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FOREWORD

The global average temperature is unabatedly on rise due to unrestricted emission of
greenhouse gases driven by coal, oil and gas — the backbone of world’s energy supply
today. According to the World Meteorological Organization (WMO), the global
temperature is likely to be the warmest in record this year, when it reaches the
significant milestone of 1.0 degree Celsius above the pre-industrial era. All these are,
indeed, very bad news for the planet as well as the human life and civilization,
necessitating a paradigm shift to save our dearest Mother Earth from the mounting
climatic and environmental threats. In response to the call of history, the ongoing
COP21 summit in Paris is deeply engaged to avert the worst consequences global
warming: deadly drought, floods and storms, and rising seas that will obliterate islands
and densely populated coastlines. In this way, it has been striving hard to put the world
on track for long-term peace, stability and prosperity.

In Bangladesh, the consequences of climate change are visible in rising temperature,
land and water salinity, severe drought in the north-western part, flood inundation,
water-logging and rise of new char lands. The onset of monsoon here is unpredictable,
variability in the amount of rainfall is enormous, slight rise of temperature by 1.0
degree Celsius inundates 18% of land and shortens the winter season with low yield of
seasonal crops and causes serious degradation in the overall terrestrial and aquatic
biodiversity. In such an alarmingly adverse backdrop, the golden sons of this land, the
farmers, in conjugation with the relevant scientists, researchers and extension-workers,
have been engaged in sustaining the agricultural and related production of the country.

The present book entitled “Bangladesh: Combating Land Degradation and Drought
(Series II)” is the outcome of a day-long workshop on “World Day to Combat
Desertification” arranged at Dhaka under the auspices of the Department of
Environment. I believe this book will be treated as the most valuable addition to our
national storechouse of knowledge in further widening our understanding on land

degradation and drought issues.

~ !/
Md. Raisul Alam Mondal
Director General
Department of Environment
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A sustainable society is one that satisfies its needs without diminishing
the prospects of future generation. The concept of sustainability
originated with ecologists concerned about the long-term consequences
of excessive pressure on natural support systems, such as forests and
soils. Though inspired by ecology, sustainable development can only be
achieved through economic and political decision.

- Lester R. Brown and Edward C. Wolf
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EDITORIAL NOTE

Land degradation has become a cause for serious concern to the people of Bangladesh.
A vast portion of her geographical areas is affected by land degradation in various
degrees. The physical signs of this degradation are observed as loss of soil fertility and
soil organic matter, accumulation of pollutants, drought, soil erosion, soil acidification,
soil salinity, river bank erosion, habitat destruction, lowering of GWT, deforestation
and removal of vegetative cover and so on. Moreover, the impacts of climate change on
land quality are apprehended to be multifaceted since a vast part of the country is less
than 10 m above the mean sea level. It may extend from reduced productivity to loss of
biodiversity, and eventually, loss of landmass itself.

As a signatory to the United Nations Convention to Combat Desertification (UNCCD),
Bangladesh has to follow a few common obligations related principally to international
cooperation in implementing the Convention at all levels, particularly in the areas of
collection, analysis and exchange of information, research and technology transfer,
awareness and capacity building, promotion of an integrated approach in developing
national strategies to combat desertification and channeling adequate financial
assistance in favor of programs to combat land degradation and mitigate the effects of
drought.

Under the auspices of the project entitled “Bangladesh: Revision and Alignment of
National Action Program (NAP) with UNCCD 10-year Strategic Plan and Framework”,
the Department of Environment (DoE) has long been performing the tasks to fulfill the
above obligations by taking up various action programs. In observance of the world day
to combat desertification, the DoE arranged a day-long workshop at RDEC Bhaban,
Agargaon, Dhaka on 17 June 2015, and its technical session was solely devoted to
highlight on various aspects of land degradation and drought in Bangladesh. The
present volume under the title “Bangladesh: Combating Land Degradation and Drought
(Series II)” contains five papers on different aspects of land degradation and drought
problems of Bangladesh. All of them, excepting the first one, were presented in the
above workshop using the colorful slides and words, which generated lots of
enthusiasm and interest amongst the participating stakeholders. Finally, they got this
present shape with a thematic paper from a veteran soil scientist and senior faculty of
BAU. The original papers have been written in English, each containing a summary and
title of the paper in Bangla, in order to meet the need of both national and international
consumers.

With immense pleasure, [ would like to express my deep gratitude to all those resource
persons and stakeholders who made significant contributions toward preparation of this
volume entitled “Bangladesh: Combating Land Degradation and Drought (Series II)”.
I would like to acknowledge my deepest regard and gratitude to Md. Raisul Alam
Mondal, the Director General of DoE for his constant guidance, support and inspiration

X



in implementing the Convention and for enriching this publication with a foreword.
My heartfelt gratitude is also due to the Director (NRM & Research) of DoE Dr. Sultan
Ahmed for his keen interest on the ongoing NAP activities in Bangladesh and for
making timely suggestions in tuning them to our development needs.

I am especially thankful for the expert service provided by Professor Abdur Razzaque
of BAU in reviewing the contents of this book and in maintaining an uncompromised
standard of excellence. I also gratefully acknowledge the financial support provided by
the Global Environment Facility (GEF) to meet the cost of publication of this
document.

It is our earnest hope that this book will be useful to all those who are the real actors
engaged in fighting out the maladies of land degradation and drought in home and
abroad.

V=0e
Md. Sohrab Ali, Ph.D
Deputy Director, DoE and

Project Director, Bangladesh: Revision and Alignment of National Action Program
(NAP) with UNCCD 10-year Strategic Plan and Framework Project
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Land use patterns are an expression of deep political, economic and
cultural structures; they do not change overnight when an ecologist or
forester sounds the alarm that a country is losing its resource base. In
many countries, the deterioration of the land will not be halted until
basic changes in land tenure and national priorities occur.

- Erik P. Eckholm
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CHAPTER1
Significance of Observing the World Day to Combat Desertification
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Introduction

Recently, on the 17" June 2015, World Day to Combat Desertification was observed
throughout the world under the auspices of the United Nations. This day is being
observed all over the world, since 1995. Bangladesh also observed the day in a befitting
manner under the auspices of the Department of Environment under the Ministry of
Environment & Forestry. The basic idea behind such an important observance
worldwide is to develop awareness among the nations on the adverse impact of climate
change resulting in droughts affecting agriculture, both crops and livestock as well as to
promote public awareness relating to international cooperation to combat
desertification as a result of water scarcity from rainfall, ground water and irrigation
water availability from river. Desertification is a significant global ecological and
environmental problem affecting nations in many parts of world, particularly Africa.
South Asian countries are no exception to it.

In 1994, the UN General Assembly declared (General Assembly Resolution
A/RES/47/115) June 17" the “World Day to Combat Desertification and Drought™ to
promote awareness of the public about the issue and the implementation of the UN
Convention to Combat Desertification in those countries particularly the African
countries experiencing severe drought and extreme crop failure, not only affecting
crops and livestock but also seriously affecting human health due to lack of basic
human requirements, food and water needs. This is mainly due to extreme scarcity of
rainfall and non-availability of irrigation water plus extreme high temperature resulting
in drought and crop failure. This UN Day to Combat Desertification is an occasion to
renew our efforts to tackle the drought problems affecting agricultural production and
sustenance of livelihood of people living therein, by strengthening participation of the
community and cooperation at all levels for taking necessary measures to combat
drought and ensure crop production under adverse climatic condition.

Causes of desertification

Deforestation, overgrazing and detrimental agricultural practices are turning large areas
of the planet into deserts. The top layer of soil has become hard and impenetrable, as a
result of which rainwater cannot seep into the ground. It flows back to the sea by the
rivers without benefitting the people, animals or nature.

The ecarth is eroding and warming up and its natural balance is being seriously
disrupted, with water scarcity, failed crops, hunger, poverty, migration, natural disasters
and climate changes as a result.



There are numerous causes of
desertification, of which the immediate
and foremost cause is removal of
vegetation, which takes place either
singly or in combination, by a number
of factors such as drought, climate
change, tillage for crop production,
over grazing and deforestation for fuel.
Studies in most cases indicate that
vegetation plays a very important role
on the composition of the soil
particularly the top arable soil, which
holds plan nutrients,

Fig. 1: Desertification in process under deforestation

water and a good anchorage for the crops/plants. Rate of erosion and runoff also
decreases with increased vegetative cover. Unprotected soil can be easily blown away
by wind as it happens in deserts, semi-desert areas or unprotected drought prone areas
of the north-western parts of Bangladesh or could be washed away by flash floods as in
north-eastern lower parts of the river basin in Bangladesh, leaving behind infertile
lower layers of the soil.

Desertification often causes rural areas in many countries not being able to sustain its
population due to poverty caused by drought with poor crop production. As a result in
many countries of the world there is a trend of population migration in search of better
livelihood to cities or even to other countries for better job facilities.

Drought in Bangladesh

Increased Carbon-dioxide and other greenhouse gases (mainly methane & nitrous
oxide) in the atmosphere are considered causes of changes in rainfall pattern. Such
changes are the characteristics of climate change commonly observed these days all
over the world. There are strong evidences that climate change will result in changes in
rainfall pattern and consequently it will induce more droughts with low rainfall. Other
reasons at local levels are human induced losses of vegetative cover because of
deforestation and excessive use of other natural resources, such as over utilization of
land for crop production, water etc. Bangladesh has been for last few decades also
experiencing severe drought and a process of desertification, particularly in the
north-western parts of the country. Almost every five years, Bangladesh is affected by
the major country-wide droughts. Climate change is a process of severe environmental
phenomenon. Bangladesh is the worst affected country of climate change in South Asia
and considered as a show piece of climate change extreme impacts causing disasters
through drought, flood, hurricane, coastal salinity etc. Low rainfall and non- or less
availability of irrigation water result in drought in the north-western parts of the country
affecting crop production. This arca earlier was localized in Rajshahi, Chapai
Nawabganj and Dinajpur, but now it is gradually expanding towards parts of Pabna,



and Rangpur along the

river banks of Padma and

DISASTER PRONE AREAS OF BANGLADESH Tista respectively, where

(by District) . .

sands are being deposited

with decrease in flow of
river water and thus,
desertification process in
the country is on increase.

Impacts of drought on
crop production

Drought affecting
agriculture is linked to
soil moisture scarcity,
which occurs at different
stages of crop growth.
Monsoon failure often
brings famine to drought
affected arcas with the
result of poor crop
production and
sometimes with the result
of total crop failure. The
livelihood pattern of the
® poor farmers 1s also
g _ . getting changed

Fiaah Fiood

BAY OF BENGAL

Prepared by: GIS Division, BCAS

Fig. 2: Drought prone areas of Bangladesh (yellow marked)

in drought prone areas with desertification. Changes are evident in agriculture pattern as
well. Farmers are looking for alternative jobs and migration to cities is on increase
causing population pressure in nearby cities. Drought not only affects crop from dire
need of water scarcity, it also affects soil properties because of intense heat due to high
temperature. Thus, there is a need for evaluating soil properties time to time. Organic
matter depletion a major cause of drought will be a serious problem affecting crop
production, which is considered as the life of the soil. Organic matter depletion results
in deterioration of soil properties, such as soil holding capacities for essential plant
nutrients, water and better anchorage for plants. Again, water supply from international
river systems such as the Padma and the Tista has been drastically reduced from the
upper parts of the river systems, which flow through India down to Bangladesh. All
these put tremendous pressure on ground water level in northern parts of the country,
which is gradually sinking and enough water is not available for crop production in the
region. Drought is causing serious impacts on agriculture, the mainstay of the people in
the area and their livelihood.



Slogan of the year - No such thing as “free lunch, invest in healthy soils”

The main focus on observance of this day this year combating desertification is
“Attainment of food security for all through sustainable food systems” and the slogan,
“No such things as free lunch, invest in healthy soils”. With these, the 2015 observance
of the day calls for:

® A change in our land use pattern through smart agriculture and adaptation to
changing climate, especially in dry fragile parts of the world, where food
shortages are becoming acute;

® Access to technology and land rights for small holder farmers, who meet the
food demands of million households, especially among the poorest households;

® A balance in the land use for ecology and consumption, drawing on the best
practices;

e More investment on sustainable land practices so that food production systems
become the normal practice; and

@ More effective action on desertification, whose effects on security, peace and
stability are invisible yet so crucial for the affected countries of the world.

Crop adaptation in drought-prone region

Since the process of drought and consequent desertification had already started in the
north-western parts of the country, which is gradually on increase, livelihood of the
poor farmers in the region is seriously affected. To survive the catastrophic climate
change phenomenon (due to greenhouse gas emission mostly caused by the
industrialized countries of the West and not to our faults) and drastically reduction of
river water availability from the upstream regions of the rivers, where from the rivers
flow downwards through the deltaic land of our country, there is a need to adjust our
cropping pattern by introducing adapted crop varieties with low moisture requirements.
These rivers once with plenty of water are now drying up leaving the river banks left
with sands only. So, new crops adaptable to the changed situation have to be brought in
instead of age-old traditional crops like rice-rice-rice cropping pattern (having low
depth root system, which can hardly derive required water and nutrient from wider
areas), by deep-rooting crop like maize that can harness necessary water and plant
nutrients in order to combat the adverse condition developed due to drought.



The vast majority of the poor in dry lands
depend on agriculture. And drought is the
Sl e principal constraint of crop production in
WS these areas. It may be defined as periods in
the natural cycle of stress and renewal
during which the amount of moisture in the
soil no longer meets the needs of a particular
crop.

Drought occurs frequently in drylands,
partly because average rainfall is low, but
also because it may be highly erratic, with
torrential storms during the cropping season,
followed by long dry spells.

Outstanding draught tolerant cereal is
maize, which is world’s third most cereal
crop (after rice and wheat). Maize has

Fig. 3: Sorghum in Africa (ICRISAT)

multiple uses apart from food for human consumption, feed for poultry, fishes etc.
Sorghum, millet and barley are other options as crops for dry lands. Multipurpose grain
legumes are vital sources of low-cost protein in dry lands. Grain-legumes also help
restore soil fertility by fixing atmospheric nitrogen to be subsequently used by crops.

Stalks and stems of these crops are valued livestock feed as well. Cowpea, chickpea and
pigeon pea are predominant dry land crops. Quick maturing crop varieties including
short duration vegetables could fit such low moisture soils.

There is already a trend of change of cropping pattern in north-west of Bangladesh,
which can grow with less moisture due to drought and low availability of ground water
to cropping pattern such as Aus-T. Aman-wheat/onion/garlic from Aus-T.Aman-Boro.
Maize is also becoming popular with farmers because of its less moisture requirement
and market value for poultry and fisheries feeds. Given the severity of drought in dry
areas, the key challenge for researchers is to devise technologies with greater resilience
to agricultural production under the dry land stress condition. One way in which the
researchers could successfully respond is by developing varieties of major food crop,
which are tolerant to drought or escape drought through early maturity.

Research for dry land staple crops
Millet and sorghum, hardy dry land staple food crops: Pearl millet, the most inherently

drought-tolerant of all the major staples, together with sorghum, are key cereal grain
crops in the dry lands, providing food, feed and, in the case of millet, fuel as well.



Despite formidable obstacles to improvement of these crops for dry lands, plant
breeders at the International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT) and national partner organizations have made important gains, and farmers
are adopting new varieties. Early maturing varieties of these crops have also proved to
be very useful for helping dry land communities to get through the “hungry season”.
This is the period before harvest, when the previous year’s grain supplies have been
exhausted.

Monitoring of soil properties and ground water levels

Soil is the medium of plant growth and the life of soil is organic matter. Organic matter
content of our soil is low. It is below the required level, which is again on decline.
Organic matter level of our soil on an average is around 1.0-1.5% with few exceptions.
Normal level of organic matter for sustenance of crops should be around 3.0%. Again
organic matter is the store house of plant nutrients. If the organic matter depletes, then
crop production will suffer due to shortage of essential plant nutrients. Supplementary
sources of plant nutrients such as manufactured fertilizers can however temporarily
meet the plant needs of nutrients, but in the long run it will fail to meet adequately the
need of the crops. Drought as it happens in the north-west of the country also destroys
organic matter due to intensed heat (drought effect). Crop growth suffers due to
shortage of plant nutrients and adequate water supply. Therefore, crops that can adapt
to low moisture supply should be introduced in drought prone areas of the country for
sustenance of crop production and maintenance of livelihood of the farming
community.

Monitoring of water level and essential plant nutrients in the soil in drought affected
areas is essential to grow crops successfully. A monitoring system for such crop
production program in drought prone areas has to be developed/initiated in the country
with relevant soil research institution, such as SRDI (Soil Resources Development
Institute) for regular monitoring soil moisture level in crop fields and at the same time
study essential plant nutrient status in the soils so that necessary measures can be taken
on time for crop varieties that could be adapted in a particular site in drought affected
areas of the north-western parts of the country.

The solution and greenery development

Deforestation, overgrazing and detrimental agricultural practices are turning large areas
of the planet into deserts. The top layer of soil has become hard and impenetrable; as a
result rainwater cannot seep into the ground. It flows back to the sea by the rivers
without benefitting the people, animals or nature. The earth is eroding and warming up
and the natural balance is being seriously disrupted.

One of the solutions for the country’s drought affected areas could be the collection of
rainwater as much as possible and channel it underground. This can be done by digging
ditches a meter deep along contour lines in the landscape to open up the impenetrable
top layer.



All run-off rainwater is collected in the ditches and can be absorbed and retained by the
soil. The soil becomes fully saturated with water as a result. After the first rainfall, the
seeds still present in the soil will start to sprout and the natural vegetation will return
surprisingly quickly. The resulting greenery provides cooling and in turn attracts rain
regularly.

This is an example of Kenyan soil improvement to combat desertification, which can be
replicated elsewhere for development of greenery in the world’s dry lands including
Bangladesh and other South-Asian countries.

Fig. 4: Vegetation development following Kenyan example.



CHAPTERII

Sustaining Crop Production under Increasing Climatic Variability in
Bangladesh
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Abstract

The climatic variability, which is the resultant effect of rise in greenhouse
gases and concomitant increase in temperature, has been reflected
through more extreme heat events in summer, while extreme cold event
in winter, along with increase in average precipitation in summer and
decrease in lean period, and increase in wind strength of tropical srorms
and sea level rise. The geophysical position of Bangladesh delicately
made the country highly vulnerable to climate change effect. Agriculture
in particular, the most vital sector, is at risk for climatic variabilty. Year
to year inter- and intra-seasonal dramatic change in climatic factors,
especially the onset and intensity of rainfall and extent of temperature
made it difficult to make a durable and effective agricultural production
planning. The rise in unfavorable ecosystems, viz. saline, flood and
drought prone areas as well as areas with depletion of high organic matter
resulted in shrinking of the favorable ones. Agricultural technologies
developed under favorable condition do not work properly in the
unfavorable ecosystems. Although some progresses in technology
generation have been made to address the climate change scenario,
further stragetic research for combating the changed ecosystems needs to
get due momentum. Major challenges, opportunity and technological
options for mitigating the climate change effect on Bangladesh
agriculture have been discussed in this paper.

Climate Change Concern

Aggressive anthropogenic activities over century causing rise in greenhouse gases to
the atmosphere at an alarming rate (e.g. CO, is about 388 ppm and CH, is about 1.8 ppm
at present). The consequence is the enhanced re-radiated heat from the atmosphere
making the earth warmer than ever before. The trend of CO, concentration versus
temperature rise as shown in Fig. 1 reflects the linear function of CO, concentration and
global temperature rise.
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Fig. 1. Correlation between CO, and temperature rise. (Image: courtesy of
zFacts.com)

The IPCC fifth assessment report (2013) for policy makers (ARS) further indicated that
the global mean temperature may rise to as high as 3.7°C to 4.8°C at the end of 2100, if
the emission of greenhouse gases is not minimized. The extent of temperature rise in
such case will be twice as much it was during the last 100 years. Year to year inter- and
intra-seasonal dramatic change in climatic factors, climatic variability, especially the
onset and intensity of rainfall and the extent of temperature change will be more
obvious. According to IPCC report (2013) the climatic variability, due to global
warming, that has already been reflected in various ways may be categorized as follows:

1. Rise in extreme heat events or heat waves in summer, while extreme cold events
in winter;

11. Increase in average precipitation in summer, while decrease in lean period;

iii.  Increase in wind strength of tropical storms;

iv. Sea level rise by 20 cm since 1870;

V. Increase in ocean acidification by 0.1 pH unit since pre-industrial period.

Such environmental changes are occurring faster, at an alarming rate, with the increase
in anthropogenic activities, which are much related to unplanned increase in industries,
automobiles and infrastructural development.
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Climatic Variability Concern on Bangladesh Agriculture

The unique geophysical location of Bangladesh made it as one of the most vulnerable
countries of the world to global warming vis a vis climatic variability effect. The
example of year to year temperature and rainfall variation in Kurigrm district (Fig. 2)
illustrates the noticeable climatic variability of the country. Kurigram was selected for
recording temperatures and rainfall as it is one of the most vulnerable districts of
Bangladesh to climate change effect. The data indicated that though the yearly average
of minimum temperature was same as 21°C for 2012, 2013 and 2014, the average of
maximum temperature varied remarkably as 30°C, 33°C and 29°C respectively during
those three years.
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The year to year inter- and intra-seasonal variations in temperature were specifically
prominent (Fig. 2). The minimum temperatures in April (when most of the kharif 1
crops are at active vegetative stage) of 2012, 2013, 2014 and 2015 in Kurigrm were
22.3°C, 21.47°C, 21.27°C and 20°C, while the maximum temperatures were 30.87°C,
35.07°C, 37.30°C and 30°C, respectively. Therefore, inter-annual variation in maximum
temperature is more evident than that of minimum temperature.

The total annual rainfall during 2010 — 2014 ranged from 1771 mm in 2013 to 2263 in
2012 (Fig. 3). The rainfall in April of 2012 — 2015 were 209 mm, 72 mm, 10.74 mm,
and 212 mm, respectively. Consequently, crops in kharif 1 season of 2014 were mostly
damaged due to drought in the charlands (newly developed land due to siltation) of
Kurigram (Karim, 2014a). The findings indicated that despite higher total rainfall in
2014 (1913 mm) than in 2011 and 2013, kharif 1 crops were damaged due to extremely
low rainfall in April, 2014.
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Fig. 3. Average rainfall in Kurigram during 2012 — 2015 (May)
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Kharif-1 agricultural season (March — June) is the most vulnerable one to climatic
variability in Bangladesh. The crop success is dependent on onset and intensity of
rainfall at that time. Farmers grow mostly aus rice, sesame, mungbean and jute in
kharif-1. As mentioned that in 2014 there was a serious drought in April and the reason
for crop damage was delay in onset of rainfall (Fig. 3). The crop success was also
dependent on prevailing soil surface temperature. The surface temperature largely
depends on soil properties. As shown in Fig. 4 that when the air, soil surface and root
zone (15 cm depth) temperatures measured on 24 April 2014 at Bangabandhu
Agricultural University (BSMRAU), Gazipur were 41, 49 and 33 °C, respectively, those
were 39, 59 and 33 °C, respectively on 25 April 2014 at Char Rasulpur, Kurigram
(Karim, 2014a). That indicated that despite 2°C prevailing high air temperature at
BSMRAU the soil surface temperature was 10 °C lower than that at Char Rasulpur. The
root zone temperature was the same at both the locations despite very high difference in
soil properties. Such a big difference in soil surface temperature was mostly due to
loamy sand soil of Char Rasulpur, while that was sandy loam at BSMRAU.
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Fig. 4. Temperatures at different levels at BSMRAU and Char Rasulpur at 12.30 pm on 24
April’14 and 25 April’14, respectively

Climatic variability is also causing unpredicted flood in the northern and middle part of
Bangladesh. For example, heavy late shower during August — September in the same
year, 2014, caused two consecutive long-term, about four-week floods. Therefore, both
serious drought and long term late flood damaged the crops in kharif 1 and kharif 2
seasons, especially in the charlands of northern and middle regions of the country. The
flood happened to occur in June in 2012 due to heavy rainfall at that time, while that in
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Augst — September in 2014. Thus, the climatic variability posed a big threat for making
effective agricultural planning by the farmers living in the unfavorable ecosystems.

Since the recent past, the agricultural sector of Bangladesh has been facing a big
dilemma. While the country is bearing the world’s most thickly and ever increasing
population with a density of 1020 persons/km?, it is losing almost 0.8 million hectares
of agricultural land per year due to its unplanned industrialization, urbanization and
infrastructural development activities. The declining agricultural land in the one hand
and rising climatic variability on the other hand have been putting serious pressure on
agricultural productivity as a whole for a particular ecosystem. The followings are the
major challenges for crop production in the context of climatic variability in
Bangladesh-

Temperature rise- As predicted by IPCC (2013) that due to global warming the
extreme heat event will increase in summer. Even 1°C rise in global mean
temperature may inundate 18% land in the south of Bangladesh. The rise in global
mean temperature has already increased the climatic variability in the country,
which makes unpredictable high temperature extreme during March — May and
threatens establishment of kharif 1 crop (Karim, ez. al. 2014).

Salinity- The land of the southern coastal area of Bangladesh is inherently affected by
natural salinity. However, due to long time siltation on the riverbed in summer the
smooth flow of river water is hindered to a great extent. Since 1973 the salinity has
been increased to 27% and the total area by now exceeded one million ha at various
levels. More areas are under threat for salinization due to the combined effects of
sea level rise, increased tidal effect, introduction of brackish water shrimp
cultivation, continuous reduction of river flow particularly during dry period,
capillary upward movement of soluble salts due to presence of high saline ground
water table at shallower depth and faulty management of sluice gates in the south
and south-western part of Bangladesh (Aziz, 2003; Mannan, 2009; Khan, 2013).

Drought -The increase in climatic variability made the nature of rainfall, especially
during March — May very unpredictable. Due to such very erratic rainfall, drought
affects almost 3.7 Mha, mostly during kharif 1 season, in the north-western part and
charlands of different districts of the country. Crops grown in rabi season suffer
from water shortage at the reproductive stage, while crops are difficult to establish
in the kharif 1 season due to erratic nature of rainfall (Islam, 2006; Chowdhury,
2009; Siddique, 2014).

Flooding/ waterlogging — Due to climatic variability the erratic nature of rainfall in
Bangladesh has become more erratic (Fig. 3). According to IPCC (2013) the
intensity of rainfall in summer may increase noticeably, while this will decrease in
dry period, and the changed pattern of rainfall will cause flash flooding to a great
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extent. About 2.6 Mha of agricultural land is affected by flood, which is almost a
regular phenomenon of the country. About 0.4 Mha of crop land is waterlogged due
to faulty floodgate/ dike in the south and south-western Bangladesh. The flood may
occur due to either sudden heavy rainfall during June — September which is called
flashflood and may last for 3-14 days, even more, or during tropical monsoon
summer that may last for a month or more (Islam, 2003; Amin, 2014).

Charland agriculture - About one million ha of land is developed newly on the
riverbed and bank of the rivers of all over the country due to siltation, which is
called charland, except in the hilly eastern part. The soil of charland is very
heterogeneous as the physical properties vary even within a meter, texture varies
from sandy to loamy sand or silty loam; is deficient in all kinds of plant nutrients,
has very low organic matters and minimum moisture holding capacity. It is very
difficult to establish crop during kharif 1 season without repeated irrigations, which
increase cost of production substantially (Karim, et al., 2014).

Organic matter depletion - The organic matters deplete fast in tropical conditions.
However, the matters are seemingly depleted faster, especially in the sandy/ silty
loam soils of northern and middle regions of the country, probably due to increase
in maximum temperature event. The intensive cropping (3- 4 crops/year) is putting
a question on depleting plant nutrients especially in the medium high and highland
under irrigated agriculture (Haque, 2012).

Some Technological Achievements

The agricultural technologies that had been developed under favorable environment do
not work properly in unfavorable ecosystem. Though not commendable but some
progresses have been made on the development of technologies to fit for a specific
problem. However, only a very few of the technologies are being practiced by the
farmers, which depict the weakness of technology transfer mechanism in agricultural
sector.

Elevated CO, and crop response- Studies on the effects of rise in atmospheric CO,
concentration on rice and mungbean were carried out at the Bangabandhu Sheikh
Mujibur Rahman Agricultural University using Open Top Chamber Technology.
Along with clear varietal difference, the growth and yield of both the crops
responded positively to elevated concentration of CO, (ambient and elevated CO,
concentrations were 360+£10 ppm and 560+£10 ppm, respectively). Root growth was
much higher under elevated CO, conditions than normal growth conditions (Fig. 4).
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Fig. 5. Differences in root growth at different CO, levels (Hamid, ez al. 2003)

However, flowers drop in mungbean and number of unfilled grains in rice increased
enormously under elevated CO, due to concomitant rise in temperature (Hamid et
al., 2003; Haque, et al., 2005). Therefore, the positive impact of elevated CO, on C,
crops might be nullified by the associated negative effect of rise in temperature.
Intensive research should get due priority for identifying varieties that show high
tolerance to concomitant elevated CO, and high temperature conditions.

Salinity tolerance - Significant progress has been made in developing two salt tolerant
mungbean genotypes, namely MB1 and BMS8 (Aziz, 2003), two salt tolerant
soybean genotypes namely AGS313 (Mannan, 2009) and BD2331 (Khan, 2013),
which are in demonstration in the farmers field (Fig. 5). Wheat genotype BAW
1147 was found a fairly tolerant one to salinity when 50 genotypes were screened
against salinity stress (Table 1; personal communication).
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Table. 1. Salt tolerance of 50 wheat genotypes

Rank order | Salt tolerance % control Genotypes

Tolerant More than 80.00 BAW 1147

Moderately | 60.01-80.00 BAW 1140, BARI Gom 25,
BAW 1135, Tolerant BAW 1142,
BAW 1143, BAW 1150, BARI
Gom 28, BAW 1157, BAW 1159

Moderately | 50.01-60.00 Shatabdi, BARI Gom 27

Susceptible

Susceptible | Less than 70.01 Rest 38 genotypes

Seven salt tolerant rice varieties namely BRRI dhan47 and BRRI dhan61 for boro
season, and BRRI dhan40, BRRI dhan41, BRRI dhan53, BRRI dhan54 and Bina dhan§
for aman season are under cultivation (BRRI, 2013; Mondal, 2012). Mustard genotypes
BD-9093 and BARI Sarisha-11 have been selected as salt tolerant ones (Mondal, 2012).
Despite selection of the salt tolerant genotypes of different crops at the laboratory and
control field level, very few could be made available to the farmers. Therefore, research
attention should be more pragmatic considering ‘laboratory to field’ concept of
technology development.
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Submergence tolerance - Two rice varieties, BRRI dhan51 and BRRI dhan52, have
been released as submergence tolerant (BRRI, 2013) and six mungbean genotypes
GK-48, IPSA 13, VC-6173A, BU mug2, BARI mug5 and IPSA-12 have been
identified as submergence tolerant materials (Islam, 2003; Amin, 2014). The
results in Table 2 indicated a wide range of yield reduction, from 25 to 50%, of
mungbean genotypes due to 4-day soil flooding in kharif 1 season. Therefore, the
yield level of mungbean can be increased substantially under waterlogging
conditions by making available of the right mungbean variety.

Table 2. Effect of 4-day soil flooding on seed yield of mungbean genotypes

(Amin,2014)

Genotypes Seed yield (g plant™) % relative to
Control 4-day soil flooding control

IPSA-13 4.81+0.11 2.40+0.29 50.0

VC-6173A 4.04 £0.72 2.99+0.40 75.0

BU mug 2 3.79+0.57 2.46 +0.34 65.0

BARI mung 5 3.95+0.34 1.96 +0.40 50.0

IPSA-12 3.79 £0.48 2.16£0.52 57.0

Drought tolerance - Drought tolerant genotypes of wheat such as BARI Gom 26,
Sourav, BAW 1169 and BAW 1158 (Bazzaz, 2014), French bean namely BB24 and
BB43 (Chowdhury, 2009), mungbean such as BARI mug2 and BU mug2 (Islam,
2006) and soybean namely BARI soybean5, BARI soybean6, Shohag and BD-2331
(Chowdhury, 2014) have been identified at BSMRAU.

Table 3. Ranking of 35 wheat genotypes on the basis of their drought tolerance

(Bazzaz, 2014)
Rank order Yield reduction (%) Genotypes
Tolerant Less than 30.00 BARI Gom 26, Sourav, BAW 1169

and BAW 1158

Moderately tolerant

30.01-40.00

BAW 1151, BAW 1157, BAW 1159, BAW
1161, BAW 1165 and BAW 1170

Moderately susceptible

40.01-50.00

Prodip, Shatabdi, Gourav, Sufi, Kanchan,
Barkat, Balaka, Aghrani, Akbar, Protiva,

Ananda, Bijoy, BAW 1160, BAW 1162,

BAW 1163, BAW 1164, BAW 1168 and
BAW 1172

Susceptible

Above 50.01

Seri, Pavon, BARI Gom 25, BAW 1166,
BAW 1167, BAW 1171 and BAW 1173
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Table 4. Ranking of 50 soybean genotypes based on their drought tolerance

(Chowdhury, 2014)
Ranking Yield reduction (%) Genotype
Tolerant Less than 50 BARI Soybean-6, BARI
Soybean-5, Shogah and BD2331
Moderately Tolerant 51-60 BD2336 and BD2329
Moderately susceptible 61-70 G00015 and BGM?2093
Susceptible Above 70% Rest 42 genotypes

Therefore, a high variability exists in drought tolerance of different crops and the
variability can be exploited for developing high yielding variety through genetic
manipulation.

Other technologies — Strategic research to develop technologies to face the challenges
of climatic variability effect on agriculture has been conducted at various levels in
Bangladesh. IPSA 12 has been found as a low N and P required mungbean genotype
(Razzaque, 2014). A model for cultivation of three crops per year, lentil/wheat —
mungbean — short duration aman rice in charlands of Kurigram (Karim, 2014a,b,c)
and some other technologies for unfavorable conditions have been identified
(Mondal, 2012; Siddique, 2014). Growing four crops (eg. mustard/potato —
mungbean — aus rice (short duration, cv. Parija) — aman rice (short duration) are
getting popularity in the high and medium high land (Haque, 2011; Mondal, 2012).
Diffusion of those technologies to the farmers should get due priority to combat the
climate change impact on agriculture.

Suggested Strategic Agricultural Research

Adaptation as well as mitigation strategies should be considered to sustain crop
production under climate change context in Bangladesh. However, mitigation
program in some cases involves huge cost and needs regular maintenance. In such
case adaptation strategy by adopting breeding program for developing
environmental stress tolerant variety and appropriate management is practical and
rather sustainable (Karim, 2006; Karim, ef al. 2014). The following strategic
researches and/ or approaches may be considered for developing appropriate
technologies related to crop production under climate change situation in
Bangladesh -

1. Since the agricultural potentiality of unfavorable ecosystems is yet to be
exploited, research on the generation of appropriate cost effective technologies for
improving crop productivity under drought, flooding/ waterlogging, salinity and
high temperature conditions should be strengthened. Research attention on dryland,
coastal, charland, haor and hill agriculture should also get due priority.

ii. Technologies developed at the research institute and university should be
fine-tuned at the respective ecological conditions before making them available for
the end users. For example, if a technology is targeted for drought prone area then
that should be tested at least 2/3 years at its final stage in that particular area before
releasing it.
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1. In the char land as well as in other medium high land, aman rice is
regularly submerged due to flash flood and the crop remains under water for 3-14
days, or even more. It was observed in 2013 that BU dhan1 and BRRI dhan56, two
short duration aman rice varieties, produced more than 3 tons/ha even after total
submergence for 10 days in the charland of Kurigram (Karim, 2014a). Therefore,
study should be conducted to explore flood tolerant short duration rice variety from
the existing popular ones and develop management option to ensure 3-4 crops
cultivation per year in such flood prone areas.

iv.  Systematic study on improving water use efficiency of crops should be
conducted with a view to intensifying upland crop cultivation (low-water requiring
crops) like pulses, wheat and oilseeds during dry season instead of rice. Water loss
may be reduced by expanding construction of modern irrigation and drainage
channels, applying irrigation at the appropriate growth stage and on requirement.

v.  Since it is postulated that the winter duration will be shorter but colder than
present time due to global warming, it is necessary to develop winter crops variety
having tolerance to relatively higher temperature at the reproductive stage of
growth vis a vis cold tolerance at the seedling stage.

vi. Itisneeded to carry out research on variety/ technology development for crop

establishment during kharif 1 season, more particularly during March — May. In the
char land it was found that soils having high organic matter supported better crop
establishment in mungbean in kharif 1 season under serious drought conditions
(Karim, 2014a). Thus, experiment on improving organic matter content for
enhancing crop establishment under drought conditions may be a good option for
silty loam or sandy loam soils.

vil. Research on improving grain fertility of C, crops under enhanced CO,
concentration and concomitant rise in temperature should be carried out
systematically. Selection of high responsive crop variety to elevated CO, is also
necessary for facing the impact of rising CO, on crop productivity.

viii. Since the amount of rains is projected to increase during summer and
decrease during lean period, serious effort should be given to harvest and conserve
monsoon rainwater by constructing large scale water reservoir. However, study
needs to conduct beforehand to analyze the impact of such project on ecology and
environment of the surrounding areas.
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The soil assumes the role of a bank in which rainfall can be stored; soil
management that prevents run-off and allows rapid infiltration also
promotes maximum storage of rain water.

- CGIAR
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CHAPTERIII

Impact of Delayed Monsoon, Erratic Rainfall and Drought on Aquatic
Biodiversity, Livelihood and Food Security
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Abstract

Bangladesh is at severe risk from climate change and has been
experiencing serious environmental degradation in recent years. The
country might have to face the greatest danger from global warming in the
next three decades. Poverty and vast low-lying wetlands prone to annual
floods, drought, erratic rainfall, water logging and cyclones were among
factors making Bangladesh a highly exposed country to climate change.
Several factors make Bangladesh particularly vulnerable to
environmental damage like ground water contamination, surface water
pollution, encroachment of rivers and waterbodies, improper disposal of
industrial, medical and household waste, deforestation and loss of aquatic
habitat and bio-diversity are just a few examples. The fragile ecology,
delicate flora and fauna, alarming density of increasing population,
reliance on foreign aid and poverty of the masses are few such factors.
Considerable damage has already been done that accelerates loss of
wetlands, forests and flora and fauna. Many aquatic and territorial species
are becoming rare; some have already become extinct. Climate change
impacts gradually cover a wide range of livelihoods in a number of
aquatic settings. Drought coupled with siltation and lowering water level
are reducing over wintering habitat for indigenous fish species resulting
into less recruitment in grazing field to grow inland fisheries. Reduced
water flow in major rivers has resulted in a severe depletion of riverine
fisheries. Due to decrease in groundwater and surface water, extreme
pressure has been exerted on floodplains to convert them to crop field,
brick klin and other infrastructures, resulting in an alarming decline in
fish diversity and production. Indeed, there may be nowhere in world
where effects of climate change and other activities on fish sector are
more apparent than in Bangladesh

1. Introduction

The fisheries of Bangladesh are attributed by the nature of the water bodies of the
country and its fisheries are broadly divided into inland water, estuarine or coastal water
and marine water areas. The inland aquatic habitat is dominated by freshwater rivers,
extensive floodplains during rainy season and its territorial canals (Khal) connected
with enclosed water bodies (Beel). Dead rivers also create oxbow lakes (Baor) in the
south-west region of the country. There is also deep depression in Northeast
Bangladesh known as Haor. A large artificial lake called Kaptai Lake was also formed
by the hydroelectric dam in the Chittagong hill tracts. The inland water bodies have
1,288,222 man-made ponds and reservoirs which provide a total area of 305,025 ha.
Bangladesh is bounded by the Bay of Bengal on its southern boundary. The coast line
of the country is approximately 710 km in length and the area of the sea Exclusive
Economic Zone (EEZ) is estimated to cover 70,000 km?.

Vulnerability of fishery-based livelihoods to climate variability and change can be
defined as the degree to which a fishery-based livelihood system is susceptible to,
and unable to cope with adverse effects of climate change, including climate
variability and extremes. Vulnerability is a function of the character, magnitude, and
rate of climate change and variation of which a fishery based livelihood system
is exposed to its sensitivity and its adaptive capacity (IPCC 2007).
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Fishing is a high-risk livelihood activity “due to the fugitive nature of the resource,
the hostile environment of the seas, and perishability of the product” (MRAG 2011).
One direct impact of climatic shocks, such as cyclones and floods, is loss of life.
Climatic shocks have killed several hundred thousand people in coastal Bangladesh;
many of them are fishermen or their household members, friends, or relatives
(IPCC 2007). Other impacts include physical injuries (Badjeck ez al. 2010) and health
effects (Kovats et al. 2003). Cyclones and floods also damage boats, nets, fishing
gear, and fish landing centres, as well as educational, health, housing, and other
community infrastructure (Jallow ez al. 1999; Adger et al. 2005; Westlund ez al. 2007).

The fisheries of Bangladesh contributed 4.39% of GDP in 2011-2012. The GNP of fish
in current price was BDT 2,69,928 million in 2010-2011. The resources are broadly
divided into inland waters and marine waters sectors. Inland waters are further
separated to open water fisheries comprising of rivers, Sunderbans, beel, Kaptai lake
and flood plains; and the closed water fisheries which include ponds, seasonal water
bodies, baor and shrimp farms. The marine waters are divided into trawl and artisanal
fisheries. In 2011-2012 the yearly total fish production of Bangladesh was 32,61,782
MT (DoF, 2013). Of this 82.26% was from inland fisheries sector and the rest 17.74%
was from the marine fisheries sector. Among inland fisheries sector, 29.34% was from
the open water and 52.92% was from the closed water bodies mainly aquaculture sector.

For Bangladesh, climate change has shown its impact on three major sectors of
fisheries, viz. closed water, open waters and marine sectors. More intense and longer
droughts have been observed since 70s in almost all areas especially in north Bengal
(Fig. 1). Poor water quality and reduced production of freshwater fish are very common.
Loss of wild and cultured stocks has long been going on. There are long conflicts
among different water users and irrigation to paddy fields always gets the priority.
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Fig. 1. Bangladesh annual mean temperatures 1948-2007 (CCC, 2009)
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Obviously, the climate change impacts have in place for three different fisheries sectors
and thus over a wide range of livelihoods in different situations. Climate induced
changes on fisheries sector are summarized in the Fig. 2.

Physical

e Temperature

e Sea level

e pH

e Salinity

e Currents

¢ Nutrients

e Oxygen

e |ce cover

e Turbulence & mixing

¢ Wind speed & direction

¢ Storm frequency &
intensity

e Evaporation

¢ Precipitation

e Runoff

1 4

Fig. 2. Climate-induced changes in fisheries systems

Impacts of drought on fish sector

+ More intense and longer droughts since 1970s in almost all areas especially northwest
region

o Lower water quality and availability for aquaculture and reduced production of
freshwater fish

e Loss of wild and cultured stocks

+ Conflicts among different water users: irrigation to paddy fields gets the priority
+ Damage to aquaculture production and increased cost of production
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1.1  Effects of delayed monsoon, erratic rainfall and drought

Drought and siltation together are reducing over wintering habitat for the fish species
resulting into less recruitment into the grazing field to grow open water inland fisheries.
Reduced water flow in the Ganges river basin has resulted in a severe depletion of
fisheries. Due to the decrease in groundwater and surface water, tremendous pressure
has been exerted on wetlands to convert them to agricultural land, resulting in a serious
decline in the number of fish species and the fish production as a whole. Indeed, there
may be nowhere in world where effects of climate change and other
natural/anthropogenic activities on fish biodiversity/production are more apparent as in
Bangladesh. The erratic rain, irregular rainfall as well as temperature change will affect
the readiness of fishes for breeding (Box 1).

Box 1: Impact of CC on the biology of major carp

Growth and reproductive biology of Major carps (Rui, Catla, Mrigal etc.) have
relations with seasons of Bangladesh. They breed in rainy day with higher
dissolved oxygen contents in water with moderate current. Higher temperature
and erratic rainfall could change the reproductive performance of Major carps.
In 2009- 2010 extreme weather was the cause of late maturity of hatchery
fishes in Mymensingh region.

Evenis J
Fish mafurity
Fish
Feproduction
Good Growth
Foor Growth
Ambient
femperafura
Faivfall ]

1. Ambient temperature and good growth helps in matuarity

2. Rainfall isrelated to spawring

3. Ambient temperature is necessaty

4. Cold weather restrict body metabolism, food irtake and so the growth of fish

5. Water temper abare between 24- 28°C iz necessary for good growthy, reproductive maturity,
hatching success of eggs and larwval survival in water

6. Thander storm, cloudiness and water cutrent ate creating etvvir orgnent for carp mating
behavioa in river system. Fainfall also increase dissolved oxygen in water,

Source: IUCN 2011
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Erratic and irregular rainfall as well as temperature change has been affecting the
readiness, maturity and gonad development of fishes in breeding season. Higher water
temperature brings changes in the physiology and sex ratios of fish species, altered
timing of spawning, migrations, and/or peak abundance, changes in timing and levels of
productivity across marine and freshwater systems, increased invasive species, diseases
and algal blooms. These are root causes of changes in timing and levels of productivity
across marine and freshwater systems and reduced production of target species in
marine and fresh water systems. At high temperature, body metabolism of fish and
shellfish increase which results in less growth in farmed and wild species.

This will be an unfavorable effect on reproduction and breeding at hatcheries. The
temperature and rainfall will change the physiology of maturation and sex ratios of fish
species, altered timing of spawning, migration and spawning seasons. Change in
temperature affects aquaculture by increasing risk of disease outbreak. In dry lands like
Barind, major culture practices may be reduced.

1.1 Effects of other climate factors on fish

Increased salinity and change in water quality can instigate change in species
composition, abundance and distribution in the affected areas, especially in coastal
areas. The change in fish composition in turn will contribute to changes in fisheries in
many coastal areas. Increased flooding and siltation can result in destruction of natural
habitats for fishes. The migration routes of fishes could be blocked or diverted. In
wetland condition, the habitable area will be shrunk due to the change of dissolved
oxygen level in the water column (Box 2). Drought and extreme cold situation in some
area result in loss of small indigenous fish diversity.

Box 2: Impact of climate change on open water fishes
The change in temperature, water depth, oxygen contents of water, salinity will
change the composition, distribution of fishes.

Suitable habitat condition for Unfavorable condition will restrict the
accumulating more fishes fish habitat and thus the number
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1.3 Resultant Impacts and economic losses

The role of fisheries sub-sector is very crucial for the economic development of
agriculture-based Bangladesh economy. Fish provide daily protein requirements of the
population, thus playing an important role in providing nutrition and health. Any
reduction in production in this sector will result in a loss in rural household income, and
an increase in unemployment in the rural areas. In vulnerability study of 132 national
economies to potential climate change impacts on their capture fisheries using an
indicator-based approach found Bangladesh and three others in the most vulnerable
category among the tropical Asian countries (Allison ef al., 2009). The research found
that this vulnerability was due to the combined effect of predicted warming, the relative
importance of fisheries to national economies and diets, and limited societal capacity to
adapt to potential impacts and opportunities.

Climate change impact pathways in fisheries and aquaculture

Climate Change Effects on Impacts on

Im pa cts Species compasition
Production and yield

Distribution
Production Ecology Seasonality
Ocean Currents Diseases
ENSO Coral bleaching

Sead level rise Calcification

Rainfall
River flows
Lake levels

Fishing, aquaculture, Safety and security
and associated post- Efficiency and costs

harvest operations Infrastructure
Thermal

structure Loss/damage to livelihaod
Storm severity Communities and a.ssefs '

i boniihcoct e 1o e and health
Salinity

Acidification
Temperature

Displacement and conflict

' Adaptatien and mitigation costs
Market impacts
Water allocation
Floodplain and coastal
defences

Wider society and
economic

After Badjeck et al, 2010
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2. Aquatic fauna and their present status

Bangladesh is a transitional zone of flora and fauna because of its geographical settings
and climatic characteristics. It is natural that the water resources of the existing extent
and magnitude should harbor and support populations of a large variety of vertebrate
and invertebrate aquatic living organisms. This country is rich in fish and aquatic
resources, and other biodiversity (Table 1). Bangladesh’s water bodies are known to be
the habitat of 267 freshwater fishes, 475 marine fishes, 24 exotic fishes and a number of
other vertebrates and invertebrates. Among the documented aquatic fauna, finfish tops
the list, followed by the crustaceans and mollusks (Fig. 3).

Table 1. Diversity of aquatic animals in Bangladesh water

Animal group Number of Species
Freshwater Marine
Finfish 267 475
Shrimp - 41
Prawn 20 -
Mollusk 26 336
Crab 4 11
Lobster - 6
Frog - 10
Turtle & tortoise 24 7
Crocodiles 2
Snakes 6 18
Otters 3 -
Dolphin 1
Whale -
Total 353 916

Source: Ahmed and Ali (1996), Ali (1997), and Banglapedia (2004)

The total inland open water fish production of Bangladesh in the year of 2006-07
(July-June) was 1.783 million tons. The catch was dominated by major carps (30%)
followed by exotic carps (16.4%) and snakeheads (5.8%) (Fig. 4).
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Fig 4. Group-wise catch of freshwater fishes (2006-07)

Major carp - Rui, Catla, Mrigal and Kalibaus; Exotic carp - Silver carp, Common carp,
Mirror carp and Grass carp; Minor carp — Gonia, Reba and Bata; Catfish - Rita, Boal,
Pangas, Silong and Aecer; Snakehead - Shol, Gazar and Taki; Other live fish - Koi, Singh
and Magur; and Other Fish - all other fish species.
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2.1 The lost fish diversity

There are serious concerns about the slow decline in the condition of open water fish
stocks which have been negatively impacted upon through a series of natural and
anthropogenic induced changes. These include disturbances resulting from rapid
growth of population coupled with lack of proper management policy, water
management programs including the large scale extraction of water for irrigation and
the construction of water barrages and dams, human activity resulting in the
overexploitation of fish including use of harmful fishing gears and system (fishing by
dewatering, poisoning, using explosives), road communication, siltation of water
bodies by natural process, the unregulated introduction of alien fish species and
pollution from industry and agrochemicals. As a consequence, many Bangladeshi
species have become critically endangered like — Hemibagrus menoda, Barilius barila,
Dermogenys brachynopterus, Botia dayi, Raiamas bola, Psylorhynchus sucatio,
Scistura corica, Labeo pangusia, Labeo angra, Botia lohachata, Chagunius chagunio,
Gogangra viridescenes, Silonia silondia, Setipinna phasa, Laguvia shawi,
Crossocheilus latius and many more. Biodiversity status of many of the fishes has now
changed from what was listed in the [IUCN Red Book almost a decade ago. The results
of the survey conducted by FMBC (2013) found the following fishes as extinct from
Bangladesh water - Neoeucirrhichthys maydelli, Pangio pangia, Salmostoma
sardinella, Esomus lineatus, Garra annandalei, Neolissochilus hexagonolepis,
Osteochilus  hasseltii, Raiamas guttatus, Mystus armatus, Laguvia shawi,
Pseudecheneis sulcata, Ailia punctata, Ambassis nalua, Channa barca and
Pseudosphromenus cupanus and a few more.

The fishes of Bangladesh exhibit a wonderful diversity in their size, shape, colour,
habitat, feeding habits and breeding behaviour. Considering size alone, there are fish
such as the rice fish which attain only an inch long at maturity and weigh less than a
gram, whilst others such as the river shark or goonch reach more than two meters in
length and weigh more than 100 kg. Bangladesh also possesses splendid, vibrantly
coloured fish — queen loach and other loaches and those such as pipe fishes which look
more like a crocodile. The male pipe fish provides all postzygotic care of its offspring
by brooding embryos on its ventral surfaces, while the rice fish are live bearers.

The biodiversity of riverine fishes is presently in great danger. Many fishes are either
endangered or critically endangered. Many have already become extinct from the
waters of Bangladesh. The Red Book of Threatened Fishes of Bangladesh published by
the ITUCN-Bangladesh is already more than a decade old. According to the Red List, 54
indigenous riverine fishes of Bangladesh are threatened— vulnerable, endangered and
critically endangered (IUCN-Bangladesh 2000). However, there have been massive
changes in riverine fish biodiversity over the last 12 years. According to the survey
conducted by the Fish Museum & Biodiversity Centre (FMBC), Bangladesh
Agricultural University, Mymensingh, Bangladesh during 2009-10, more than 100
riverine fishes are presently under threat and a number of species are already lost
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3. People’s perceptions on delayed monsoon, erratic rainfall and drought

The fishers, fish famers and other stakeholders in the value chain identified the major
drought related threats to the fisheries biodiversity and production. These are -
prolonged draught, excessive low and very uncertain rain, sudden or untimely flood,
less raining, siltation, hottest and coolest temperature (day-night temperature
fluctuation), sinking of ground water level), prolonged winter & cold wave, turbidity,
less dissolved oxygen (DO) in water, river basin siltation due to lack of water flow, and
drying of river channel and connecting canals to beels.

The fishers believe that the main reasons for fish biodiversity and production loss are
untimely rain, dried river and flood plain (most of the time of the year, particularly from
December to next 6 months), long drought even during monsoon, very hot temperature
during summer, delayed and low rainfall and very cold during winter. Fish farmers
think there are only two seasons - long hot summer  and three months of winter.
There is no proper monsoon but sporadic rain now and then. Over the last 10 years,
riverine fisheries in the country have severely been affected by very uncertain weather,
particularly due to no rainfall in Chaitra — Baishakh (April-May) and also due to
untimely rain and very hot temperature in AshAwin (October).

3.1 The effect on different facets according to the stakeholders involved

Fish biology, aquatic habitat, biodiversity and ecosystem
e Destruction of aquatic habitats, biodiversity and ecology (status of region
specific major species and the problems in completing its life cycle);
e Late maturity & improper gonodal development and less fecundity;
e Squeezing open water areas for fish habitats that affects the fish biodiversity;
e Destroying ecosystem for healthy fish production.

Fish propagation and production system

e Squeezing fish breeding, nursery, grazing areas;

e Gradual changing of fish breeding period, ground & declining spawning rate
(natural stimulation);

e High mortality of spawn due to high fluctuation of day-night temperature;

e Changing & declining of water flow & fish migratory route;

e Shortening of fish growing period both in aquaculture & in open water

e Brood quality is under risks in hatcheries due to lack of water, hatchery owners
are rearing brood stock in a single or in a couple of ponds and risking the brood
quality;

e Fish seed production cost is higher due to water scarcity, higher & lower
temperature and insufficient supply of electricity in hatcheries;

e Late breeding of fishes in the hatcheries due to water scarcity, higher and lower
temperature. Moreover the eggs and spawn of bighead, silver and bata start to
die at high temperature;
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Late breeding of fishes in the hatcheries due to water scarcity, higher and lower
temperature. Moreover the eggs and spawn of bighead, silver and bata start to
die at high temperature;

Tilapia stop spawning at lower temperate than 24°C and at higher temperature
than 34°C;

Most of the time all the eggs/spawns in the bottle jars die rapidly due to higher,
lower and rapid fluctuation of temperature;

Fish seed produced in govt. hatcheries have high demand, but over the last few
years, it has been becoming increasingly impossible to fulfill the demand due
to water scarcity and temperature fluctuation.

Fishing

As there 1s no water, there is no fish;

Because of low and untimely rain, fish cannot breed properly;

Due to slow current and low water depth, aquatic vegetation grow in riverbed
and floodplain making fishing (netting) very difficult;

A CPUE (capture per unit) for most of the time in the year including even
monsoon, fishers cannot sustain their livelihood and try to catch fish using a
number of harmful and destructive gear like current jal and catch and kill even
brood, eggs and spawn. Broods, eggs and spawn are relatively an easy catch
compared to other fish and poor fishers take the opportunity;

Almost all the spawning ground disappeared, so fish cannot spawn;

Early monsoon rain during Choitra- Boishakh is very important for spawning of
fish. Generally at the onset of monsoon, in the first rain of the year, most of the
indigenous fishes complete their first spawning and river and floodplain become
full of fish;

Over the last 10-15 years, due to late, irregular and less rain, fishes are unable
to spawn resulting in very little recruitment.

Fish farming

Sometimes fish farmers collect expensive and good quality natural eggs and spawns of
carps from the Jamuna at the early season. As there is very little and sporadic rain in
April-May, very few eggs and spawns are collected from natural waterbodies,
accordingly these are considered very expensive and precious. However, due to hot
temperature and lack of water, nursing of these valuable spawns becomes very difficult.
Even though some of the farmers/hatchery owners are able to nurse them, selling of fry
becomes difficult as general fish farmers cannot stock them because there is no water in
their ponds. Therefore, even after collecting and nursing the expensive and good quality
spawns, due to lack of customers, the hatchery owners/fish farmers cannot make any
profit rather encounter huge loss.
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Fish hatcheries

Tilapia stops spawning at lower temperate than 24°C and at higher temperature
than 34°C,;

Among the carps, the eggs and spawn of bighead, silver and bata start to die at
high temperature;

Most of the time all the eggs/spawns in the bottle jars die rapidly;

As the rain water is not enough in this area and very uncertain, and mostly absent
when needed most, huge quantity of water is required in the fish hatcheries to be
lifted by deep tube well. That increases the production cost of fish seed
significantly;

As there is not enough rain in this area, brood fish do not mature in time. In
normal condition with sufficient rain water from the early monsoon, it is possible
to produce 1 kg spawn from 2-3 fish, but now-a-days, about 10 broodfish are
needed to produce 1 kg spawn;

Fish seed produced in govt. hatcheries have high demand, but over the last few
years, it has been increasingly impossible to fulfill the demand.

Water quantity, retention and quality

High siltation rate raised river basin and ultimately resulted in river erosion and
increased turbidity;

Water retention period & capacity are being reduced;

Higher rate of siltation on floodplain, beels and connecting channels to river;
Shorter period water retention on floodplain;

Changed water quality resulted in reduction of primary production;

Water pollution and change of physico-chemical characteristics of water
reduce fish production in the open water;

All the rivers, floodplain, canals and ditches will dry out;

There won’t be any waterbody for natural fishes;

All government and public owned ponds and wetlands will be filled and the
rich entrepreneurs will build their housing, factories and mills.

Fish diversity and abundances

Some of the most impacted/damaged fish population in this area are mola, tengra,
bujuri, batashi, shingh, pabda, gulsha, acer, nondui (bheda), ritha (rita), banshpata,
kaunya (ghagla or arwari), rack (tatkini), sarpunti, jaita punti (jat punti), daira/sap daira
(bou/rani), magur, cheng, shoti (taki), shol, gozar, baim, guchi, tara baim etc;

Extinct or near extinct fishes in this area — kaunya, elong, ritha, pabda, phasa, shilong,
bacha and gaura.
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Livelihoods of fishers and fish farmers and other stakeholders

There are adverse impacts on fisher’s livelihoods bringing changes in their
livelihood options;

Over the last two decades, fisher families have been going through extreme
hardship with food and clothes;

All the fisher families live comparatively better during Ashar to Ashwin. Rest of
the time of the year, they try to receive consumables like rice, pulses, vegetables
and others in credit from local shops;

They borrow money from local NGOs, moneylenders and societies with high
interest;

They also get advance loan (dadon) from the wholesalers and even though the
profit is a bit less they are forced to sell their products to that wholesalers. Most
of the fishers can never pay the whole debt to the wholesalers and the cycles go
on and on. For example, one fisher took loan of 4,000 taka from a wholesaler
about 4 years back, and since then he has been selling fish to that wholesaler and
paying back his loan regularly in small amount and also taking new loan in crisis
period and in this way his total loan now stands at 19,000 taka;

Children particularly the boys of most of the fisher families cannot continue their
education after class IV —V, because of shortage of money and involvement in
fishing at the early age. Most of the fishers think (or forced) that to hire another
fisher or neighbor would cost money so it’s better to employ their children to
help him in fishing;

Fishers and fish farmers are thus forced to change their profession.

3.2 Ultimate impact on fisheries sector

Impact on fisheries and Aquaculture
Overall fish production including fish biodiversity of natural water bodies are declining
alarmingly due to-

Overall fish production in the inland open water of this region are declined due
to:

o Movement and migratory route within river, from river to beel and
floodplain and within floodplain have been blocked with alarming
reduction of fish production in open water.

o Recruitment of new fishes is going down every year

Fish farmers are struggling with higher production cost of their production due
to water scarcity, higher & lower temperature, day-night temperature fluctuation
and less productivity of ponds.

Hatchery production has also declined due to water scarcity, higher & lower
temperature, day-night temperature fluctuation.

A good number of indigenous fish species in this area have meanwhile ether
been endangered or near-extinct or totally extinct.
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Impacts on livelihood of the root level stakeholders

e About 15% fishers in this area already left fishing and started other jobs, like
barber shop, furniture making, or jewellery business. A few went to work for the
garments factories in Dhaka. A number of fishers who used to farm fish in leased
jolmohals have now left farming because of mounting value of lease and other
inputs, and use conflict with rice farmers.

e Kartik to Falgun (October — January) is the most critical period for the fishers.
There is no fish in the rivers, beels and floodplains at this time and hardship
begins. Almost all the fisher families are forced to reduce number and size of
meal and go for cheaper foods, as far as possible, borrow money from local
moneylenders, NGOs and wholesalers with high interest.

e For example, when someone borrows 20,000 taka from an NGO, he/she starts
paying back the loan almost instantly from the first week of the loan, 500
taka/week for 11 months. Although he/she pays back 22,000 taka and interest
seems only 10% but as the payment starts from the beginning the cumulative
interest stands much higher.

e Many fisher families try to sell out their assets like boat, net, cow, etc.

e One fishing community known as Choudhury catches fish with wheel and
longline do not know (or for extreme disliking) any alternate livelihood option
and simply starves during lean period

4. Climate risk management in Fisheries sector of Bangladesh

Though almost every productive sector of the country is more or less prone to adverse
impacts of climate change, particularly the fisheries in many part of the country are very
sensitive due to specific hydro-meteorological, climatic and human induced hazards
like drought, delayed monsoon, reduced upstream river flow, ever-shrinking ground
water level, salinity intrusion, untimely and flush flood, prolonged cold spell etc. All
these coincide with critical stages for aquaculture and fisheries production in the
country and interfere with fish breeding and nursery and grow out phases of almost all
fishes and shellfishes. The risks of the sector have to be identified and delineated over
time and space to design and devise adaptation measures and options. This initiative
shall pave the road to our journey to make the sector adaptive to climate change
impacts.
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4.1 Coping mechanisms and stakeholders practice

Fish Farmers

Fish farmers, who have facilities and can afford, are engaged in fish culture with
irrigated water.

A number of fish farmers in this area are mono-culturing monosex tilapia instead
of mixed carp culture, because tilapia can stand low water depth, adverse
physico-chemical parameters and short-cycled compared to carps. They are
applying commercial feed pellet for tilapia and once the water turns deep green,
they release silver carp or raek/tatkini (Cirrhinus reba). In this way, many
farmers are getting more profit than mixed carp culture.

High temperature tolerant species like tilapia (monosex tilapia) have been
cultured along with short cycled fish like Thai sarpunti and silver carp.

500-700 g large carps are stocked.

Now-a-days, as rice mono-culture, gives very little profit, all farmers should be
motivated to culture fish in irrigated rice field, wherever facilities are available
to minimize the cost of rice production.

Fishers

Not much they can do, rather they can try to make the fellow fishers aware about
the harmful effect of illegal fishing using destructive gears like moshari jal and
current jal.

4.2 Strategies of climate change adaptation in fisheries sector

In general

Modify existing structure inside all the beels (bridge, culvert, sluice gate, dam,
barrages) to fish-friendly structures.

Rational use of pesticides, inorganic fertilizers and proper management of
industrial effluents.

Maintenance of minimum 1 m water depth during water extraction from critical
waterbodies.

Regulation of selective fishing gears, mesh sizes, and stoppage of fishing by
dewatering.

Establishment of natural beel nurseries and fish sanctuaries.

Implementation of stock enhancement programs.

Zero tolerance to new exotic fish introduction.

Establishment of more Community-based Organizations.

Strict application of existing fisheries rules and regulations.
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Fish biology, aquatic habitat, biodiversity and ecosystem

Re-excavation of beels and connecting canals for fish habitat restoration,
biodiversity conservation and sound ecosystem.

In each of the large floodplain, a certain small area about one ha should be deep
enough to contain water 2-3 m deep year round for fish habitat restoration and
fish biodiversity conservation.

Undertake tree plantation and afforestation program for healthy environment and
reduction of CC risks.

Locally extinct and near extinct fish should be resurrected.

Fish propagation and production system

Catching of brood fish, eggs and spawns needs to be fully stopped without any
delay.

Establishment of fish culture system with irrigated water where affordable.
Extension of mono-culturing monosex tilapia instead of mixed carp culture,
because tilapia can stand low water depth, adverse physico-chemical parameters
and it is short-cycled compared to carps.

Encourage the hatchery and nursery owners for rearing over-wintered
larger-sized fingerlings of carps to reduce production period and avoid
hazardous period of aquaculture.

Extension of short-cycled and climate tolerant species like sarpunti, tilapia, koi,
magur and shingh culture in the draught areas.

Like farming of vegetables in green house, fish in north Bengal should be
farmed in more controlled condition during hottest and coolest months mainly
through controlling the water temperature and dissolved oxygen supply.
Development and extension of farming system in Coles (Damus) and Pen in the
areas from Nawabgonj to Kushtia following CBFM procedure as the alternative
IGA for the fisherman during the lean period.

When the fish seeds are purchased from other districts, it takes time and in most
cases, fish stockings are delayed, therefore fish fry/fingerlings need to be
produced in Rajshahi. To save water areas, spawns should be nursed in pen,
cages and coles (damus).

Development of Cole (Damus) nursery system like beel nursery program
involving fishers CBO to reduce production cost of fingerlings and make
availability of fingerlings in the draught areas particularly in Rajshahi Region.
Undertake extension program of Rice-Fish in irrigated paddy field for better
profit and fish production as well.

Culture pattern should be changed.

Climate-tolerant fish should be cultured.

Whenever the water comes for whatever duration, fish should be stocked.

Cage and pen culture should be introduced in all appropriate beels and
floodplains. Daudkandi model may be introduced in this area.

The approaches/initiatives should be coordinated with all the departments
concerned.
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Water quantity, retention and quality

Dredging of river basin and important canals for continuous water flow.
Reservoirs 2-3 m deep should be created as many as possible and law should be
amended for shifting soil from excavated beels/ floodplains to the farthest
places.

Bangladesh Govt. should make agreement with Indian govt. in such a way, so
that Indian Govt. open more get valves during summer and allow more water to
enter into Bangladesh.

Technology should be developed to increase water retention capacity of ponds
for aquaculture.

Abundances of fish species

More fish sanctuaries should be set up after every few miles in strategic
locations.

Under the stock enhancement program in jolmohals and open waters, 1-2 ha pen
needs to be created in a small part of them , where fish seed may be stocked for
the CBOs with the condition that, they will stop illegal and undersized fishing in
the jolmohals and will receive the income/profit generated from the pen culture.

Overall strategies/option for climate change adaptations in fisheries

Undertake mass awareness program on adverse impact of Climate Change and
Disaster.

Build capacity at government level for reducing CC risks and CC adaptation in
fisheries and aquaculture. Further, undertake need based training program for all
stakeholders.

Establish Climate Change Cell & Core Group at government level which will
undertake effective initiatives for fisheries DRR and CCA.

Review & update Fisheries Policy 1998 & Public Water Body Management
Policy 2009 incorporating climate change issues.

Continual implementation of fish act to conserve fishes and increase fish
production in open water as well.

Dredging of river basin and connecting canals to beels for holding water and
water flow.

Establish permanent sanctuary in rivers and beels to increase and conserve fish
biodiversity.

Identify appropriate fish species for CCA, develop and extend shorter period
culture technologies.

Strengthen inter ministerial/ departmental coordination among land/ DAE/
BWDB/ LGED/Food & Disaster.

Increase inter-sectoral coordination for program planning and implementation.
Survey & identify real fishermen & AIGA for them.

Mapping of CC hazards areas with intensity.
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Immediate actions need to be taken by the government

Review and update fisheries policies & act focusing climate change.

Awareness on climate change and fisheries.

Capacity building of government officials on climate change and fisheries.
Develop shorter-period culture system with appropriate species and develop
gradual.

Strengthen continual research on climate change and fisheries in collaboration
with research institutes and universities.

Re-excavation of beel & canals connecting to rivers.

Develop quality broods & distribution system.

Establish sanctuary in river and nursery in river connected beels.

Regular implementation of Fish Acts.

Assess changing fish migratory routes, changed breeding ground and time.
Afforestation and reforestation on embankment and river sites.

Develop people participatory river management system.

Increase Inter-sectoral coordination for development planning and project
implementation..

Involve local people in planning of constructing road, dams, sluice gates, bridge
and culverts.

Need based AIGA for fishermen.

Responsibilities of fishers and farmers to reduce climate change risks

Aware about Climate Change and its impacts and share with family and friends.
Total complying with Fish Act at all level round the year.

Total cease of catching brood fish, eggs and spawns.

During lean period, search for alternate [GAs.

Indigenous tree plantation in the homestead, backyard and roadsides.

More fruit trees should be planted.

All the neighbors should be encouraged to plant trees.

Responsibilities of Government

Coordinate among different ministries, departments/ institutions, GOs/ NGOs,
and Universities.

Initiate collaborative R & D ‘core projects’ involving relevant institutions and
experts.

Wide media coverage on the nutritional and socioeconomic importance of fish
and need for biodiversity conservation.

43



5. Conclusion and recommendations

The crucial step for Bangladesh now is to address and integrate climate change risks
into development plans and processes, to safeguard the nation’s wellbeing and to secure
and sustain the livelihood of people for both present and future generations. This must
be addressed systematically so that the country recognizes the risks to development and
change the way it plans to develop.

Climate changes are responsible for decreased production in all agricultural sectors —
crop, fisheries and livestock. In the past, most of the rivers and floodplain, beels, canals
were full of fish, now almost all the water bodies are dead and largely empty of fish.
Monsoon duration in this country used to be for six months and with regular rainfall and
huge abundance of fish. Even during the lean period, in the deeper part of the river,
there were enough fish and fisher families sustained their livelihood catching those fish.
Presently, lack of rain in time and untimely downpour both are harming the fisheries.
Sudden flash flood damages fences and embankment, inundates aquaculture systems
and allows stocked fish to escape resulting in huge loss. All these are making the
livelihood for fish farmers and farmers unsustainable

To face the challenge of climate change on the overall aquaculture and fisheries sector
of Bangladesh, there is an urgent need to educate and to establish a greater
understanding and appreciation of Bangladesh’s water bodies, aquatic animals and
plants and innovative management practices to people from all strata to pave the way of
sustainable fisheries and aquaculture management.

The following recommendations are made in this regard-

o Undertake mass awareness program on adverse impact of climate change in
aquaculture sector and the process risk reduction.

o Initiate capacity building activities for DoF and NGO officials on fisheries
climate change adaptation and farmers/fishers as well.

o Increase and strengthen inter-sectoral coordination for program planning and
implementation.

o Strengthening cooperation on other country’s emerging issues: such as sharing

of success stories in respect of aquaculture risk reduction and adaptation.

Climate changes in the form of - temperature fluctuations, erratic rainfall & flooding,
prolonged drought, sea level rise, salinity intrusion, frequent cyclones, storms and
tornado etc. affect aquatic ecosystems and their productivity. Fish farming is also
threatened by the changes in ocean currents, precipitation that affects
wetland/floodplain levels and river flows, and inclement stormy weather and extreme
floods and droughts. This makes fish farming extremely hazardous. Greater climate
variability and uncertainty complicate the task of expanding aquaculture sustainably.
Fish in Bangladesh can provide opportunities to adapt to climate change by, for
example, integrating aquaculture and agriculture, farming more resilient and climate
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tolerant fish, shellfish and aquatic plant varieties which can help farmers cope with
drought while boosting profits and household nutrition. Fisheries management must
move from seeking to maximize yield to increasing adaptive capacity. Research is
needed to find innovative ways to further improve the existing adaptability of fishers
and aquaculturists.

In recent years, GoB and the donors have placed major emphasis on capture fisheries,
conservation, management, and development of institutional framework and
need-based training. All concerned and those are working for the betterment of the
fisheries sector of Bangladesh — the fishers, fish farmers, general people, local leaders,
researchers, policy makers, GO and NGO workers should come forward to conserve
the precious fish and ecosystem diversity of the country and to increase the fish
production  through effective coordination, long-term program and sustainable
approaches. This is the high time to care for the aquatic biodiversity. The national and
international bodies should come forward to help conserving aquatic ecosystems and
organisms using both in situ and ex situ approaches.
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Water must be regarded as a scarce resource that should not be wasted.
Its efficient use is essential to raising and sustaining yields in areas
where irrigation is impossible. Its management to control run-off is
essential for controlling soil erosion.

-TAC to CGIAR
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ABSTRACT

Drought has a significant impact over the socioeconomic condition of
Bangladesh as it has an agriculture based economy. The current situation
of climate change related to agriculture's impact, impact on food security
and national policy in these regards need special scholarly attention in
Bangladesh. To assess the meteorological drought (by considering
rainfall only), Standardized Precipitation Index (SPI) is used to diagnose
drought which uses historic records of monthly rainfall data over
Bangladesh. Study is carried out using data of 28 Bangladesh
Meteorological Department (BMD) rainfall stations out of 34 all over
Bangladesh which passed data quality checks. Droughts are categories as
extreme (SPI < -2.0), severe (-2.0 < SPI <-1.5) and moderate (-1.5 < SPI
< -1.0) droughts and frequencies of these drought events are compared
with two time slices, namely, 1971-1990 and 1991-2010 of each 20 years
of length. Historical analysis has suggested that extreme droughts are
decreased whether severe and moderate droughts are increased during
past two decades especially in the north western part of the country.

Keywords: Drought Index; Meteoroidal Drought; Standard
Precipitation Index (SPI)

1. Introduction

An extended period of dry weather with insufficient rainfall along with the deficiency
in groundwater or surface water is characterized as drought. It is one of the major
natural hazards of Bangladesh. Drought events have severe impact on country’s
agricultural economy in past years. Between 1960 and 1991, droughts occurred in
Bangladesh 19 times. Very severe droughts hit the country in 1951, 1961, 1975, 1979,
1981, 1982, 1984, and 1989. Past droughts have typically affected about 47 per cent
area of the country and 53 per cent of the population (NAP, 2005). North-western part
of Bangladesh had experienced frequent droughts in recent years. Drought mostly
affects Bangladesh in pre-monsoon and post-monsoon periods. After the liberation of
Bangladesh, the severest drought in country’s history was 1973 drought. That drought
caused the serious famine during 1974 in northern parts of Bangladesh. In subsequent
year, another drought hit over the country causing about 53% of the population to
suffer. During 1978 to 1979 period, severe drought caused wide spread damage to the
crops. It has reduced rice production by about 2 million tons. 1981 and 1982 droughts
damaged crop production of the country. Drying up of top soil moisture along with river
discharge, another drought happened in 1989. A continuous period of drought occurred
during 1994 to 1996, causing severe damage to crops in North western part of
Bangladesh, especially in rice and jute production. It was one of the longest drought
events in recent time.
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To facilitate future plan and policy in agricultural sector of Bangladesh, it is essential to
determine the previous state of drought with accurate indicator. Again, as temperatures
rise due to global climate change, changes of frequency of drought events were also
observed all over the world (IPCC, 2007). So, there is an obvious need to understand
the change of drought frequency all over Bangladesh. Assessment of drought is a
challenging task despite many methods of drought assessment exists. One of the widely
used meteorological drought assessment techniques is Standard Precipitation Index
(SPI) method. Many studies have been carried out using SPI index to calculate
meteorological droughts all over the world (Biabanaki et al., 2012; Zhang et al., 2009;
Oliveria Junior et al., 2012; Tirkes and Tatli, 2009). But only a few studies were
conducted to predict droughts over Bangladesh. Dash et al. (2011) have characterized
meteorological droughts over Bangladesh using SPI index and compared with climate
model, RegCM. They concluded that SPI is one of the effective tools to capture
previous historical droughts over Bangladesh. However, no analysis has yet been made
to observe the changes of historical frequency of drought events over the country. In
this context, this study is carried out to observe spatial and temporal change of drought
frequency using Standard Precipitation Index or SPI all over Bangladesh.

2. Methodology
2.1. Standard Precipitation Index (SPI)

The Standard Precipitation Index (SPI) is a very useful tool to predict meteorological
and agricultural drought over a region. As a probability index of rainfall, it shows
negative value for drought and positive value for a wet condition. It was designed to
enhance the detection of onset and monitoring of drought (McKee et al, 1993). A key
feature of the SPI is the flexibility to measure drought at different time scales. Because
droughts vary greatly in duration, it is important to detect and monitor them at a variety
of time scales. Short time (1-month) drought has importance to detect the regional
historical climatology. Medium time drought like three to six month drought is essential
to agriculture as it can provide an indication of deficiency of soil moisture. Long-term
drought like nine to twelve month drought can have impacts on groundwater or surface
water supplies. Mathematically, SPI is calculated based on the following equation:

Spl— (Xi— Xm)
o)
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where, Xi is monthly rainfall record of the station; Xm is rainfall mean; and o is
the standard deviation.

The value of SPI can be classified as in Table 1 to characterize different magnitude of
droughts. SPI value ranging from 0.99 to -0.99 is considered as normal condition of any
station. Values that are exceeded 2 or -2 are considered as the extreme wet or dry
condition for a specific time interval. Values ranging from -1 to -1.5 and from -1.5 to -2
are characterized as moderate and severe dry conditions, respectively. When SPI values
of time series data are continuously negative and crossing -1 or less value it represents
the start of a drought. SPI value continues negative until it again becomes greater than
-1 or more value which represents the end of a drought. The total time duration between
start and end of drought can be considered as the drought duration.

Table 1: Classification of drought based on SPI index

Range Condition
SPI<-2 Extremely dry
-2<SPI<-1.5 Severely dry
-1.5<SPI<-1 Moderately dry
| -1<SPI<I Near normal
1 <SPI<1.5 Moderately wet
1.5<SPI<2 Severely wet
SPI>2 Extremely wet

SPI value ranging from 0.99 to -0.99 is considered as normal condition of any station.
Values that exceeded 2 or -2 are considered as the extreme wet and dry condition for a
specific time interval. Values ranging from -1 to -1.5 and from -1.5 to -2 are
characterized as moderate and severe dry conditions. When SPI value of time series
data is continuously negative and crossing -1 or less value it represents start of drought
and continues until it again becomes greater than -1 or for more value it represents the
end of drought. The total time duration between start and end of drought can be
considered as drought duration.
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2.2 Data and tools

This study is carried out using data of 28 Bangladesh Meteorological Department
(BMD) rainfall stations out of 34 all over Bangladesh. After quality control, six stations
were removed from the analysis as they had been missing value greater than 20% and
failed in the homogeneity test. Figure 1 shows these 28 stations of BMD which are
located all over the country. Two time chunks of 1971 t01990 and 1990 to 2010 are used
in the study to see the mean change of drought frequency of the region. Five specific
time durations of I-month, 3-month, 6-month, 9-month and 12-month can be
considered to provide idea of existing drought condition from different aspect of uses.
But for monsoon climate, sometime SPI value provides wrong information of drought
in some parts of country. For example, in Sylhet, there is no possibility of drought at all
as this part of the country experiences around 3500 mm above rainfall per year. Hence,
analysis has been made considering only 3-month seasonal SPI value for three different
seasons of the year from 1971 to 2010 with two different climate periods. Spatial
analyses were also made to see the change of mean state of drought in different severity
levels. Occurrence and frequency of different magnitude of drought vary from place to
place. Hence, comprehensive spatial distribution has been made to observe the
frequency of different season of droughts over Bangladesh.
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3. Results and Discussions

3.1 Seasonal SPI (3-month SPI)

Seasonal SPI or 3-month SPI is useful to understand the soil moisture condition of an
arca which primarily effects drought. Considering 3-month SPI it has been found that,
during Robi season, previously only one extreme drought event occurred specially in
1974 (Figure 2). But after 1991, there were 2 extreme droughts in the north-western part
of the country. Frequency of severe seasonal droughts increased all over the country;
however number increased rapidly over Dhaka and surrounding area (Figure 3) during
Rabi season. Moderately Rabi season droughts became more frequent than extreme and
severe drought from 1971-1990 to 1991-2010 period. Especially in north-western part
of the country, there is higher increase of drought events than other parts. But other
parts of the country also have more frequent moderate drought in recent years (Figure
4).
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Figure 2: Number of 3- month extreme drought events over Bangladesh during Rabi
season for 1971-1990 (left) and 1991-2010 (right)
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Figure 3: Number of 3- month severe drought over Bangladesh during Rabi season for
1971-1990 (left) and 1991-2010 (right)
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Figure 4: Number of 3- month moderate drought over Bangladesh during Rabi season
for 1971-1990 (left) and 1991-2010 (right).
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There was more frequent extreme drought during Kharif I season than any other seasons
during 1991 to 2010 period. One extreme drought occurred in north-western and central
parts of the country during 1971 to 1990 climate period (Figure 5). But extreme
droughts became more prominent in north-western corner as well as in south-western
part of the country at latter period (2000s period). Severe droughts were also more
frequent in the North-west corner of the country (Figure 6). Though, moderate droughts
during Kharif I season are less severe but they occur more frequently all over the
country except Sylhet and Chittagong regions. Frequency of moderate drought is
getting higher especially in Rajshahi, Pabna and Natore districts during Kharif II season
(Figure 7).
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Figure 5: Number of 3- month extreme drought over Bangladesh during Kharif I season
for 1971-1990 (left) and 1991-2010 (right).

Climate period of 1971 to 1990 had two extreme meteorological droughts in the central
part of northern Bangladesh during Kharif II period (Figure 8). But during 1991 to
2010 climatic period the number of extreme drought was shifted in the north western
region from central region and became more intense (Figure 9). Severe drought
frequency increased in Gaibandha and Rangpur districts in recent years during Kharif I1
season. More intensified frequency of moderate drought over north-western region was
also observed in recent decades during the season (Figure 10).
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Figure 6: Number of 3- month severe drought over Bangladesh during Kharif I season
for 1971-1990 (left) and 1991-2010 (right).
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Figure 7: Number of 3- month moderate drought over Bangladesh during Kharif 1
season for 1971-1990 (left) and 1991-2010 (right).
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Figure 8: Number of 3- month extreme drought over Bangladesh during Kharif 11
season for 1971-1990 (left) and 1991-2010 (right).
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Figure 9: Number of 3- month severe drought over Bangladesh during Kharif 11 season
for 1971-1990 (left) and 1991-2010 (right).
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Figure 10: Number of 3- month moderate drought over Bangladesh during Kharif 11
season for 1971-1990 (left) and 1991-2010 (right).

4. Conclusion

This study made an attempt to assess the present droughts and possible changes of the
frequency of droughts in future considering climate change. It has been found that
3-month seasonal SPI is comparatively better in capturing meteorological droughts over
Bangladesh. The frequency of extreme drought events (SPI value less than -2) had
decreased during the periods 1991-2010 comparing to the period 1971 to 1990. On the
other hand, frequency of severe and moderate drought events had increased in the last
two decades. Droughts are found more frequent in the north western parts of the
country.

Acknowledgements

The authors would like to acknowledge Bangladesh University of Engineering and
Technology (BUET), Bangladesh Agriculture Research Council (BARC) for providing
all kinds of supports to carry out this research.

59



References

Biabanaki, M., Eslamian, S. S., Abedi-Koupai, J., Cafién, J. and Boni, G. (2012), The
SPI index in west Iran associated to PDO signal, EGU General Assembly 2012 in
Vienna, Austria., p.7566.

Dash, B.K., Rafiuddin,M., Khanam, F. and Islam, M.N. (2012), Characteristics of
meteorological drought in Bangladesh, Nat. Hazard, 6(5), pp-515-522.

IPCC (2007), “Climate Change”, The 4th Assessment Report of Intergovernmental
Panel on Climate Change (IPCC), The Scientific Basis, Contribution of Working
Group-I, Cambridge University Press, Cambridge, UK, pp. 746.

NWMP (2011), Main report on National Water Management Plan, Ministry of Water
Resources, Government of Bangladesh, 2.

NAP (2005), National Action Program for Combating Desertification, Department of
Environment, Government of Bangladesh.

McKee, T. B., N. J. Doesken, and J. Kleist (1995), Drought monitoring with multiple
time scales, Ninth Conference on Applied Climatology, American Meteorological
Society, Jan 15-20, Dallas TX, pp.233-236, 1995.

Oliveira Junior, J.F., Lyra, G.B., Goéis, G., Brito, T.T., and Moura, N. (2012),
Homogeneity analysis of rainfall series to determine the drought index (SPI) in
the state of Alagoas, Floresta e Ambiente, 19(1), pp. 101-112, 2012.

Turkes, M. and Tatli, H. (2009), Use of the standardized precipitation index (SPI) and
a modified SPI for shaping the drought probabilities over Turkey, International
Journal of Climatology, 29(15), pp. 2270-2282.

Zhang, Q., Xu, C.Y., and Zhang, Z. (2009), Observed changes of drought/wetness

episodes in the Pearl River basin, China, using the standardized precipitation
index and aridity index, Theoretical and Applied Climatology, 98(1-2), pp. 89-99.

60



CHAPTER YV

Adaptation for Climate Change Effects on Groundwater Resource through
MAR Technique in Drought-prone Barind Area, Rural Bangladesh
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Abstract

In agro-based drought prone Barind Tract - the granary in the
northwestern part of Bangladesh, agricultural practices run mostly by
groundwater irrigation due to scarce rainfall along with limited scope of
its conservation. The area is suffering from moderate to high
meteorological drought risk, where magnitudes of long run annual as well
as seasonal rainfall show negative trend with increasing average annual
temperature and less humidity. Due to over-exploitation of groundwater,
the groundwater table (GWT) runs below suction limit especially in dry
season with very high depletion indicating groundwater drought
condition. At the same time the annual and seasonal water table
fluctuation (WTF) lowers hydraulic conductivity of the aquifer, and
making net potential recharge amount of groundwater gradually lower.
The existing aquifer for large scale groundwater development at greater
depth is not fully recharged even during rainy season. So groundwater
resource is under stress and it becomes worse due to simultaneous
increasing irrigation demand and extension of irrigated areas. In this
context, drought adaption measures like the artificial recharge of
groundwater or rainwater harvesting through the Managed Aquifer
Recharge Technique (MAR) has been undertaken where rainwater from
corrugated iron roof at the household level is collected and poured into
the aquifer through recharge box for subsequent movement to augment
groundwater resources. Implemented since November, 2013 it may be
considered as the first approach of this type in drought prone rural
Bangladesh with positive results where the declining trend of GWT is not
observed even after small amount of rainfall in pre-monsoon dry season.
The observed seasonal and annual declining trend of GWT over decades
regained during rainy seasons before 2004, but afterwards it did not return
back towards its original position due to meteorological as well as
groundwater drought condition. Presently application of MAR technique
has reversed the situation with rising trend of GWT without creating any
sort of quality (both chemical and bacteriological) hazards.

Keywords: Sustainable Groundwater Management, MAR Technique,
Barind area, Rural Bangladesh
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Introduction

In South Asia groundwater based irrigation is directed to cultivate high-yielding rice
variety during dry season. Bangladesh is the world’s fourth biggest rice-producing
country (Scott and Sharma, 2009 and IRRI, 2010), but here droughts are common
which especially affect its northwestern part more severely where the monsoon is
curtailed. In agro-based drought prone northwestern part of the country popularly
known as ‘Barind area’ - the granary where agricultural practices run mostly by
groundwater irrigation. Here rainfall amount is low having limited scope to conserve
rainwater and potential aquifer for large scale groundwater development exists at
greater depth. In order to achieve sustainable agricultural growth maintaining
ecological balance, the Barind Integrated Area Development Project (BIADP) under
the Barind Multipurpose Development Authority (BMDA) was launched in the Barind
area in late 80’s of the last century covering Chapai-Nawabganj, Naogaon and Rajshahi
districts with an area of 7,500 km? (Figure 1). Here the multi-cropping agricultural
practices boosted the crop intensity from 117% in pre-BIADP period to about 200%
(national average: 175%) at present.
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Figure 1. Barind area with locations of RGS, meteorological station and PHS

The Barind area is characterized by two distinct landforms: the Barind Tract and the
floodplains. Present study area includes Nachole Upazilla of Chapai-Nawabganj district
and comprises three unions as: Fatehpur, Nizampur and Nachole in the central part of
the Barind Tract. The Tract is a north-south dome shaped area (20-25 km wide in
east-west direction) and edged parallel by river valleys. The area Barind has elevation
of 47.0 m in its central part to 11.0 m in the southeast. The physiographic map of the
Barind area is shown in Figure 2. The area enjoys mainly three seasons: winter
(Nov-Feb) - cool and dry with almost no rainfall; pre-monsoon (Mar-May) - hot and
dry; and monsoon (Jun-Oct) - rainy.
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Hydrogeologically, Barind area is covered by semi-impervious silty-clay aquitard of
Recent-Pleistocene age with low infiltration rate where recharge potentiality is only
8.6% of the total annual rainfall (Adham er al, 2010). The area has a scope for
groundwater withdrawal by 8,728 Deep Tube-wells (DTWs) of 2-cusec capacity
(BMDA, 2001), but at present groundwater is withdrawn through almost 15,000 DTWs
both by BMDA and private owners. The scenario of DTWs during the period of
1995-2011 is shown in Figure 3.

As the demand of groundwater irrigation here increases day by day along with
meteorological variability, the stress on this resource increases and it becomes acute
with extension of irrigated agriculture. In this context, management practice through the
Managed Aquifer Recharge (MAR) technique - an artificial groundwater recharge
process, will be the adaptation measure for the sustainable management of groundwater
resource in the drought-prone Barind area in rural Bangladesh. So the aim of present
study is to evaluate the stress on groundwater especially due to meteorological
variability and increasing irrigation demand and exploitation; delineation of potential
aquifer zone suitable for application of MAR technique; and finally assessment of
groundwater quality for safe use after implementation of MAR technique as artificial
recharge process. This may be the first attempt of this type in the drought-prone rural
arca in NW Bangladesh.
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Data and Methods

For meteorological study, database constitute rainfall data from 13 Rain Gauge Stations
(RGS); and temperature, sunshine hour, relative humidity, wind speed and evaporation
data from 2 meteorological stations of Hydrology Division of the Bangladesh Water
Development Board (BWDB) and the Bangladesh Meteorological Department for the
period 1980-2009. The groundwater table (GWT) data of 73 Permanent Hydrograph
Stations (PHS) in the Barind area are collected also from BWDB. The technique has
been applied for trend analysis in the time series for meteorological as well as GWT
data with statistical parametric (linear regression analysis) method (slope b, mm/yr).
The geographical locations of RGS, meteorological stations and PHS are shown in
figure 1. Annual and periodic trends of rainfall and their magnitude (mm/yr) in Barind
Tract as obtained by parametric method are given in Table 1 and annual and periodic
trends of GWT and their magnitude (m/yr) obtained using same method for the period
of 1991-2009 is given in Table 2.

According to Ramamasy and Bass (2007), the actual rainfall varying from the mean
represents drought or flood conditions. Four threshold values are considered in the
present study to show the severity of meteorological drought. Here the annual
occurrence is calculated after Raghunath (1995) and the criteria for categorizing events
based on frequency include options like high, moderate, low and very low frequency.
Both the magnitude and frequency of a climate event permit the prioritization of
selected climate risks as: Class A, Class B, Class C and Class D. Drought planning
involves evaluation of indices and to classify the area into humid/ arid zone is very
much related to Net Irrigation Requirement (NIR) and irrigation water demand. For
analyzing increasing or decreasing trend, the aridity index for the periods 1980-1990
and 1991-2009 are calculated and given in Table 3.

Table 1. Values of linear regression analysis (b, mm/yr) of rainfall data
for period 1980-2009 in Barind Tract

Station Annual Dry Season Monsoon Season
Tanore 5.359 0.974 4.000
Godagari -6.691 -4.431 -2.676
Nachole 6.961 -1.548 9.203
Rohonpur -4.875 -0.517 -3.962
Nitpur 1.647 -4.198 5.360
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Table 2. Values of linear regression analysis (b, mm/yr) of GWT data for
the period of 1991-2009 in Barind Tract

Upazilla Well ID Dry Season Monsoon Season Annual Average
Godagari RJ042 -0.276 -0.209 -0.365
RJO81 -0.206 -0.215 -0.208
RJ092 -0.193 -0.261 -0.183
RJ123 -0.059 -0.094 -0.024
RJ124 -0.12 -0.118 -0.065
Tanore RJ039 -0.183 -0.445 -0.338
RJ040 -0.22 -0.521 -0.399
RJ136 -0.198 -0.385 -0.303
Gomastapur RJO19 -0.836 -0.393 -0.281
RJ048 -0.273 -0.149 -0.440
RJO75 -0.040 -0.020 -0.020
Nachole RJ041 -0.369 -0.551 -0.560
RJ045 -0.229 -0.489 -0.473
RJO73 -0.082 -0.076 -0.012
RJ122 -0.454 -0.434 -0.557
Niamatpur RJ020 -0.184 -0.418 -0.298
RJ047 -0.505 -0.419 -0.587
RJ127 -0.217 -0.529 -0.339
RJ128 -0.65 -0.394 -0.598
Porsha RJ009 -0.207 -0.207 -0.313
RJ049 -0.308 -0.308 -0.086
RJO052 -0.101 -0.101 -0.248
Shapahar RJOO1 -0.781 -0.781 -0.455
RJ004 -0.001 -0.001 -0.148
RJ006 -0.804 -0.804 -0.432
RJO50 -0.898 -0.898 -0.278

In the study, the monthly total Potential Evapo-transpiration (PET) and the
Evapo-transpiration values of crops (ET,,,) like paddy (Boro), wheat and potato are
calculated for the period of 1980-2009. The monthly total PET (mm/day) is estimated
by using modified Penman (1948) method (Doorenbos and Pruitt, 1977) is given in
Table 4. In the area paddy Boro is only major irrigated crop. The ET ., values of crops
like paddy (Boro), wheat and potato are calculated using formula suggested by
Michaeal (1978) where crop coefficient values are used as recommended by BMDA.
Calculated month-wise ET ., value of paddy and other crops for the period 1980-2009
are given in Table 5.
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Table 3. Classification of aridity index for the period of 1980-2009 in Barind Tract

Classification of Aridity Index
L. . (range values in parenthesis for humid zone) Aridit
District Upazilla o >=15) P/PET (>0.5) A, (-40) Zoney
1980-90(1991-09({1980-90{1991-09{1980-90(1991-09
Chapai- Rohonpur ' 42.81) 38.48 0.9 0.88] 60.14| 53.37
Nawabganj Nawabganj 35.1| 41.87 0.73 0.96 49.3| 58.07
Nachole 4231 42.72 0.89 0.98) 59.42| 59.25 Q
Naogaon Porsha 42.7) 49.07 0.89 1.12| 59.99| 68.06 %
Shapahar 43.55| 42.66 0.91 0.98| 61.18] 59.16 T
Rajshahi Godagari 431 37.82 0.9 0.87| 60.55| 52.46
Tanore 44.64| 47.61 0.93 1.09] 62.71| 66.02

Table 4. Average daily PET values (mm/day) in Barind area for the period 1980-2009

Chapai -Nawabganj and Rajshahi districts
Jan |Feb | Mar | Apr |May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
2.65 (3.77 |5.465 |6.495 [6.005 |4.945 |4.465 |4.645 | 4.24 |4.235 | 3.37|2.675
Naogaon district
2.61 |3.56 | 5.12| 5.95(5.605 {4.965 | 4.44 | 4.57|4.145| 4.1 |3.255(2.545
Table 5. ET values (mm/day) for different crops in Barind area
Chapai -Nawab.gal}j and Rajshahi Naogaon district
districts

Months ETgoro ETwheat | ET potato ET Boro | ET wheat | ET potato
Jan 2.79 2.785 3 2.75 2.74 3.13
Feb 4.17 0.945 3.81 3.94 0.89 3.77
Mar 5.90 ok *x 5.53 ok *E
Apr 7.13 x o 6.53 * *
May kek sk skek ek sksk skk
Jun ke sksk ek ek sk ek
Nov ok 0.845 1.785 ok 0.815 1.725
Dec ok 1.74 2.275 ok 1.65 2.17

Groundwater recharge or net recharge is calculated in present study for the period
1990-2009 by water table fluctuation (WTF) method, which is based on the assumption
that groundwater level rises in unconfined aquifers caused by recharge due to rainfall
and infiltration. For groundwater recharge calculation specific yield values of aquifer
lithology are taken as 0.03 to 0.29 (BMDA, 2006). Here the useable recharge is
calculated by the guidelines of the Master Plan Organization (MPO, 1985), the National
Water Management Plan (NWMP, 2000) and the BMDA (2006) where an average
value, i.e., 75% of potential recharge of groundwater has been taken as useable recharge
for development consideration.
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Upazilla-wise calculated values of groundwater recharge (mm), potential recharge
(mm) and useable recharge (mm) are given in Table 6. The NIR of paddy (Boro) is
calculated using 80% dependable rainfall by the field water balance equation
(Doorenbos and Pruitt, 1977). Positive and negative NIR values indicate amount of
excess and insufficient rainfall respectively needed for a particular crop. Table 7 shows
NIR values of paddy (Boro), wheat and potato in Barind Tract.

Table 6: Upazilla-wise calculated values of net recharge (mm), potential recharge (mm)
and useable recharge (mm)

Potential Recharge (mm Useable
. Area Cultivabl Cultivabl Net NWM Ee (o) recharg
Upazilla e area Recharg | MPO BMDA

(ha) | “hay (€A% mm) | 1987y | P [(2006) | AVE | ©

(2000) (mm)
Godagari 47215 | 20227 42.8 484 312 428 521 420 315
Tanore 20541 | 23633 80.0 270 344 381 357 361 271
Gomastapur| 31814 | 19081 60.0 445 228 574 413 405 304
Nachole 28360 | 22688 80.0 370 228 338 496 354 266
Niamatpur |44943 | 14223 31.6 355 344 388 451 394 296
Shapahar | 24450 | 17774 72.7 402 501 541 411 484 363
Porsha 25284 | 13751 54.4 394 311 505 358 391 294

Table 7: NIR of Paddy (Boro), Wheat and Potato in Barind Tract

Cultivated
Upazilla area (ha) NIR (mm) Total
Rice ( Boro)

Jan Feb Mar Apr Total

Godagari 11125 79.3 102.4 (163.2 | 173.7 | 518.5
Tanore 12998 80.8 104.3 | 159.8 | 179.2 | 524.2
Rohonpur 10495 80.4 107.5 |168.9 | 172.3 | 529.2
Nachole 12478 82.6 108.2 [166.7 | 181.3 | 538.8
Porsha 7563 78.7 102.3 |157.0 | 181.6 | 519.6

Wheat

Nov Dec Jan Feb Total

Godagari 4247.7 17.0 47.9 79.2 12.0 156.0
Tanore 4962.9 13.4 47.2 80.7 14.0 155.3
Nachole 4764.5 154 41.9 82.5 17.9 157.6
Porsha 2887.7 16.3 43.8 78.5 16.9 155.5

Potato

Nov Dec Jan Feb Total

Godagari 1618.2 45.2 64.9 85.8 92.2 288.1
Tanore 1890.6 41.6 64.2 87.4 94 .2 287.4
Rohonpur 1526.5 44.9 62.9 86.9 97.4 292.1
Nachole 1815.0 43.6 58.8 89.1 98.1 289.7
Porsha 1100.1 43.6 59.9 90.6 97.5 291.6
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The Vertical Electrical Sounding (VES) technique of the electric resistivity survey
using the Schlumberger electrode configuration has been carried out to delineate the
water bearing formation (aquifer) up to 150 m for site recommendation of recharge
structure in Mollickpur village of Fatehpur union, Ganoir village of Nachole union and
Khoribari village of Nizampur union. The VES survey was carried out by signal
stacking resistivity meter of model SSR-MP-AT-S of Integrated Geo Instruments &
Services Pvt. Ltd. and its accessories. The analysis of the VES data was conducted
using resistivity meter compatible software IGIS 2.0 which produces physical
parameters like section graph inferring lithology for the individual VES sites, layer
thickness and depth, true resistivity for each layer after analyzing the apparent
resistivity which was inputted to the software in rho format. Representative geoelectric
sections of different VES stations are shown in Figure 3.

Geographical Information Systems (GIS) has been used as a management and decision
tools by many researchers for the meteorological and hydrological research (Fischer ez
al., 1996 and Chappell et al., 2003) and maps were prepared using the geo-statistical
analyst tool integrated in Arc GIS 9.3 software.
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Figure 3. Representative geo-electric sections of VES stations in study area
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The simple Voronoi map based on long-term (1991-2009) trends of GWT in dry season
in Barind area (Figure 7) indicates its general declining trends with respect to spatial
and methodical variation where the rate of changes varies from -0.9 to +0.1 m/yr (avg.
-0.19 m/yr). Very strong declining trends (rate of change from -0.82 to -0.2 m/yr) are
found in the Barind Tract with higher rates in its central part (-0.82 to -0.4 m/yr). On the
other hand, rainy season (Figure 8) also indicates its general declining trend in the
Barind Tract with rate of changes from -0.55 to +0.06 m/yr (avg. -0.17 m/yr) and the
declining trend is very high in its central part (-0.67 to -0.4 m/yr). The long-term
(1991-2009) annual average depth of GWT also shows a general declining trend (Figure
10) in the Barind Tract where the magnitude of changes ranges from -0.6 to 0.13 m/yr
(avg. -0.18 m/yr) with higher declining trend in its central part. The seasonal as well as
annual WTF value increases towards the central part of the Barind area with higher
values in the Barind Tract resulting in increasing depth of GWT and lower
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hydraulic conductivity, and hence strong groundwater drought prevails in the central
part of the Barind area. The annual long-term trends of GWT as well as for both dry and
monsoon seasons show varying rate of depletion and reveal that the aquifer in the area
is generally not fully recharged in recent years even during rainy season, and this
situation differs with widely accepted assumption of fully recharged condition of
aquifer during rainy season in Bangladesh (UNDP, 1982; WAPRO, 2000; BGS and
DPHE, 2001; Harvey et al., 2006).

(a)

Legend

Changing rates by linear trend (m/year)

Il 09-05 [ 056--05 03--02 |l 00-01
i -0.8--0.7 05--04 0.2--0.1

Il o7--06 ©04--03 [N -01-00

o 25 50
I ] iometers

Figure 7. Spatial distribution of GWT trend of rainy season: (a) changing rates
by linear trend and (b) difference between 1991 and 2009

Groundwater Recharge and Net Irrigation Requirement (NIR)

In Barind area, the maximum and minimum daily average PET wvalues in
Chapai-Nawabganj and Rajshahi districts during winter season vary from 4.23 to 4.94
mm/day respectively, but that of daily average values of pre-monsoon season vary from
5.46 to 6.49 mm/day (Table 4), which indicates a decreasing PET values in the northern
part than that of south. The month-wise ET ., values (Table 5) estimated for paddy
(Boro), wheat and potato vary from 2.79 to 7.13; 0.84 to 2.78 and 1.78 to 3.81 mm/day
respectively in Chapai-Nawabganj and Rajshahi districts indicating also decreasing
value in northern part than that of south.
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Figure 8. Spatial distribution of annual average groundwater table trends:
(a) Changing rates by linear trend and (b) Difference between 1991 and 2009

The net groundwater recharge as estimated from WTF method in the Barind Tract
ranges from 270 mm to 484 mm (Table 6). The average potential recharge in the area as
calculated from MPO (1987), NWMP (2000) and BMDA (2006) studies ranges from
354 mm to 484 mm. On the other hand, usable groundwater recharge is considered as
75% of the potential recharge (MPO, 1985) and ranges from 266 to 475 mm that can be
used for irrigation purposes in the area. The ranges of total NIR for paddy (Boro), wheat
and potato for the period 1980-2009 during cultivation period are from 518 to 538, 155
to 157 and 287 to 292 mm respectively (Table 7). The maximum NIR for paddy (Boro)
is required during the month of Mar-Apr in pre-monsoon season and ranges from 157
to 181 mm. On the other hand, the maximum NIR of wheat during the months of
Dec-Jan in winter season comprises 41 mm to 89 mm. The values of NIR for paddy
(Boro), wheat and potato generally stand highest in the central part of the Barind Tract,
where the total cultivated areas stands for 55, 21 and 8% of cultivable area respectively.

Comparison between NIR for paddy (Boro), wheat and potato, and net, potential and
useable groundwater recharge reveal that groundwater resource in the Barind Tract is
under stress where NIR of paddy (Boro) exceeds potential recharge (Figure 9). Here the
situation is worsening due to extension of irrigated areas by PPs, STWs and DTWs
(Figure 10a). During the period 1993-94, total irrigated areas by PPs, STWs and DTWs
were 529,000 acres whereas during 2009-2010, it increases almost 3.5 times higher,
although paddy production over the years is increasing in area, which helps to achieve
food security of the country (Figure 10b).
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groundwater recharge along with net irrigation requirement for Boro, wheat and potato
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Artificial Recharge of Groundwater

The Barind Tract is characterized by elevated land escape with low annual as well as
seasonal rainfall. Here the magnitude of change of annual as well as seasonal rainfall
show negative trend in long-run (1980-2009) where average annual temperature is high
with less humidity. The moderate to high drought risk condition prevails here. At the
same time, GWT in the Barind Tract run below suction limit, especially in dry season
due to increasing irrigation demand for countries food security and hence
over-exploitation of groundwater resource indicating groundwater drought condition.
Here depth to GWT increases over the years with very high rate. On the other hand,
annual as well as seasonal WTF results in increasing depth of GWT that lowers
hydraulic conductivity of aquifer. As a result of lowering trend of hydraulic
conductivity, the net and potential recharge of groundwater are becoming lower. The
aquifer in the area is not fully recharged even during rainy season. So the groundwater
resource potentiality of the Barind Tract is under stress and situation is worsening due
to over-exploitation of groundwater and extension of irrigated areas.

Considering moderate to high meteorological as well as groundwater drought condition
and as well as over-exploitation of groundwater resources with extension of irrigated
arcas and irrigation demand, drought adaptation measures like the artificial recharge of
groundwater or rainwater harvesting - a water banking process is taken as drought
adaption action where MAR technique is an engineered system, and rainwater is put in
the underground for subsequent movement to aquifers to augment groundwater
resources. This type of approach through MAR technique may be considered as pioneer
one in drought prone rural Bangladesh.

Design and management of the MAR technique involves geological, hydrological,
water quality, engineering aspects, monitoring and impact assessment, which are
described below.

Geological and Hydrogeological Aspects: In this study geoelectric sections of
different VES stations are prepared and it reveals that the topmost layer (Zone-I) of
geoelectric section in the area is characterized by clay lithology with resistivity value
ranging 9-28 Qm and thickness from 16 to 22 m. Below the Zone-I, there exists aquifer
layer (Zone-II) of fine and medium sand lithology with thickness 8 to 27 m with
resistivity values range from 63-198 Qm and is treated as the main aquifer having
potentiality for groundwater development for drinking and irrigation purposes. This
potential water bearing zone lies over a very thick (8 to 17 m) silty-clay aquitard
(Zone-III) of resistivity values of 4-15 Qm. Below the silty-clay layers, sandy aquifer
of fine to medium sand lithology of thickness ranging from 13 to 41 m exist, up to the
depth of 91-95 m. The 3-D presentation of top most clay layer (Zone-I) and main
aquifer (Zone-II) is shown in Figure 11(a-b). The aquifer is characterized based on
transmissibility values of low (<500 m?/day) in the central part of the Barind Tract,
suitable for domestic water supply; and medium (500-1000 m*/day) in and around the
Barind Tract suitable for irrigation and domestic needs (Jahan, 1997; Pitman, 1981).
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Figure 11. 3D presentation of (a) Top most clay layer (Zone-I) and
(b) Main aquifer (Zone-II) based on VES

Engineering Aspect: Rain-gauge stations are set up in each recharge site to measure
the monthly amount of rainfall. Here roof water harvesting system at houschold level is
only option that delivers water at the doorstep where the rainwater is collected on a roof
of corrugated iron and poured through a gutter into a storage system. Here the total
catchment (roof of corrugated iron) as used for rain water harvesting is 200 m? with five
recharge points in each village and rainwater from roof is used to recharge aquifer
through pipes. Before injecting rainwater through recharge structure, it makes free from
any sorts of silt and debris present. From roof, rainwater through pipes is poured
directly in aquifer through recharge box (1.5 mx1.5 m size) filled with brick cheeps of
6, 10 and 20 mm sizes. The recharge boxes have depth of 3 m in the top clay layer
(Zone-I). The groundwater level is monitored by observation wells of 28 and 34 m
length situated in the aquifer zone (Zone-1I) in Mollickpur and Ganoir villages
respectively with well diameter of 15.25 cm. Two filters at depths 20 and 22.4 m are
fitted with observation well with respective length of 1 and 6 m. The schematic diagram
of the MAR technique is shown in Figure 12.
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Monitoring and Impact Assessment: Artificial recharge structures in the study area
are installed in the month of November, 2013 and it is observed that:

e The GWL has a declining trend during the months of February to May in every
year in the study arca. As in the 4® week of April, 2014, the amount of rainfall
was 41 mm, so in 1*' and 2" week of May declining trend of GWT was not
observed.

e During January to October 2014, the total amount of rainfall was 687 mm in
Ganoir village. Here in January (2014), the depth of GWT was 33.82 m, but at
the end of April and September, the depths were 34.13 and 26.0 m respectively,
1.e., GWT has declined by 1.31 m and rose up to 7.82 m respectively. On the
other hand, during the period of January to October, the total amount of rainfall
was 677 mm in Mollickpur village. Here in January (2014), the depth of GWT
was 11.11 m, but at the end of April and September the depths of GWT were
13.30 and 6.10 m respectively, i.e., GWT had declined by 2.19 m and rose up
5.01 m respectively in comparison to January (2014).

e The seasonality of GWT change is decreasing over the years. Up to 2004 the
GWT almost regained its original level but after that the fluctuation of GWT
started rising due to inadequate recharge (Figure 13, Well ID No. 122).

e After implementation of MAR technique situation started to reverse, that is
GWT started rising in response to the augmented recharge artificially. The
hydrograph of GWT before and after implementation of MAR technique are
shown in Figure 13.

Hydrochemistry during Pre- and Post MAR Application: The physical (pH, EC and
temperature) and chemical (Fe™, SO,?, PO,, NO,” an As) parameters as well as
bacteriological (Fecal Coliform) content of groundwater samples from hand tube wells
are analyzed for pre- and post- MAR technique application stages in the NGO Forum
Laboratory, Dhaka and the results are compared with WHO (2008), Bangladesh
Department of Water Standards (BDWS) 2004, the European Union (EU) (1998) and
ECR (1997) standards as recommended for drinking purpose (Table 8). In both pre- and
post MAR technique application times), groundwater quality remains within drinking
permissible limit and free from arsenic toxicity and Fecal Coliform bacteria
contamination. Hence the groundwater quality before and after MAR technique
application is safe for drinking purposes without creating any sort of quality hazard.
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Village: Mollickpur, Union: Fatehpur, Upazila: Nachole,

@t: Chapai-Nawabganj

©
Roof of Corrugated Iron
(Area 200 Sq. m)

Recharge Box
(15mX15m)
Cheeps of Brick
(Size: 6, 10 & 20mm)

Stainer
(Length=1m)
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(Depth =27.5m & Clay
Diameter =15.25 cm)

M.Sand
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Figure 12. Schematic Diagram of MAR Technique
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Figure 13. Hydrograph of GWT before and after Implementation of MAR
Technique
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Table 8. Groundwater Quality in Pre- and Post MAR Technique Application Period

Parameter | Pre-MAR | Post MAR Remarks | WHO (2008)/BDWS (2004)/
Technique| Technique (EU) (1998)/ECR (1997)
Standards
» | pH 6.9-7.2 7.1 Neutral Type |Permissible quality
§ % EC, uS/cm| 519-675 500 Moderately Safe for drinking purpose and
e g saline irrigation in almost all types of
£ 5 soil
® | Temp., °C [25.5-26.0] 26.0
Ca’', mg/l |46.4-72.5 36.2 Within drinking and irrigation
. Fe' o, 0.48-1.29| 1.16 water quality standards
E g mg/l2
£ 2 S04, mg/l| 0.5-0.6 0.6
S [POs, mg/l | 0405 0.3
© S |INOs, mg/l| 5.0-8.0 5.0
As, mg/l <0.1 <0.1 Free from Free from hazard
toxicity
Fecal Coliform Nil Nil Safe for drinking purpose
Conclusions
1. In the Barind Tract in NW rural Bangladesh, the long run average annual
(1525 mm) as well as seasonal rainfall is much less than the national average
(2550 mm) with mostly negative trend in magnitude of change. Moderate to
high meteorological drought risk conditions prevail in this humid area that
creeps towards semi-aridity in recent years.
2. During 1991-2009, the seasonal and annual trends of GWT show rapidly

declining. Here the average values of WTF range from 6.08-7.02 m and
higher values in its central part with increasing arcal extent in recent years.
Very strong declining trends of GWT are found in dry season (0.67-0.40
m/yr) in its central part, and the rainy season also shows same trend (average
value: 0.17 m/yr). The long-term annual average depth of GWT also shows
a general declining trend with average magnitude of changes is 0.18 m/yr
and higher values in its central part along with lower hydraulic conductivity
of aquifer. Ultimately the aquifer is generally not fully recharged in recent
years even during rainy season, and this situation differs with widely
accepted assumption of its fully recharged condition during rainy season in
Bangladesh. Presently, the area suffers from groundwater drought condition,
as GWT runs below the suction limit especially in dry season and peoples are
not getting even drinking water from hand tube-wells.
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3. Considering NIR for major crops and groundwater recharge scenario, it is evident
that the groundwater resource in the area is under high stress and the situation is
becoming worse due to expansion (3.5 times) of groundwater based irrigated areas
over last two decades, although rice production has increased helping to achieve
county’s food security. Moreover, the meteorological variability and climate
change affect building up stresses on this resource.

4. So far drought adaption options and groundwater stress are concerned, artificial
recharge of groundwater or rainwater harvesting through MAR technique is being
promoted in the area to augment recharge artificially with a positive effect where
the declining trend of GWT has meanwhile started to reverse without creating any
quality (chemical and bacteriology) hazard.
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