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Abstract

This study attempts to portray the scenario of groundwater level with respect to rainfall
variability and its use for irrigation purpose for rice production in Bangladesh. Data on
groundwater level and irrigation water usage were collected from BWDB and BBS. The
changing pattern of groundwater level are presented in maps using Inverse Distance
Weighted (IDW) interpolation method in ArcGIS 10.3. Analysis shows the increasing
dependency on groundwater than on surface water for irrigation purpose at varied range
across the country. The groundwater level is declining at a higher rate in northern parts of
the country than the southern parts. In the context of climatic variability, excessive use of
groundwater can trigger the lowering of groundwater level which will require more
energy to uptake water for irrigation and so the input cost of production of rice will be
increased. Therefore, apposite measures are required to ensure sustainable use of
groundwater resources.
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Introduction

Groundwater is an essential natural resource of our mother earth that constitutes about 95
per cent of the freshwater on our planet, making it fundamental to human life and
economic development. The contribution from groundwater is vital, perhaps as many as
two billion people depend directly upon aquifers for drinking water, and 40 per cent of
the world’s food is produced by irrigated agriculture that relies largely on groundwater
(Morris et al. 2003). Bangladesh, a small country is blessed with plenty of water
resources being located in the basins of mighty Ganges, Meghna, Barhmaputra and
Karnaphuli rivers. With numerous rivers, Bangladesh is also affluent in groundwater
resource. Since last couple of decades, groundwater is being extensively used for
drinking, irrigation and several other purposes eventually declining the ground water
level. Groundwater is a vital input for sustaining crop production.

Irrigation is the most important water use sector accounting for about 70 percent of the
global fresh water withdrawals and 90 percent of consumptive water uses (Siebert et al.
2010). Availability of groundwater for irrigation has contributed to manifold increase in
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crop productivity in Bangladesh (Dey et al. 2013). About 90 percent of irrigation water
in Bangladesh is provided from groundwater (Zahid and Ahmed 2006). As a result of
dense population and higher level of rural poverty, Bangladesh is very much in need of
higher crop production. As far as the crop production is concerned, groundwater
irrigation has contributed significantly to the rice production, mainly Boro rice, by
supplementing soil moisture in the dry months of November/December to April/May
(Kirby et al. 2014). The introduction of high vyielding varieties (HYV) in 1980s
revolutionized rice cultivation in Bangladesh. Increased water availability has encouraged
farmers to grow irrigated Boro rice during the dry winter season. Thus, cropping pattern
is being moved towards HYV rice. In the dry winter months, more than 70 percent of
crop production is Boro rice, which can use up to 11,500 m® per ha of water in the
production process (Biswas and Mandal 1993 and Chowdhury et.al. 2013). Currently,
about 4.2 million ha of land is irrigated by groundwater (both shallow and deep tube
wells) whereas only 1.03 million ha is irrigated by surface water using low lift pumps
(BADC 2013). Methods that are available to achieve these ends depend mainly on
irrigation particularly minor irrigation technologies comprising low lift pumps (LLPSs),
deep tube wells (DTWSs), shallow tube wells (STWSs) and manually operated pumps
(MOPs), which together are responsible for 85 percent of irrigation coverage in the
country (Mondal and Wasim 2004). Qureshi et al. (2014) mentioned in a study that the
principal supply of groundwater for irrigation is from shallow tube wells, the numbers of
which have grown from around 100,000 in the early 1980s to more than 1.5 million in
2010. At present, 35,322 DTWs are working in Bangladesh to provide water for irrigation
purposes. Thus groundwater irrigation is of vital importance as an input to the
agricultural economy and for food security (Haque et al. 2013). With increasing use of
groundwater, the issues of sustainable groundwater usage are very much correlated. In
several studies, it has been mentioned that falling groundwater levels in some areas have
led to concerns about unsustainable groundwater use. Shamsudduha et al. (2009), Shahid
and Hazarika (2010) and Kirby et al. (2016) in separate studies have agreed in the fact
that groundwater use is unsustainable in some areas, such as the Barind area of northwest
Bangladesh and around Dhaka. The reason behind such instability is reduced flow of
river water in these regions and greater dependency on groundwater for irrigation purpose
which has led to the excessive withdrawal of groundwater. Ali et al. (2012) mentioned
that falling water levels in the northeast of Bangladesh are also due to excessive use of
groundwater. Dey et al. (2013) also found a declining trend of groundwater table over the
last 30 years (1981-2011) in their study, which implies groundwater use is not sustainable
in northwest region. They identified the severely depleted district as Rajshahi followed
by Pabna, Bogra, Dinajpur and Rangpur. They also mentioned about the increase of
irrigation cost if the rate of dependence on groundwater for irrigation purpose increases.
Therefore, it is clear that groundwater has been used extensively since before and this
increasing rate of groundwater use may threaten the existing groundwater resource.
Along with irrigation use, rainfall has also impact on groundwater recharge and so
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reduction in rainfall may affect lowering of groundwater level. Excessive lowering of
groundwater level may results in scarcity of water, deteriorated water quality, increase of
pumping cost and land subsidence. In the context of Bangladesh, rice production is
largely dependent on groundwater irrigation alongside its overuse for drinking purpose.
Therefore, it is important for everyone to know the consequences of unsustainable
groundwater extraction and thus use groundwater optimally to maintain groundwater
sustainability.

Several studies had been conducted regarding the water balance across the country, but
each study claimed their limitations for being unable to assess the regional water balance
precisely. Besides, study on the changing pattern of groundwater level has focused only
on the northwester part of the country rather the rest of the regions. Despite being a small
country, there lies spatial variability in the context of climate as well as in terms of
groundwater fluctuation. So, at this state it is of utmost importance to explore the spatial
variability of changing groundwater level to adopt effective measures to ensure
sustainable use of groundwater. Therefore, this study is an effort to explore the changing
pattern of groundwater level at spatio-temporal scale with response to rainfall variability
and its use for irrigation purpose.

The aim of this study is to explore the spatial variability of groundwater level from 1985
to 2010 in the context of its use in irrigation purpose along with rainfall variation and to
explore the impacts of variability on rice production in Bangladesh.

Materials and Methods

The spatio-temporal change of groundwater level was assessed based on the two-major
rice growing seasons in Bangladesh. Aus, Aman are the traditional varieties of rice which
grow in the months of wet season (March-April to October-November) whereas Boro rice
grows in dry season (December to March-April). As both the growing period coincides
the distinct seasons (wet and dry) thus analysis was made focusing on this seasonal
variation along with spatio-temporal variation. Both quantitative and qualitative data
were used to sketch the scenario of groundwater level fluctuation in response to its use
for irrigation purpose and variability in seasonal rainfall. Rigorous reviewing of literature
was conducted to get a strong background for this study. To explore the variability of
groundwater level, data on groundwater level of 1097 wells distributed within the study
area were collected from Bangladesh Water Development Board (BWDB) from 1985-
2010. To investigate the contribution of groundwater resources for rice production
through irrigation, historical data of irrigation usage for rice was collected from
Yearbook of Agricultural Statistics of 1985-2011 published by Bangladesh Bureau of
Statistics (BBS). Rainfall variability has been analyzed using the historical data (1981-
2010) of rainfall from Bangladesh Meteorological Department (BMD).
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Collected data on groundwater level was sorted and categorized using MS Excel 2016.
To portray the change of groundwater level at two different rice growing seasons, change
of groundwater level was assessed separately both for Aus -Aman (wet) and Boro (dry)
growing season for the year of 1985 and 2010. As groundwater level data are available
from 1985 to 2010 comparison was made within this time period. The change in
groundwater level was measured in terms of the groundwater level of 1985 from the
water levels of 1990, 2000 and 2010. Thus, the negative values in change indicates an
increase of groundwater level than the previous year level and the positive values reveal
the decrease of water level which is presented in the maps. The maps, showing the
changing pattern of groundwater level were prepared using Inverse Distance Weighted
(IDW) interpolation method in ArcGIS 10.3. Besides, the usage of ground water for three
major types of rice (Aus, Aman and Boro) was analyzed using MS Excel 2016. Change of
average rainfall pattern of dry and wet season was assessed by calculating the collected
rainfall data using MS Excel 2016. The changing scenario was presented in maps using
Kriging Interpolation method in ArcGIS 10.3. Based on these analyzed data, groundwater
variability was assessed.
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~ Fig. 1. Map of the study area showing hydrological regions.
(Source: Compiled from WARPO, 2004)
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Study Regions: This study is an attempt to reveal the spatial variation of groundwater
level across the country and to correlate this variation along with its use for irrigation
purpose. As the prime focus is to portray the variation at spatio-temporal scale, entire
country is needed to categorize in several homogenous regions. Thus, the categorization
of the study area was done on the basis of the hydrological regions of Bangladesh. In
National Water Management Plan of 2004, Bangladesh had been classified in eight
hydrological regions, based on appropriate natural features, for planning the development
of their water resources (WARPO, 2004). These are Northwest (NW), Northcentral (NC),
Northeast (NE), Southwest (SW), Southcentral (SC), Southeast (SE), Eastern hill (EH)
regions and the active floodplains and charlands of rivers and estuaries (RE) which are
presented in Fig. 1.

It is to mention that, the hydro-geological settings of the eastern hilly region are far
different from the rest of the regions and it is also complex to explore the variability of
groundwater level in this region. Besides, the rivers and estuaries have also excluded
from this study. That is why, this study incorporates the Northwest, Northcentral,
Northeast, Southwest, Southcentral, Southeast regions excluding the Eastern Hill region
and rivers and estuaries.

Spatial Variability of Groundwater level: The spatio-temporal changes of groundwater
level were analyzed by comparing the ground water level of 1985 and 2010. The
comparison of average groundwater depth of 1985 and 2010 for both Aus-Aman (wet)
and Boro (dry) growing season clearly indicates a variation in groundwater level which is
not uniform across the study area. Fig. 2 represents the average groundwater level of
1985 in Aus-Aman and Boro growing seasons. It reveals that there lies marked seasonal
variation in terms of water level across the country. The average groundwater depth is
higher in northern regions than the southern regions.
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Fig. 2. Comparative scenario of groundwater level in Aus-Aman and Boro seasons in 1985.
(Source: Prepared from collected data of 1985from BWDB using IDW method)
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The average depth of groundwater level in wet season has found about 3.4 m and in dry
season about 4.67 m. About 1.8 percent of the total area had a water depth of more than
10 m in wet season whereas it was about 2.7 percent in dry season in 1985 (Fig. 2). It is
also noticeable that the areas where water level is at a depth of more than 10 m, are
located in the northern regions. Similarly, the average groundwater level of 2010 (Fig. 3)
shows continuous lowering of groundwater level in most cases.

Analysis showed that the average groundwater depth of wet season was 5.33 m while in
dry season it was about 6.5 m 2010. To quantify the change, the average depth of ground
water level has declined about 7.8 percent in wet season and about 7.2 percent in dry
season in 2010 than that of 1985. In Fig.4 the eventual change of groundwater level from
1985 to 2010 for both the seasons is presented. Analyzed data suggest varied declining
trend of groundwater level except in some parts of the southern region. The average
decline in groundwater level from 1985 to 2010 was found to be about 1.65 m in wet
(Aus-Aman) season and 1.59 m in dry (Boro) season. For both the seasons, maximum
decrease of groundwater level was found in northern regions. About 10 percent areas of
the northern region have experienced a decline of more than 5 m within the last 25 years
for both the seasons. In northern regions (NW, NC and NE), more than about 30 percent
of the total study area have shown a decline of groundwater level more than 2 m. In case
of the rise of groundwater level, about 7-8 percent area have shown a rise of not more
than 2 m in 2010 than in 1985 in wet season.
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Fig. 3. Comparative scenario of groundwater level in Aus-Aman and Boro seasons in 2010.
(Source: Prepared from collected data of 2010 from BWDB using IDW method)
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On the contrary, in about 12-15 percent area, water level rose not more than 2 m. The rest
of the parts of the study area showed a decline in groundwater level ranging from 0.01 to
2m.

Comparative scenario of groundwater level of 1985 and 2010 indicates overall decline in
groundwater level. In 2010, the areas having groundwater depth more than 10 m from the
surface has expanded to about 7.2 percent and 10 percent in wet and dry season from 1.8
percent and 2.7 percent in 1985 accordingly. In areas of northwest and northcentral
region, water depth has declined more than 15 m that comprises almost 10 percent of the
total study area. Another 10 percent area, surrounding the above zones are found at risk
of depletion of water level to an extent of more than 10 m.
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Fig. 4. Comparative changes in groundwater level from 1985 to 2010.
(Source: Prepared from collected data of 1985 to 2010 from BWDB using IDW method)

Rainfall Variability and Groundwater: In natural system, groundwater recharge largely
depends on rainfall as it contributes to recharge directly the underlying aquifers. Jahan et
al. (2010) has mentioned rainfall as the major source of groundwater recharge in
Bangladesh and found that with the cessation of rainfall the major source for recharging
groundwater also gradually stops. Adham et al. (2010) found that declining trend of
rainfall with increased Potential Evapotranspiration, Crop Evapotranspiration and Net
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Irrigation, consequently depending more on groundwater results in a depleted trend in the
groundwater table levels. In this study, along with the variability of groundwater level,
variability of average annual rainfall was assessed which is presented in Fig. 5. The
classification of wet and dry season rainfall was made based on the rice growing seasons
as mentioned earlier. Variability in dry season rainfall affects the groundwater level of
next wet (Aus-Aman) seasons and wet season rainfall affects its following dry (Boro)
season water level.
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Fig. 5. Comparative changes in average rainfall from 1981 to 2010.
(Source: Prepared from collected data of 1981-2010 from BMD using Kriging method)

Comparative assessment of Fig. 4 and 5 reveals that the fluctuation of groundwater level
is significantly related to the changing scenario of average seasonal rainfall. Evident
decrease in rainfall of dry season particularly in southcentral, southeast, southwest,
northcentral and northeast parts has consequently triggered the lowering of groundwater
level in Aus-Aman growing season. A little increase in average rainfall in the northern
part of northwest region may have resulted in the rise of water level in this part which is
evident in Fig. 4.

Similarly, the increase of average rainfall in southern regions have resulted in the rise of
average groundwater level in some parts of southwest, southcentral and southeast region
in Boro season (Fig. 4). Despite known as the haor region, there has been a visible
decline in groundwater level which may have accelerated by the decrease of rainfall in
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this region (Fig. 5). In several studies, it has come out that the rivers of the northwest
region have dried up severely that has put an excessive pressure on groundwater resource
in this region and so, in spite of minimum decrease in average rainfall, the water level is
declining at an alarming rate in northwest and northcentral region.

Groundwater Variability and its Use in Irrigation: Rice is the largest irrigation water
user, accounting for about 77 percent of the total irrigated area (BBS 2014) and Bari and
Anwar (2000) found that about 75 percent water for irrigation comes from groundwater.
Traditionally Bangladesh is known as riverine country and it has an enriched history of
using river water for various purposes. Historical evidences indicate that, river or canal
water was the prime source of irrigation water earlier. With the advent of time as well as
introduction of high vyield varieties especially after 1980s, the dependency on
groundwater for irrigation increased significantly across the country. Rasheed (2016)
claimed in his study that in mid -1970s, surface water was the potential source of
irrigation accounting for 92 percent of the total irrigated area. Since 1986-87,
phenomenal expansion of groundwater utilization for irrigation has noticed (Rasheed
2016). In several researches, Boro rice has been considered as the most irrigation
intensive rice varieties. In this study, use of groundwater for irrigation of rice was
considered as one of the factors that affect the decline of groundwater level. Analyzed
data show that, among the three varieties of rice, Boro rice is the most irrigation intensive
rice whereas Aus and Aman rice require less irrigation (Fig. 6). The irrigated area under
Boro rice production is 31 times higher than Aus growing area and 10 times of Aman
growing irrigated areas.
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Fig. 6. Use of irrigation water for the production rice varieties in Bangladesh.
(Source: Analyzed from collected data 0f 1981-2010 from BBS)
Likewise, the spatial variation of groundwater and rainfall, the use of groundwater for

irrigation are not uniform across the study area. The maximum use of groundwater for
irrigation was observed in southwest region, followed by northwest and north central
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region, while the least use has seen in northeast region. The southwest region is like the
west, affected by low water availability in the dry season and salinity problems has
caused dependency on groundwater for irrigation development (Kirby et al. 2014).
Accordingly, with the variability of rainfall in southern regions, increase of groundwater
use for irrigation than surface water was evident (Fig. 7).
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Fig. 7. Use of groundwater for irrigation and groundwater level decline rate 1985-2010.
(Source: Author’s own calculation based on the data of 1985-2010 from BWDB and BBS)

It is known that ground water is largely used for drinking and other purposes together
with its use for irrigation purpose. Keeping aside the use for drinking purpose, only
irrigation usage and associated change has observed in this study. Based on the analysis,
it was found that the declining rate of groundwater is highest in northcentral region
(0.072m/year) and minimum in southcentral region (0.01 m/year) whereas the average
rate of groundwater decline was found to be 0.049 m/year (Fig. 7). The average
groundwater level decline rate from 1985 to 2010 was found to be 0.05m/year across the
study area whereas Zahid and Ahmed (2006) estimated the lowering trend of
groundwater level during the last 32 years is 20 to 30 m with an average decline of more
than 1.0 m/year. Undoubtedly, extraction of groundwater for irrigation has adversely
affected the lowering process of groundwater level regionally.

Climate Variability, Irrigation and Groundwater Sustainability: Climatie variability
(change) has been the global concern since last couple of decades. In the context of
climate change, the average temperature and rainfall pattern of this country have not
remained the same as before. Studies showed that, the average temperature is increasing
countrywide along with variation in rainfall pattern (Sumiya 2016). Assumptions can be
made that the variation of temperature and rainfall will affect the groundwater recharge
while more dependency on groundwater for irrigation may occur to ensure food security.
In the present study, it was found that with the decrease of rainfall, decline of
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groundwater level has occurred. Despite decrease of rainfall regionally, the production of
rice has shown manifold increase across the country. Sumiya (2016) mentioned that the
seasonal rainfall pattern is changing and the adverse impact of such changes in rainfall
distribution on rice production has been minimized through extensive irrigation using
ground water. As a result, in the context of future climate change, the overuse of
groundwater may threaten the sustainability of groundwater resource of the country.

Apart from these, it was found that greater areas of northern regions have a water level at
a depth of more than 10 m. It is said that, if the groundwater level is at a depth of more
than 10 m from the surface, additional force is required to withdraw water from the
ground which ultimately increases pumping cost and the input cost of rice production.
Indirectly, the rice production may face instability in response to its dependency on
groundwater for irrigation.

In Bangladesh, along with drinking purpose, groundwater is widely used for irrigation.
Among the three varieties of rice, irrigation is largely required for Boro production.
Variability of rainfall has also increased the use of irrigation for Aus and Aman rice
production too. The contribution of groundwater in irrigation has increased from 41
percent in 1982/1983 to 75 percent in 2001/2002 and surface water has declined
accordingly. This study reveals that the contribution of groundwater in irrigation has
increased from 38 percent in 1980/1981 to 78 percent in 2011/12 and surface water has
declined from 62 percent to 22 percent accordingly. Thus, there has been a distinct
decline in ground water level across the country with some exception. The declining rate
of groundwater is higher in northern regions in comparison with the southern region.
Though, rice production has increased dramatically in recent years than the past, it is time
to ensure its progression by ensuring the availability of all the external inputs like
groundwater. In this context, proper measures should be taken to ensure sustainable use
of groundwater. New rice varieties which require less irrigation should be invented so
that it can minimize the use of groundwater for irrigation purpose. Moreover,
groundwater has proved one of the major inputs of rice production and so proper
attention should be given on sustainable use of groundwater that compliments the
development of rice production.
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