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Abstract

Climate change and its impact on human-environment are immeasurable because of its multidimensional effects. But
the effect is not same for all countries, it depends on the countries geographical settings. Alongside location,
education of the people, environmental awareness, somewhat might minimize the probability of loss in response to
any kinds of disasters. Undertaken study was conducted based on an extensive published literatures (197—between
1995 and 2018) review with a view to consolidating the possible impacts of climate change on crop production in
Bangladesh. It has found that already the impact has begun badly in Bangladesh. Temperature is gradually rising,
frequency of floods, river bank erosion, storm surge, magnitude of cyclone, salinity intrusion, and the volatility of
rainfall has increased comparing to past. All these led to the probability of decreasing the crop production. As
climate change has become a great concern for countries food security, it is now the appropriate time to take and
install proper rules and regulations through inflexible attitude. With the help of various international and national
organizations government of Bangladesh inordinately trying to reduce the consequences of climate change. A
comprehensive measurement must make sure to enhance the capability of encountering climate change, otherwise it
will cost of enormous loss, especially on agriculture in Bangladesh.

Keywords: Climate change; Global warming, impacts of climate change; Crop production; Agriculture: sea level rising; Natural
disaster; Coastal salinity.
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1. Introduction

Climate change is a significant global health threat of the 21% century and it has become a great concern around
the world [1-4]. The underdeveloped and developing countries are most vulnerable due to climate change for its
direct impacts on socio-economic status [2, 5, 6]. Global warming has been the leading evidence for worldwide
climate change [4, 7]. The temperature of the earth is increasing significantly and could be increased by 2° to 6°
Celsius by the end of 21* compared to the end of the 20th century [8]. Bangladesh is flat, low-lying riparian, flown
over by many numerous rivers, 80% land are floodplains and densely populated nation of over 160 million people in
a land of 147,570 km?[1, 2, 5, 7]. The Bay of Bengal is in the south of the country and the country has a 711

km long coastline with a vast flow of the Ganges-Brahmaputra-Meghna (GBM) Himalayan River system [1, 5].
The coastal region covers 47,203km? of total land of Bangladesh and the population of coastal area is 40 million
(about 28% of total population of the country) which is predicted to be 57.9 million in 2050 [9]. Bangladesh was
ranked 5" among 170 countries in the Global Climate Risk Index in the period 1994-2013 [10].

In recent years, Bangladesh achieved enormous success in economic growth and poverty reduction, where,
poverty has been reduced almost 26% from 1991 to 2010 [11-13]. Agriculture has been playing the dominant sector
for economic growth for a long [14, 15]. Alongside providing raw materials for industries, agriculture plays a
significant role in ensuring country’s food security; rural poverty reduction, employment generation, and importing
foreign currency [16]. A very large portion of Bangladeshi people are directly or indirectly depend on agricultural
activities or they are benefited by agriculture. This sector shared almost 14.22% of the total national GDP in 2016
[17], although it is in gradual decreasing rate at 5% from 2010 [18]. Agriculture can be divided in different sub-
sectors including crop, livestock, agro-forestry, fisheries. In Bangladesh, crop is the main sub-sector of agriculture
and rice dominates major share (71%) of crop production [19]. Rice (Oriza sativa) is the main food crop and jute
(Corchorus capsularies) is the principal cash crop in the country. Aus, aman and boro are the three main varieties of
rice are being produced here.

Climate variables including temperature, rainfall, length of day, humidity have significant negative impact on
agriculture [18, 20]. So, agriculture is highly vulnerable sector to climate change, for example, in Africa, due to
climate change nearly two-thirds of arable land would be lost by 2025 and by 2080 agricultural productivity will be
reduced from 21% to 9% [20, 21]. As a result, availability of food to feed the predicted population of nine billion by
2050 will be threaten [22]. Global hunger still a serious problem, especially for South-Asia and Sub-Saharan Africa,
and the population of these regions are going to experience severe hunger by 2080 due to climate change in
upcoming time [22-24]. In addition, food and oil prices might rise dramatically which can force 130 to 155 million
more people in the world into extreme poverty; malnutrition will appear as a double burden in South Asia including
Bangladesh [22].
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The issue of climate change and its adverse impact on food production has been recognized in Bangladesh
extensively. Because, in the country, food production often face tremendous difficulties due to climate change [14,
25-28]. Seasonal characteristics, CO,, rainfall, light intensity, temperature, soil and water salinity are strongly
influencing to the agricultural activities in Bangladesh [27, 29]. Mondal [30], found that approximately 80000 hector
of arable land be going out of production in every year and country’s crop production is frequently affected by flood,
drought and salinity. As a result, crop productivity as well as food security would be seriously threatened. The main
objective of the study is to review climate change in Bangladesh and its impacts on crop production in Bangladesh.

2. Methods

An iterative search process was used for further consideration and review. A broad literature search was
obtained from Google Scholar (https://scholar.google.com/). Between September 10 and October 25, 2018, we
searched Google Scholar using keywords ‘impacts’ ‘climate change’, ‘global warming’, ‘food production’, ‘crop
production’, ‘food security’, ‘Bangladesh’ ‘sea level rising’, ‘natural disaster’ ‘coastal salinity’, ‘agriculture’ and
‘fisheries’. We also searched Springer Online Journal (https:/link.springer.com/) and Elsevier ScienceDirect
(https://www.sciencedirect.com/) with similar keywords. The attention was given on articles published by peer
reviewed journal between 1995 and 2018. In this entire paper we attempted to explore the answer of the question
‘What are the effects of climate change on crop production in Bangladesh?’. Initially, approximately 1214
publications were identified, but after review of the abstracts led to an elimination of 168 articles for further review
as a lack of relevance. Also, more 71 articles were excluded for not providing relevant information. Finally, 97
articles, books and reports were included in this review study (Figure 1). From the depth review of these articles, the
following results were found.

3. Results
3.1. Climate Change in Bangladesh

Global warming refers to the continuous increasing of the earth’s climate system, is a result of greenhouse gas
emission. From the beginning of the industrial revolution, carbon dioxide (CO;) has increased by over 30% and is
now at a higher concentration in the atmosphere as a result of increasing uses of burning of fossil fuels, coal, oil and
gas [31]. The greenhouse gases (carbon dioxide, nitrous oxide, methane, sulfur dioxide etc.) leads to a warming of
the earth that is known as ‘Global Warming’. Extreme weather events, rising sea level, melting of glaciers and sea-
ice, damage coral, changes in wildlife distribution and health, abundance of disease vectors, agricultural and public
health damage are very common result of global warming [1-10, 13]. Besides adverse impact on agriculture, rising
CO, could cut down the protein content of cereal, for instances, the protein contents of rice, wheat, barley and potato
would be decreased by 7.6%, 7.8%. 14.1% and 6.4%, respectively. This falling protein would increase the number of
malnourished individual throughout the world including Bangladesh. And now human existence and natural
resources are at great risk for sustaining in future.

Figure-1. Diagram of review methods

Potential relevant papers and titles and
abstracts screened (n=1214)

Phase 1: Papers excluded for not meeting
inclusion criteria (n=1046)

Papers retrieved for full article review
(n=168)
Phase 2: Papers excluded, for not meeting
. . inclusion criteria during full article review
(n=61)
Papers included for full article review

(n=107)
Phase 3: Papers excluded for not meeting

the information regarding the research
guestion (n=10)

Papers included for final review

(n=97)
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Bangladesh has already begun to experience the adverse effects of global warming by extreme river floods,
tropical cyclones, rising sea level, coastal erosion, droughts and very high temperatures [1, 2], [5], [9, 10], [14], [17],
[18, 19], [25, 27-30, 32]. Bangladesh has ranked 5™ according to Global Climate Risk Index [10]. During the period
1994-2013, Bangladesh faced 228 extreme events like cyclone Sidr and Aila with gross loses of 3128.80 million
dollar [10]. The onset of the monsoon in Bangladesh is predicted to delay in near future which has serious
consequences on the environment, economic, health and food security [33]. In 2007, about 3500 individuals were
dead, almost 2 million people were displaced, and almost million tons of food was damaged by the devastating
cyclone Sidr [34].

3.2. Sea Level Rising

The result of sea level rising (SLR) due to global warming has made the global attention extraordinarily.
National Aeronautics and Space Administration (NASA) estimated sea level rising as a rate of 3.2 mm per year
between 1993 and 2015 due to melting polar ice caps and seawater expansion [35]. During the 20" century, sea
levels rose by an average of 10 to 20 cm around the world, which is ten times higher than the average rate of over the
last 3000 years and if it happens continuously, thousands of square miles including eastern U.S. and Bangladesh will
be lost [36]. It is projected that the world temperature could rise by 1.1°C to 3.5°C with sea level rise 28 cm to 98 cm
at 2100 compared to the 20" century [8].

Bangladesh with the Bay of Bengal on the South is highly vulnerable to sea level rising as low-lying country
[37-41]. There is evidence that that the sea level rise at Hiron Point in the Sundarbans was 4.00 mm per year and it
was 7.8 mm/year in Cox’s Bazar station [42, 43]. A similar result found by Rahman [44] and Sarwar [45] transpired
that the sea level rise occurred at Hiron Point in the Sundarbans was 3.38 mm per year, along the central coast as
5.73 mm per year. The authors of the two studies considered that this sea level rise in Sundarbans as low vulnerable
as it showed similar trend of global SLR. In these study, Patuakhali, Bhola, Monpura and Hatiya Island was found as
mostly vulnerable to SLR whereas Noakhali Feni Coastal zone was found as moderately vulnerable in Bangladesh.
Ahmed, et al. [37] predicted that in Bangladesh sea level will rise by 30 cm and temperature will rise by 0.7° C and
1.3°C in monsoon and in winter respectively in 2030 compared to base year 1990 whereas in 2050 the sea level will
rise by 50 cm and temperature by 1.1° C in monsoon and 1.8° C in winter (Table 1).

Table-1. Prediction of SLR and temperature in 2030 and 2050 in Bangladesh

Year Climate Change Scenarios

Sea Level Rise (cm) Temperature Increase (°C)
2030 30 +0.7 in monsoon; + 1.3 in winter
2050 50 +1.1 in monsoon; +1.8 in winter

Source: [37]. On base year (1990): average winter temp: 19.90C and average monsoon
temp: 28.7°C.%

3.3. Impacts of Sea Level Rise on Crop Production

In 2000, World Bank predicted that in Bangladesh sea level would rise at 10 cm, 25cm and 1 m in 2020, 2050
and 2100 respectively [15]. SLR poses an adverse impact in environment. With the increase of SLR, occurrence of
inundation, salinity intrusion, storm surge and flooding also increase [46]. Table 2 shows the negative impacts of
SLR in 2020, 2050 and 2100. For example, with the increasing SLR, 4% of the countries land (6300 km?) would
inundate by 2050 and 17.5% of the total land (25000 km?) would be inundated by the end of the century. Hug, et al.
[17] and Sarwar and Khan [41] found almost similar impacts of 1 m SLR. For instance, Huq et al. found in their
study that if sea level will rise by 1 m, then in Bangladesh, almost 25000 km? of land (>17.5% of total land) could be
inundation, more than 1.2 million ha of arable land could be lost, 13 million population could be displaced and the
world largest mangrove forest, Sundarbans would be totally distracted [17]. A one-meter SLR will cause salinity
intrusion, river bank erosion, crop failure, frequent floods and storm surges, increase in cyclone intensity, loss of
biodiversity, fisheries destruction, lack of fresh water which will affect all the ecosystem of the country [14, 38, 41].
The arable land will be decreased and wholeheartedly which may affect the entire countries food supplying system
beside the water resources will be drastically reduced; which may break down the whole environmental system [18,
29].

The two major effect of sea level rising in Bangladesh assumed by Faisal and Parveen [27]. The first is saltwater
intrusion which underlies the delta’s fresh ground water and the second is increasing the number of inundation. Both
the problems have adverse negative impact on crop production [29]. Of 100% land, 30% of the land of Bangladesh is
situated in this coastal region; about 1 million hector of the coastal land is polluted by salt.
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Table- 2. Possible impacts of different forms climate change in Bangladesh

Year 2020

2050

2100

Sea level rise 10 cm

25cm

Im

Land below SLR

2% of the total
land=2500 km?.

4% of land=6300 km?®.

17.5% of land =25000 km?®.
Patuakhali, Khulna and
Barisal regions most affected.

A cycle like 1991 happens
again with a 10% increase in

Storm surge goes from 7.4 to
9.1 mwith 1 m SLR

Storm surge - intensity, storm surge goes
from 7.1 to 8.6 m with 0.3 m
SLR
Salinity Increase Increase Increase
Flooding 20% increase in | Increase flooding in Meghna | Both inundation area and

areas subject to
flooding.

and Ganges floodplain. flood intensity will increase
tremendously.  Devastating
flood may cause crop failure

for any year.

Source: World Bank [15].

The volume of salty land has increased about 26% between 1979 and 2014 [28], and it has been anticipated that
the soil salinity will increase 39% by 2050 [29]. As a result, the food production will be threatened and there are
many evidence that salinity is already cutting into the crop yields in Bangladesh. A study of Shatkhira district,
pointed out that salinity is the principal cause of decreasing crop production [47]. And every year a large volume of
land is becoming infertile and are also not being utilized for further crop production. Habibullah, et al. [48]
estimated that because of salinity, 272000 ton rice would be lost in 2030 which is about 1.4 times higher compared
to 1990 (196000 ton) (Table 3) although this impact is relatively lessen than impacts of CO, fertilization,
temperature change, and inundation [27].

Table-3. Prediction of possible loss of rice production due to salinity

Year Loss of rice production due to salinity (in ‘000 ton)
Aus Aman Total

1990 (Base Year) 65.60 130.80 196.40

2030 75.80 196.20 272.00

Source: Habibullah, et al. [48]

In addition, because of salinization, canals and ponds of the coastal regions will suffer environmental degradation
including lessening of grazing field and loss of livestock, loss of bio-diversity (for example, decrease in tree species
and freshwater fishes), degradation of land productivity, displacement of family and internal migration [29, 49-52].
This could have dramatic consequences for Bangladeshi economy with a GDP decrease in the result of 28% to 57%.?

3.4. Impacts of Floods and Cyclones on Crop Production

Rising temperature will lead to stronger and frequent cyclones and storms in the Bay of Bengal [14]. Almost
every year, Bangladesh, particularly the coastal regions face natural calamities like floods, cyclones, storms, and
tidal bores and nearly 80% area is prone to flooding [46]. Normally, in every year, 30-70% the country is flooded
[17, 53]. Warmer climate will increase this flood risks [54]. Mirza [55] demonstrated four distinct types of floods
occurs in Bangladesh: a) flash floods, resulting from heavy rainfall which occur on the eastern and northern rivers, b)
riverine floods due to vast flow of the Ganges-Brahmaputra-Meghna (GBM), c¢) rain floods, because of high
intensity of local monsoon rainfall; and d) storm surge floods due to tropical storms and cyclones. However, once
every four to five years, severe and devastating floods bring substantial damage to agriculture, livestock, human
health, infrastructure and housing [56]. Over the last few decades, floods disasters have been significantly increased
worldwide [57], and Bangladesh is not an exception. From 1954 to 2010, Bangladesh experienced twenty-one above
normal floods, four exceptional floods, and two catastrophic floods [58-60].

Agriculture is the most vulnerable and affected sector in Bangladesh in response to flood [33, 53]. In a study of
Ahmed [53] informed that production of agricultural products 45% reduced for 1988 devastating flood, again in
1998 more than 2 million hectares of crop land was swamped by flood water. A study by Dasgupta and Susmita [26]
estimated that flood in 2007 submerged approximately 42% of the country’s land, drowned 2.1 million hectares of
arable land and affected 14 million people.

Coastal area of Bangladesh is highly susceptible due to cyclonic storms and flood for its natural settings
alongside tropical cyclone made this area of highly vulnerable to be affected by natural disasters [37]. But to some
extent flood has be considered in Bangladesh for the betterment of the agriculture, because floods bring much
sediments and make the land fertile, but the intensification of gigantic floods and rapidly growing global warming
making this situation more volatile and problematic [61].

Almost 2.6 million ha crops are being affected and damaged every year caused by severe floods in Bangladesh.
A recent study by Mohammed and Khaled [62] found that the magnitude of floods may be much more severe in the
upcoming future in Bangladesh. They have projected that if the temperature will increase by 2°C, within a hundred
year time period the flood flows will increase by 29%, 24% and 38% respectively in Ganges, Brahmaputra and
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Meghna rivers [62]. In 2004, the devastating flood inundated 38% of the total countries land and caused heavy loss
of crops and human life [30, 63]. Rana and Islam [64] conducted a study on three districts of Bangladesh; Kurigram,
Faridpur and Kushtia had found that the 1998 flood destroyed 418,044 metric tons crops in Faridpur, 252,660 in
Kurigram, and about 127,527 metric tons in Kushtia. The monetary value of the total crop damage was equivalent to
USD 91.89 million.

A study of Parvin, et al. [65] in Rajbari district of Bangladesh had found that during the flood of 2004, 89% of
the Aus, 93% of Aman rice area and 73% of the jute area were damaged. In addition, they found that 23.3% of
agricultural labor loss their work and 46.5% had obliged to shift their profession from agriculture to other. A similar
study conducted by Islam [66], described that during monsoon flood season (August-October) 79% households
moved from agriculture to non-farm activities whereas 20% bound to be live without work. Gray and Mueller [67]
found that of the total household expenditure, 20% damaged because of flooding and 12% for crop failure in every
event.

Rahman and Salehin [68] mentioned that the frequency and extent of floods have been soared in Bangladesh due
to its natural circumstances. For instance, Harun-ur-Rashid and Islam [69] found that in 2012 flash flood damaged
80,000 acres shelter and crop land in two district (Chittagong and Cox’s Bazar).Floods in Bangladesh generally take
place during July to September when paddy (Aus and Aman), summer vegetables and several cash crops including
jute and sugarcane are in the land [70]. Food security is one of the main target of the Bangladeshi government and
the authority also imposes subsidies in food and agriculture to improve the food production [71]. Many flood control
projects have been introduced in the country over 50 years, but the projects have not been able to reduce the risk of
larger floods [72].

Floods bring multidimensional negative impacts to agriculture and improper management creates heavy loss of
lives and agricultural products. Generally floods take place in Bangladesh July to September when (Aus, Aman),
summer vegetables and several cash crops including jute and sugarcane are in the final stage of extracting from the
cornfield [68]. Although, over the last 50 years many flood control projects or damps have established in different
areas of Bangladesh, but the projects have not been able to reduce the risk of floods [69]. For example, almost
113465 metric ton, 125250 metric ton and 102254 metric Aman rice had destroyed due to floods in 2007-08, 2014-
15 and 2015-16 respectively (table 4). The losses of crop production due to recent floods in Bangladesh has placed in
table 4.

Table- 4. The losses of crop production due to recent floods in Bangladesh

Crop’s name Loss in production (M.ton) due to floods from 2007 to 2015

2007-08 | 2008-09 2010-11 | 2009-10 | 2011-12 2014-15 2015-16
Aus 94164 990 = = 7519 7077 17395
Aman 230681 113465 12580 - 70014 125250 102254
Boro = = = 369591 - - 97592
Jute 46145 - - - - - -
Sugarcane 116387 - - - - - -
Vegetables 99614 670 - - 5242 79 -
Banana 7014 - - - - - -
Pineapple 2815 - - - - - -
Papaya 2386 30034 - - - - -
Maize 1743 745 - - - - -
Ginger 1084 - - - - - -
Chilies 2204 622 - - 2542 - -

Sources- [73, 74], M.ton, Metric ton.

Natural disaster is a common scenario in Bangladesh. At least 174 natural disasters already affected Bangladesh
from 1974 to 2004 [75]. Cyclone killed 500,000 in 1970, 140,000 in 1991 and 3406 in 2007 [76]. Cyclone in 1991
damaged approximately 60% of cattle, 80% of poultry stocks, and 280,000 acres of standing crops [77]. Kausher, et
al. [77] estimated the aggregated losses for the cyclone in 1991 was US$ 4 billion. With the maximum speed of 225
kmh', the cyclone of 1991 hit Bangladesh and killed about 138000 people. Ali [78] found by developing a model
that if the temperature will rise by 2 °C and 4 °C then the wind speed of the cyclone will 248 Kmh™ and 275 Kmh™.
Any increase of storm surge water may easily flooded country’s low and flat terrain. These extreme events will bring
serious damage to country’s economy, agriculture, food security, infrastructure and ultimately human existence.
However, cyclone Sidr in 2007 damaged 16,10,000 hector crop land and killed 468000 livestock’s with huge
economic loss estimated as US$ 3 billion [52]. Khan, et al. [79] revealed that during 1999-2012, agricultural land
and vegetation were declined by 48% and 3%, respectively.

3.5. Drought

For the livelihoods, most of the people in Bangladesh depend on its natural resources. Global warming has
contributed more frequent, severe and vast extent of the recent droughts [80-82]. It threats to food security in many
regions worldwide including Bangladesh [80, 83]. For instance, the northwestern region of the country, experienced
one of the most severe droughts of the century, which started in October 1994 and was broken in July 1995 with the
onset of monsoon rain, was the major factor for crop damage between 1994 and 1995 in Bangladesh, led to a shorten
of rice production of 3.5 million tons [80]. Rahman, et al. [83] showed that drought caused 25 to 30 % of crop
reduction in the northwest part in Bangladesh. About 17% of the Aman crops are lost due drought in a year [84].
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In South Asia, the precipitation in the dry season has decreased and in the monsoon season has increased which
will cause more extreme droughts and floods in this region [80]. In recent years, Bangladesh has already faced an
increased frequency of droughts [82]. Crop production, water management and power generation mostly depend on
precipitation [80]. With an increase of demand for water, water stress and reduction of soil moisture responsible for
decreasing crop yields. In pre-monsoon (March—May) and post-monsoon (October—November) seasons, droughts
mostly appear in Bangladesh [85]. Also, droughts appear in monsoon (May-October) and winter season (December-
February).

Drought adversely affects all three rice varieties (aman, aus and boro), wheat, sugarcane, and potatoes [86, 87].
It also have direct impact on jute, potatoes, oilseeds, minor grains, winter vegetables, and sugarcane. Although most
of the region in Bangladesh are affected by draught, it is more frequent in the northwest part of the country [85-94].
Alamgir, et al. [95] depicted that Pre-monsoon droughts are more prevalent in the northwest, monsoon droughts are
more frequent in west and northwest and the winter droughts mainly affect in the west. However, Shahid and
Hazarika [94] revealed that almost 42% of northwestern Bangladesh suffer from groundwater scarcity in summer
season due to irrigation and drought. Longer and more intense droughts affected its agriculture severely and destroys
crops as well as food production in every year.

4. Conclusions

Despite having very low contribution to generate total global greenhouse gas emissions Bangladesh is now
considered the most vulnerable country in the globe due to global warming. The geographical circumstances make
this country more susceptible to the natural effect i.e. (global warming, cyclones, floods, storm surge etc.). Further,
high congested population and low elevation, flat deltaic topography has exaggerated the probability of more loss in
response to any kinds of disasters. This review paper attempted to consolidate various study findings and projection
which have made different times for Bangladesh in result of disaster or global temperature rising on crop production.
The extensive literature review summarizes inhere that Bangladesh is at great danger on crop production due to
climate change and climate change is slowing its crop yields. A large portion of the country are highly susceptible to
go under water in response to sea level rise which will lead to the boundless damage to agriculture, aqua culture,
livestock raring and the whole effect will be lessened the total food production overwhelmingly. Consequently it
may break down the total human-environment. Although, Bangladeshi government in collaboration with different
organizations and countries attempting to reduce the impacts of global warming alongside government is
consistently determine to find out the best adaptive strategy to empower the vulnerable people. As the people of
Bangladeshi are not so much aware of following environmental-rules and regulations so awareness building program
must make sure through newspaper, radio or TV-media and inserting climate issues in schoolbook at primary level.
It is now the appropriate time to take and install proper rules and regulations through inflexible attitude.
Conflict of interest: Nil
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