterious effects on crops (Berry et al., 2006). Autonomous

adaptation and planned adaptation are extremely important for a water risk resilient agriculture

system in Bangladesh.

Our research intends to answer to the problem ”living in the flood plain of three great rivers, the

people of Bangladesh endure floods, waterborne disease and much else besides. Can they entertain

any hope of relief” (Clarke, 2003)? There is hardly any study in the literature that has particularly

focused on the resilience of multiple water risk in Bangladesh by taking all the 64 districts of the

country into consideration. I, therefore, pioneer to identify the successful adaptation actions of

smallholder farmers in Bangladesh. The present study is an endeavor towards the literature.
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5.2 Materials and Methods

5.2.1 Study area

Bangladesh is one of the major disaster-prone countries in the world due to its geographical

setting. It is one of the largest geosyncline in the world. The country is bounded between 20�340

N - 26�380N and 88�010E - 92�410E comprising an area of 147,570 km2. Only 10% of Bangladesh

is 1 m above mean sea level and one-third is under tidal influence. The Himalayan range is to its

north and its southern coast is at the northern tip of the Bay of Bengal, which converges near the

coast like a funnel towards the Meghna estuary. All these geophysical settings make the country

vulnerable to natural disasters. Figure 22 shows the geographical location of Bangladesh, where

the blue lines are the major international rivers which born from Himalaya.

[Figure 22 about here.]

In Bangladesh, the availability of fresh water is highly seasonal depending on the presence and

duration of the monsoon (Yu, 2010). During the monsoon season, there is plenty of water (85% of

the total flows) when the flows of the rivers go down so much. The total annual flow of the river

system in Bangladesh is about 1.5 billion cubic meters of which 1.36 billion cubic meters (93%)

originate from the upper regions in India, Nepal and Bhutan.

We divide Bangladesh and the surrounding India into 9 zones for simplicity of analysis. I

have divided the zones according to the geographic coordinate system. Zone 1 and 2 locate in

87�E to 90�E and 21�N to 24�N coordinate. Zone 3 and 4 locate in 87�E to 90�E and 24�N to

27�N coordinate. Zone 5 and 6 locate in 90�E to 93�E and 24�N to 27�N coordinate. Zone 7, 8

and 9 locate in 90�E to 93�E and 21�N to 24�N coordinate. Zone 1, 3, 5 and 7 in Figure 22(b)

are characterized by seasonal flooded region in Bangladesh. Zone 2 and 4 are characterized by

seasonal flooded areas in India. Zone 6 and 8 are mountainous areas of India, which don’t suffer

from seasonal flooding. Zone 9 is a hilly region of Bangladesh which is also safe from seasonal

flood.
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Green fields in Figure 22(c) represents agricultural areas in Bangladesh , where nearly 20% of

gross domestic product and 65% of the labor force employed in small-holder agriculture [26]. Rice

production occurs on more than 80% of agricultural lands. Rice is grown in three growing seasons

that span the entire year and are synonymous with their rice crop: monsoon season rice (aman) and

dry season rice (boro). Aman grows during the monsoon season when rainfall is plentiful. Boro

is grown during the dry season, after floods have receded, and is restricted to irrigated areas. Rice

cultivation makes up nearly 95% of cereal production in Bangladesh, with wheat a prominent dry

season crop grown with irrigation (BBS (2005), BBS (2008)). Aman rice is threatened by floods

during the monsoon season. Boro rice is damaged by heat waves and water scarcity during the dry

season.

5.3 Data

This study uses numerous local and global secondary data sources include public and semi-

public sources. Our data come from the Bangladesh Bureau of Statistics(BBS), Bangladesh Mete-

orological Department(BMD), Ministry of Food and Disaster Management (MFDM), Bangladesh

Water Development Board (BWDB), Indian Meteorological Department (IMD), NOAA’s Ad-

vanced Very High Resolution Radiometer (AVHRR), Central Water Commission (CWC), British

Geological Survey (BGS) and Department of Public Health Engineering (DPHE). The Table19

describes the variables I use in this research while the time period is from 1996 to 2008.

[Table 19 about here.]

Islam and Sado (2000) identified the flooded area in Bangladesh by using remote sensing (RS)

data with the Geographic Information Systems (GIS). Image data from the National Oceanographic

and Atmospheric Administration (NOAA) Advanced Very High Resolution Radiometer (AVHRR)

was used to analyze Bangladesh’s historical flood inundated areas. I use this flooded area infor-

mation for our flood risk rank calculation due to its accuracy. I also consider the crop damage

information from the Ministry of Food and Disaster Management for flooding in year 1995, 2004
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and 2007 which are the preceding years of our considered agriculture census of Bangladesh.

Arsenic contamination data were derived from a nationwide arsenic survey completed in 1998

by the British Geological Survey in collaboration with the Department of Public Health Engineer-

ing of Bangladesh. They tested over 1000 water wells around 61 districts of Bangladesh. Three

mountainous districts was out of the survey and not considered risky area due to their geographic

location. Reports of the British Geological Survey show that the groundwater in all 61 surveyed

districts out of 64 is now contaminated with arsenic. The survey report also provides the geo-

graphic location of testing wells and the level of arsenic contamination in each tested wells.

The daily temperature data and the daily of rainfall data for Bangladesh have been collected

from the Bangladesh Meteorological Department for all the meteorological stations of the country

for 20 years from 1991 to 2010. Then, the station level data have been converted into district

level data by taking a weighted regression for all the stations that come within 100 km radius from

the geographical center of the district. The weight has been assigned according to the distance of

the stations from the geographical center of the district (i.e. the inverse of the square root of the

distance).

Dams’ geographic location and necessary information are collected from the National Register

of Large Dam (NRLD). They compiled the dams’ information received from the State Government

of India. Central Water Commission of India update this information in a timely manner. In NRLD

the definition of large dams has been adopted as per the norms of the International Commission

on Large Dams (ICOLD). At present there are 4857 completed large dams and 314 large dams

are under construction in India. In our analysis, I considered 13 large dams of India, which are

located in 86�E to 93�E and 21�N to 27�N coordinate. These dams control the water flow of

India-Bangladesh joint rivers.

To calculate the rainfall on the nearby dam area of India, the monthly total of rainfall data has

been collected from the Indian Meteorological Department for all the meteorological stations of

the state for 20 years from 1991 to 2010. Then, the station level data have been converted into dam

area level data by taking a weighted regression for all the stations that come within 100 km radius
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from the central position of the dams.

5.4 Model

5.4.1 Theoretical model.

The basic hypothesis is that water risks shifts the production function for crops. Farmers at

particular districts take water risk variables like flood and arsenic contamination as given and adjust

their inputs and outputs accordingly. I assume that the farmers adapt the water stress so that land

uses have attained the long-run equilibrium that is associated with each district’s characteristic. Let

the total of land use be Li which depends on the input variables as equation 8.

Li = f (F; As; C; W ) (8)

Here, F is a vector of seasonal flood risk, As is the vector of arsenic contamination risk, C

is the climatic factors and W is another water risk vulnerability. In our model I restrict ourselves

to asking about farmers cultivated crops. I assume that the farmers ensure their net benefit by

considering the sustainability of the future cereal production.

5.4.2 Econometric model.

The econometric estimations apply the two prominent panel data models: fixed effects and

random effects models. These models, by virtue of their capacity to account for inter-temporal as

well as individual differences, provide better control for the influence of missing or unobserved

variables (Gemayel, 2004). Let us consider the following simple panel data model:

Yit = �1Xit + �i + uit (9)

where Yit is the dependent variable observed for household i at time t, in our case this is the

crop land use in hectares. �1 is a vector of coefficients. �i denotes unobserved state specific effects
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which are assumed to be fixed over time, and vary across state i. Xit is a vector of explanatory

variables for household i at time t. uit is the error term.

Nature has tremendous impact on decision making of cropping while flood, rainfall, irrigation

and arsenic contamination guide farmers to decide what they are going to cultivate. To understand

the farmer’ choice of cropping in monsoon season and in the dry season our model can generally

be represented as equation10.

Lit = �1Fit + �2Asit + �3Vi + �4Rit + �5Tit + �6Iit + uit (10)

Here, Lit denotes the area of land cultivated of the district i in year t. Fit intends to capture

the severity of the flood. Vi presents the water shortage vulnerability dummy. Rainfall Rit is

the climatic variable. Extreme temperature Tit indicates the degree days 34 which is harmful for

cereal production. Iit is the irrigation variable that presents the total irrigated area in a district of

Bangladesh. In the estimation, this represents 64 districts of Bangladesh and I use the data from

years t =1996, 2005, and 2008, which are agriculture census years for Bangladesh.The descriptive

statistics of our dependent and independent variables are provided in Table 20.

[Table 20 about here.]

For estimating the functional relationship among variables shown in equation 3, panel regres-

sion model has been used. Before estimating the equations, the presence of multicollinearity

among the independent variables has been checked through the cross-correlation table. I present

our results with state fixed effects. Fixed effects are included to control for the possibility of unob-

served characteristics common to all farms within a state, such as state-specific taxes and uneven

incidence of crop subsidies.

5.4.3 Explanatory variables

Flood risk index The flood risk index is one of the key explanatory variable in our economet-

ric model. The flood risk index is calculated to represent farmers’ perceived risk of flood in the
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preceding flooding season where the ”risk = hazard � vulnerability” (Blaikie et al., 2014). I con-

sider that damages of crop from previous year’s flood and inundate area from last flood event have

tremendous impact on farmers risk perception. In our flood risk index calculation, I take the crop

damages and flood inundate areas as appropriate proxy of hazard and vulnerability respectively.

The flood risk index was calculated using a method adapted damages by using the equation 11.

Flood risk index =
(Crop damages � Flooded area)

Max (Crop damages � Flooded area)
(11)

We suspect that our flood risk variable is endogenous because of unobserved effects, for in-

stance, flood preparedness, physiological shock due to death, etc. Endogeneity may lead to biased

estimates in the fixed effect panel regression; therefore, I also introduce fixed effect instrumental

variable (IV) regression to get rid of endogeneity bias.

Instrumental variable The instrumental variable method has been developed to eliminate the

bias in parameter estimate. It is difficult to find variables that can serve as valid instruments. Many

variables that have an effect on included endogenous variables also have a direct effect on the

dependent variable. Usually, there are many instruments available, but they are of poor quality

because they tend to be only weakly correlated with the endogenous variables.

We select rainfall as an instrument for flood. Figure 23 shows the relationship between rainfall

on dams in India (instrumental variable), flood risk in Bangladesh (endogenous variable), agri-

culture land use (dependent variable) and other unobserved variables that effect on flood risk in

Bangladesh. Rainfall in above the upstream dams, all of which are located in India, affects the

flood risk in Bangladesh, but does not have a direct impact on the crop choices in Bangladesh.

[Figure 23 about here.]

Arsenic risk dummy variable Arsenic is associated with a natural or anthropogenic contam-

inant in areas where human subsistence is at risk. Arsenic contaminated groundwater is used

extensively in Bangladesh to irrigate the staple food of the region (Meharg and Rahman, 2003).
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Bangladesh is currently facing a serious threat to public health, with 85 million people at risk from

arsenic (Hossain, 2006). The arsenic problem, carried out over the period 1998 to 2001 and the

information on arsenic contamination get the attention of public media and people’s awareness get

increased after 1998. The risky arsenic wells were painted with red color and the safe wells were

painted with green. This easy identification makes the community to become aware and restrict

them to use those red colored wells (Bennear et al., 2013).

We construct a dummy variable to identify the arsenic risky area at least in a qualitative way. In

the estimation, I consider the arsenic risk effect using the guide of the World Health Organization

(WHO). If 30% or more tested wells of a district exceed the WHO guided 10 �g/l level, I consider

the area is risky. Moreover, I assume that since 1998 the arsenic risk awareness start growing in

Bangladesh. Our arsenic risk dummy variable is described by the equation 12.

Arsenic risk dummy =

8><>: 1 if As > 10�g/l;

0 if As < 10�g/l:
(12)

According to the findings of BGS-DPHE, on average, 24% of test wells of Bangladesh were

noticed risky by considering the threshold of WHO. Therefore, in our analysis, if I considered the

percentage of contaminated wells in an area is above the country average, farmers can notice the

changes. Based on our personal experience during a field study in several arsenic contaminated

areas, I observed that approximately 30% wells in an area considered noticeable by farmers.

Vulnerability dummy variable The vulnerability due to the negative impact of safe water short-

age depends on exposure, sensitivity and the adaptive capacity of the region of water crisis. Re-

gions which are situated in the coastal area and also nearby the drought zone are vulnerable to

water supply. I have considered the districts of Bangladesh are considered highly vulnerable to

water supply, according to Bangladesh Water Development Board. I construct a dummy variable

where 1 stands for a water supply vulnerable zone and 0 means no water supply vulnerability.

This is a region specific variable which capture a state fixed effect in our analysis. The dummy
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construction process is shown in equation 13.

V ulnerable water supply =

8><>: 1 if BWDB declear vulnerable;

0 if BWDB declear safe:
(13)

Irrigation variable Green Revolution technologies transformed Bangladesh’s agricultural sys-

tem through the introduction of irrigation, which has the greatest importance during the dry season.

Access to irrigation has the greatest influence on dry season rice yield. But irrigation is not neces-

sary to cultivate monsoon season rice. Monsoon rain provides sufficient water supply to produce

in these months. I consider the total irrigated area in a district as our irrigation variable. I get the

irrigated area data from the Bangladesh Bureau of Statistics.

Rainfall variable Long-term climate change can pose a substantial challenge in producing enough

food for a growing and developing population (Huq (2001), Huq et al. (1999), Parry et al. (2004),

Asada and Matsumoto (2009)). Analysis of long-term rainfall trend shows that rainfall in Bangladesh

has increased significantly at a rate of 5.25 mm/year in the last fifty years (Shahid and Behrawan,

2008). Farmers in the areas with higher rainfall variability pursue a higher number of coping strate-

gies compared to farmers in areas with lower rainfall variability (Bhatta and Aggarwal, 2015).

Climate change affects food systems of Bangladesh through changing in rainfall. This lead to

change supply chain infrastructure. In our analysis, I calculate the average rainfall for all districts

of Bangladesh. Annual rainfall has significant impact on the likelihood of using different crop

varieties.

Extreme temperature variable Plant growth is linear in temperature only within a certain range,

between specific lower and upper bounds. These bounds underpin the concept of degree days.

Degree days are defined as the sum of degrees above a lower baseline and below an upper threshold

during the growing season (Schlenker et al., 2007).I follow the definition of Ritchie and NeSmith

(1991) to calculate degree days. Plant growth is approximately linear in the number of degree days
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in this range. Expressing this more formally, degree days T is the expected degrees above a lower

threshold b1 and below an upper threshold b2 when the temperature is t.

We follow Schlenker et al. (2006) and converted the temperature events over 34�C into degree

days 34. Equation 14 represents the calculation procedure of degree days 34 in our analysis.

T =

8>>>>>><>>>>>>:
b2� b1; if t > b2;

t� b1; if b1 < t � b2;

0; if t � b1.

(14)

Therefore, a single day with over 34�C temperature contributes 26 degree days. Degree days

34 are then summed over the growing days of the dry season crop. The dry season crops (wheat

and boro rice) are likely to face extreme temperature and there is the possible adverse impact of

extreme temperature on crop production. I do not include degree days 34�C in the regression

for the monsoon season rice (aman) as there is disagreement on what point temperature become

harmful if sufficient water can be applied.

5.5 Results

Initially, models employing both fixed effects and random effects were estimated. The appro-

priateness of the specifications was tested using the Hausman test under the null hypothesis that

the unobserved household effects do not correlate with the explanatory variables included in the

model, which was rejected at P < 0.000. I thus concluded that the random effect model produces

inconsistent estimates and used the fixed effects specification.

In our case, due to the endogenous nature of our explanatory variable flood risk, I apply a

fixed effects instrumental variable regression procedure. With regard to specification tests of the

instrumental variable model, I conducted Sargan test (Sargan, 1958) where the null hypothesis is

the instruments are valid instruments. I cannot reject the null hypothesis at any level of statistical

significance. Therefore, our instruments are the best fit to overcome the endoginity problem of the
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flood risk rank variable.

Floods, arsenic contamination of irrigation wells and the climate change induce farmers’ of

Bangladesh to adapt unavoidable water risks. In our analysis a positive and statistically significant

coefficient of the flood risk variables indicates a successful adaptation of flood damage. Seasonal

flooding is harmful to agriculture, but increasing the cultivation of flood tolerant crop ensure the

avoidance of expected damages.

5.5.1 Flood risk adaptation

The flood is the main stress environments in Bangladesh, where rice frequently suffers from

considerable shock to maintain its full yield potential. Selecting crop was identified as the major

adaptation strategies to a smallholder agriculture. According to our hypothesis, an adaptation

to flood risk means the farmers of Bangladesh are able to reduce crop damages by proper crop

selection. In our regression results the flood risk effect on monsoon season rice production area

is positive and statistically significant. Both the fixed effect panel regression coefficient and the

fixed effect instrumental variable regression coefficient justify the positive relationship. The result

of this study shows that the regions where the flood risk is high, farmers have historically chosen

monsoon season rice (aman) for adapting flood risk. Our estimated result with fixed effect panel

regression model and fixed effect instrumental variable the results are given in Table21 .

[Table 21 about here.]

Results of our regression indicate that, the understanding of the flood tolerant capacity of mon-

soon season rice and response accordingly are the most important factors that confirm farmers’

adaptation. In our analysis, flood risk rank limits from 0 to 1 where 0 means no flood risk and

1 stands for the extremely risky area due to flood. To adapt flood risk damages, farmers in an

extremely risky area of Bangladesh cultivate an additional 65,000 to 92,540 acres of monsoon

season rice than a flood safe area during 1996 to 2008. Flood is not considered as a risk for dry

season crops in Bangladesh. Dry season crops are dependent on irrigation water for cultivation and

therefore, not considered in our flood risk effect analysis.
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5.5.2 Arsenic risk adaptation

The red dots in Figure24 represent the geographic lactation of arsenic contaminated wells in

Bangladesh. The arsenic concentration of these wells is beyond WHO guided safety level (10g/l).

Light blue shaded areas are major flood plains of Bangladesh in which 50% or more of the basin

area are seasonally flooded. The flood area was determined by using satellite images of the ob-

served flood in 1988, which has a return period close to 100 years. Blue pin points are nearby

major dams constructed by India on international rivers. The map is composed in ESRI ArcGIS

10.2.2 software.

The administrative areas where 30% or more of the wells are beyond 10g/l are considered

arsenic risky areas in our model. From our regression Table 3, I can see the responsiveness of

Bangladesh farmers in an arsenic contaminated area. In an arsenic risk zone, farmers of Bangladesh

reduce monsoon season rice cultivation area by 25,110 to 37,380 acres as a part of their adaptation

technique. Moreover, farmers shrink wheat production area by 4,520 acres because of the negative

impact of arsenic. When farmers reduce cropping land successfully in a contaminated area, I

consider it as a successful adaptation action and failure to do so is a limitation to adapt.

[Figure 24 about here.]

Unfortunately, Bangladesh farmers also have some limitation to adapt arsenic contamination.

Dry season crops naturally depend more on irrigation water. Extended irrigation from ground water

sources are noticed as the main contributor to arsenic contamination in Bangladesh. Inattentive to

major source of arsenic contamination, farmers expand the dry season rice area in an arsenic con-

taminated region by 21,590 acres from 1996 to 2008. This extension identifies farmers’ limitations

to adapt arsenic risk.

Monsoon floodwater removes a large amount of the arsenic added to paddy soils through irriga-

tion. But the flood water may spread the contamination in new areas. In Figure 24, the blue shaded

area major flooding zones of Bangladesh. The arsenic contamination information guide farmers

to restrict producing flood water reliant monsoon season rice (aman).But the limited ability to re-
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duce irrigation intensive dry season rice (boro) cultivation in the arsenic contaminated districts are

jeopardizing the future of arsenic risk adaptation. Farmers develop their own arsenic risk coping

mechanisms over time through trial and error. But the error parts of arsenic contamination adapta-

tion need to notice. In our discussion part, I focus on several alternatives for farmers of Bangladesh

to stop ruin the success of arsenic risk adaptation

5.5.3 Climate factors

Rainfall Rainfall is the most important climatic factor of rice yield in Bangladesh. Our regres-

sion results show that intense rainfall during the growing season have significantly negative impact

on monsoon season rice cultivation. Our estimated coefficients of the rainfall variable are con-

sistent with the reality of flooding months. The rainfall in Bangladesh is highly intense and 65%

of the total rainfall of the year take place during monsoon season. Moreover, the rainfall during

monsoon season have a positive relationship with flood of the respective year. Intense rainfall in

the monsoon month increases the calamity of seasonal flood. Although monsoon season rice has

the tolerance against flood risk, extreme flood can lead the situation beyond the adaptive capacity.

Rainfall has also tremendous impact of the dry season crop. The dry season rice of Bangladesh

is highly dependent on irrigation. Rainfall during the growing season can ensure sufficient natural

supply of water, which is very important to rain fed agriculture of Bangladesh. Therefore the

coefficient of rainfall is positively and significantly correlated with dry season rice cropping in our

regression result. This coefficient is also consistent with agronomic literature.

Extreme temperature Extreme temperature have an adverse effect on the production of irrigated

intensive dry season crop in Bangladesh. According to agronomic literature, the temperature over

34�C is always harmful for crop production. Farmers of Bangladesh noticed the impact of extreme

temperature and our regression result noticed that extreme temperature guides them to reduce their

dry season crop cultivation. The growing period of monsoon season rice is not affected by extreme

temperature events in Bangladesh. Therefore, I exclude the temperature effect of monsoon season
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temperature in our analysis.

5.5.4 Regional water stress effect

The regional differences of water stress in Bangladesh, with the southern part of the country

experiencing additional stress in agriculture. The vulnerability is spreading fast and the farmers

are facing a very high water risk due to a shortage of fresh river water in dry seasons. Accord-

ing to Bangladesh Water Development Board, approximately 25% of the total cultivable areas of

Bangladesh were suffering from water vulnerably in the year 1996. Reduction of the surface water

due, shortage of river water flow in dry seasons and climate change was putting additional pressure

on the water availability. The impacts of climate change in the form of more frequent and severe

floods, droughts, sea level rise and salinity affecting large parts of Bangladesh through impacts

on natural systems, agriculture and water supply. In 2008, Bangladesh Water Development Board

noticed that approximately 50% area of Bangladesh is under fresh water shortage.

Figure 25 show the water vulnerability for farmers in Bangladesh in the year 1996 and 2005

respectively. The red colored districts of Bangladesh are considered highly vulnerable to water

risk according to Bangladesh Water Development Board (BWDB). The vulnerable areas become

double within 10 years. The Figure is composed in ESRI ArcGIS 10.2.2 software. According to

our regression result, the shortage of fresh water supply has a significant effect on farmers cropping

decisions. Farmers do cropping of monsoon season rice to adapt water shortage vulnerability. Due

to enough rainfall and river water flow, the smallholder farmers of vulnerable areas can cultivate

monsoon season rice to ensure their daily food intake. The results identify that 16,020 acre of

additional monsoon season rice cultivation in water vulnerable areas of Bangladesh. Dry season

irrigated rice is another popular crop in vulnerable areas. Our findings show that additional 14,130

acres of crop land came under dry season rice cultivation from 1996 to 2008.

[Figure 25 about here.]
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5.6 Discussion

Adaptation is a continuous process, it is convenient to break it down into four components or

stages following Risbey et al. (1999): (a) signal detection (b) evaluation (c) decision and response

and (d) feedback. For any decision-maker, the manner and form of adaptation will depend on how

signals are defined. After signal detection, the next stage is evaluation. The detected signal is

interpreted and foreseeable consequences or a decision-maker evaluates impacts. The third stage

is the response, which is an observable change in the behavior or performance of the system that is

a direct result of a decision. The final stage is feedback: a monitoring of the outcomes of decisions

to assess whether they are as expected. If the adaptation is effective, it can be added to a repertoire

of adaptive options (Kandlikar and Risbey, 2000). I review the multiple water risk adaptation in

Bangladesh based on the definition of Risbey et al. (1999).

Signal detection Recent research indicates that monsoon rainfall became less frequent but more

intense in Bangladesh and increasing the risk of flood damage to the country’s monsoon season

crop. In addition, the irrigation of rice fields in Bangladesh with arsenic contaminated groundwa-

ter loads arsenic into field soils (Neumann et al., 2014). Groundwater is being used unsustainable

in some areas and failing to maintain groundwater levels may pose a long term threat to the sus-

tainability of irrigated agriculture in much of the region (Ahmad et al., 2014). The dependency

on groundwater for rice cultivation is expected to be increased in the coming years in order to

increase crop production to meet the demands of the increasing population. This practice will

increase additional arsenic deposition in topsoil (Rahman and Hasegawa, 2011).

Evaluation With the introduction of flood tolerant rice (aman), the productivity during the rainy

season was enhanced and farmers received good yield. A large number of studies explore the

application of inorganic fertilizer or organic manure, which can immobilize or adsorb, arsenic.

TalukderA et al. (2010) and Imamul Huq et al. (2011) found that organic fertilization (irrespective

of type) reduces arsenic concentrations in grains. Wheat and maize grain contained approximately
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7 and 25 times less arsenic than rice grain (Duxbury and Panaullah, 2007). Williams et al. (2005)

produced similar results in their study of 173 individual sample sets of commercially farmed rice,

wheat, and barley. Al-Rmalli et al. (2012) analyzed different varieties of rice in the Sylhet region

of Bangladesh and found the daily intake of arsenic from consumption of aromatic rice was 40%

lower than arsenic intake from non-aromatic rice.

In Figure26, I can notice the breeding time to harvesting time of the monsoon season rice

(aman). For aman rice, the seasonal flood water level and the plant growth have a systematic

cycle which keep the crop safe from damages. The blue line shows the maximum level of water

during normal season flood. Green plants are representing different stages of growth of monsoon

season rice (aman). Mid of April is the seeding time and early November is the harvesting time.We

considered this crop selection strategy as a successful adaptation practice of smallholder farmers

of Bangladesh. They are adapting by expanding flood tolerant crop cultivation.

[Figure 26 about here.]

Decision and response To avoid crop losses due to frequent floods, many farmers have adopted a

risk-averse strategy with an appropriate combination of crops (Mandal, 2010). Water management

practices like surface water irrigation reduce the arsenic burden in agricultural systems. A large

number of studies evaluate deficit irrigation methods for paddy cultivation (Huq et al. (2006a) ,

Das et al. (2008), BasuA and SarkarC (2010), Rahaman et al. (2011), Stroud et al. (2011), Sarkar

et al. (2012)) show that deficit irrigation systems reduce arsenic grain content when compared to

conventional irrigation regimes. Overall the impact of fertilization on crop yields is also positive

and the effect of balanced fertilization on the total and grain yield of rice is highly significant

organic-matter application had a more positive effect on yields than no application at all levels of

arsenic (Huq and Joardar, 2008). The government of Bangladesh is planning massive investments

in the southern region for the improved provision of surface water irrigation and to reduce arsenic

contamination (Bell et al., 2015). Substituting dry land, crops such as maize or wheat for rice also

have the potential to reduce arsenic accumulation in both soils and food crops. In addition, the
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remediation potential of breeding or utilizing arsenic tolerant rice varieties is promising in terms

of reducing grain content and yield losses.

Feedback Farmers’ selection of flood tolerant aman rice can ensure a stable production in chang-

ing weather. Growing rice under deficit irrigation will reduce the arsenic load in the soil-root-shoot-

leaf-grain continuum of rice ecosystem (Sarkar et al., 2012). Farmers in Bangladesh are changing

their irrigation means from ground water to surface water in areas where the arsenic contamina-

tion identified already. Alternative agriculture (e.g., forestry, dairy, fishery) helps improving the

smallholder farmers to reduce irrigation intensive cropping in arsenic rich areas.

5.7 Conclusion and Policy Implications

Water management for agriculture is becoming increasingly complex in Bangladesh. Agricul-

ture provide employment opportunities to rural population, and ensure food security. A diversified

cropping pattern or output mix is widely held as an important strategy to cope with risk ( Ku-

rukulasuriya et al. (2008), Blade and Slinkard (2002), Mahesh (1999), Shiyani and Pandya (1998),

Barghouti et al. (2004)). Farmers of Bangladesh are diversifying their cropping to adapt seasonal

flooding and irrigation water arsenic contamination. The demand for food has increased dramati-

cally over the last 40 years in Bangladesh due to the increase in population and wealth. But farmers

adaptation is fundamentally adjust and manage food demand. Bangladesh farmers are producing

enough rice grain to satisfy local demand. Moreover, they are exporting aromatic rice in abroad.

The government of Bangladesh is planning massive investments in the southern region for the

improved provision of surface water irrigation. However, the fast pace of climate change is hinder-

ing adaptation efforts. Bangladesh farmers still face extremely difficult challenges; the continued

study of water risks and adaptation methods would not only help the farmers who produce the

crops but also would help to reduce the food shortage and provide safer food. Increased runoff and

flooding may alter the global risk of water contamination when global food security will rely on

adaptation and mitigation.
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We have emphasized the importance of considering multiple water risks and the interaction

between the risks and irrigation in order to understand risk adaptation and the impacts on sustain-

able agriculture production. Reduction of irrigation water usage through appropriate crop choices

would greatly reduce vulnerability of the crops to arsenic contamination and promote food security,

especially in flood prone areas. This would lead to reduced health risks for people who consume

crops produced in high water risk areas. To improve land use and agricultural practices under high

risks of arsenic contamination and seasonal flooding, I recommend the guidelines.

Adaptation needs to focus on the reduction of irrigation water usage from the groundwater

aquifers that are likely to be contaminated by arsenic. This would improve food quality as well

as environmental performance and contribute to reduced health hazards. International rivers are

playing a major role in determining water accessibility around the world. I recommend a better

understanding and further negotiation between upstream nations and downstream nations to ensure

proper access of water supply and the fair control of flood risks. Adaptation facilities should be

affordable by smallholder farmers. There is also a need to study the combined effects of adaptation

and mitigation strategies to develop a sustainable agriculture system in smallholder farming.

5.8 Supporting Information

5.8.1 First stage regression

Our first order regression result shows that the rainfall on India have effect on flood in Bangladesh

and the result is statistically significant.We have considered this rainfall as an instrumental vari-

able for flood risk in Bangladesh. In our analysis, the rainfall on dam area is the proxy of water

availability in dam reservoir. Extreme rainfall on upstream Indian dams will insist to open the

dam switch gates and cause sudden flow of water in Bangladesh. The rivers in Bangladesh already

turned shallow due to silt.So the excess water flows through dams destroy the low-lying crop lands

of downstream Bangladesh.

The Table22 show the result of first stage regression where the dependent variable is flood

risk. Arsenic risk, vulnerable dummy, rainfall India and monsoon rainfall India are the dependent
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variable in our first stage regression which are significantly correlated with with flood risk of

Bangladesh.

[Table 22 about here.]

5.8.2 Green revolution in Bangladesh

Green Revolution technologies transformed Bangladesh’s agricultural system through the in-

troduction of high-yielding rice and wheat varieties. Although Bangladesh have achieved food self

sufficiency at national level, food provision at sub-regional levels is still sub-optimal and remains a

major challenge for the region in the coming decades. Cereal production in Bangladesh exceeded

demand in the last 10 years, yet acute poverty and malnourished persisted.

The cultivation of rice in Bangladesh varies according to seasonal changes in the water supply.

The largest harvest is monsoon season rice (aman), occurring in November and December and

accounting for more than half of annual production.Bangladesh was the fourth largest rice producer

in the world, but its productivity was low compared with other Asian countries. It is currently the

world’s sixth-largest producer.

In Figure 27 I plot the information of Bangladesh cereal production area and total cereal

production. Panel a,c and e represent the cereal cultivation area for dry monsoon season rice

(aman), dry season rice (boro) and wheat respectively. According to Figure the cereal production

of Bangladesh is sharply increasing for last 40 years. Although the cultivation area of monsoon

season rice (aman) is shrinking, the flooded regions are still preferring monsoon season rice (aman)

as main crop.

[Figure 27 about here.]

5.8.3 Arsenic contamination identification in Bangladesh

Over 1000 water wells of Bangladesh were tested for the confirmation of arsenic contamination

in groundwater. For easy understanding of users, tested wells were colored green or red. The green
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colored wells are the source of safe ground water and an indication of the safety of groundwater

layer of the area. On the other hand, the red colored wells are contaminated with arsenic and the

groundwater layer of the area is contaminated.

Figure28 (a) is a safe well and colored green. This water source is safe according to safety

instruction of WHO. Figure28 (b) is an arsenic contaminated well and according to WHO standard,

this water is not safe for use.

[Figure 28 about here.]
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6 Conclusion

This study focuses on the impact of international trade and how it is affecting country’s emis-

sions. This research also linking global environmental change, the impact of climate change on

agricultural production, the impact of agriculture on the environment, e.g. on land use, greenhouse

gas (GHG) emissions. Understanding the effects of climate change and adaptation policies on in-

ternational trade, water risk, agriculture, the natural disaster is essential. Agriculture is one of the

several industries that face criticism today because of its impact on the environment.

The trade openness, nature of industries with trade competitive advantages, environmental reg-

ulation and GDP are important factors to increase embodied emission and therefore, they are im-

portant when creating environment policy. Thus, formulating corresponding policies targeted to-

wards industries with relatively high EE is essential. Countries can promote firms to carry out low

carbon technology, R&D and promote the transformation of the trading structure.

The most adverse effects of climate change will be in developing countries. The populations

in developing and less developed countries are most vulnerable. They are the least likely people

to easily adapt to climate change. The climate change will affect the potential for development in

these countries. Future agreements on mitigation and adaptation under the convention will need

to recognize the diverse situations of developing countries with respect to their level of economic

development, their vulnerability to climate change and their ability to adapt or mitigate.

The experience of climate variability, extreme weather events, or weather-related events and

crises can challenge societal resilience, but can also increase opportunities for learning and inno-

vation, extending the repertoire of adaptive responses. Integration of the capacity of the countries

would be much better contributed for natural resources investigations, natural disaster and climate

change.

In my research, I consider climate change, international trade, greenhouse gas emission, water

contamination, natural disaster and agriculture issues. I analyze the impact of these factors on envi-

ronmental quality and resilience. This research can help to create policy in local and international

level.
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Figure 1: Trade openness impact on embodied emission in international trade (EET)
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Figure 2: Global trade openness condition
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Figure 3: GDP impact on embodied emission in international trade (EET)
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Figure 4: Global GDP condition
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Figure 5: Emission of CO2 from fuels and tariff relationship
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(a) CO2 emission from solid fuel
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(b) CO2 emission from liquid fuel

(c) CO2 emission from fossil fuel (d) CO2 emission from gas fuel
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Figure 6: Embodied emission of GHG and tariff relationship

(a) CO2 embodied emission (b) CH4 embodied emission

(c) N2O embodied emission
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Figure 7: Embodied emission of air pollutants (NMVOC, NOX , PM10) and tariff relationship

(a) NMVOC embodied emission (b) NOX embodied emission

(c) PM10 embodied emission
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Figure 8: Embodied emission of air pollutants (CO, SO2) and tariff relationship

(a) CO embodied emission (b) SO2 embodied emission
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Figure 9: A map of the study area.
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Figure 10: The entire procedure of data collection
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Figure 11: Average rainfall on rainy days for monsoon months from 1985 to 2010

(a) June (b) July

(c) August (d) September

(e) Average rainfall on rainy days for mon-
soon months by pooling all monsoon months
of June, July, August and September
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Figure 12: The distribution of people’s perceptions of climate variables in terms of correct esti-
mates, overestimates and underestimates
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Figure 13: Number of extreme rainy days in monsoon months from 1985 to 2010 (rainfall in a day
exceeding 100mm)

(a) June (b) July

(c) August (d) September

(e) Number of extreme rainy days for mon-
soon months by pooling all monsoon months
of June, July, August and September
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Figure 14: Average rainfall on rainy days for non-monsoon months from 1985 to 2010

(a) January (b) February

(c) March (d) April

(e) May (f) October

(g) November (h) December

91



Figure 15: Average rainfall on rainy days for non-monsoon months by pooling the data from all
non-monsoon months (January, February, March, April, May, October, November and December)
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Figure 16: Change in the longest dry spell for each non-monsoon month from 1985 to 2010

(a) January (b) February

(c) March (d) April

(e) May (f) October

(g) November (h) December
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Figure 17: Change in the longest dry spell for non-monsoon season by pooling the data of non-
monsoon months from 1985 to 2010
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Figure 18: Change in the number of extremely hot days in summer months from 1985 to 2010

(a) March (b) April

(c) May (d) Pooling the observations of March, April
and May
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Figure 19: Change in average daily temperature over summer months from 1985 to 2010

(a) March (b) Average daily temperature over summer
months from 1985 to 2010

(c) April (d) Average daily minimum temperature over
summer months from 1985 to 2010

(e) May (f) Average daily maximum temperature over
summer months from 1985 to 2010
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Figure 20: Change in the number of extremely cold days in winter months from 1985 to 2010

(a) January (b) December

(c) Aggregating the observations of January
and December from 1985 to 2010
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Figure 21: Change in average daily temperature over winter months from 1985 to 2010

(a) January (b) December

(c) Average daily temperature of pooling ob-
servations from the two months of January
and December

(d) Average daily minimum temperature of
pooling observations from the two months of
January and December

(e) Average daily maximum temperature of
pooling observations from the two months of
January and December
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Figure 22: Geographic location of study area
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Figure 23: Relationship between IV and dependent variable
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Figure 24: Flooding areas and arsenic contaminated wells of Bangladesh
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Figure 25: Change of regional water risk vulnerability from 1996 to 2005
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Figure 26: Monsoon season rice (aman) life span according to crop calender of Bangladesh
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Figure 27: Change in crop production in Bangladesh

104



Figure 28: Arsenic contamination identification in Bangladesh
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Table 1: Category of trade sectors

Sectors Industries

S1. Agriculture Agriculture; Fishing
S2. Mining Mining and Quarrying
S3. Food and Textile Food and Beverages; Textiles and Wearing Apparel
S4. Other transportable Wood and Paper; Petroleum, Chemical and Non-Metallic Mineral Products
S5. Other Manufacturing Other Manufacturing; Recycling
S6. Metal products Metal Products
S7. Electrical and Machin Electrical and Machinery
S8. Transport Equipment Transport Equipment
S9. Elec, gas, water Electricity, Gas and Water
S10. Trade and transport Wholesale Trade; Retail Trade; Transport; Post and Telecommunications
S11. Business services Financial Inter-mediation and Business Activities
S12. Other services Construction; Maintenance and Repair; Hotels and Restaurants; Public-

administration; Education, Health and Other Services; Private Households

107



Table 2: Descriptive statistics of explanatory variables in EEE model

Variable Obs. Mean Std. D Min Max

Trade openness (trade/GDP) 4092 0.601815 0.663078 0.012674 9.1061
Agriculture 4092 363755.4 1036009 181.7601 1.59E+07
Mining 4092 21261.8 71536.78 112.8 1100000
Food and textile 4092 3020719 1.04E+07 228.343 2.31E+08
Other transportable 4092 1449583 4647664 225.89 6.29E+07
Metal products 4092 232531.2 877865.4 112.8 1.70E+07
Electrical and machine 4092 4885766 1.77E+07 114.112 2.60E+08
Transport equipment 4092 2772212 1.22E+07 88.5644 2.00E+08
Other manufacture 4092 841748.8 3415284 210.1525 7.85E+07
Elec & gas & water 4092 15479.64 66732.8 112.8 1000000
Trade & transport 4092 1092521 4149422 457.021 7.18E+07
Business services 4092 478455.4 2270999 112.8 5.30E+07
Other services 4092 840338.6 2535966 798.823 3.66E+07
GDP (current US dollar) 4092 6.82E+08 3.46E+09 81843.3 6.40E+10
Population (million) 3935 33.46895 125.7992 0.024135 1300

Note: The unit of export is $1000
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Table 3: Regression result for EEE: FE model with AR(1) errors

Variable Log (CO2) Log (CH4) Log (N2O) Log (CO) Log(NMVOC)

Trade openness 0.105*** 0.147*** 0.226*** 0.178*** 0.165***
(0.0309) (0.0242) (0.0206) (0.0204) (0.0248)

Log (Agriculture) -0.0320 0.0411** 0.00429 -0.0184 -0.00145
(0.0246) (0.0195) (0.0168) (0.0155) (0.0194)

Log (Mining) 0.0928*** 0.0399*** 0.0614*** 0.0485*** 0.0486***
(0.0189) (0.0150) (0.0130) (0.0131) (0.0149)

Log (Food & text) -0.113*** -0.0354** -0.0878*** -0.0736*** -0.0532***
(0.0229) (0.0180) (0.0155) (0.0153) (0.0184)

Log (Other trans) -0.00784 -0.00451 0.0133 0.0226 -0.0106
(0.0252) (0.0196) (0.0167) (0.0167) (0.0206)

Log (Metal) 0.0487* 0.0286 0.0422** 0.0615*** 0.0763***
(0.0256) (0.0200) (0.0171) (0.0179) (0.0209)

Log (Electrical) 0.0885*** 0.0370** 0.0569*** 0.0497*** 0.0570***
(0.0210) (0.0163) (0.0138) (0.0150) (0.0176)

Log (Transport equipment) -0.00729 0.0146 0.000127 -0.00895 -0.00150
(0.0145) (0.0112) (0.00950) (0.0103) (0.0121)

Log (Other manufacturing) -0.0182 0.0250 -0.0215 0.0373** -0.0130
(0.0250) (0.0194) (0.0165) (0.0165) (0.0206)

Log (Electricity) 0.0287* 0.0502*** 0.0474*** 0.0529*** 0.0608***
(0.0161) (0.0128) (0.0111) (0.0117) (0.0127)

Log (Trade & transport) 0.437*** 0.196*** 0.337*** 0.366*** 0.119**
(0.0740) (0.0587) (0.0509) (0.0496) (0.0582)

Log (Business) -0.0500*** -0.0311*** -0.0273*** 0.0255*** -0.0170*
(0.0111) (0.00873) (0.00753) (0.00829) (0.00890)

Log (Other services) -0.398*** -0.311*** -0.307*** -0.283*** -0.163***
(0.0696) (0.0553) (0.0480) (0.0469) (0.0551)

Log (GDP) 0.300*** 0.192*** 0.176*** 0.245*** 0.185***
(0.0161) (0.0123) (0.0103) (0.0117) (0.0133)

Population (million) 0.0005 -0.0005 -0.0002 0.0013*** 0.0018***
(0.0009) (0.0007) (0.0007) (0.0007) (0.0006)

Constant 0.641*** 0.151 -1.721*** -3.559*** -0.496***
(0.215) (0.161) (0.134) (0.201) (0.0861)

Observations 3,756 3,756 3,756 3,934 3,754
Country 179 179 179 179 179
Diagnostic
R squared 0.3538 0.5181 0.3938 0.8868 0.9051
Country FE Yes Yes Yes No Yes
Year dummy Yes Yes Yes Yes Yes
Hausman test 6.18** 303.27*** 323.32*** 0.03 127.57***
Wooldridge test 198.874*** 198.219*** 100.949*** 52.980*** 11.473***

a) Standard errors in parentheses.
b) *** p<0.01, ** p<0.05, *p<0.1
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Table 4: Regression result for EEE: FE model with AR(1) errors continued

Variable Log (NOx) Log (NOx)c Log (PM10) Log (SO2) Log (SO2)c

Trade openness 0.164*** 0.159*** 0.125*** 0.164*** 0.166***
(0.0257) (0.0203) (0.0294) (0.0265) (0.0208)

Log (Agriculture) -0.00637 -0.0230 -0.0329 -0.0207 -0.0290*
(0.0202) (0.0152) (0.0229) (0.0207) (0.0156)

Log (Mining) 0.0407*** 0.0409*** 0.0603*** 0.0501*** 0.0432***
(0.0156) (0.0129) (0.0175) (0.0159) (0.0132)

Log (Food & text) -0.0646*** -0.0778*** -0.0560** -0.0804*** -0.0827***
(0.0191) (0.0151) (0.0219) (0.0197) (0.0155)

Log (Other trans) -0.00192 0.0252 -0.0413* -0.0205 0.0159
(0.0212) (0.0168) (0.0250) (0.0221) (0.0173)

Log (Metal) 0.0622*** 0.0645*** 0.0969*** 0.0850*** 0.0781***
(0.0215) (0.0180) (0.0254) (0.0224) (0.0186)

Log (Electrical) 0.0590*** 0.0556*** 0.0574*** 0.0473** 0.0444***
(0.0180) (0.0153) (0.0217) (0.0189) (0.0159)

Log (Transport equipment) 0.00616 0.00332 -0.0110 -0.00226 -0.00495
(0.0124) (0.0105) (0.0150) (0.0130) (0.0109)

Log (Other manufacturing) -0.0233 0.0193 0.00514 -0.0279 0.0266
(0.0212) (0.0166) (0.0250) (0.0221) (0.0171)

Log (Electricity) 0.0644*** 0.0749*** 0.0607*** 0.0547*** 0.0560***
(0.0133) (0.0117) (0.0148) (0.0135) (0.0120)

Log (Trade & transport) 0.242*** 0.336*** 0.183*** 0.347*** 0.435***
(0.0608) (0.0486) (0.0683) (0.0621) (0.0499)

Log (Business) -0.0182** 0.00949 -0.0271** -0.0116 0.00820
(0.00922) (0.00834) (0.0107) (0.00951) (0.00861)

Log (Other services) -0.257*** -0.279*** -0.172*** -0.299*** -0.318***
(0.0575) (0.0461) (0.0647) (0.0588) (0.0472)

Log (GDP) 0.186*** 0.259*** 0.199*** 0.185*** 0.261***
(0.0135) (0.0122) (0.0168) (0.0143) (0.0127)

Population (million) 0.0005 0.0009*** 0.0010 0.0016*** 0.0010***
(0.0006) (0.0002) (0.0006) (0.0006) (0.0002)

Constant -0.549*** -3.498*** -1.108*** -0.640*** -3.770***
(0.0793) (0.198) (0.139) (0.0957) (0.205)

Observations 3,754 3,933 3,755 3,755 3,934
Country 179 179 179 179 179
Diagnostic
R squared 0.8597 0.8918 0.8680 0.8296 0.8881
Country FE Yes No Yes Yes No
Year dummy Yes Yes Yes Yes Yes
Hausman test 1150.81***
Wooldridge test 25.096*** 25.096*** 3.924** 4.247** 4.247**

a) Standard errors in parentheses.
b) *** p<0.01, ** p<0.05, *p<0.1
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Table 5: Regression result for EEI: FE model with AR(1) errors

Variable Log (CO2) Log (CH4) Log (N2O) Log (CO)

Trade openness 0.0587** 0.0825** 0.242*** 0.197***
(0.0251) (0.0402) (0.0373) (0.0285)

Log (Agriculture) 0.0784 -0.0767 -0.0848 -0.0720
(0.0637) (0.102) (0.0950) (0.0725)

Log (Mining) 0.136*** 0.00807 -0.0882* -0.0467
(0.0357) (0.0553) (0.0509) (0.0400)

Log (Food & text) 0.0103 -0.0293 -0.198* 0.0382
(0.0792) (0.121) (0.112) (0.0878)

Log (Other trans) -0.0181 -0.129 0.212* 0.0247
(0.0797) (0.127) (0.119) (0.0907)

Log (Metal) 0.0881 0.0430 -0.0970 -0.115
(0.0703) (0.111) (0.102) (0.0791)

Log (Electrical) -0.0993 0.203* 0.167 0.275***
(0.0764) (0.122) (0.111) (0.0860)

Log (Transport equipment) 0.0295 0.0402 0.0319 -0.0926*
(0.0474) (0.0735) (0.0684) (0.0532)

Log (Other manufacturing) -0.158** -0.0194 -0.0281 -0.0555
(0.0731) (0.110) (0.100) (0.0806)

Log (Electricity) 0.0348 -0.0249 -0.0284 0.0265
(0.0268) (0.0422) (0.0391) (0.0302)

Log (Trade & transport) -0.0491 -0.125 -0.0825 -0.122
(0.0735) (0.115) (0.108) (0.0821)

Log (Business) -0.0388 0.0527 0.0791 -0.0642
(0.0509) (0.0811) (0.0758) (0.0578)

Log (Other services) 0.0372 -0.122 -0.0235 0.0237
(0.0741) (0.118) (0.109) (0.0832)

Log (GDP) -0.0151 -0.132*** -0.150*** -0.127***
(0.0123) (0.0207) (0.0196) (0.0142)

Population (million) -0.0004 -0.00003 0.0006 -0.0005
(0.0008) (0.0012) (0.0010) (0.0009)

Constant -4.026*** 0.407** -0.962*** -3.895***
(0.157) (0.195) (0.168) (0.120)

Observations 3,663 3,625 3,652 3,644
Country 176 173 175 174
Diagnostic
R squared 0.2263 0.1004 0.1063 0.1530
Country FE Yes Yes Yes Yes
Year dummy Yes Yes Yes Yes
Hausman test 212.32*** 108.28*** 161.12*** 323.99***
Wooldridge test 173.211*** 31.608*** 14.736*** 29.219***

a) Standard errors in parentheses.
b) *** p<0.01, ** p<0.05, *p<0.1
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Table 6: Regression result for EEI: FE model with AR(1) errors continued

Variable Log (NMVOC) Log (NOx) Log (PM10) Log (SO2)b

Trade openness 0.204*** 0.230*** 0.190*** 0.101***
(0.0220) (0.0250) (0.0264) (0.0150)

Log (Agriculture) -0.0634 -0.0440 -0.106 -0.161***
(0.0560) (0.0635) (0.0671) (0.0456)

Log (Mining) -0.0475 -0.0477 -0.0267 -0.0218
(0.0306) (0.0348) (0.0368) (0.0200)

Log (Food & text) -0.0336 -0.0153 0.00142 0.106**
(0.0671) (0.0764) (0.0806) (0.0471)

Log (Other trans) 0.0807 0.0642 0.133 0.423***
(0.0702) (0.0797) (0.0842) (0.0565)

Log (Metal) -0.121** -0.0999 -0.0613 -0.00292
(0.0608) (0.0691) (0.0730) (0.0447)

Log (Electrical) 0.185*** 0.188** 0.194** 0.0601
(0.0660) (0.0751) (0.0793) (0.0487)

Log (Transport equipment) -0.0272 -0.0168 -0.0208 -0.0495
(0.0408) (0.0465) (0.0490) (0.0316)

Log (Other manufacturing) -0.0348 -0.0699 -0.122* -0.117***
(0.0612) (0.0698) (0.0736) (0.0384)

Log (Electricity) 0.0218 0.00963 0.00611 -0.0460***
(0.0232) (0.0264) (0.0279) (0.0171)

Log (Trade & transport) -0.139** -0.0892 -0.217*** -0.352***
(0.0633) (0.0719) (0.0759) (0.0529)

Log (Business) -0.0434 -0.0267 0.0282 -0.0481
(0.0447) (0.0507) (0.0536) (0.0379)

Log (Other services) 0.0608 -0.0284 0.0213 0.120**
(0.0642) (0.0730) (0.0771) (0.0548)

Log (GDP) -0.133*** -0.140*** -0.131*** -0.157***
(0.0111) (0.0125) (0.0133) (0.0113)

Population (million) -0.0005 -0.0005 0.0002 0.0030***
(0.0007) (0.0007) (0.0008) (0.0004)

Constant -3.807*** -3.870*** -3.702*** 2.972***
(0.0911) (0.103) (0.109) (0.0853)

Observations 3,643 3,643 3,643 3,817
Country 174 174 174 174
Diagnostic
R squared 0.2350 0.2036 0.1769 0.1008
Country FE Yes Yes Yes Yes
Year dummy Yes Yes Yes Yes
Hausman test 647.79*** 487.20*** 433.91*** 2526.44***
Wooldridge test 36.323*** 43.991*** 15.698*** 0.386

a) Standard errors in parentheses.
b) *** p<0.01, ** p<0.05, *p<0.1
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Table 7: Descriptive statistics

Variable Dimension Obs Mean Sd Min Max

Emission CO2

CO2 (solid fuel) Thousand metric tons 3882 15588.49 88546.26 0 1800000
CO2 (liquid fuel) Thousand metric tons 3882 13997.25 51591 0 667143
CO2 (gas fuel) Thousand metric tons 3882 7383.237 29781.24 0 359962
CO2 (fossil fuel) Thousand metric tons 3882 38753.1 159345.5 1 2500000
Embodied GHGs
CO2 Gross tonnage 4092 33572.77 115241.7 0 2100000
CH4 Gross tonnage 4092 1.66e+09 1.10e+10 -470.438 1.30e+11
N2O Gross tonnage 4092 1.96e+09 1.72e+10 -1294.23 3.10e+11
Embodied air pollutants
CO Gross tonnage 4092 200.4324 710.2159 -1382.18 14247.4
NMVOC Gross tonnage 4092 156.4857 629.7797 -1411.52 13787.6
NOX Gross tonnage 4092 131.3211 331.519 -1382.11 9487.75
PM10 Gross tonnage 4092 147.2291 386.1533 -1411.5 7923.52
SO2 Gross tonnage 4092 160.3208 440.9746 -1411.52 7266.35
Economic variables
GDP=capita Constant 2005 US$ 3680 11263.31 18081.76 50.0422 158803
Tariffrate % 2034 0.0934586 0.059747 0.000283 0.771
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Table 8: List of countries ( 3 digit UN code )

AFG BRA DNK HKG LUX NGA SLE GBR
ALB VGB DJI HUN MAC NOR SGP TZA
DZA BRN DOM ISL MDG PSE SVK USA
AND BGR ECU IND MWI OMN SVN URY
AGO BFA EGY IDN MYS PAK SOM UZB
ATG BDI SLV IRN MDV PAN ZAF VUT
ARG KHM ERI IRQ MLI PNG ESP VEN
ARM CMR EST IRL MLT PRY LKA VNM
ABW CAN ETH ISR MRT PER SUR YEM
AUS CPV FJI ITA MUS PHL SWZ ZMB
AUT CYM FIN JAM MEX POL SWE ZWE
AZE CAF FRA JPN MCO PRT CHE
BHS TCD PYF JOR MNG QAT SYR
BHR CHL GAB KAZ MNE KOR TWN
BGD CHN GMB KEN MAR MDA TJK
BRB COL GEO KWT MOZ ROU THA
BLR COG DEU KGZ MMR RUS MKD
BEL CRI GHA LAO NAM RWA TGO
BLZ HRV GRC LVA NPL WSM TTO
BEN CUB GRL LBN NLD SMR TUN
BMU CYP GTM LSO ANT STP TUR
BTN CZE GIN LBR NCL SAU TKM
BOL CIV GUY LBY NZL SEN UGA
BIH PRK HTI LIE NIC SRB UKR
BWA COD HND LTU NER SYC ARE
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Table 9: CO2 emission from fuel and impact of tariff

Variable Model 1 Model 2 Model 3 Model 4

CO2(Solidfuel) CO2(Solidfuel) CO2(LiquidFuel) CO2(LiquidFuel)

GDP/ Capita 2.093*** 8.671*** 0.675*** 2.002***
(0.513) ( 1.670) (0.0653) (0.121)

(GDP/ Capita)2 -0.00002*** -0.00008*** -5.71e-06*** -0.00001***
(0.000) (0.000) (0.000) (0.000)

Tariff rate -93806.47*** -25323.92***
(1.8e+04) (3954.7)

Constant 2013.821 -11333.23 10047.76*** 11611.28***
( 3647.64) (9677.18) (863.75) ( 2074.9)

Country 170 141 170 141
Observations 3526 1625 3526 1625
Country FE Yes Yes Yes Yes
R-squared 0.89 0.89 0.98 0.99

a) Standard errors in parentheses.
b) Chi-square test statistic (Hausman test) in favor of fixed effects model is governed by a low value �2 < 0:05. This
is true for the above results.
c) *** p<0.01, ** p<0.05, *p<0.1
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Table 10: CO2 emission from fuels and impact of tariff

Variable Model 5 Model 6 Model 7 Model 8

CO2(GasFuel) CO2(GasFuel) CO2(FosFuel) CO2(FosFuel)

GDP/ Capita 0.446*** 1.469*** 1.625* 9.722***
(0.0653) (0.163) (0.849) (2.795)

(GDP/ Capita)2 -4.22e-06*** -1.15e-05*** -2.03e-05** -0.000101***
(0.000) (0.000) (0.000) (0.000)

Tariff rate -3,561** -115,248***
(1637) (28105)

Constant 2,807*** -3,411*** 21,166*** 6860
(519.9) (1311) (6759) (22506)

Country 170 141 170 141
Observations 3526 1625 3526 1625
Country FE Yes Yes Yes Yes
R-squared 0.988 0.992 0.927 0.931

a) Standard errors in parentheses.
b) Chi-square test statistic (Hausman test) in favor of fixed effects model is governed by a low value �2 < 0:05. This
is true for the above results.
c) *** p<0.01, ** p<0.05, *p<0.1
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Table 11: GHG embodied emission and impact of tariff

Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

CO2 CO2 CH4 CH4 N2O N20

GDP/ Capita 4.981*** 12.63*** 2.3e+05*** 4.4e+05*** 243,305*** 695,283***
(0.311) (1.318) (1.6e+04) (7.6e+04) (1.7e+04) (7.5e+04)

(GDP/ Capita)2 -2.4e-05*** -4.5e-05*** -1.088*** -1.805* -1.2*** -3.617***
(0.000) (0.000) (0.119) (0.923) (0.000) (0.000)

Tariff rate -38,081*** -1.2e+09 -2.6e+09***
(14676) (8.5e+08) (8.3e+08)

Constant -8,770*** -44,225*** -2.4e+08* -1.1e+09** -4.3e+07 -2.1e+09***
(2706) (7605) (1.4e+08) (4.4e+08) (1.5e+08) (4.3e+08)

Country 170 141 170 141 170 141
Observations 3680 1646 3680 1646 3680 1646
Country FE Yes Yes Yes Yes Yes Yes
R-squared 0.936 0.942 0.941 0.927 0.946 0.944

a) Standard errors in parentheses.
b) Chi-square test statistic (Hausman test) in favor of fixed effects model is governed by a low value �2 < 0:05. This
is true for the above results.
c) *** p<0.01, ** p<0.05, *p<0.1
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Table 12: Air pollutants (NMVOC, NOX , PM10) embodied emission and impact of tariff

Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

NMVOC NMVOC NOX NOX PM10 PM10

GDP/ Capita 0.0193*** 0.0532*** 0.00587*** 0.0176*** 0.00901*** 0.0268***
(0.001) (0.006) (0.001) (0.005) (0.001) (0.006)

(GDP/ Capita)2 -9.3e-08*** -2.3e-07*** -3.1e-08*** -1.9e-07*** -4.5e-08*** -1.1e-07
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Tariff rate -139.5** -116.3** -120.0*
(66.98) (54.2) (72.22)

Constant -4.432 -155.2*** 91.13*** 77.66*** 79.22*** 10.87
(11.95) (34.71) (9.585) (28.09) (11.61) (37.43)

Country 170 141 170 141 170 141
Observations 3680 1646 3680 1646 3680 1646
Country FE Yes Yes Yes Yes Yes Yes
R-squared 0.952 0.956 0.950 0.950 0.940 0.932

a) Standard errors in parentheses.
b) Chi-square test statistic (Hausman test) in favor of fixed effects model is governed by a low value �2 < 0:05. This
is true for the above results.
c) *** p<0.01, ** p<0.05, *p<0.1
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Table 13: Air pollutants (SO2, CO) embodied emission and impact of tariff

Variable Model 7 Model 8 Model 9 Model 10

SO2 SO2 C0 C0

GDP/ Capita 0.0165*** 0.0441*** 0.0138*** 0.0441***
(0.002) (0.007) (0.002) (0.009)

(GDP/ Capita)2 -8.1e-08*** -2.2e-07*** -4.5e-05*** -6.9e-08***
(0.000) (0.000) (0.000) (0.000)

Tariff rate -169.2** -235.6**
(78.23) (98.57)

Constant 25.55** -72.82* 93.03*** 11.55
(12.92) (40.54) (15.93) (51.08)

Country 170 141 170 141
Observations 3680 1646 3680 1646
Country FE Yes Yes Yes Yes
R-squared 0.948 0.946 0.941 0.937

a) Standard errors in parentheses.
b) Chi-square test statistic (Hausman test) in favor of fixed effects model is governed by a low value �2 < 0:05. This
is true for the above results.
c) *** p<0.01, ** p<0.05, *p<0.1
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Table 14: Climate variables in terms of people’s perceptions and the reason for the selection

Climate variable Definition Reason

Average rainfall
on rainy days
in monsoon months�

Daily average rainfall in rainy
days in monsoon months where
rainy days are days with
� 2mm of rainfall.

Represents rainfall

Number of extremely
rainy days
in monsoon season

Extreme rainy days in monsoon
season where � 100mm of rainfall
is observed in a single day

Indicator of excessive rainfall
and flood

Precipitation in
non-monsoon months��

The average rainfall on rainy days
in non-monsoon months where
rainy days indicate a day
with � 2mm of rainfall.

Represents rainfall

Longest dry spell in
non-monsoon months

Number of maximum consecutive
rainless days in non-monsoon months

Represents drought and its
impact on domestic agriculture

Extremely hot days
in summer months���

Number of days in which the daily
maximum temperature � 35°C

Responsible for disease outbreaks
and natural disasters

Temperatures in
summer months

Maximum, minimum and mean
temperatures in summer months

Real importance for everyday life
and summer agriculture

Extremely cold days
in winter monthsy

Number of days where the daily
minimum temperature is
� 13°C

Responsible for damage to
agriculture and diseases

Temperature in
winter months

Maximum, minimum and mean
temperatures in winter months

Real importance for daily life
and winter agriculture.

�“Monsoon months” are June, July, August and September.
��“Non-monsoon months” are January, February, March, April, May, October, November and December.
� � �“Summer months” are March, April and May.
y“Winter months” are December and January.
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Table 15: Aggregate total damage estimates for each flood event in 1988, 1998, 2004 and 2007

Events Deaths (number of people) Economic damage estimates (USD)

Flood for 1988 2240 2.1 billion
Flood for 1998 1050 4.3 billion
Flood for 2004 761 2.2 billion
Flood for 2007 1230 11.4 million

Source: International disaster database.

121



Table 16: Description of explanatory variables used in WTP Tobit regressions

Explanatory variable Definition Variable description

Socio economic variable
Education Level of education of the household head Actual years of academic education
Household income Monthly income of the household 0 = 0 to 4,999 BDT to 8 = above 40,000 BDT
Household condition Materials of which the house made 0 = slam to 4= brick
Family structure Single family or joint family 0 = joint family, 1= single family
Residential time Years the household has been living 0 = less than 1 year to 8 = more than 80 year
Household members Number of household members Actual number of adults
Flood vulnerability variable
Household distance
from river

Distance of the household from river 0 = less than 100m to 5 = more than 5km

Loss 1988 Total amount of loss from 1988 flood Value converted into 2010 price level
Loss 1998 Total amount of loss from 1998 flood Value converted into 2010 price level
Risk measurement variable
Flood preparedness Preparation (to some extent) for flooding 0 = no preparation, 1= having preparation
Knowledge of
climatic change

Whether a respondent has some knowledge
of climatic change

0= no, 1= yes

Access to flood
information

Whether a respondent had access
to information on flooding in advance

0 = no information, 1= information access

Perception variable
Perception of change from six
to four seasons

Whether a respondent think that
there is a seasonal change
from six to four seasons

1 0 = wrong perception, 1= correct perception

Perception of
monsoon precipitation

Whether a respondent correctly perceive
a temporal trend in monsoon precipitation

0 = wrong perception, 1= correct perception

Perception of
non-monsoon precipitation

Whether a respondent correctly perceive
a temporal trend in non-monsoon precipitation

0 = wrong perception, 1= correct perception

Perception of
extreme rainy days

Whether a respondent correctly perceive
a temporal trend in precipitation on
extreme rainy days

0 = wrong perception, 1= correct perception

1 An annual calendar in Bangladesh is hypothesized to change from six seasons to four seasons. If a respondent say “yes,” this variable is 1, otherwise 0. The
definition of this variable is determined on the basis of expert surveys and the inclusion of this variable is important, because this seasonal change is believed to
be one reason for frequent flooding.
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Table 17: Summary statistics of the variables used in WTP Tobit regressions with 1,011 observa-
tions

Variable Mean Std. dev. Min Max

Non-categorical variables
WTP for 1988 (BDT/year)0 523.11 918.81 0 5,000
WTP for 1998 (BDT/year) 524.91 931.97 0 5,000
WTP for 2004 (BDT/year) 421.49 794.70 0 5,000
WTP for 2007 (BDT/year) 357.85 698.74 0 5,000
Loss 1988 (BDT) 77,868.45 107,559.60 0 1,000,000
Loss 1998 (BDT) 56,005.93 90,239.90 0 800,000
Education1 5.12 5.02 0 18
Household members 7.39 3.72 1 27
Categorical variables
Household income (BDT/year)2 3.36 1.75 1 8
Household condition3 2.51 0.71 0 4
Family structure 0.66 0.47 0 1
Residential time4 6.1 1.3 0 8
Household distance
from river5

2.60 0.97 0 6

Flood preparedness 0.22 0.41 0 1
Knowledge of
climatic change

0.78 0.41 0 1

Access to flood
information

0.53 0.50 0 1

Perception of change from six
to four seasons

0.65 0.47 0 1

Perception of
monsoon precipitation

0.73 0.44 0 1

Perception of
non-monsoon precipitation

0.94 0.23 0 1

Perception of
extreme rainy days

0.84 0.36 0 1

0 BDT represents local currency “Bangladesh taka.”
1 Education is represented by actual years of academic education
2 Household income is represented by an ordered categorical variable, 0: � 5000, 1: 5000-9999, 2:

10000-14999, 3: 15000-19999, 4: 20000-24999, 5: 25000-29999, 6: 30000-34999, 7: 35000-
39999, 8: 40000 or more.

3 Household condition represents the degree of strengths in house materials by an ordered categorical
variable, 0: slam, 1: bamboo and grass, 2: tin and wood, 3: brick and tin, 4: brick

4 Residential time represents the years of living in this place by an ordered categorical variable, 0:
less than one year, 1: one to three years, 2: three to ten years, 3: ten to twenty years, 4: twenty to
thirty years, 5: thirty to forty years, 6: forty to fifty years, 7: fifty to eighty years, 8: more than 80
years.

5 Household distance from rivers is represented by an ordered categorical variable, 0: less than 100m,
1: 100 to 500m, 2: 500m to 1km, 3: one to two km, 4: two to five km, 5: more than 5km.
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Table 19: Data source

Data type Variable Description Source

Climate Precipitation in Bangladesh Daily, means, totals BMD
Climate Precipitation in India Monthly, means, totals IMD
Disaster Flood death Actual number EM-DAT
Water Arsenic Parts Per Million BGS
Water Flooded Area Flooded area NOAA
Agriculture Land use Cultivate acres BBS
Agriculture Crop production Metric Tons BBS
Agriculture Irrigation Irrigated acres BBS
Dams Dams location Geographical location NRLD
GIS Pumps location Location of arsenic pumps BGS
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Table 20: Descriptive statistics

Variable Description Mean SD

Dependent variables
Aman rice land use Aman rice land (,0000 acre) 16.9519 11.42887
Boro rice land use Boro rice land (,0000 acre) 13.5646 11.88071
Wheat land use Wheat land (,0000 acre) 1.59133 2.006581
Independent variables
Flood risk index Index constructed from flood damages 0.30123 0.290386
(endogenous) and vulnerability for agriculture
Arsenic risk dummy Dummy = 1 if arsenic level is over 0.23958 0.427945

WHO safety guideline
Vulnerability dummy Dummy =1 if the district is 0.41667 0.494296

vulnerable by BWD
Rainfall Average district level rainfall from 1.80825 0.574815

nearby weather station (,0000 cm)
Extreme temperature Days when the average temperature 808.563 1050.86

is 34 degree celsious or more
Irrigation area Irrigation facility area (,0000 acre) 14.5236 12.26047
Instrumental variables
Rainfall in India Average level rainfall from 1.71076 0.409447

nearby weather station (,0000 cm)
Monsoon rainfall Average state monsoon rainfall from 1.22155 0.23326
in India nearby weather station (,0000 cm)
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Table 21: Result of fixed effect panel regression and fixed effect instrumental variable regression.

VARIABLES Monsoon rice Monsoon rice Dry rice Dry wheat

FE FE (IV) FE FE

Flood risk 9.254*** 6.500**
(1.035) (2.898)

Arsenic dummy -2.511*** -3.738** 2.159*** -0.452**
(0.849) (1.485) (0.579) (0.206)

Vulnerable dummy 1.602* 0.602 1.413** -0.497**
(0.925) (1.365) (0.673) (0.239)

Rainfall -2.361*** -2.316*** 3.052*** -0.580**
(0.796) (0.82) (0.652) (0.232)

Extreme temperature -0.000727* 0.000213
(0.000391) (0.000139)

Irrigated area 0.433*** -0.109***
(0.0392) (0.0139)

Constant 18.37*** 19.83*** 1.245 4.365***
(1.552) (2.142) (1.485) (0.528)

F statistics 45.96 42.17 12.28 13.6
Observations 192 192 192 192
R-squared 0.623 0.659 0.489
District FE Yes Yes Yes Yes
Hausman test (chi2) 14.95 121.86 173.45
Sargan test (chi2) 0.535

a) Standard errors in parentheses.
b) *** p<0.01, ** p<0.05, *p<0.1
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Table 22: First stage regression

VARIABLES Fixed Effects

Arsenic dummy -0.396***
(0.0625)

Vulnerable dummy -0.342***
(0.0712)

Rainfall -0.0209
(0.0742)

Rain India 0.578***
(0.134)

Monsoon India -0.371**
(0.147)

Constant 0.0406
(0.307)

Observations 192
R-squared 0.513
Country FE Yes

a) Standard errors in parentheses.
b) *** p<0.01, ** p<0.05, *p<0.1
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