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Abstract

Applying the difference-in-difference (DID) estimation procedure, this study quantifies the wheat blast
(Magnaporthe oryzae pathotype Triticum) induced losses in wheat yield, quantity of wheat sold, con-
sumed, or stored, as well as wheat grain value in Bangladesh in 2016 following a disease outbreak that
affected over 15,000 ha. Estimates show that the blast-induced yield loss was 540 kgha™ on average
for households in blast-affected districts. Estimated total wheat production loss was approximately
8,205 tons worth USD 2.1 million in during the 2016 outbreak. Based on these insights, we discuss the
need for long-term assured investment and concerted research efforts in controlling transboundary dis-
eases such as wheat blast, including the importance of weather forecast driven early warning systems and
the dissemination of blast-resistant varieties.

Keywords: diseases; economic valuation; invasion; maintenance breeding; pests; wheat

JEL classifications: O13; Q12; C01

1. Introduction

Crop diseases and pests are a consistent concern for resource-poor farmers, particularly in devel-
oping countries, as they can threaten food and income security by undermining yield stability
(Anderson et al., 2004; FAO, 2017; Fisher et al., 2012; Fones, Fisher, and Gurr, 2017; Fones
et al,, 2020; Lidwell-Durnin and Lapthorn, 2020; McDonald and Stukenbrock, 2016; Mitra,
2021; Strange and Scott, 2005). Recent examples of damaging disease outbreaks include the
re-emergence and spread of stem rust (Puccinia graminis £. sp. tritici) of wheat (Triticum aestivum
L.), in Africa, the Middle East, and Europe (Patpour et al., 2022; Singh et al., 2015), the advent and
spread of Maize Lethal Necrosis (MLN) to eastern Africa (Wangai et al., 2012), the incursion of
Fall Armyworm (Spodoptera frugiperda) to Africa, Asia, and Oceania (Goergen et al., 2016;
Piggott et al., 2021; Sharanabasappa Kalleshwaraswamy et al., 2018). The emergence of wheat blast
(Magnaporthe oryzae pathotype Triticumn (MoT)) in Asia is an additional concerning example
(Islam et al., 2016; Montes, Hussain, and Krupnik, 2022; Mottaleb, Singh, et al., 2018).
Quantifying the impacts of pests and diseases on crops is important and has long been a major
research area in agriculture, with increasing emphasis now placed on transboundary pests
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(De Groote et al., 2016; Donatelli et al., 2017; Esker, Savary, and McRoberts, 2012; Marenya et al.,
2018; Oerke, 2006; Savary et al., 2019; Whish et al., 2015).

Pure empirical studies quantifying the impacts of pest and disease outbreaks on crops at
national or regional scales are few. This is because, a proper pathological and economic impact
assessment of crop loss due to pests and diseases requires accurate datasets on crop production
and pre- and post-outbreak incidence and severity measures in a specific country or region.
Assessing impacts of crop loss due to pests and diseases by applying a rigorous econometric esti-
mation process with actual datasets may conversely provide important insights as to the severity of
pest and disease outbreaks, thereby providing information and insights to aid farmers and agri-
cultural development planners in improved decision-making. Yet as appropriate datasets are lim-
ited, impact studies of crop pest and disease outbreaks mostly rely on opinion survey, small-scale
agronomic and plot based studies, farmer surveys, or expert solicitations and crop modeling
approaches (De Groote et al., 2016; Donatelli et al., 2017; Marenya et al., 2018; Oerke, 2006;
Savary et al., 2019; Whish et al., 2015). To our knowledge, there is no single study that applied
a rigorous econometric estimation process using reliable datasets, to quantify the economic
impacts of crop pest and disease outbreaks in any country or geography. Using nationally repre-
sentative datasets collected by the Bangladesh Bureau of Statistics (BBS) to address this important
research gap, we apply a difference-in-difference (DID) estimation procedure to provide quanti-
tative estimates of wheat blast induced production losses during an outbreak year in Bangladesh.

Wheat blast is caused by the fungus Magnaporthe oryzae pathotype triticumn (MoT) and can
result in significant yield losses (Urashima et al., 2009). It is one of the most challenging wheat
diseases to control and can exert significant damage by infecting wheat spikes and reducing grain
formation. In less than three weeks from infection and as short as a week from showing the first
visible symptoms, wheat blast desiccate and deform grain (O’Leary, 2019). In cases of severe out-
breaks, applications of fungicides are often ineffective (Urashima et al., 2009). The speed at which
yield loss is incurred following visible symptoms means that it is very challenging for smallholder
farmers—especially those who may not be able to afford or access fungicides—implement disease
control tactics. Wheat blast was first identified in Parana State of Brazil in 1985 (Igarashi, 1986),
later spreading to many wheat-producing areas of Brazil (Goulart et al., 2003; Igarashi, 1990). It
was reported in Bolivia in 1996, and Paraguay and northeastern Argentina in 2002 (Cruz and
Valent, 2017). Further spread was recorded in Argentina and by 2012 the disease was identified
in Buenos Aires Province (Perelld, Martinez, and Molina, 2015). In the 2015-16 wheat season, and
for the first time outside of Latin America, wheat blast was reported in South Asia and in
Bangladesh specifically (Islam et al., 2016). Alarmingly, in 2017-18 season, wheat blast outbreak
also confirmed in Africa, specifically in Zambia (Tembo et al., 2020).

In February of 2016, wheat blast affected nearly 15,000 ha of wheats across eight districts of
Bangladesh including Barishal, Bhola, Chuadanga, Jashore, Jhenaidah, Kushtia, Meherpur, and
Pabna (Islam et al., 2016). The blast-affected wheat area represented approximately 3.4% of
Bangladesh’s total wheat-producing area in the 2015-16 wheat season of Bangladesh (BBS,
2018). Reported crop yield losses ranged from 5 to 51% (Islam et al., 2016), with incidences of
up to 70% of the wheat area in some districts being infected. Varying levels of severity and
within-field incidence were reported, with some farmers reporting a near 100% loss, and others
with varying levels of reported yield loss (Islam et al., 2016). In subsequent years, wheat blast
spread to other districts of Bangladesh; however, incidence and severity of the disease have been
limited and repeated outbreaks at the same level of severity as 2016 have not been recorded.
Following the 2016 outbreak, the Government of Bangladesh discouraged wheat cultivation in
severely blast-affected districts (BBS, 2018; Mottaleb, Singh, Sonder, et al., 2019), an action that
may have, to some extend, limited the propagation of MoT spores in the environment, although
annual surveillance continues to record airborne MoT spore presence in Bangladesh (CSISA,
2019, 2020, 2021). Following the outbreak of wheat blast and the action of the government, as
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Table 1. Wheat cultivation, consumption, and import in Bangladesh

Share in daily Total

Area Production Yield Consumption consumption  consumption Import
Year (‘000 ha) (000, ton) (tons/ha)  (yearly/capita/kg) (kcal, %) (‘000 tons) (000, tons)
TE1963 63.0 38.9 0.6 8.8 3.5 465 464
TE1973 124.4 105.9 0.9 21.2 9.2 1,464 1,450
TE1983 548.2 1,051.8 1.9 24.8 10.4 2,162 1,324
TE1993 603.5 1,081.7 1.8 20.1 8.3 2,261 1,372
TE2003 740.5 1,595.2 2.2 20.9 1.7 2,868 2,192
TE2013 382.8 1,074.1 2.8 17.3 6.1 2,673 2,698
TE2018 403.8 1,253.0 3.1 19.0 6.5 3,034 5,724
TE2020  338.0 1048.4 31 18.7° 6.22 3,011° 5,150

2TE2019.
Note: TE: triennium average ending.
Source: Authors’ calculation from (FAOSTAT, 2021b).

well as due to competition with alternative crops (Mottaleb, Singh, He, et al., 2019), total wheat
area in Bangladesh has gradually reduced to 25% (to 332,278 ha) in 2019-20 (BBS, 2020).

Despite the damaging nature and scale of the wheat blast outbreak in Bangladesh, no study
quantified the national productivity and profitability impact of wheat blast in Bangladesh.
While some studies have assessed wheat yield losses, for example Islam et al. (2016), they tend
to be based on less systematic observational data and reports from farmers. Islam et al.
(2016), for example, states that crop yield losses ranged from 5 to 51% across Bangladesh but
did not include fully representative sampling. Reportedly, up to 70% of the wheat area in some
districts was infected by wheat blast, though with varying severity levels. Conversely, the present
study provides the first quantitative assessment of wheat production losses using data supplied by
the Government of Bangladesh and applying econometric methods that have not yet been applied
in the study of disease inflicted yield losses.

2. State of Wheat Production and Consumption in Bangladesh

Bangladesh is a major rice-consuming country; however, wheat consumption has also been
increasing due to rising per capita income, rapid urbanization, and associated changes in lifestyles
and dietary preferences (Hossain and Teixeira da Silva, 2013; Mottaleb, Rahut, et al. 2018a, 2018b,
2018c¢). In the triennium ending (TE) 1963, the average yearly per capita wheat consumption in
East Pakistan (now Bangladesh) was nearly 9 kg, providing 3.5% of the daily per capita average
total calorie intake (Table 1). In TE 2019, the average yearly per capita wheat consumption had
increased to 18.7 kg, providing 6.2% of the daily per capita average total calorie intake (Table 1).

Domestic wheat production has, however, failed to meet increasing demand. In TE 1963, wheat
was cultivated on 63,000 ha of land with a yield of 600 kg ha™. Total wheat production was esti-
mated at less than 39,000 tons in East Pakistan (Bangladesh was a part of Pakistan before its inde-
pendence in 1971) (Table 1). Yearly per capita wheat consumption was 8.8 kg, and total wheat
consumption was 465,000 tons. To meet domestic demand, 464,000 tons (Table 1) worth
USD 34 million had to be imported (FAOSTAT, 2021a). In TE 2018, total land allocation to wheat
in Bangladesh had grown dramatically to nearly 404,000 ha, with yields averaging 3,100 kg ha™’,
and total wheat production at approximately 1.3 million tons (Table 1). With a yearly per capita
consumption of 19 kg, the total wheat consumed was approximately 3 million tons. To fill the gap
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Figure 1. Trends in wheat yield during 2013-14 to 2019-20 seasons by the group of districts whether or affected wheat blast
in 2016. Sources: BBS (2016, 2018, 2020); BSS (2020). Note: Barishal, Bhola, Chuadanga, Jashore, Jhenaidah, Kushtia,
Meherpur, and Pabna districts were affected by wheat blast in 2016, and all other districts were not affected (Islam
et al., 2016).

between domestic supply and demand, Bangladesh imported 5.7 million tons of wheat (Table 1)
worth USD 1.2 billion (FAOSTAT, 2021a). In 2020, Bangladesh was the 9th largest wheat import-
ing country in the world with an import of six million tons worth USD 1.4 billion (FAOSTAT,
2021a). Considering the projected population and the per capita GDP growth of Bangladesh and
anticipated further changes in lifestyle and diets (including increased consumption of bread, bis-
cuits, pasta, and crackers), it is expected that wheat consumption will increase further in the future
(Mottaleb, Hossain, and Hossain, 2020; Mottaleb et al. 2018b, 2018c).

Yet while these figures underscore why there is interest in boosting domestic wheat production
in Bangladesh, the outbreak of wheat blast in 2016 severely and negatively affected land area allo-
cated to wheat cultivation. Out of 64 districts, wheat was cultivated in 60 districts in the 2015-16
wheat season (BBS, 2017b). Following initial reports in mid-February of the latter year, wheat blast
was subsequently recorded in eight districts including Barishal, Bhola, Chuadanga, Jashore,
Jhenaidah, Kushtia, Meherpur, and Pabna (Islam et al.,, 2016).

The trends of wheat yield from 2013-14 to 2019-20 are presented for the eight affected and 56
unaffected districts in the 2015-16 season (Figure 1). In the 2013-14 and 2014-15 wheat seasons,
the average wheat yield in these districts was 3.07 tonsha™' and 3.14 tonsha™!, respectively
(Figure 1). In the 2015-16 wheat season, following the blast outbreak, recorded wheat yields were
on average 7% lower (2.93 tons ha™') compared to the 2014-15 season. In contrast, average wheat
yield in nonaffected districts remained almost constant in the 2015-16 compared to previous sea-
sons (Figure 1).

As a result of the wheat blast outbreak, and absence of resistant cultivars, farmers responded to
governmental directives in the severely blast-affected districts by drastically reducing wheat-
cropped areas in the subsequent seasons (Figure 2; BBS, 2018). This severely affected domestic
production. In the 2014-15 wheat season, a the ear before the outbreak of wheat blast, total land
allocation to wheat was 436,814 ha, with average national yields estimated at 3.08 ton ha (BBS,
2018) and a total wheat production of 1.34 million tons (BBS, 2016). By the 2019-20 wheat season,
wheat area had declined to 332,274-ha, that is, 24% less than allocated in 2014-15. Lack of sig-
nificant blast infections in subsequent years and more favorable growing conditions contributed to
a slightly higher average national yield of 3.1 ton ha™ (BBS, 2020). National wheat production
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Figure 2. Wheat area during 2013-14 to 2019-20 wheat season in blast-affected and non-affected districts. Source: BBS
(2016, 2018, 2020); BSS (2020). Note: Barishal, Bhola, Chuadanga, Jashore, Jhenaidah, Kushtia, Meherpur, and Pabna dis-
tricts were affected by wheat blast in 2016 (Islam et al., 2016).

nonetheless dropped to 1.02 million tons (BBS, 2020), due in part to the reduction in cropped area
(Figure 2).

In 2015-16 wheat season, during which the wheat blast outbreak was experienced, total land
allocated to wheat in the initial eight blast-affected districts was 98,000 ha. In the subsequent year,
land area allocated to wheat declined by 45% to 54,000 ha. Wheat area also declined in the initially
non-blast-affected districts of Bangladesh (Figure 2). In 2016-17, a year after the initial outbreak
of wheat blast, the total wheat area in the initially nonaffected districts was 362,000 ha; this
declined to 276,000 ha in 2019-20 wheat season (Figure 2). This drastic reduction in wheat area
was mainly due to the outbreak of wheat blast and its effects on farmers’ willingness to cultivate
wheat; this was further compounded because of governmental policy that discouraged wheat pro-
duction, and that eliminated the supply of seed and subsidized fertilizer for wheat farmers (BBS,
2018). Although wheat blast initially affected eight districts of Bangladesh, in subsequent years
wheat blast has spread to several other districts of Bangladesh (Mottaleb, Govindan, Singh,
et al., 2019). Further spread of wheat blast is also possible. Using historical climate analogs of
the initial blast affected districts, it was initially estimated that 65% of the wheat area of
Bangladesh across 45 districts, 21% of the wheat area of India across 138 districts, and nearly
2% of the total wheat area of Pakistan across five districts in the southern region could be vul-
nerable to wheat blast (Mottaleb, Singh, et al., 2018).

3. Materials and Methods

3.1. Data

To quantify the impacts of wheat blast on yield, wheat marketing, consumption, and income at the
household level, Household Income, and Expenditure Survey (HIES) data collected by the BBS
were used. Up to 2021, BBS has conducted 16 rounds of surveys since independence in 1971.
The HIES data are nationally representative survey data, mainly used for estimating monetary
poverty within Bangladesh (BBS, 2017a). To enhance the precision in data collection, a two-stage
stratified random sampling process is followed in the data collection process. Firstly, based on the
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geographic area, the primary sampling units (PSU’s) are constructed considering the rural and
urban status of the geographic areas. In the second stage, 20 households are randomly selected
for a detailed interview from each PSU. In general, the HIES survey of Bangladesh is a multipur-
pose survey. The questionnaire includes nine sections, from which detailed information on
household-level demographics, food consumption, farm, and nonfarm economic activities, and
labor allocation information are collected. Details of the data collection process, sampling, ques-
tionnaire, and documents related to HIES 2010 and HIES 2016 are available on-line (IHSN,
2018, 2019).

Wheat blast was first detected in Bangladesh during February of 2016 (at the tail end of the
2015-16 wheat season); correspondingly, HIES 2016 data are used as the endline data and HIES
2010 data are used as the baseline data. In the HIES 2010 data, a total of 12,240 households from
all 64 districts of Bangladesh were surveyed from February 1, 2010, to January 31, 2011, and in
HIES 2016 a total of 46,080 households were surveyed from all 64 districts of Bangladesh during
the period April 1, 2016, to March 31, 2017. In this study, we focus on quantification of the impact
of the 2016 wheat blast outbreak on wheat yield, marketing, consumption and storage, and income
earned from sales of wheat. We therefore considered only the sampled households that cultivated
wheat in either 2010 and/or 2016. However, not all districts of Bangladesh are climatically suitable
and vulnerable to wheat blast.

In a preliminary study, Mottaleb, Singh, et al. (2018) identified that out of 64 districts, only 46
districts are climatically suitable and vulnerable to wheat blast. Subsequently, Montes, Hussain,
and Krupnik (2022) applied a continental-scale disease modeling approach and used gridded cli-
mate data from 1980 to 2019, with results suggesting that Bangladesh has the highest risk of infec-
tion in Asia. In this study, we have considered the wheat-producing agricultural households that
are located only in the 46 blast vulnerable districts. This study therefore is based on information of
1,025 wheat-producing agricultural households, of which 310 are from HIES 2010 and 715 are
from HIES 2016. Among the sampled households, 454 wheat cultivating agricultural households
were sampled in Bhola, Chuadanga, Jashore, Jhenaidah, Kushtia, Meherpur, and Pabna, the dis-
tricts, which were affected by wheat blast in 2016 (Islam et al., 2016; Malaker et al., 2016). We
considered the sampled households in these districts as the households in the experiment group.
The rest of the households from other districts are treated as the households in the control group
(Figure 3). It is important to mention that Barishal district was affected by wheat blast in 2016;
however, in HIES 2010 and 2016, there were no wheat-producing households that were sampled
by BBS from this district. We therefore dropped Barishal from our analysis.

In Bangladesh, January and February are the critical months for vegetative growth and March
is crucial for the grain filling of wheat. A warmer temperature, with high relative humidity includ-
ing rainfall, can generate favorable conditions for a blast outbreak. Considering the issue, this
study also included weather variables in the estimation to isolate weather impacts on wheat yield,
production, wheat marketing, and wheat income. Climate data on daily average maximum and
minimum temperature (°C) and daily total precipitation (millimeters) were collected from the
Climate Hazards Center of the University of California in Santa Barbara (https://www.chc.
ucsb.edu/data). The relative humidity data are derived as a subset from the temperature data.
Specifically, the daily average maximum and minimum temperature data are collected from
Funk et al. (2019); the daily precipitation data are collected from Funk, Peterson, et al. (2015)
and Funk, Verdin, et al. (2015); and the daily relative humidity data (%) are derived as a subset
from Funk et al. (2019). The data were downloaded in geotift format. Using ESRI ArcMap 10.8.1
software, the collected geotift files data are converted to its native raster format. After that raster
calculator functions were used to generate monthly precipitation sums as well as monthly averages
for temperature and relative humidity. The zonal statistics function in combination with a poly-
gon file for the district-level administrative boundaries was utilized to calculate average monthly
climate values for 64 districts of Bangladesh.
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Figure 3. Number of the sampled households by sampled districts. Households located in blue colored districts are in the
experiment group - wheat crop affected by blast in 2016, and sampled households located in green colored districts, are in
the control group, were not affect by blast in 2016. NH indicates number of households.
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Figure 4. Wheat blast incidence in Bangladesh in 2015-16 and testable hypotheses.

3.2. Research Hypotheses, Model Specification, and Estimation Procedure

3.2.1. Research Hypotheses
In the 2015-16 wheat season, wheat blast affected wheat crops in the sampled Bhola, Chuadanga,
Jashore, Thenaidah, Kushtia, Meherpur, and Pabna districts of Bangladesh, whereas the wheat crop
in other districts of Bangladesh was not affected by blast in the 2015-16 wheat season (Islam et al.,
2016; Malaker et al., 2016). Based on this natural phenomenon, we developed a conceptual frame-
work and developed four hypotheses (Figure 4).

Four testable hypotheses were developed (Figure 4):

H1: Wheat blast significantly and negative affected wheat yield of households in blast affected
districts in 2016 compared to the households in the districts that were not affected in 2016.

H2: Because of significant loss in wheat yield, households in the wheat blast-affected districts
sold less wheat compared to others in 2016.

H3: Also because of significant loss in wheat yield, households in the wheat blast-affected dis-
tricts consumed and stored less wheat compared to others in 2016.

H4: The revenue generated from wheat sales by households in wheat blast-affected districts was
also less than other households in 2016.

3.2.2. Model Specification and Estimation Process

To establish and causal relationship, between wheat yield, marketing, consumption and storage,
and revenue income from wheat and the wheat blast-affected year (year 2016), we employed the
DID estimation procedure (Wooldridge, 2021). To disentangle the impacts of wheat blast from the
effects of other factors on wheat yield, wheat marketing, consumption and storage, and revenue
income at the wheat household level, the following equation was used:

Yiee = Box + Bic(YD2g16) + Bak(HAD;) + B3 (YDyg16 x HAD;) + (Z)0i + &inc (1)

In equation (1) Box are scalar parameters; B;; and 6, are the parameters to be estimated; i
stands for an individual household;  stands for the sampled years (t = 2010, 2016); (k = 1—4),
and &y, is the random error term. The variables used in estimating equation (1) are explained in
Table 2.
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Table 2. Description of variables included in DID model estimation

Description Measuring unit
Dependent variables
Yite Wheat yield Kilogram/ha
Yioe Wheat revenue = Market price x wheat production US dollar/ha
Yise Wheat sold in the market Kilogram/ha
Yiat Wheat consumed and stored Kilogram

Independent variables

YDy016 Year dummy for year 2016 when wheat affected for the first time in 1 = yes, 0 for year
Bangladesh 2010
HAD; Dummy for the treatment households: reside in the wheat 1 = yes, 0 otherwise

blast-affected districts

YDy016 X HAD;

Year 2016 dummy x treatment households

z Formal years of schooling, head Years

z, Formal years of schooling, spouse Years

Z3 Age of the household head Years

Z4 Age of the spouse Years

Z5 Total number of members in the household Number

Z A dummy for the rural household 1 = rural household,

0 otherwise
z; Sex dummy: Female-headed household 1 = headed by a
female, 0 otherwise

Zg Size of wheat land ha

Zs X YDyo16 Rural household dummy x Year 2016 dummy Yes = 1, 0 otherwise

Zg X YDy016 X HAD  Rural household dummy x Year 2016 dummy x Dummy for the Yes = 1, 0 otherwise
treatment households

Z7 X YDyo16 Female-headed household x Year 2016 dummy Yes = 1, 0 otherwise

Z7 X YDyo16 X HAD  Female-headed household x Year 2016 dummy x Dummy for the Yes = 1, 0 otherwise
treatment households

Weather variables

Zg Relative humidity in January 2010 %

Z10 Relative humidity in February 2010 %

Z1 Relative humidity in March 2010 %

Z1 Relative humidity in January 2016 %

Z13 Relative humidity in February 2016 %

Z14 Relative humidity in March 2016 %

Z15 Total rainfall in January 2010 Millimeter

Z16 Total rainfall in February 2010 Millimeter

Z17 Total rainfall in March 2010 Millimeter

Z18 Total rainfall in January 2016 Millimeter

Z19 Total rainfall in February 2016 Millimeter
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Table 2. (Continued)

Description Measuring unit

Z50 Total rainfall in March 2016 Millimeter

Z51 Monthly average maximum temperature in January 2010 Celsius degrees (°C)
Z5 Monthly average maximum temperature in February 2010 Celsius degrees (°C)
Z53 Monthly average maximum temperature in March 2010 Celsius degrees (°C)
Zy4 Monthly average maximum temperature in January 2016 Celsius degrees (°C)
Zy5 Monthly average maximum temperature in February 2016 Celsius degrees (°C)
Z56 Monthly average maximum temperature in March 2016 Celsius degrees (°C)

Source: Authors’.

Note that in the equation specification, the reference year, year 2010. From equation (1):

Ya=02010 = Bo +0Z; + & (2)
Yacip000 = Bo+ B +0Zi + & (3)
Yao206 = Bo+ B +0Zi + & (4)

Yici206 =Bo+ B+ B+ B +0Z+§ (5)

Essentially, the coefficient ,33 = (YA =0, 2010 — YA =1, 2010) - (YA — 2016 — YA =1, 2016) is the
DID estimator which presents a causal relationship. In equation (1), some other variables are
included just to enhance the prevision of the DID estimator.

Importantly, HIES datasets are repeated cross-sectional in nature. Therefore, the application of
the conventional panel data estimation procedure by applying a fixed-effect or random-effect esti-
mation procedure is not possible. In estimating equation (1), we therefore applied the ordinary
least square (OLS) estimation procedure, using the robust-clustered standard error approach in
which standard errors are clustered at the household level.

Although the DID estimator 5 already captures any external impacts on the variables of inter-
est, to enhance the precision in the estimation process, in an alternative specification (Model 2),
we have included the district level maximum temperature (°C), total rainfall (mm), and relative
humidity (%) in January, February, and March in 2010 and 2016 in our estimation process. In
addition, wheat blast can affect different subgroups heterogeneously. To capture the heteroge-
neous impacts (if any) of wheat blast on male- versus female-headed households and rural versus
urban households, in another specification, we have included four multiplicative dummies to iso-
late heterogeneous impacts of wheat blast (Table 2).

4. Results and Discussion

Out of the total 1,025 sampled households, 310 sampled households are from HIES 2010 and 715
are from HIES 2016 (Table 3). A total of 571 sampled households are in the control group, from
districts that were not affected by wheat blast in 2016 (Table 3). In contrast, a total of 454 sampled
households are in the experiment group, from districts affected by wheat blast in 2016 (Table 3).

The background information of the sampled households is presented as group averages and by
years sampled. It shows that the sampled households from HIES 2010 were mostly headed by a
male; on average, a household head was nearly 47 years old, and with nearly three years of formal
schooling. On average, more than 82% of the sampled households are from rural areas, consist of a
spouse aged 38 years and nearly five family members (Table 3). Similarly, the sampled households

https://doi.org/10.1017/aae.2023.2 Published online by Cambridge University Press


https://doi.org/10.1017/aae.2023.2

44 Khondoker Abdul Mottaleb et al.

Table 3. Background information of the sampled households by their location in the initial blast affected eight districts or
not affected districts

All Households from non-affected Households from affected Difference
households districts (a) districts (b) (a-b)
Year 2010
No. of households 310 212 98
Years of schooling, 2.6 2.93 1.9 1.04**
spouse
(3.51) (3.66) (3.03) (2.45)
Years of schooling, 2.89 3.11 2.41 0.69*
head
(4.15) (4.39) (3.89) (1.33)
Age, spouse 38.1 36.9 40.6 —3.66™
(12.6) (12.9) (11.4) (—2.39)
Age, head 46.8 46.5 47.4 —0.97
(12.5) (13.04) (11.1) (~0.64)
Household size 4.93 5.09 4.57 0.53**
(2.03) (2.13) (1.74) (2.14)
%Rural households 82.6 83.5 80.6 2.9
(38.0) (37.2) (39.7) (0.62)
%Female-headed 4.2 5.2 2.0 3.1*
household
(20.1) (22.2) (14.2) (1.28)
Year 2016
No. of households 715 359 356
Years of schooling, 341 3.29 3.53 —0.24
spouse
P (3.67) (3.80) (3.53) (0.87)
Years of schooling, 3.4 3.58 3.21 0.36
head
(3.94) (4.13) (3.73) (1.23)
Age, spouse 38.2 38.2 38.1 0.15
(14.0) (14.1) (13.9) (0.14)
Age, head 47.7 48.4 46.9 1.43*
(12.3) (12.4) (12.2) (1.55)
Household size 4.15 4.43 3.87 0.56***
(1.39) (1.44) (1.28) (5.46)
%Rural households 89.1 86.9 91.2 —4.4
(31.2) (33.8) (28.2) (—1.88)
%Female-headed 2.7 2.5 2.8 —0.30
household
(16.1) (15.6) (16.5) (~0.25)

Difference = variable of interest (mean from not blast affected districts) — variable of interest (mean from blast-affected districts). HO:
Diff = 0, Ha: Diff # 0. Numbers in parentheses are t-statistics. ***, **, and * indicate 1%, 5%, and 10% levels of significance, respectively.
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from HIES 2016 were mostly headed by a male (97%); on average, a household head was nearly 48
years old, and with more than three years of formal schooling. On average, nearly 90% of the
sampled households are from rural areas. These households consist of a spouse aged 38 years
and with four family members.

In Table 3, we also have presented the statistical differences of the mean of the variables based
on whether or not they are from the control or experiment group and by years sampled. It shows
that the average years of schooling of the household head and spouse, the size of the household,
and the percentage of female-headed households, in the control group in HIES 2010, are statisti-
cally significantly higher than the treatment group in the same year (Table 3). In contrast, the
average age of the spouse of the households in the control group was statistically significantly
lower than the average age of the spouse of the experiment group in HIES 2010. In the case
of the sampled households from HIES 2016, the average household size and age of the household
heads are statistically significantly higher for the control group than the treatment group. In our
empirical estimation method, the age, and years of schooling of the household head and spouse
and the household size measured by the number of family members are included to examine their
impacts on wheat yield and income in Bangladesh.

Information on the total cultivated land, wheat land, wheat yield, production, and the product
value of wheat are presented in Table 4. All monetary values are converted into US dollar using the
reported exchange rate between Bangladesh Taka (BDT) and US dollar as 1 USD = BDT 69.6 in
2010 and 1 USD = BDT 78.5 in 2016 (World Bank, 2022).

The yearly average total crop income per household in HIES 2010 was USD 1336 (Table 4).
Average wheat yield was 2,414 kg ha™! equivalent, and average wheat production per household
was nearly 367 kg with a value of USD 92 (Table 4). In general, the households in the experiment
group (from the blast-affected districts) have significantly higher total crop income. They sold
more and consumed less wheat compared to the households in the 2010 HEIS control group.
Importantly, wheat yield per ha was statistically indifferent among the households in the experi-
ment (2,340 kg ha™!) and the control groups (2,448 Kkgha™!) in HIES 2010.

In 2016, wheat blast affected the wheat fields of the sampled seven districts. HIES 2016 data
indicate that households in the experiment group (from the seven blasts affected districts) allo-
cated significantly less land to wheat, and wheat yield was significantly lower (1,667 kg ha™!) com-
pared to the control group (2,272 kgha™') (Table 3). In addition, total wheat produced, wheat
product value (total production X price), wheat sold per hectare equivalent production, and wheat
stocked at the household level were all statistically significantly lower for the households in the
experimental group compared to the control group households in HIES 2016 (Table 4).

Results in Table 4 indicate the severity of wheat blast on wheat yield, wheat marketing, and
stock. However, these are simple descriptive metrics that do not account for the influence of
additional variables, such as characteristics of the wheat-producing households. To ensure
more refined impacts of wheat blast on yield, marketing, consumption, and stock, we estimated
equation (1).

The DID estimators of impacts of wheat blast on wheat yield (kgha™), wheat sold (kg ha™),
wheat consumed and stocked (kg), and wheat product value (USD ha™!) are presented in Table 5
for three different specifications (Models 1-3). In the first specification (Model 1), we included the
DID estimator and additional primary control variables. However, one might argue that the
impact of blast on yield, consumption and storage, the market share sold, and wheat product value
might be overestimated as we were unable to include the implications of weather variability in our
model. To isolate the impacts of weather variables, in the second specification (Model 2), we have
included the district-level maximum temperature (°C), total rainfall (mm), and relative humidity
in January, February, and March in 2010 and 2016 in our estimation process. In the third specifi-
cation (Model 3), four additional multiplicative dummies are included including the original con-
trol variables used in estimating Model 1. These additional multiplicative dummies are included to
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Table 4. Balancing test: wheat cultivation, production, and consumption-related information by the location of the
households in the initial blast-affected eight districts or other districts

All Households from non-affected Households from affected Difference
households districts (a) districts (b) (a-b)
Year 2010
Total wheat land 0.15 0.16 0.15 0.003
ha
(ha) (0.14) (0.15) (0.12) (0.23)
Total land cultivated 1.15 1.09 1.24 —-0.15
ha
(ha) (1.05) (1.04) (1.06) (-1.17)
Total crop income 1336.2 12333 1558.8 —325.4**
us
(US3) (1330.9) (1212.9) (1539.5) (-2.01)
Wheat yield (kg/ha) 2413.6 2447.6 2340.1 107.5
(1561.4) (1787.5) (899.4) (0.56)
Total wheat pro- 368.7 383.3 336.9 46.4
duced (kg)
(436.4) (492.0) (280.4) (0.87)
Wheat product value 91.5 95.1 83.6 11.5
(USS$)
(108.3) (122.1) (69.6) (0.87)
Wheat sold (kg) 163.2 144.9 202.7 -57.7*
(270.2) (284.6) (23.5) (-1.75)
Wheat sold per 962.7 818.3 1275.1 —456.8***
ha (kg)
(1044.3) (1022.7) (1027.1) (-3.65)
Wheat consumed 115.1 137.5 66.4 71.1%**
k
(ke) (234.3) (278.2) (55.2) (2.51)
Wheat under stock 56.7 56.5 57.2 —0.69
k
(ke) (172.9) (181.4) (153.8) (-0.03)
Year 2016
Total wheat land 0.43 0.59 0.26 0.34*
ha
tha) (3.45) (0.25) (0.08) (1.30)
Total land cultivated 1.71 2.33 1.09 1.24**
ha
(ha) (8.44) (0.56) (0.28) (1.97)
Total crop income 1781.6 1310.3 2256.9 —946.6
uss$
(Uss) (18,222.3) (1654.8) (25,780.5) (-0.69)
Wheat yield (kg/ha) 1970.9 2272.0 1667.2 604.8***
(1699.4) (1785.6) (1552.1) (4.83)
Total wheat pro- 314.0 398.6 228.7 169.8***
duced (kg)
(589.9) (713.2) (415.2) (3.89)
Wheat product value 78.2 99.3 57.0 42.3***
(USS$)
(147.0) (177.7) (103.5) (3.89)
Wheat sold (kg) 60.7 60.8 60.5 0.30
(230) (143.5) (292.6) (0.02)
(Continued)
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Table 4. (Continued)

All Households from non-affected Households from affected Difference
households districts (a) districts (b) (a-b)
Wheat sold per 329.0 376.4 281.2 95.3*
ha (kg)
(902.2) (841.7) (958.2) (1.41)
Wheat consumed 44.1 50.4 37.7 12.7
k
(ke) (254.6) (265.5) (243.3) (0.66)
Wheat under stock 28.0 38.09 17.7 20.4***
(kg)
(101.9) (134.2) (50.3) (2.68)

Difference = variable of interest (mean from not blast-affected districts) — variable of interest (mean from blast-affected districts). HO:
Diff = 0, Ha: Diff # 0. Numbers in parentheses are t-statistics. ***, **, and * indicate 1%, 5%, and 10% levels of significance, respectively.

capture the heterogeneous impacts of wheat blast based on the sex of the household head and
rural-urban affiliation of the households.

The year dummy for the year 2016, where the base is the year 2010, represents the general
trends in 2016 (Table 5). It shows that in general, there was no statistically significant yield dif-
ference between the years 2010 and 2016 after controlling for other variables. However, in 2016,
sampled households sold 400-500 kg ha™" less and consumed 100-11 kg less wheat compared to
the year 2010 (Table 5). On average, there was no statistically significant difference in wheat yield
between the households in the blast-affected treatment districts and non-affected control districts
(control), as indicated by the dummy for the households in blast-affected districts (HAD)
(Table 5). The households in the treatment group, however, on average sold more wheat per
ha and consumed and stocked a significantly lower amount of wheat than the households in
the control group.

Our DID estimator (YD, x HAD) shows that in the year 2016, the average wheat yield of
households in blast-affected districts was statistically significantly lower by 500 kg ha™! (Model 2)
to 540 kgha™ to (Model 1). Wheat sold by households was around 410 kgha™' (Model 2) to
630 kg ha™! lower (Table 5). Finally, wheat product value per ha was USD 124 (Model 2) to
135ha! lower compared to households in the control group (Table 5).

In 2016, an estimated 15,000 ha of wheat across eight districts was affected by wheat blast
(Islam et al., 2016). Although the severity of infection was not assessed by Islam et al, 2016,
we can still conservatively apply average wheat blast-associated yield loss (540 kg ha™!, Model
1). Extrapolating these data, aggregate average production loss would be around 8,205 tons with
an estimated value of USD 2.1 million based on the 2016 wheat price of USD 254.7 ton™!
(FAOSTAT, 2022). Furthermore, our models suggest that the wheat blast-induced wheat product
value loss per hectare was on average around USD 135 (Table 5). Using these results, it can be
calculated that in 2016, the monetary value of wheat blast-induced wheat production loss was
equivalent to USD 2.02 million (USD 135 x 15,000). These data therefore suggest that the wheat
blast outbreak in Bangladesh in 2016 caused a wheat yield loss of 540 kg ha™!, with an economic
monetary loss among farmers of USD 2.02-2.1 million (Table 5). These result support to the
hypotheses that the impact of wheat blast was significant and economically damaging for affected
households in terms yield loss, wheat marketing, and revenue generated from wheat sales.

Interestingly, the DID estimator in Table 5 demonstrates that there were no significant differ-
ences in consumption and wheat stock between the households in the experiment and control
groups in 2016, even though the wheat yield of the households in the experiment group was sig-
nificantly lower in 2016. The finding falsifies our fourth hypothesis. In Bangladesh, wheat is
largely produced for self-consumption by the households. In the face of negative yield shock,
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Table 5. Functions estimated applying ordinary least square (OLS) estimation procedure explaining yield (kg/ha), wheat sold, wheat consumed and stored, and wheat product value (USD

ha™)

Model 1

Model 2

Model 3

Wheat con-

Wheat
product

Wheat con- Wheat prod-

Wheat con-

Wheat
product

Yield (kg/ Wheat sold sumed and value (US Yield (kg/ Wheat sold sumed and uct value Yield (kg/ Wheat sold sumed and value (US
ha) (kg/ha) stored (kg) $/ha) ha) (kg/ha) stored (kg) (USS/ha) ha) (kg/ha) stored (kg) $/ha)
Dependent variables
Year 2016 (YD,g16) —166.5 —438.8*** —110.6*** —38.9 —65.2 —504.0*** —111.7*** —-13.7 —-371.4 —403.4** —101.0* —-90.2
dummy (yes = 1)
(152.68) (80.82) (27.70) (37.95) (164.28) (88.03) (31.16) (40.84) (259.74)  (174.28) (52.96) (64.53)
Households in blast —88.3 459.0*** —72.5** —-21.9 293.6 536.4** —42.5 73.5 —78.8 469.9*** —T74.2** —19.5
affected district
dummy (yes = 1)  (15473)  (12551) (29.32) (38.40) (529.94) (228.24) (72.12) (131.62) (151.99)  (124.11) (29.20) (37.72)
(HAD)
YDy016 X HAD —539.6"** —564.6*** 52.6 —134.6*** —498.6** —409.7"** 42.8 —124.3** —259.9 —630.2"** 22.1 —64.9
(196.67)  (142.24) (34.04) (48.88) (220.48) (154.23) (39.80) (54.82) (284.12)  (152.23) (55.59) (70.71)
Years of schooling, 18.2 —3.96 —3.76 4.54 245 -1.21 —2.76 6.12 18.6 —3.97 —3.89 4.65
spouse
. (20.90) (13.14) (2.68) (5.20) (21.07) (12.53) (2.64) (5.24) (20.56) (12.83) (2.66) (5.12)
Years of schooling, 17.3 4.16 2.87 4.30 14.6 4.09 2.74 3.62 17.2 4.63 291 4.26
head
(16.01) (10.41) (2.33) (3.98) (15.73) (10.26) (2.25) (3.91) (16.05) (10.38) (2.36) (3.99)
Age, spouse 10.6** 3.60 0.80 2.65** 15.1%** 5.26 0.69 3.76*** 9.88** 3.35 0.92 2.46**
(4.98) (3.45) (0.66) (1.24) (5.17) (3.48) (0.82) (1.29) (5.00) (3.42) (0.69) (1.24)
Age, head —4.85 —0.84 —0.45 —-1.21 —8.92* —-2.32 —-0.24 —2.22* —4.20 -0.81 —0.57 —1.05
(5.59) (3.53) (0.58) (1.39) (5.39) (3.55) (0.71) (1.34) (5.31) (3.35) (0.59) (1.32)
No. of family 19.7 -3.32 5.31 491 4.93 —15.6 5.66 1.24 18.4 —2.52 5.27 4.58
members
(28.54) (20.59) (5.55) (7.10) (29.69) (21.64) (5.83) (7.38) (29.11) (20.80) (5.40) (7.24)
Rural household 306.9** 156.2** —43.7* 76.4** 342.0** 129.2 -50.9* 85.2** 229.1 149.1 —44.3 56.9
dummy (yes = 1)
(128.75) (78.89) (23.58) (32.01) (151.14) (88.89) (27.36) (37.57) (252.79)  (176.48) (37.05) (62.73)
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Table 5. (Continued)

Model 1 Model 2 Model 3
Wheat Wheat
Wheat con-  product Wheat con- Wheat prod- Wheat con-  product
Yield (kg/ Wheat sold sumed and value (US Yield (kg/ Wheat sold sumed and uct value Yield (kg/ Wheat sold sumed and value (US
ha) (kg/ha) stored (kg) $/ha) ha) (kg/ha) stored (kg) (US$/ha) ha) (kg/ha) stored (kg) $/ha)
Female-headed 114.6 415.3 23.8 28.4 182.1 420.2 15.7 45.2 426.8 716.5 —16.6 106.1
household dummy
(yes = 1) (414.52) (290.32) (34.40) (102.94) (398.62) (262.09) (36.72) (99.00) (810.46) (546.13) (52.57) (201.13)
Wheatland (ha) —49,9%** —6.59*** 24,1 —12.4*** —48.9%** —4.40 23.0%** —12.2%** —50.0*** —6.66*** 24.1%** —12.5%**
(15.07) (1.92) (6.79) (3.75) (14.39) (3.56) (6.63) (3.59) (14.88) (1.97) (6.80) (3.71)
Weather variables
Relative humidity in 406.8 —160.1 -37.5 101.4
January 2010 (%)
(289.56) (151.15) (61.34) (72.01)
Relative humidity in —1212.0** 158.6 —66.9 —301.4**
February 2010 (%)
(528.41) (232.64) (122.06) (131.47)
Relative humidity in 687.5** —285 88.1 170.9%*
March 2010 (%)
(295.66) (112.07) (66.69) (73.43)
Relative humidity in —292.1* 9.38 —6.03 —72.8*
January 2016 (%)
(156.62) (71.77) (19.92) (38.92)
Relative humidity in 748.7 17.5 108.0 185.8
February 2016 (%)
(557.75) (180.52) (155.87) (138.70)
Relative humidity in —452.6 —29.9 —109.8 -112.4
March 2016 (%)
(393.60) (125.04) (103.04) (97.73)
Total rainfall (mm) 82.7 595.7*** 7.5 20.2
in January 2010
(442.94) (155.31) (71.80) (110.07)
Total rainfall (mm) 865.6 —618.5* —65.5 215.5
in February 2010
(670.57) (370.49) (75.91) (166.76)

(Continued)
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Table 5. (Continued)

Model 1 Model 2 Model 3
Wheat Wheat
Wheat con-  product Wheat con- Wheat prod- Wheat con-  product
Yield (kg/ Wheat sold sumed and value (US Yield (kg/ Wheat sold sumed and uct value Yield (kg/ Wheat sold sumed and value (US
ha) (kg/ha) stored (kg) $/ha) ha) (kg/ha) stored (kg) (US$/ha) ha) (kg/ha) stored (kg) $/ha)
Total rainfall (mm) 84.0 —4.69 5.28 20.9
in March 2010
(71.67) (32.04) (13.59) (17.82)
Total rainfall (mm) 321.4 —273.0*** 10.5 80.0
in January 2016
(267.13) (104.51) (45.70) (66.41)
Total rainfall (mm) —160.8 207.0* 26.8 —40.0
in February 2016
(237.84) (121.06) (30.72) (59.16)
Total rainfall (mm) —209.4 —1.95 —19.9 —51.9
in March 2016
(156.54) (63.83) (28.62) (38.92)
Monthly average —4181.4 914.2 271.7 —1039.1
Maximum
e () (6338.47)  (2486.79)  (881.11)  (1575.54)
January 2010
Monthly average 236.8 1455.7 —730.1 61.3
Maximum
Temperature (°C) (3371.02) (1859.59) (841.81) (838.18)
February 2010
Monthly average 3050.5 752.7 345.1 756.9
Maximum
Temperature (°C) (4322.16) (1629.65) (807.28) (1074.72)
March 2010
Monthly average 4274.0 —567.6 -141 1062.3
Maximum
e () (5749.22)  (1970.23) (917.56) (1429.57)
January 2016
Monthly average 387.1 —815.9 406.4 93.2
Maximum
(3651.76) (2139.89) (560.29) (907.34)

Temperature (°C)
February 2016

(Continued)
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Table 5. (Continued)

Model 1 Model 2 Model 3
Wheat Wheat
Wheat con-  product Wheat con- Wheat prod- Wheat con-  product
Yield (kg/ Wheat sold sumed and value (US Yield (kg/ Wheat sold sumed and uct value Yield (kg/ Wheat sold sumed and value (US
ha) (kg/ha) stored (kg) $/ha) ha) (kg/ha) stored (kg) (US$/ha) ha) (kg/ha) stored (kg) $/ha)
Monthly average —3395.5 —1439.8 —206.8 —842.5
Maximum
T e FE) (4458.85)  (1691.61)  (776.83)  (1108.63)
March 2016
Rural household 263.2 -25.8 —14.9 65.8
dummy xYDy016
(309.67) (199.17) (59.24) (76.94)
Female-headed —564.4 —165.0 92.2 —140.5
household dummy
% YDaors (837.39)  (615.61) (66.94)  (207.95)
Female-headed -17.4 —661.0* -33.2 —4.30
household dummy
% YDso16 X HAD (406.66)  (340.88) (59.03) (101.33)
Rural household —324.4 82.1 36.8 —80.9
dummy xYDy016
« HAD (276.99) (118.17) (53.58) (69.02)
Constant 1817.4*** 588.7** 192.1*** 450.4*** 1188.0 —5432.9 —96.6 301.9 1870.5*** 581.3** 196.0*** 463.7***
(317.47)  (231.76) (40.33) (78.91) (55,752.7)  (15,072.6) (8557.2)  (13,849.6) (387.49)  (277.39) (35.22) (96.25)
No. of observations 1025 1025 1025 1025 1025 1025 1025 1025 1025 1025 1025 1025
F 7.99 14.25 7.08 7.90 7.39 8.79 5.19 7.34 6.74 13.3 5.24 6.67
Prob > F (0.00) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
R? 0.06 0.11 0.10 0.05 0.12 0.16 0.12 0.11 0.06 0.11 0.10 0.06

Numbers in parentheses are robust standard errors calculated clustering observations at the household level. *Significant at the 10% level. **Significant at the 5% level. ***Significant at the 1% level.

Source: authors’ calculation.
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households in the treatment group reduced wheat marketing, and by doing so, blast disease
affected households in this group appear to have been able to maintain their previous level of
wheat consumption. Additionally, although we were unable to estimate wheat purchase rates,
households that experienced blast-induced yield loss may have also purchased additional wheat
from the market to meet their consumption needs. This finding supports the findings of other
studies that agricultural households experiencing market shocks may reduce their product mar-
keting in order to maintain required consumption levels from farm produced foods (Mottaleb and
Rahut, 2018; Strauss, 1984). Our results also suggest that in general, there is a reverse relationship
between wheat land size and yield, and wheat product value. This supports the findings of Rao and
Chotigeat (1981) who observed the inverse relationship between land size and agricultural pro-
ductivity (Table 5).

The findings from Model 3 demonstrate that the impact of wheat blast is almost uniform for
wheat yield, consumption and storage, and wheat revenue across the households in the treatment
groups. This appears to be irrespective of sex of the household head and the rural-urban affiliation
of the households (Table 5, Model 3). However, the variable wheat marketing is an exception. Our
data suggest that, on average, women-headed households that were affected by wheat blast mar-
keted at least 661 kgha™! of less wheat in 2016, compared to others.

It is important to mention here that the present study is based on pooled data. It provides only
district-level average impacts of wheat blast in 2016 in the affected districts of Bangladesh. To
calculate household-level impacts, it is necessary to employ household-level panel data collected
before and after the blast incidence in Bangladesh.

5. Conclusion and Policy Implications

In the last three decades, the world has witnessed an unprecedented emergence, re-emergence, and
globalization of devastating pests and diseases of crops, which have compromised sustainable crop
production and food security (Bhattacharya, 2017; Bueno-Sancho et al., 2017; Mehrabi and
Ramankutty, 2019; Pennisi, 2010; Singh et al., 2006; Wellings, 2007). To better suggest actions
to minimize the impacts of pest and diseases invasions, it is imperative to quantify the impacts
of pests and disease invasions at the farm household, national, and regional levels. Yet largely due
to the lack of quality datasets, empirical studies on these topics are few and far in-between.

Using wheat blast in Bangladesh as a case study and utilizing the HIES datasets of 2010 and
2016 from the BBS, we quantified the impacts of the 2016 wheat blast outbreak on wheat yield,
marketing, consumption, and the value of wheat production. Prior research has suggested that due
to wheat blast disease and subsequent governmental campaigns that discouraged wheat cultiva-
tion after 2016, Bangladesh’s total wheat area declined as farmers either stopped wheat cultivation
or allocated less land to wheat. These actions were however taken based on incidence of wheat
blast assumptions of the severity risk posed by the disease, and without quantitative estimates of
the effect of the disease on yield and household consumption and income associated with wheat.
Applying the DID estimation procedure, we quantify blast-induced yield loss and estimate its
effect on average at 540 kgha™!, with a per hectare value income loss from wheat at USD 135.
As the initial wheat blast outbreak affected an estimated 15,000 ha of wheat crop area, our data
suggest that the total aggregate loss of wheat production due to the 2016 blast outbreak was equiv-
alent to 8,205 tons of wheat worth approximately USD 2.1 million.

These significant crop losses due to wheat blast have important food security implications.
Wheat is the second most important staple food for the 163 million inhabitants of
Bangladesh, and climate similarity and modeling data suggest that a substantial area in India could
be vulnerable to wheat blast. Based on our DID results, we suggest that a range of approaches may
be needed to minimize the impacts of wheat blast in South Asia and Bangladesh in particular. Key
among these are measures to strengthen research and capacity development on integrated disease
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management alongside efforts to develop and disseminate wheat blast-resistant wheat cultivars in
Bangladesh and neighboring countries. Additional needs include further scaling out of climate
information services tools that can provide farmers with early warnings to increase preparedness
in the event of a potential disease outbreak. Successful mitigation of wheat blast in Bangladesh is
an important steno in restoring farmers' confidence in wheat cultivation in the affected districts.
Such efforts could also generate positive externalities by minimizing the possibility of a spread of
wheat blast to India, the second-largest wheat-producing country in the world. In Bangladesh,
with the help of the International Maize and Wheat Improvement Center (CIMMYT) and
national and international research partners, two blast-resistant wheat varieties and a numerical
weather forecast-driven blast disease early warning system (e.g., http://beattheblastews.net/) have
already been approved and released, with over 6,000 agricultural extension agents trained in how
to interpret and communicate advisories to farmers. To obtain the full benefit of these risk-
mitigating technologies, it is important to both raise awareness and capacity in the use of decision
support tools and to rapidly multiply and disseminate this blast-resistant wheat. International
donor agencies can play important role in supporting seed multiplication and dissemination,
as well as supporting improvements in early warning systems.
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