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ABSTRACT

This study is a quantitative assessment of the green, blue and grey water footprint of rice in Bangladesh.
It concentrates on three fiscal years ranging from 2011 to 2014 and covers all the three types of rice
produced in Bangladesh, namely Aus, Aman and Boro. This is a pioneering study in this kind in
Bangladesh and has the novelty in using localized data. Rainfall data is taken from 35 rainfall
measuring stations of Bangladesh Meteorological Department whereas yield data is taken from
Bangladesh Bureau of Statistics. CLIMWAT 2.0 and Harmonized World Soil Database 1.21 are used to
extract climate and soil information respectively. Lastly, CROPWAT 8.0 is used for estimating the
actual crop evapotranspiration. The grey water footprint is calculated based on the application rate of
Nitrogen based fertilizers. The three distinct water footprints are analyzed for each district of
Bangladesh. This very first study, using local data finds the green and blue water footprint of Boro rice
in Bangladesh to be 147 cubic meter/M. ton and 1162 cubic meter/M. ton respectively. Maximum total
water footprint is found for Aus rice. Results from such analyses will help in regional water resource
management in a more efficient way.

Keywords: Bangladesh; blue water; green water; grey water; water footprint.

INTRODUCTION

Terrific economic development results loss of natural resources on the earth and amid those loss gradual
depletion of available freshwater throughout the world has become one of the major concerns in the
recent years. An efficient and effective distribution of water with other economic resources has become
instrumental to ameliorate the crisis. Along this line, the concept of “water footprint” was coined by
Hoekstra in 2002 (Hoekstra, 2003). The water footprint of an individual or community is defined as the
total volume of freshwater that is used directly and indirectly to produce any goods and services
consumed by the individual or community. The water footprint is therefore a consumption based
indicator of freshwater use (Hoekstra et al., 2008). The assessment of the water footprint, from a
hydrological, ecological, and economic perspective, is very significant to facilitate an efficient
allocation of water resources as it can provide a transparent and realistic guidance for optimizing the
water policy decisions. In the recent years of water scarcity in many parts of the world, water footprint
and virtual water trade have received much attention as both policy instrument and practical means to
balance the local, regional, national and global water budget.

Water footprint assessment includes both direct and indirect water footprint as suggested by Hoekstra et
al. (2011). In case of assessment of water footprint of a crop there exists two stages, namely- crop
processing and crop to product processing. In crop processing, direct water footprint includes direct
blue, green and grey water footprint, on the other hand, indirect water footprint comprises of water use
associated with fertilizers, pesticides, machineries etc. The green water is defined as that part of the
precipitation on land that does not run off or recharge the groundwater but is stored in the soil or
momentarily stays on top of the soil or vegetation and ultimately, evaporates or transpires through
plants. In monetary perspective, the blue water is of foremost importance because it costs higher than
the other types and it is a major concern to limit the use of blue water i.e. the surface water and the
ground water. In crop processing, the blue water refers to the amount of water supplied to the crop by
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irrigation. The last type is the grey water footprint, which is an indicator of water pollution, associated
in the crop processing and is defined as the volume of freshwater that is required to assimilate the load
of pollutants based on natural background concentrations and existing ambient water quality standards.

A number of studies were carried out so far in some developed and developing countries e.g. USA,
China, Indonesia, India etc. to explore the facts regarding water resource management that were not in
concern before the introduction of water footprint concept. A study on consumption perspective
(Chapagain et al., 2010) reveals that the green water footprint is noticeably larger than blue water
footprint in India, Indonesia, Vietnam, Thailand, Myanmar and the Philippines for rice whereas USA
and Pakistan showed larger blue water footprint compared to green water footprint. In recent past, a
study on the past and future trends of grey water footprint of anthropogenic nitrogen (N) and
Phosphorus (P) exhibits terrible condition of river due to increasing grey water footprint. The study was
conducted over 1000 rivers within a time period of 1970 to 2000 and found that the pollution
assimilation capacity of these rivers have been fully disbursed (Liu et al., 2011). Majority of these
well-recognized studies on water footprint are conducted on large area basis where corresponding data
are extracted predominantly from international database. However, analyses based on such dataset may
not be reliable enough because of difference between local and international data set. The novelty of the
current study lies here. Perception of the significance of water footprint of one of the most water
intensive crops, rice in Bangladesh and the absence of assessment with local data leads to this study.
This paper estimates the direct water footprint of main three types of rice (Boro, Aus, Aman) crop
processing stage which is candid as per the guideline in “The water footprint assessment manual
(Hoekstra et al., 2011)” to simplify the study and prevent it from being intricate.

METHODOLOGY AND DATA

This assessment is a level B spatial explication, which estimates the direct water footprint of rice
processing (planting to harvesting) in Bangladesh conforming “The Water footprint Assessment
manual” by Hoekstra et al. (2011). There are two popular systems of rice cultivation in Bangladesh,
namely up land system and wet land system; however, wet land system is the practice in Bangladesh.
The wetland system follows preparation of field by tillage & puddling. A standing water layer is also
maintained throughout the cultivation period to saturate the soil. The study covered altogether the
districts in Bangladesh. It also used data predominantly from local sources and checked with global
database to reassure right assessment. The assessment of water footprint of rice processing (planting to
harvesting) could be depicted in Eq. 1.

WFproc. rice :WFblue+WFgreen+WFgrey (1)

Assessment of the blue and green water footprint

Both green and blue water is consumed by rice in the form of evaporation, incorporation in crop and
change of catchment area. Quantitative assessment of loss of water due to change of location of water
between different catchment areas is not feasible and a cuambersome task therefore it is neglected along
with the incorporated water which is found usually as maximum as 1% of evapotranspiration. The study
computed only the water that evaporates. Table 1 shows planting and harvesting dates of three major
types of rice namely Aus, Aman and Boro.

Table 1: Major types of rice and their planting and harvesting date for Bangladesh

Rice Type Planting Date Harvesting Date
Boro 15-Dec 13-Apr
Aus 1-May 28-Aug
Aman 15-Aug 12-Dec

The green and blue water footprint (m’/ton) of rice is obtained by dividing the corresponding
evapotranspiration (m’*/ha) by yield (M.ton/ha). Yield data is obtained from Bangladesh Bureau of
Statistics (BBS, 2013). Evapotranspiration was estimated using CROPWAT 8.0 model developed by
the Food and Agriculture Organization of the United Nations (FAO, 2010b). CROPWAT 8.0 offers two
different options to compute evapotranspiration, namely crop water requirement option and irrigation
requirement option. Crop water requirement option is based on optimal condition and gives
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comparatively unrealistic results compared to irrigation requirement option. This study obtained actual
evapotranspiration (ET.) using irrigation requirement option. The monthly rainfall data for the 35
stations over Bangladesh is collected from Bangladesh Meteorological Department and the effective
rainfall is computed using USDA SCS (United States Department of Agriculture, Soil Conservation
Service) method which calculates effective rainfall according to the Eq. (2) and (3).

Peff: Pmonth * (125 -02* Pmonth) /125 for Pmonth <=250 mm (2)

Peff: 125 +0.1 * Pmonth for Pmonth > 250 mm (3)
where, P.¢ = effective rainfall and Py, = total rainfall in the concerned period. In Bangladesh wet land
method is utilized in which the standing water layer comes with a constant percolation and seepage loss
varies from 2 mm/day (heavy clay) to 6 mm/day (sandy soil) (Chapagain et al., 2010). An average of 3
mm/day is used in this study as percolation loss. In last 15 days of rice cultivation the field is left to dry
for harvesting. Factors like soil moisture prior to land preparation, contribution from shallow ground
water through capillary rise and outflow of the overland runoff from adjacent rice fields are neglected in
this study. The value of k. is taken from Allen et al, (1998). Soil data for 64 districts is formatted with
the help of FAO’s Harmonized World Soil Database Viewer 1.2 and Soil Water Characteristics 6.02.74.

The crop water requirement is obtained by multiplying reference evapotranspiration (ET,) with crop
coefficient (K,). It is assumed that the water stress co-efficient K;=1, which means water requirements
(CWR) are fully met. Therefore, CWR= ET, where, ET.= Actual crop evapotranspiration. Reference
crop evapotranspiration (ET,, mm/day) is taken from CLIMWAT 2.0 model output in monthly basis.
Actual crop evapotranspiration and effective rainfall calculated with the help of climate file, rainfall
file, crop file and soil file are used to determine green and blue water footprint. Green water footprint is
the minimum of actual crop evapotranspiration (ET.) and effective rainfall (P.y) while blue water
footprint is either zero or the difference between actual crop evapotranspiration and effective rainfall.

ETgreen = Min. (ET, Pegr) 4)

ETblue = Max. (0, ETC — Peff) (5)

Assessment of grey water footprint
Numerous formulations are found in literature to calculate of grey water requirement for point sources
of water pollution but in case of crop processing the source of pollution is diffuse. To overcome the
unfeasibility of apportioning the measured concentrations to different sources, “The Water Footprint
Assessment Manual” (Hoekstra et al., 2011) recommends to estimate the fraction of applied chemicals
that enters the water system by using simple or more advanced models. The simplest model assuming
that a certain fixed fraction (Leaching Run-off Fraction, a) of the applied chemicals (AR kg/ha) finally
reach the ground- or surface water gives a simple and workable formula shown in Eq. (6).

a* AR « 1 Volume 6)
(Cmax—Cnat) Y Mass
where, C.~=Maximum acceptable concentration for the pollutant considered (kg/m’), C,,=Natural
concentration for the pollutant considered (kg/m®), Y=Crop yield (kg/ha). Since a number of chemical
components are present in fertilizers and pesticides, selection of a certain or all the chemicals for the
grey water footprint calculation becomes a question. The answer comes from another assumption: grey
water footprint will be calculated only for the “Critical Pollutant”, which creates most severe effect on
environment. This work assumes Leaching-run-off fraction, a to be 10% and Nitrogen-based fertilizers
to be the Critical Pollutant (Chapagain et al. 2006b).

WEproc, grey =

RESULTS AND DISCUSSIONS

Water footprint of 64 districts in Bangladesh of three different type of crops is shown in Table 2. A
number of districts located in the south east, south west, north and north east part of the country is
greatly facilitated by the moon soon rain during the rainy season. As a result Aus and Aman growing in
this season show a large amount of green water footprint and small or no blue water footprint.
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Table 2: Green, blue and grey water footprint of Boro, Aman and Aus rice of 64 districts in Bangladesh

Water footprint (m’/M.ton)

.. Boro Aus Aman
District

Green Blue Grey Green Blue Grey Green Blue Grey
Bagerhat 32.0 1414.8 8.8 2817.8 0.0 15.2 2694.8 0.0 16.5
Bandarban 547.6 814.8 9.5 2760.4 0.0 15.7 1768.0 0.0 12.4
Barguna 4.8 21264 13.2 2734.7 0.0 15.4 2702.0 0.0 17.0
Barisal 178.3 1137.7 8.2 3160.9 0.0 17.8 24532 0.0 15.4
Bhola 33.1 1403.0 8.9 3340.8 0.0 18.8 2536.5 0.0 15.9
Bogra 49.0 1318.5 8.0 2815.2 297.4 14.6 1953.0 210.8 13.1
Brahmanbaria 153.9 1110.2 7.8 2910.1 133.2 17.1 2150.5 153.6 14.8
Chandpur 136.6 1106.7 7.7 2462.9 0.0 13.8 2706.1 0.0 17.3
Chittagong 47.0 1235.1 9.0 2237.4 0.0 12.7 1679.3 0.0 11.8
Chuadanga 55.6 1257.7 7.8 2336.2 812.0 13.0 1690.5 3439 11.8
Comilla 154.4 1113.8 7.9 2278.4 104.3 134 1858.2 132.7 12.8
Cox's Bazar 179.3 1408.5 9.3 2337.7 0.0 11.5 1797.0 0.0 10.5
Dhaka 103.3 1276.5 7.2 43447 28.8 20.8 3047.8 549.1 20.7
Dinajpur 104.5 1190.2 8.0 2706.6 0.0 13.3 1854.7 0.0 11.9
Faridpur 81.5 1076.2 7.2 5865.6 0.0 33.7 2260.3 34.5 15.4
Feni 88.4 1347.1 8.9 2518.6 0.0 14.1 1675.0 0.0 10.6
Gaibandha 48.3 1299.6 7.8 3054.3 322.7 15.9 1908.6 162.9 12.4
Gazipur 106.6 1317.5 7.4 3559.6 23.6 17.1 1630.0 293.6 11.1
Gopalgonj 53.3 1022.6 6.7 5882.4 0.0 33.1 3962.8 0.0 24.9
Hobigonj 419.9 928.7 8.6 2415.0 0.0 12.9 1986.4 0.0 12.7
Jamalpur 46.7 1167.0 7.6 3895.0 204.4 20.2 2046.8 197.4 13.7
Jessore 111.2 1154.9 7.4 2603.1 0.0 12.9 2000.9 0.0 124
Jhalakathi 197.6 1260.8 9.0 29247 0.0 16.4 2721.2 0.0 17.1
Jhenaidah 54.8 1260.8 7.7 23449 292.8 13.0 1651.9 208.9 11.5
Joypurhat 44 .4 1195.1 7.2 2969.5 313.8 15.4 1771.8 191.2 11.9
Khagrachari 524.9 781.1 9.1 2654.0 0.0 15.1 1488.0 0.0 10.4
Khulna 73.2 1284.7 8.3 3867.5 0.0 20.8 1981.1 256.1 13.7
Kishoregonj 74.8 1114.0 7.4 2973.0 0.0 14.7 1527.5 2729 11.0
Kurigram 93.8 1078.8 7.6 4178.7 0.0 21.0 1867.6 2447 13.2
Kushtia 53.2 1089.1 7.4 2489.3 728.3 13.8 1883.1 315.4 13.1
Lakshmipur 103.7 1192.2 8.4 3494.6 0.0 17.6 21104 276.5 14.9
Lalmonirhat 56.7 1122.4 7.3 3851.8 0.0 21.5 1865.8 0.0 11.8
Madaripur 59.2 1138.8 7.4 5780.0 0.0 33.2 3597.3 0.0 24.2
Magura 119.2 1163.3 7.9 2157.9 0.0 12.4 1838.9 0.0 12.3
Manikgonj 104.3 1288.3 7.3 63423 42.0 30.4 4178.8 752.8 28.4
Maulavibazar  69.7 1427.7 9.8 23442 685.8 13.0 1622.3 271.7 11.3
Meherpur 377.8 835.6 7.8 2286.5 0.0 12.2 1862.5 0.0 11.9
Munsigonj 109.6 1353.6 7.6 4362.6 28.9 20.9 3791.8 683.1 25.8
Mymenshing  85.0 1265.5 8.4 3200.7 0.0 15.8 1970.9 352.1 14.2
Narail 103.9 1255.2 7.2 5375.1 899.7 25.7 2125.6 746.7 16.2
Narayangonj 114.0 1184.8 7.6 3223.8 0.0 159 3476.5 0.0 21.5
Narsingdi 107.9 1065.7 7.5 3648.5 0.0 18.3 1889.2 287.0 12.9
Natore 94 4 932.1 6.6 3365.5 0.0 16.9 2071.0 314.6 14.1
Nawabgonj 198.5 1276.9 8.3 2386.3 987.4 15.1 1774.3 263.2 11.8
Netrokona 612.7 625.5 7.7 3299.6 0.0 16.3 2150.6 0.0 13.1
Nilphamari 81.9 1016.8 7.7 3009.0 0.0 14.4 1867.4 0.0 11.5
Noagaon 104.6 1263.0 7.3 2660.9 445.4 12.7 1489.5 523.2 114
Noakhali 61.0 1208.6 7.9 3380.3 0.0 18.9 2606.2 0.0 16.5
Pabna 178.0 1145.0 7.4 3704.6 1532.9 235 2203.5 326.8 14.7
Panchagar 82.9 1028.3 7.7 8074.2 0.0 38.6 2007.6 0.0 12.3
Patuakhali 4.5 1989.2 12.4 2910.6 0.0 16.4 2834.6 0.0 17.8
Perojpur 197.7 1261.5 9.0 2752.8 0.0 15.5 2671.6 0.0 16.8
Rajbari 84.5 11154 7.4 6030.8 0.0 34.7 2081.8 31.8 14.2
Rajshahi 110.1 1063.8 7.6 2681.5 300.3 12.8 1481.4 416.8 11.3
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Rangamati 483.7 719.8 8.4 34123 0.0 19.4 16882 0.0 11.8
Rangpur 97.3 11750 79 8418.8 0.0 41.4 1630.0 152.3 11.5
Satkhira 162.4 12230 85 22645 0.0 12.2 1843.6 0.0 11.3
Shariatpur 59.9 13749 7.5 71263 0.0 33.9 40599 0.0 234
Sherpur 74.1 1103.7 74 31196 0.0 15.4 1846.5 3299 133
Sirajgonj 80.6 12264 7.3 32602 6043 17.3 18984 6145 14.6
Sunamgonj 721.3 602.6 9.1 1588.4 1327.1 20.0 2031.0 0.0 12.5
Sylhet 831.3 694.6 10.5 2703.8 0.0 14.2 21212 0.0 13.1
Tangail 84.7 12900 7.7 50143 9295 26.7 2050.2  663.7 15.8
Thakurgaon 94.7 10785 7.3 26383 0.0 13.0 17434 0.0 11.2
Bangladesh 146.7 1162.2 8.0 31469  168.5 16.8 2060.0 156.6 13.7

2200-1400 m¥/M ton 13590mi/M ton

&
¥

850-300 m¥Y/M ton

L & 299-100 m¥ tam

= 1 99-60 m¥/M.ton
é 59-0 m*/M ton

1399-1100 m¥/M ton 8.9-8.0m¥/M ton

Ty 7.887.40 m'/M ton
5

Green Water Footprint Blue Water Footprint Grey Water Footprint
Fig. 1: Graphical representation of water footprint of Boro rice

Absence of rainwater in most part of the country during Boro cultivation is making the average blue
water footprint of Boro rice of Bangladesh (1162.2 m’/M.ton) larger than that of Aman rice (156.6
m’/M.ton) and Aus rice (168.5 m*/M.ton). In some districts, the green water footprint of Aus and Aman
show larger values compared to corresponding average green water footprint of the country, the reason
behind this is the small yield values in these districts compared to others. At the same time, some
districts show zero blue water footprint indicating sufficient rainfall and zero irrigation. Fig. 1 shows
graphical representation of water footprint of Boro rice.

The primary aim of water footprint assessment is to plan to reduce the green, blue and grey water
footprints. The green water footprint is to be kept as low as possible because an efficient use of green
water confirms greater chance of storage of blue water. Again, if the blue water footprint can be
lessened, there exists a greater chance of surplus storage of blue water, which will certainly give a
greater freedom of reallocation to policy makers. A lower grey water footprint represents a lower
degree of pollution and vice versa. Forthrightly, steps should be taken before disposal of effluent to
lower the grey water footprint and mitigate the severity of the situation. Recycling and Reuse of effluent
could be a good instrument to reduce the grey water footprint. Desalination of seawater or brackish
water may seem to be an alternative solution for water scarcity; but desalination and transportation of
the desalinated water to the lands far from the coastal belts consume huge energy; and the earth cannot
fight one scarce resource with another scarce resource, energy. Although water is a renewable resource,
there lefts no better solution than sustainable water budgeting. Furthermore, being renewable resource
does not mean that it is always available anywhere. The water footprint assessment helps the allocation
of proper amount of proper type (green, blue and grey) water at proper place at proper time.
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CONCLUSIONS

With the limited resources, this study finds the green, blue and grey water footprint for Boro rice in
Bangladesh to be 146.7, 1162.2 and 8.0 m*/M.Ton respectively. The footprints are found to be 3147,
168.5 and 16.8 m*/M.Ton respectively for Aus rice. And the Aman rice gives the footprints as 2060,
156.6 and 13.7 m*/M.Ton respectively. In the modern era when rivers are running dry, lake and ground
water levels are dropping, species are endangered by contaminated water, source of safe drinking water
is shrinking, Bangladesh is not an exception. In this circumstances, water footprint concept can be
utilized to discover the links between the problems and probable solutions to achieve a more sustainable
and equitable use of the limited fresh water resource. To achieve additional perspective from the water
footprint of rice, concentration should go to the assessment of water footprint of other main crops like
wheat, potato etc. as well. Such assessment over main crops will help to understand the efficiency of
different crops over each other based on nutritional values and water consumption. With the help of
comparative assessment, decision on sustainable water allocation could be taken. Further study
considering water availability in the catchment area could help identify environmentally endangered
areas and make meticulous policy for achieving water-based environmental sustainability. In the
present days, water may be available in Bangladesh to grow water extensive crops like rice, but a
benchmark should be introduced to achieve a sustainable water allocation. Additional study over future
and past trends could help to setup such benchmark for rice production.
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ABSTRACT

Today climate change is an issue of great concern for the world. This paper explores the effect of
climate change on water resources and agriculture in greater Rajshahi district of Bangladesh and deals
with the effect of climate change on crop yield, long-term effect of drought over cropland and
changes of wetland. For these purposes, rice, Wheat, and Potato crop has been selected. The effect of
climate change on crop yield is shown by developing a relationship among maximum temperature,
minimum temperature and rainfall. The change in the wetland area is shown by analysing Landsat
satellite images using GIS and Remote Sensing technology. Results revealed that maximum
temperature positively influenced Aus, Aman, potato yield and negatively affected yield of Boro and
wheat. Minimum temperature adversely affected all crops except Aman and Boro. Rainfall showed
less prominent influence for increase in yield. Rice, sugarcane, maize had decreasing trend in
cropland area whereas increasing trend of cropland area was noticeable for potato, wheat, pulse etc.
From 2006-2011, Rajshahi lost about 17% of its wetland and about 7% wetland lost from 2011-2016.
All these information prove that Rajshahi district is very vulnerable in face of food security and
existing water resources in this region.

Keywords: Climate change; agriculture; wetland; remote sensing; GIS; Bangladesh

INTRODUCTION

The problem of climate change is extensive, broad, and a threat to human civilization. The factors,
which influence climate change, also affect the agricultural production. So it is natural that climate
change will affect the agriculture. Agriculture in Bangladesh is mostly influenced by temperature and
rainfall. Due to impact of climate change there may result a change in property and yield of crop. So
food security will face a great risk. A study found that 1°C increase in maximum temperature at
vegetative, reproductive and ripening stages there was decrease in Amman (Nvember and December
harvest) rice production by 2.94, 53.06, and 17.28 tons respectively and with the change in
temperature (by 2°C and 4°C), the prospect of growing Wheat and Potato would be severely impaired
(Baten et al., 2008). It is predicted that yield of rice and Wheat will decrease 8% and 32%
respectively in Bangladesh within 2050 and by the end of 21* century overall crop production will
decrease 30% (IPCC, 2007). Rajshahi, a district of northwestern part of Bangladesh is mostly affected
by climate change where two seasons are seen to be appeared among six seasons in a year, summer,
and rainy season. Other seasons can be realized very little. In this district, there is almost no rainfall in
rainy season (Ashar and Sravon month). In the month of October (Ashwin), there occurs so intense
rainfall that creates waterlogging. So rain fed crops face a great problem and their growing season
also hampers. Due to this, agricultural lands are used for another crop production, which can
withstand this weather. Rice, Wheat and Potato are the crops, which are very sensitive to temperature
and rainfall. They need different temperature and rainfall for their different growth stages. Due to
increased temperature, ponds, canals are drying out. Also for earning more benefit, farmers are more
interested to make cropland into water-body to cultivate fish. So the area of wetlands is not constant
but changing day by day. Several papers have shown temperature and rainfall change effect on crop
yield and their risk assessment in northwestern part of Bangladesh but no paper, to my best of my
knowledge, have shown temperature and rainfall effect on cropland and crop yield simultaneously in
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Rajshahi district. Shopan and Islam (2013) have shown changes in wetland area in northwestern area
of Bangladesh but this paper focuses only changes in wetland area in most climate change prone
district Rajshahi. The objectives of this study are i) to investigate the effect on crop yield due to
change in temperature and rainfall in the area for three main cereal species i.e. rice, Wheat, Potato ii)
to evaluate changing pattern of cropland for these crops due to cultivation of alternative crops which
are more sustainable in changed weather iii) to estimate the changes of wetland.

METHODOLOGY

In order to investigate the effect of climate change on crop yield, data of last 12 years (2004-2015) of
rice, Wheat, Potato of different upozilla in Rajshahi district are collected from Department of
Agricultural Extension, Rajshahi. Data includes yield of the crops mentioned above, amount of
cropland and average crop yield and last 12 years temperature and rainfall data. Here, ArcGis 10.1%
has been used for analyzing satellite image to estimate wetland area.

Satellite Image

To estimate the wetland area, GIS and remote sensing technology is applied. Shopon and Islam
(ICWFM 2013) have shown this method before. The difference is that here Landsat scenes of 2006,
2011 and 2016 are used. Images represent dry season of Bangladesh as they have been captured in
Late January to Late February on different images. It is assumed that temporal changes of water
bodies remain insignificant over this period. Properties of the images are presented in Table 1.

Table 1: Properties of downloaded satellite images

Image No. Acquisition Date Satellite Sensor
1 February 27, 2006 Landsat 4-5 TM
2 February 17, 2011 Landsat7ETM+SLC-off
3 January 06, 2016 Landsat8 OLI/TIRS
Image Processing

ArcGIS® 10.1 has been used to process Landsat images Satellite data as mentioned earlier are
geocoded with topographical maps using ground control points. Conversion of image from digital
number to At-sensor and radiance to top-of-atmosphere (TOA) reflectance is done according to the
equation given in Landsat handbook of NASA. In order to determine wetland area, in Rajshahi district
of Bangladesh, the Normalized different water index (NDWI) (described in details in section 2.3)
maps are prepared from satellite images. Then the map is reclassified into different NDWI values
using “Reclassify” in spatial analyst toolbox of ArcGis. NDWI with positive values are taken into
consideration as water features have positive values while soil and terrestrial vegetation features have
zero for negative values (McFeeters, S.K, 1996). Then this raster map is converted to vector map (the
summation of many polygons). Area of polygon, corresponding to water-body is calculated in square-
metre. Then this area is converted to hectare. Wetland area obtained from three different satellite
images for different time interval is used to find out the changes.

Using NDWI to delineate water body feature

Normalized different water index (NDWI) is a method developed primarily to delineate open water
features and to enhance their presence in remotely sensed digital imagery while simultaneously
eliminating soil and terrestrial vegetation features (McFeeters, S.K, 1996). The NDWI is calculated as
follows:

GREEN—NIR
N D o o e (1)
GREEN+NIR

Where, green is band that encompasses reflected green light and NIR represents reflected near
infrared radiation.
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Fig. 1: Supervised classified image of Rajshahi district Fig. 2: Map of wetland area in Rajshai district on 06
showing different land use. January 2016.

NIR is observed strong by water and is reflected strongly by vegetation and dry soil. NIR data shows
vegetated surfaces as being white, white water surfaces appear dark. The selection of green and NIR
band was done to 1) maximize the typical reflectance of water features by using green light
wavelength 2) minimize the low reflectance of NIR by water features and 3) take advantage of the
high reflectance of NIR by terrestrial vegetation and soil features. Image processing software
can easily be configured to delete negative values. This effectively eliminates the
terrestrial  vegetation and soil information and retains the open water information
for analysis. The range of NDWI is then from zero to one. Multiplying equation (1)
by a scale factor (e.g., 255) enhances the resultant image for visual interpretation.

Estimation of wetland area

NDWI values which have positive value indicate water feature if the digital number of NIR band of a
pixel is less than digital number of red band and the green band the NDWI is > 0.44, then it is
classified as water, otherwise not. So wetland=NDWI>0.44 (Goel et al., 2009). Figure 2 shows a
NDWI map of water body of Rajshahi district on 06 january 2016.

DESCRIPTION OF THE STUDY AREA

Location and topography
Rajshahi district is a district in north western Bangladesh and bounded by Naogaon district to the
north, Natore district to the east and Chapai Nababganj district and the river Padma to the south.
There are different types of land found in Rajshahi district. Among these lands, high lands 37.97%,
medium high land 23.38%, medium low land 23.36%, low land 8.43% and very low land 6.86%
covers the total land area.

Rainfall

Rajshahi has a tropical wet and dry climate. The climate of Rajshahi district is marked with moderate
rainfall. Between driest and wettest months, the difference in precipitation is 299 mm. The annual
rainfall in the district is about 1448 mm (57 in).

Temperature
The climate of Rajsahi district is marked with high temperature. The hot season commences early in
March and continues till the middle of July. The maximum mean temperature observed is about 32 to
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36°C. During the month of April, May, June and July and the minimum temperature recorded in
January is about 7 to 16°C.

Major crops

There are three cropping seasons Rabi, Kharif-I and Kharif-II in Rajshahi district. Important crops in
Kharif season are Aman, Sugarcane, Jute, Maize, Cotton etc. In the Rabi season, crops need cool
climate during growth period but warm climate during the germination period of seed and maturation.
The major crops are Wheat, linseed, mustard, Potato etc.

RESULTS AND DISCUSSIONS

Temperature and rainfall variation

Maximum temperature is statistically significant for all rice yields with positive effects on Aus and
Aman rice. The influence of maximum temperature and minimum temperature compared with that
rainfall (Sarker et al., 2012). Optimum Temperature for maximum photosynthesis ranges from 25°C
to 30°C for rice under the climatic condition of Bangladesh (Basak, 2010).

In figure 3, the trend of change in temperature shows that highest maximum temperature was in 2014
and deviates 1.62°C from mean temperature 40.83°C. Lowest minimum temperature was found in
2013 and deviates 1.03°C from mean 6.42°C. In figure 4, the trend of change in rainfall shows a
decreasing trend over the period 2004-2015. Lowest rainfall was in 2010 and deviates 237mm from
mean 1263mm.
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1g. 3: Variation in average maximum and minimum Fig. 4: Graphs showing variation in total
temperature, 2004-2015. rainfall, 2004-2015.

Effect on Crop Production

From figure 5, it is found that, maximum temperature shows a positive trend on yield of Aus rice.
From 2010 to 2011, increase in maximum temperature of 1.69°C increased yield from 2.3 to 2.76
metric ton/ha. On the other hand, decrease in minimum temperature increases the yield. From figure
6, it can be shown that, rainfall trend doesn’t play any dominant role on yield of Aus rice.
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In case of Aman rice, both maximum and minimum temperature shows positive influence on yield of

Aman rice (Figure 7). Effect of rainfall is not much prominent for yield of Aman rice (Figure 8).
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Fig. 7: Combined graph for Aman rice yield and Fig. 8: Combined graph for Aman rice yield

temperature, 2004-2015

and rainfall, 2004-2015

In case of Boro rice, maximum temperature shows adverse effect on yield of Boro rice while
minimum temperature benefited the yield (figure 9). Rainfall shows positive influence on yield of

Boro rice with some exception (figure 10).

In case of wheat, both maximum temperature and minimum temperature adversely affected yield of
wheat (figure 11). Rainfall shows positive influence with some exception (figure 12).
In case of potato, maximum temperature shows a positive effect on yield of potato and minimum
temperature shows opposite relation with yield (figure 13). Here, influence of rainfall adversely

affected yield of potato (figure 14).
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Effect on Cropland

From the graph, it is clear that there is decreasing trend of cropland area for rice, sugarcane, maize,
jute. On the other hand, it shows an increasing trend of cropping area for vegetable, Pulse, mustard,
onion, Potato and Wheat.
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Fig. 15: Graph showing variation in changing pattern of cropping area for different crops
Effect on Wetland Area
Table 2: Changes in wetland areas in Rajshahi district during the dry period
Time Period Change in | Percentage Change in | Percentage
From | To Year wetland area(Ha) | Change (%) Wetland area per | Change per year
Interval year(Ha) (%)

2006 | 2011 |5 -1114.58 -17.82 -222.92 -3.56
2011 | 2016 |5 -390.87 -7.6 -78.17 -1.52

From the above table, it is found that, there is a decreasing trend in wetland since 2006. During 2006-
2011 and 2011-2016, Rajshahi district has lost more than 17% and 7% of its wetland.

6500 -
y =-186.92x+ 381146
6000 - R?=0.9878

5500 ~

5000 -

Wetland Area(Ha)

4500 -

4000 T T T T T T 1
2004 2006 2008 2010 2012 2014 2016 2018

Year

Fig. 16: Change in wetland area in Rajshahi district during the dry period

734



Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.)

CONCLUSIONS AND RECOMMENDATION

To investigate the impact of climate change in Rajshahi district, change in crop yield due to
temperature and rainfall variation, changing pattern of cropland area and changes in wetland area are
the prime concern of this study. In case of Aus and Aman rice, maximum temperature shows positive
influence on yield. Boro, wheat and potato are negatively affected by maximum temperature.
According to (Sarker et al., 2012), maximum temperature is statistically significant for all rice yields
with positive effects on Aus and Aman rice and negative effects on Boro rice. Minimum temperature
inversely related to Aus, wheat, and potato yield and positively related with Aman and Boro.
According to (Kabir, 2015), an increase in minimum temperature is likely to decrease the yield
variability for Aus and Aman rice production while the yield variability for Boro rice is increased. On
the other hand, rainfall shows very little on yield of major crops in this region. According to (Sarker et
al., 2012), the influence of maximum and minimum temperature is more pronounced with that of
rainfall. In case of cropland area, rice, sugarcane, maize have decreasing trend whereas pulse, wheat,
potato are becoming more popular as they are more sustainable in changed weather. Sharp decreasing
trend in wetland area are observed in Rajshahi district. During 2006 to 2011, about 17% of wetlands
have been lost and 2011 to 2016, about 7% wetlands are converted into other types of land. Shopan
and Islam (2013) have shown about 15% and 22% of wetland had been lost from 1989 to 2000 and
2000 to 2010 respectively in Rajshahi district. This indicates future desertification in this region. For
future study, there also needs consideration for technology development, groundwater, humidity,
sunshine, soil property in this region.
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ABSTRACT

The aim of this research is to perform downscaling using statistical downscaling tools, namely the
SDSM (Statistical DownScaling Model), to downscale canESM2 GCM output to examine future
change of temperature and rainfall for three time periodsis 2030s, 2050s and 2080s.The R*, NSE and
PBIAS statistical parameters shows good agreement with observed and model simulated data. In case
of temperature projection, it is found that the range of monthly temperature change of twenty
twostations is -1.1°C to 8.3 °C but 17 stations have their temperature change range between 0.5°C to
3°C. Almost all stations, all season temperature will ascend. Yearly mean temperature will be raised
0.3 to 1.8°C for 2030s, 0.4 to 3.2°C for 2050s and 0.6 to 4.2°C 2080s with respect to base period. The
range of sum of monthly rainfall change is -180mm to 240 mm but for 16 stations it is about -50 to
+50 mm. The seasonal rainfall % change varies between -48% to +80%. Yearly mean rainfall varies
in different stations from -5% to 10% for 2030s, -10% to 30% for 2050s, and -12% to 42% for 2080s.
Changes in temperature and rainfall will affect water availability in major rivers. Statistical
downscaling scenarios can be applied to the climate change impact assessment to inform strategic
decision making and policy.

Keywords: Climate changes; statistical downscaling; temperature and rainfall; canESM2; SDSM

INTRODUCTION

Changes in climate system in recent decades are very much clear because of the observational
evidence which confirm the increase in global average air and ocean temperatures (Fischer et al.,
2005). These in turn influences the way of living and economy. Specially, the changes in different
components (rainfall, temperature, soil moisture, evaporation etc) of hydrological cycle have direct
impact on agriculture, productivity of industry, flood, fisheries and many others. Several studies have
previously been conducted to assess the impact of climate change on water availability, agriculture,
sea level rise etc at different regions (Fischer et al., 2005; Middelkoop et al., 2001). It is evident that
Ganges-Brahmaputra-Meghna basin falls under one of the most vulnerable regions with respect to
climate changes (Pervez et al., 2015; Masood et al., 2014).So a better understanding of the effects of
climate changes on several sectors (e.g., water availability, flood peak etc.) has become necessary to
develop resilience to future disasters. Researchers all over the world have already developed some
methods to predict different climate change scenarios. General Circulation Model (GCM) is one of
the most eminent climate change research advancements and most advanced tool to simulate the
climate change response due to change in atmospheric composition. However, GCMs available all
over the world have coarse resolution which is not suitable for climate change impact study at a local
scale. So these GCM outputs are further downscaled using statistical or dynamic downscaling
methods. Dynamic downscaling method is robust, but it requires high computational facilities.
Statistical downscaling method uses different statistical methods to obtain higher resolution climate
data. Different statistical downscaling methods include Delta change method, Regression methods,
Weather generator, Weather typing, etc. In this research statistical downscaling method will be used
to downscale different GCMs to study the spatial and temporal change in climatic parameters rainfall
and maximum temperature of selected stations in the GBM basins. These downscaled climatic
parameters will be helpful for further modeling applications, e.g., hydrologic modeling, flood
modeling, morphological modeling etc., to simulate future scenarios.
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METHODOLOGY

Study area

The study area consists of three river basins: the Ganges, the Brahmaputra and the Meghna (GBM)
basins which are located in south Asia. The drainage area are 96, 2480 km’ for the Ganges basin,
570,195 km? for the Brahmaputra basin and 64871 km® for the Meghna basin (Masood et al., 2015).
Total areas of 1.6 million km?” are distributed among India (64 percent), China (18 percent), Nepal (9
percent), Bangladesh (7 percent) and Bhutan (3 percent) (Nepal and Shrestha, 2015). Twenty two
weather stationsof GBM basins are chosen to implement the statistical downscaling approach to
generate sets of temperature and rainfall projections to assist regional to local scale climate change
impact studies. The map of the study area and selected stations for downscaling is shown in Figl.
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Fig 1: The map of study area and selected stations for downscaling

Data collection

Two distinct sets of data, observed data and synthetic data which include climate model data and
reanalysis data are collected for this study. Observed data were collected from Bangladesh Water
Development Board (BWDB) and National Climate Data Center (NCDC). Synthetic data were
collected from the US National Centers for Environmental Prediction (NCEP)and Canadian Centre
for Climate Modelling and Analysis (CCCMA).

Statistical Downscaling (SDSM)

CanESM?2 (Canadian Earth System Model) GCM model resultswereselected for downscaling rainfall
and temperature future scenarios of GBM basins. The Statistical Downscaling Model (SDSM),
developed by Wilby et al. (2002), is used in this study.It is aopen source software. The SDSM is
developed on usinga combination of Multiple Linear Regression (MLR) and the Stochastic Weather
Generator (SWG) model. The MLR method generates statistical/empirical relationships between
NCEP predictors and predictands during the screening process of predictors, and the calibration
process of SDSM results in some regression parameters. These parameters, along with NCEP and
GCM predictors, are used to generate a maximum of 100 daily time series to fit closely with the
observed data during validation, and twenty time series are considered as the standard, a precedent set
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by other studies as well (Wilby et al., 2002, Gagnon et al., 2005 and Chu et. al., 2010).First step of
statistical downscaling is data processing that is done to make the data useable for SDSM input.To
develop SDSM, two kinds of daily time series are needed: NCEP predictor daily time series and
observed daily time series (Huang et al., 2011). Second and the most important process of statistical
downscaling is screening of predictor variables for the predictand to calibrate and validate the model.
Predictor variables are selected on basis of a combination of the correlation matrix, partial correlation,
and P-value. In this study most used predictor for temperature and rainfall projection are s500, temp
and p8_v, p8 zrespectively.

RESULTS AND DISCUSSIONS

Calibration and validation of SDSM model for maximum temperature

Table 1 shows all the statistical parameters of all stations for calibration and validation of maximum
temperature. The values of R’range between 0.95 to 0.99 for calibration and 0.91 to 0.99 for
validation of all 22 stations. The NSE range is between 0.90 to 0.99 for calibration and 0.76 to 0.99
for validation of all 22 stations. The percentage (%) BIAS range is between -0.07 to 4.25 for
calibration and 0.05 to 7.83 for validation of all 22 stations.Based on table 1 it can be concluded that
for all 22 stations, the agreement between the modeled and observed maximum temperature is good.

Table 1: Summary statistics for the calibration and validation of maximum temperature for different stations

Stations Name Calil;ration | Vali(ziation
NSE R PBIAS NSE R PBIAS

Bogra 0.96 0.96 0.22 0.92 0.93 -0.94
Jessore 0.94 0.95 -0.25 0.91 0.94 0.44
Rangpur 0.92 0.95 -0.07 0.88 0.96 -0.58
Dhaka 0.97 0.97 -0.10 0.95 0.96 0.85
Sylhet 0.91 0.96 -0.96 0.76 0.91 0.57
Tingri 0.97 0.99 425 0.95 0.99 7.83
Pagri 0.97 0.98 3.34 0.95 0.98 6.78
Lhunze 0.98 0.99 -2.38 0.98 0.98 0.91
Xigaze 0.96 0.97 1.71 0.96 0.96 1.53
Guna 0.90 0.95 3.41 0.90 0.92 1.55
Devi 0.97 0.99 1.74 0.93 0.97 2.57
Dibrugarh 0.96 0.97 -0.62 0.95 0.98 0.05
Gwalior 0.98 0.98 0.49 0.98 0.98 0.17
Ishurdi 0.98 0.99 0.14 0.77 0.93 2.41
Jaipur 0.99 0.99 -0.61 0.99 0.99 -0.55
Lhasa 0.99 0.99 0.68 0.99 0.99 0.75
Lucknow 0.99 0.99 0.35 0.98 0.98 -0.43
Nyingchi 0.99 0.99 -1.92 0.99 0.99 0.52
Patna 0.98 0.98 0.50 0.98 0.98 0.17
Arartala 0.97 0.97 0.16 0.89 0.94 1.94
Gowhati 0.98 0.98 -0.18 0.92 0.93 1.06
Safdarjun 0.98 0.99 1.50 0.97 0.98 2.45

Calibration and validation of SDSM model for rainfall

Table 2 shows all the statistical parameters for calibration and validation of rainfall. The R’range is
between 0.95 to 0.99 for calibration and 0.75 to 0.99 for validation of all 22 stations. The NSE range
is between 0.88 to 0.99 for calibration and 0.69 to 0.99 for validation of all 22 stations. The
percentage (%) BIAS range is between -0.33 to -16.99 for calibration and -0.65 to -13.25 for
validation of all 22 stations. Based on table 2 it can be concluded that for all 22 stations, the
agreement between the modeled and observed rainfall is good.

Table 2:Summary statistics for the calibration and validation of rainfall for different stations

Stations Nam. Calibration Validation
tons Name "uSE R’ PBIAS | NSE R’ PBIAS
Bogra 0.97 0.99 8.85 0.95 0.96 511
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Jessore 0.89 0.95 -6.86 0.88 0.92 -4.55
Rangpur 0.98 0.97 -2.89 0.97 0.98 6.07
Dhaka 0.98 0.98 1.99 0.97 0.97 -0.76
Sylhet 0.98 0.99 7.12 0.99 0.99 -2.61
Tingri 0.99 0.99 0.99 0.99 0.99 -0.65
Pagri 0.93 0.93 -0.33 0.92 0.95 -5.26
Lhunze 0.98 0.98 4.30 0.98 0.99 7.86
Xigaze 0.98 0.98 -4.31 0.87 0.88 7.95
Guna 0.95 0.96 -5.64 0.94 0.98 12.95
Devi 0.98 0.98 -0.62 0.98 0.98 4.26
Dibrugarh 0.88 0.96 -16.99 0.69 0.75 -13.25
Gwalior 0.94 0.95 -3.88 0.92 0.92 -5.02
Ishurdi 0.95 0.95 -4.25 0.87 0.90 1.11
Jaipur 0.95 0.97 -11.75 0.96 0.98 -9.97
Lhasa 0.94 0.95 10.22 0.95 0.96 11.79
Lucknow 0.96 0.96 -5.25 0.84 0.89 16.36
Nyingchi 0.96 0.96 1.13 0.98 0.98 1.46
Patna 0.97 0.98 1.99 0.94 0.96 9.85
Agartala 0.99 0.99 1.6 0.96 0.96 -2.79
Gowhati 0.97 0.97 4.13 0.95 0.96 2.76
Safdarjun 0.97 0.98 0.53 0.97 0.98 4.26

TEMPERATURE PROJECTIONS

The monthly maximum temperature, percentage changes of seasonal maximum temperature and
changes in annual mean maximum temperaturewere projected for the future time periods of 2030s
(2021 to 2040), 2050s (2041 to 2060) and 2080s (2071 to 2090) with respect to baseline (1986 to
2005) for RCP4.5 and RCP8.5 scenarios of 22 stations.

Changes in monthly maximum temperature

The range of maximum temperature change is -1.1°C to 8.3 °C but for 17 stations maximum
temperature changes are in the range between 0.5°C to 3°C. Table 3 shows the monthly maximum
temperature ranges of 2030s; 2050s and 2080s for scenarios RCP4.5 and RCPS.5.

Table 3: Ranges of monthly maximum temperature changes in °C of 30s; 50s and 80s for RCP 4.5 and RCP 8.5

Time period RCP4.5 RCP8.5
2030s -0.75t0 5.1 -0.7t0 5.2
2050s -0.8 t0 6.0 -0.93 t0 6.8
2080s -1.1t0 7.5 -0.4 t0 8.3

Changes in seasonal maximum temperature
Four seasons, e.g., winter, spring, summer and autumn consist of December to February, March to
May, June to August, and September to November respectively. The range of maximum temperature
changes in winter, spring, summer, autumn are -0.54°C to 6.39°C, 0.39°C to 5.04°C, 0.02°C to 7.79°C
and -0.65°C to 4.83°C respectively.Table 4 shows the seasonal maximum temperature ranges of
2030s; 2050s and 2080s for different scenarios RCP4.5 and RCP8.5.

Table 4:Ranges of seasonal maximum temperature changes in °C of 30s; 50s and 80s for RCP 4.5 and 8.5

Years 2030s 2050s 2080s

Season RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5
Winter -0.54t02.73 | -0.52t03.13 | -0.39t03.95 | -0.46t04.27 | -0.33t03.79 | -0.43t06.39
Spring 0.12t02.23 -0.281t02.92 | 0.06t03.71 | -0.39 to 3.41 -0.09 to 3.21 -0.39 to0 5.04
Summer | 0.02 to 3.21 0.05t03.27 | 0.11t02.78 | 0.06t04.97 0.09 to 4.75 0.13t07.79
Autumn -0.25t02.58 | -0.34t03.1 0.04t02.57 | -0.65t03.03 | -0.64t03.25 | -0.06to0 4.83

Changes in annual mean maximum temperature

Yearly maximum temperature will be raised in the range of 0.1°C to 2.3°C for 2030s, 0.3°C to 3.2°C

for 2050s and 0.2°C to 5.2°C2080s respectively with respect to the base period.
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RAINFALL PROJECTIONS

As like temperature projection, the change of monthly rainfall, percentage changes of seasonal rainfall
and yearly mean rainfall were projectedfor the future time periods of the 2030s (2021 to 2040), 2050s
(2041 to 2060) and 2080s (2071 to 2090) with respect to baseline (1986 to 2005) for RCP4.5 and
RCP8.5 scenarios of 22 stations.

Changes in monthly rainfall
The rainfall prediction is very much difficult because no similarities is followed by the projection and
for different station the changing pattern are different but in case of different scenarios (RCP4.5
&RCP8.5) changing pattern are similar for a selected station. Between 22 selected stations the range
of sum of rainfall change is -180 mm to 250mm. Table 5 shows the monthly rainfall ranges of 2030s;
2050s and 2080s for different scenarios RCP4.5 and RCPS.5.

Table 4: Ranges of monthly rainfall changes in mm of 30s; 50s and 80s for RCP 4.5 and 8.5

Time period RCP4.5 RCP8.5
2030s -74 to 98 =70 to 92
2050s -110 to 140 -100 to 130
2080s -180 to 250 -100 to 220

Percentage Changes of seasonal rainfall
Analysing the results, it is found that the percent changes of sum of seasonal rainfall vary between -48
to +98%. The variation of rainfall changes is higher in summer and autumn compared to winter and
spring. Table 6 shows the seasonal rainfall ranges of 2030s; 2050s and 2080s for different scenarios
RCP4.5 and 8.5.

Table 5 Ranges of seasonal rainfall changes (in %) of 30s; 50s and 80s for RCP 4.5 and RCP8.5

Season Winter Spring Summer Autumn
Time Period | RCP4.5 | RCP8.5 | RCP4.5 | RCP8.5 RCP4.5 RCP8.5 | RCP4.5 | RCP8.5
2030s 5t0l18 | -2t025 | -2t0o12 | -5t016 -20t038 | -30t062 | -6t040 | -4to42
2050s -3t020 | -3t026 |-1to14 | -10t020 | -30t042 | -40to78 | -5t062 | -5t062
2080s -4t022 | -5t029 | -2t0o1l6 | -12t042 | 40t050 | -48t098 | -4t080 | -6to 82

Changes in (%) mean annual Rainfall

Yearly mean rainfall varies in different stations from -7.6% to 15% for 2030s -13.1% to 31.8% for
2050s and -17.1% to 42.6% for 2080s respectively. In the projections, the rainfall will be increased
for most of the stations except Bogra, Tingri and Agartala.

CONCLUSIONS

The main purpose of this study was to estimate the future scenarios of maximum temperature and
rainfall for the GBM basins. At first, we have selected a representative GCM for the GBM basins and
downscaled that GCM to study the spatial and temporal change of climate parameter (rainfall and
maximum temperature) in local scale.Calibration and validation of 22 gauge stations are made and are
evaluated by statistical parameters RZNSE and PBIAS.The statistical parameters indicate good
agreement between observed and model simulated data.In case of maximum temperature projection, it
is found that the range of monthly maximum temperature change is -1.1°C to 8.3°Cbut for 17 stations
maximum temperature changes are in the range of 0.5°C to 3°C.The range of maximum temperature
change in winter, spring, summer, autumn are -0.54°C to 6.39°C; 0.39°C to 5.04°C; 0.02°C to 7.79°C
and -0.65°C to 4.83°C respectively. The changes in yearly mean maximum temperatureare(.1°C to
2.3°C for 2030s, 0.3°C to 3.2°C for 2050s and 0.2°C to 5.2°C 2080s with respect to base period. Here
it is observed that yearly mean maximum temperature will be increased gradually with time
period. Among 22 selected stations the range of sum of monthly rainfall change is -180mm to 250 mm
but 16 stations it is about -50 to +50 mm. The seasonal rainfall % change varies between -48% to
+98%. The variation of rainfall changes is higher in summer and autumn compared to winter and
spring. Yearly mean rainfall varies in different station from -7.6% to 15% for 2030s -13.1% to 31.8%
for 2050s and -17.1% to 42.6% for2080s. Statistical downscaling scenarios can be applied to the
climate change impact assessment to inform strategic decision- making and policy.
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ABSTRACT

In Bangladesh, erosion-deposition, channel shifting and bar development are common phenomenon in
large rivers. Bank materials of these rivers are mainly unconsolidated, fine non cohesive and
uniformly graded that possesses little resistance against erosive forces generated by the flow of river.
This study provides an insight into the behaviour and movement of bank protection materials (CC
blocks and Geobags) under flowing water.A physical model was built and tested in the flume. The
experiment was carried out for two sets of discharge of 760 m’/h and 623 m’/h. Materials were
dumped from three different dumping conditions. For most of the materials the lateral displacement
was found in the range of 0 to 2 m. Greater the velocity higher is the average lateral displacement of
Geobags and more numbers of Geobags are lost. The percentage of loss is more in case of Geobags
and is negligible in case of CC blocks.

Keywords: River erosion; dumping characteristics; bank protection; CC block; geobag

INTRODUCTION

Bangladesh is located at the lower part of the three mighty rivers, the Ganges, the Brahmaputra and
the Meghna. The basin of these three rivers is called GBM basin. The total catchment of this basin is
1.72 million sq.km covering areas of China, India, Nepal, Bhutan and Bangladesh of which only
about 8% lie within Bangladesh. The country is criss-crossed by more than 230 rivers, most of which
are either tributary or distributary to the three major rivers. There are 57 trans-boundary rivers which
originate outside the boundary of Bangladesh. The total length of the river course is approximately
24000 km and cover 9770 km® or 7% of the country. Studies by ISPAN (1995) indicate that the
Brahmaputra-Jamuna River widened in the 1834-1992 period from 6.2 to 10.6 km representing a
widening of some 27 m/year on average. In 19 years period from 1973-1992 the rate of erosion
accelerated to some 140 m/year on average.Ahmed (1989) reached the same conclusion of secular
widening of the river. They found the widening at a rate of 172 m/year between 1972 and
1986.Recent analysis of the satellite image by CEGIS (April, 2000) for the last few decades shows
that the river is widening along both banks. During the last three decades (1973-2007) the net erosion
along the 240 km reach of the Jamuna River were about 77840 ha. The rate of widening of Jamuna
River declined from 150 m/year in 1970s and 1980s to 48 m/year in last 14 years.There is active bank
erosion almost in all major rivers in the country causing damage to valuable lands, settlements and
infrastructures from year to year. Because of high density of population along the river bank a great
number of people are also displaced due to this continuous bank erosion process.

In Bangladesh, Standard practices of river bank protection are Groynes and Revetments.Groynes are
stone, gravel, rock, earth or pile structures built at an angle to the river bank to deflect flowing water
away from the bank. A typical groyne has mainly two parts: head, and shank. The part joining the
head and the bank/embankment is the shank. Maximum flow convergence and divergence occur
around the groyne head and deep scour holes are formed. So additional protection measures around
the head of the groyne are required. The upstream and downstream sides of the shank also need
protection but with less amount of erosion resisting materials than the groyne head.Revetment is
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artificial roughening of the bank slope with erosion-resistant materials. A revetment mainly consists
of a cover layer, and a filter layer. Toe protection is provided as an integral part at the foot of the bank
to prevent undercutting caused by scour. The protection can be divided as falling apron or launching
apron, which can be constructed with different materials, e.g., CC blocks, rip-rap, and geobags.

Launching apron consists of interconnected elements that are placed horizontally on the floodplain
and normally anchored at the toe of the embankment. The interconnected elements are not allowed to
rearrange their positions freely during scouring but launch down the slope as a flexible unit. The
falling apron, on the other hand, consists of loose elements (e.g., CC blocks, geobags, stones) placed
at the outer end of the structure. When scour hole approaches the apron, the elements can adjust their
position freely and fall down the scouring slope to protect it. The scouring and undermining process
of the developed scour hole in front of the revetment initiates the deformation process at the toe of the
revetment.Falling apron is a multi layer system of protection element placed on a sloping or
horizontal surface as protection against scour. The individual units are rearranged freely with the
morphodynamic forces of the river and stabilize the eroding bank. The single weight of each unit and
the volume of protective material within a defined area are the decisive factors for designing an
efficient falling apron. Apron is intended to launch when the underlying sand/sandy soil is scoured by
the river current so as to form a continuous protection below the water level. A revetment may fail
due to instability of the cover layer caused by external loads (current, waves etc.) or internal loads
(e.g., due to pore water pressure), insufficient toe protection and instability or improper launching or
falling behaviour of the apron materials, sliding of cover layer over intermediate layer, different micro
and macro-instability arising from geotechnical characteristics of soil and changed boundary
conditions e.g., due to rapid scour development or water level changes.In Bangladesh, different bank
protection materials like flexible launching apron of C.C blocks or boulders, rocks, geobags, gabions
of galvanized wire mesh filled with bricks or boulders are used. Proper size and amount of falling
apron is required for safety of structure. As it is difficult and costly to investigate the launching
characteristics of bank protection materials under water, laboratory experiment was done for better
understanding of the characteristics. From the experiment, movement and position of materials can be
determined.

The main purposes of this study are to investigate the launching characteristics of C.C blocks and
geobags with different launching configurations for different weight and width-length.

METHODOLOGY
Fall velocity is the velocity at which a sediment particle falls through a column of still water. In
moderately deep streams the velocity is observed at two points; (i) at 0.2 times the depth of flow
below the free surface (V) and (ii) at 0.8 times the depth of flow below the free surface (Vog). The
average velocity in the vertical V is calculated using Eq. (1)
V=(Voo+ Vys)/2 (1)
Vo, and V3 are usually measured by current meter. A current meter is so designed that its rotation
speed varies linearly with the stream velocity V at the location of the instrument. A typical
relationship is defined by Eq. (2)
V =aN+b (2)

Where,

V = stream velocity at the instrument location in m/s

N; = revolutions per second of the meter
a, b = constants of the meter
Nominal diameter is the equivalent spherical diameter of a hypothetical sphere of the same volume as
a given sediment particle.Neil established a formula for calculating the nominal diameter for stones

Eq. 3).

Where,

D, =0.034V? [m] (3)

V =mean flow velocity (average over a vertical) in m/s
D, = nominal stone diameter in m
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The angle of slope formed by particulate material under the critical equilibrium condition of incipient
sliding or the maximum angle (as measured from the horizontal) at which gravel or sand or granular
particles can stand.
Whilst dumping blocks under flowing water, they may be displaced downstream by the distance L as
mentioned in Eq. (4).
L =0.25hVD, "’ [m] 4)

Where,

h = water depth in m

V =mean flow velocity (average over a vertical) in m/s
D, = nominal stone diameter in m

EXPERIMENTAL SETUP

The experimental model was constructed in a laboratory flume shown in [Fig. 1] following guidelines
from literature (BRTC; RRI 2010). It is possible to change its configuration as and when needed for
carrying out further studies, using the experimental facilities without any drastic constructive changes.
The experimental set-up is shown in [Fig. 2].

Fig. 1: Laboratory Flume Fig. 2: Experimental set-up (Top View)

A small current meter is used for measurement of flow velocity at low water level, e.g. in laboratories,
river models, small canals etc. The meter with the extension rods is usually applied for measurements
in shallow creeks or rivers with low current velocities. The highly precise, reinforced spindle bearing
and a non-conduct signaling system give the possibilities for measuring flow velocities as of 0.025
m/s. Minimum depth of water required for this device is approximately 4 cm. The digital counter,
fitted with a carrier belt, registers up to 10 pulses per seconds.A flow meter is used to measure the
amount of water passing through the flow meter during a time period. The total discharge was taken
as the sum of the two flow meter used during the experiment. The discharge data was checked
frequently as the discharge rate fluctuates frequently. An angle measuring device is used to measure
the angle of repose. A sloping platform was prepared to measure the angle of repose. The angle scale
is adjusted with a large thumb screw on the handle. When the bubble vial reads level, the angle was
set. The angle scale ranges from 0 to 130° in 2° increments. The rise scale ranges from 0 to 0.8 in 0.05
increments, and above 0.8 it reads in fixed increments up to 2.0.The lateral displacement was
determined with the help of a linear scale. After dumping of CC blocks and geobags, lateral
displacement of each cc block and geobag was measured. The materials were considered as lost when
the lateral displacement was more than 3 m.Different stages of the experiments are shown from [Fig.
3] to [Fig. 8].
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g P

Fig. 3: Dumping of CC blocks Fig. 4: Dumping of geobags

g
2

Fig. 5: Discharge measurement Fig. 6: Velocity measurement

Fig. 7: Depth measurement Fig. 8: Lateral displacement measurement

RESULTS AND DISCUSSIONS

The experiment was conducted with two set-ups of velocity 0.582m/s and 0.577 m/s. Average lateral
displacement of CC blocks was found 0.61 m when dumped from the experimental horizontal
platform at a water depth of 0.40 m for five different block configurations. Average lateral
displacement of CC blocks was found 0.66 m when dumped from the sloping platform at a water
depth of 0.40 m and at an angle of 380 for five different block configurations. Average lateral
displacement of CC blocks was found 0.57 m when dumped from the water surface and at an angle of
0o for five different block configurations. Average lateral displacement is greater when CC blocks are
dumped at the angle of repose of 380. Average lateral displacement of CC blocks was found 0.58 m
when dumped one at a time for different block and launching configurations. Average lateral
displacement of CC blocks was found 0.65 m when dumped five at a time for different block and
launching configurations. Average lateral displacement of CC blocks was found 0.61 m when dumped
ten at a time for different block and launching configurations. Average lateral displacement is greater
when CC blocks are dumped ten at a time. Average lateral displacement of CC blocks was found 0.66
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m from the experiment and theoretically the displacement was 0.583 m. Average lateral displacement
of Geobags was found 3.73 m when dumped from the experimental platform at a water depth 0.40 m,
at the velocity 0.582 m/s and 70% bags were lost. Average lateral displacement of Geobags was found
3.65 m when dumped from the water surface at the velocity 0.582 m/s and 70% bags were lost.
Average lateral displacement of Geobags was found 3.7 m when dumped from the experimental
platform at a water depth 0.40 m, at the velocity 0.577 m/s and 55% bags were lost. Average lateral
displacement of Geobags was found 4.38 m when dumped from the water surface at a water depth
0.40 m, at the velocity 0.577 m/s and 60% bags were lost. Greater the velocity higher is the average
lateral displacement of Geobags and more numbers of Geobags are lost. The percentage of loss is
more in case of Geobags and is negligible in case of CC blocks.

CONCLUSIONS

For smaller velocity or still water, percentage loss of materials is less than higher velocity. Average
lateral displacement is greater when CC blocks are dumped at the angle of repose of 38°. Average
lateral displacement is greater when CC blocks are dumped ten at a time. The percentage of loss is
more in case of Geobags and is negligible in case of CC blocks. Greater the velocity higher is the
average lateral displacement of Geobags and more numbers of Geobags are lost.

The experiment was carried out for fixed bed condition and doesn’t represent any particular river
problem, only deals with laboratory cases. The experiment was conducted with two set-ups of
velocities with five different sizes of CC blocks. Further study can be carried out for other sizes and
velocities. This study may be applied for a particular alluvial river to assess the applicability for field
condition.
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ABSTRACT

This study deals with some available rainfall and temperature data for 31 stations of Bangladesh. Data
for rainfall and temperature are collected during 1971 to 2012 time periods. Data of number of
plantation and industries are also collected from the respective organizations. Annual rainfall, highest
maximum and minimum annual temperatures have been analyzed by least square method. From the
analysis it is found that, during study period the maximum rainfall occurred at Teknaf. On the other
hand, minimum rainfall is found at Rajshahi. In most of the cases, the temperature of northern part is
generally higher than the southern part of the country. From present study it has observed that the
number of tree plantation was insufficient to reduce climatic degradation in Rajshahi region. Because
of increasing the number of industries in Rajshahi, Dhaka, Khulha and Chittagong divisions, climatic
parameters changed intensely in the following regions in last 14 years rather than the first and second
14 years which consequences the vulnerable threat to our modern civilization.

Keywords: climatic change; climatic data; least square method; regression equation; contour map

INTRODUCTION

Climate in a narrow sense is usually as the ‘average weather’, or more rigorously, as the statistical
description in terms of the mean and variability of relevant quantities over a period of time.Climatic
variability refers to variations in the mean state and other climate statistics (standard deviations, the
occurrences of extremes, etc.) on all temporal and spatial scales beyond those of individual weather
events (Ahmed, A.U. 2006). Climate change in Bangladesh is an extremely crucial issue and
according to National Geographic, Bangladesh ranks first as the nation most vulnerable to the impacts
of climate change in the coming decades. The main objectives of this study are as follows:

i) To study the spatio-temporal characteristics of annual rainfall in Bangladesh.

ii) To study the spatio-temporal characteristics of highest maximum and lowest minimum annual
temperature.

iii) To find the effect of plantation and industrialization on different climatic parameters.

METHODOLOGY

Rainfall, temperature (1971-2012) data were divided into three periods, used for different analysis to
perform this study at different stations. Less industrialization period is taken as first period (1971-
1984), moderate industrialization period is taken as second period (1985-1998) and modern
industrialization period is taken as third period (1999-2012). The daily rainfall, temperature
(maximum, minimum), data were collected from the Bangladesh Meteorological Department (BMD)
at 31 stations of Bangladesh for 42 years (1971-2012).

Plantation data of different years is collected from Barind Multipurpose Development Authority
(BMDA) for Rajshahi division. Number of industries of different years is collected from Bangladesh
Small & Cottage Industries Corporation (BSCIC) for Rajshahi, Dhaka, Khulna and Chittagong
division.

To analysis the data of climatic parameters the least square method has been used where the
regression equations show the variations of annual rainfall and temperature with time (Garg, S. K.,
1976). This resulting curve is called a regression line of Y on X, since Y is estimated from X.
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Mathematically, Y =mX + C (Shamsuddin S. 2009)

where, C = constant, m = slope of regression line of Y on the X to the X axis and is called coefficient
of regression of Y on X

ANALYSIS OF DATA

Annual rainfall at different stations has been analyzed from 1971-2012, 1971-1984,
1985-1998 and 1999-2012. There are about 186 graphs of 31 stations. Fig.1, Fig.2, Fig.3,
Fig.4, Fig.5, Fig.6 shows the analysis of rainfall and temperature data of Rajshahi station.
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Fig.1: Variation of annual rainfall from 1971-2012 Fig. 2: Variation of annual rainfall from 1971-1984, 1985-
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Fig.3: Variation of highest maximum annual temperature Fig.4: Variation of highest maximum annual temperature
from 1971-2012 period at Rajshahi from 1971-1984, 1985-1998, 1999-2012 period at Rajshahi
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Fig.5: Variation of lowest minimum annual temperature

Fig.6: Variation of lowest minimum annual temperature
from 1971-2012 period at Rajshahi

from 1971-1984, 1985-1998, 1999-2012 period at Rajshahi

Fig.7, Fig.8, Fig.9, Fig.10, represents the number of industries of different years of Dhaka,
Chittagong, Khulna and Rajshahi divisions.

Fig.7 : No. of industries of Dhaka division for different years
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Fig.9 : No. of industries of Khulna division for different

years

Fig.8 : No. of industries of Chittagong division for different

years

Fig.10 : No. of industries of Rajshahi division for different

years
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Fig.11, Fig.12, Fig.13 represents the number of existing trees of Rajshahi, Nawabganj and Naogaon

regions.
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Fig.11: No. of existing trees of Rajshahi region for
different years

Fig.12 : No. of existing trees of
different years
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Fig.13 No. of existing trees of Naogaon region for different years

RESULTS & DISCUSSIONS

From the analysis it has been found that among 31 stations for annual rainfall, downward trend at 18
stations, rising trend at 10 stations and nearly constant trend at 3stations. For highest maximum annual
temperature downward trend at 12 stations, rising trend at 8 stations and nearly constant trend at 11
stations and for lowest minimum annual temperature downward trend at 16 stations, rising trend at 6
stations and nearly constant trend at 9 stations. From the study it is found that among 31 stations
rainfall rate is decreasing in most of the stations. Normally northern part is warmer than the southern
part and from the contour map it has found that temperature is increasing from south to north. In the
last 14 years number of industries has greatly increased in Bangladesh for this reason it has found
from this study that climatic parameters have greatly changed in the last 14 years rather than the first
and second 14 years. Table.1, 2, 3, shows the nature of trend of annual rainfall, highest maximum
annual temperature and lowest minimum annual temperature of 6 stations among 31 stations for 42
years. It is also found that the trend of annual rainfall is decreasing for 42 years at Rajshahi. Trend of
rainfall for first and second 14 years is increasing but for the last 14 years the trend is decreasing.
Despite of large plantation the rainfall trend is decreasing. So may be plantation rate is not enough for
this region as well as no. of industries has also increased in different divisions. From the total result
different maps has drawn to show the overall climatic condition of Bangladesh in terms of rainfall and
temperature. Contour maps of these parameters have also drawn (Ahmed, A.U. 2006). Fig, 14, Fig.15,
Fig.16, Fig.17, Fig.18 and Fig.19 have represented them.
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Table.1 Nature of trend of annual rainfall for 42 years at different stations

Rising Trend Downward Trend Nearly Ao\f/edrggﬁe;z;e AO\;eir:lgri;gée

Neme of Slons | iart | Finish | prrr | Stat | Fmsh | o | e | inRainfall | in Rainfall

year year year year mm/year mm/year
Rajshahi - - - 1621 | 1367 254 - 6 -
Bogra - - - 1980 1622 358 - 8.5 -
Dinajpur - - - 2116 1892 224 - 5 -
Rangpur - - - 2801 1889 912 - 22 -
Ishurdi - - - 1755 | 1346 409 - 10 -
Syedpur } ) ) ) ) ) Nearly ) )

constant

Table.2 Nature of trend of highest maximum annual temperature for 42 years at different stations

- Mean highest
Name of stations Rising Trend Downward Trend Nearly maxim?]m
Start Finish Diff Start year Finish year Diff | constant Trend annual
year year temperature
Rajshahi B i} i} i} R R Nearly a1
constant
Bogra B } ) ) B B Nearly 39
constant
Dinajpur B i} i} i} R R Nearly 38.9
constant )
Rangpur - - - 38.7 36.9 1.8 - -
Ishurdi B } ) ) B B Nearly 40.7
constant
Syedpur B } ) ) B B Nearly 383
constant i

Table.3 Nature of trend of lowest minimum annual temperature for 42 years at different stations

Name of stations Rising Trend Downward Trend Nearly Mean lowest
constant minimum
Start year | Finish year Diff | Startyear | Finishyear Diff Trend annual temperature
Rajshahi ~ B _ 81 56 25 N -
Bogra R } } ) R ) Nearly 78
constant )
Dinajpur ) ) ) ) } ) Nearly
constant
Rangpur R } } ) R ) Nearly 75
constant )
Ishurdi - - - 7.8 55 2.3 - -
Syedpur ) ) ) ) } ) Nearly 71
constant )
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Fig. 14 Map of annual rainfall trend at

different stations
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Fig. 15 Map of highest maximum annual

temperature at different stations
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Fig.17. Contour map of mean annual Fig.18. Contour map of mean highest maximum Fig19. Contour map of mean lowest
rainfall annual temperature minimum annual temperature

CONCLUSION

Trend of different climatic parameters mainly changed during last 14 years. Average annual rainfall
(a.a.r.) varies from 1482 mm at Rajshahi to 4127 mm at Teknaf. The a.a.r. is large in the hilly area i.e.
Teknaf, Chittagong, Sylhet, Srimongal and small in the north-western part of the country Highest
mean minimum annual temperature varies from 5.9°C at Srimangal to 12°C at Cox’s Bazar. Though
Rajshahi is not an industrial area, number of industries is increasing day by day. Afforestation of this
region seems not to be sufficient. This is one of the reasons of decreasing tendency of rainfall.
Decreasing tendency of lowest temperature, increasing tendency of highest temperature have been
found in this area. In general, characteristics of different climatic parameters which have impact on
climatic degradation have been found in last 14 years period rather than the first and second 14 years
periods which may be a vulnerable threat to our modern civilization.
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ABSTRACT

Groundwater quality is the vital issue in Bangladesh due to extreme value of some parameters.
Though the abundance of groundwater is not the problem but concern is in the quality. The present
research work deals with the assessment of quality of 15 groundwater samples from Nilphamari
Pourashava. In situ measured physical parameters include temperature, pH, Electrical Conductivity
(EC), Total Dissolved Solids (TDS). Quality assessment was made through the estimation of major
cations(Ca>", Mg”", Na', K" Fe'""), and the major anions (HCO5, CO5, SO,*, NO5, CI). According
to the overall assessment of the basin, all the parameters analysed are below the desirable limits of
WHO Facies mapping approach of the groundwater indicate Sodium-Calcium cation facies and
Bicarbonate-Chloride-Sulphate anion facies. According to the drinking water quality standards the
groundwater of the study area is suitable for public health. The groundwater of the study area is of
good quality for irrigation.

Keywords: Groundwater chemistry; inverse distance weight; bar diagram; box and whisker plots,
facies mapping.

INTRODUCTION

Water is one of the earth’s most important resources for human life. Groundwater has been used to
supply living, agricultural and industrial water for a long time in many countries. The water quality
depends upon the geological environment, natural movement, recovery and utilization (Senthikumer
et al., 2008). Groundwater is a important water supply source in Bangladesh. It is a major source of
drinking water in urban Nilphamari area. In this paper an attempt has been made to evaluate the
chemistry of groundwater in the Nilphamari pourashava of Nilphamari District. Nilphamari
Pourashava is located in the south-western part of Nilphamari District in north-western Bangladesh
[Fig. 1]. It is located within the geographical co-ordinates between 25°54' to 25°58'N latitudes and
88°49’ to 88°53'E longitudes. Physio graphically the study area falls within the Tista river flood
plain in the overall physiographic units of Bangladesh. The study area lies on the Northern flood
plain of the Tista River. The southern part of this flood plain is a levee. The northern part of the area
is influenced by the flow of the Jamuneshwari River. The study area is characterized by moderate
rainfall with regional and seasonal variations. The average annual rainfall of the study area of period
1993 to 2008 is about 2095.14 mm. There is excess of rainfall during the rainy season (June to
October), which is due to the occasional incursion of cyclonic storms, when heavy rain may fall for
several days. The temperature data of the study area of 15 years shows that the temperature varies
distinctly both diurnally and seasonally. Maximum temperature recorded in the study area is about
22.4°C to 33.2°C and average minimum temperature varies from 9.8°C to 25°C. In the study area, the
highest monthly average humidity was 86.46% in the month of July and the lowest was 71.13 in the
month of April during the period of 1993 to 2008.0bjectives of the Research Work is to

e To carry out necessary field visits to collect groundwater samples from the study area.
e To carry out detail hydro chemical analysis of groundwater samples.
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e (Classification on the basis of water chemistry.
e To compare the analytical results with national and international standards for water use
in domestic, irrigation and industrial purposes.

Location Map of The Study Area

Nilphamari Pourashava

Fig 1: Location Map of the Study Area.

Methodology

Available geologic, climatic, topographic and hydrologic data provided by different organizations
related to surface and subsurface water works are used to ascertain the groundwater condition of the
studied area. Among the organizations Bangladesh Agricultural Development Corporation (BADC) is
one of the most important sources for obtaining this information. Besides, Department of
Meteorology, Department of Public Health Engineering (DPHE), Bangladesh water Development
Board (BWDB) of Nilphamari district and various published reference reports also served as sources
of information and data. In the dry season (2010) the studied area was investigated for several times to
know the geological, hydrological and environmental condition prevailing at the surface.Data
processing and chemical analysis include data verification and quality control, data entry, data
processing and finally the analysis to facilitate the required output generation. The field and
laboratory measured parameters has been used to delineate spatial trend. Hydrogeological and hydro-
chemical interpretation has been made using necessary hydrogeological and hydro-chemical diagram
to decipher the hydro-chemical process taking place in the aquifer. Findings of the total analysis
output has compared with national and international water standards for drinking and irrigation
purposes to determine their sustainability to use in particular purposes. For the field measurement of
pH a portable pH meter (Hanna, HI 7039P) was used and pH of each sample was recorded. The
conductivity of a body or mass of fluid of unit length and cross-section at a specific temperature is
defined as EC. Measurement of EC was carried out by immersing a conductance cell in water samples
and then the EC was recorded from the digital display of the EC meter (Whatman micrometer).
Temperature of groundwater samples of the study area was measured by the help of laboratory
thermometer. A rapid determination of Total Dissolved Solids (TDS) is made simply by multiplying
the measured EC values (in us/cm) by the constant 0.64 (Todd, 1980). The concentration of some
cations (Ca*", Mg®*, Na', K, Fe ) and anions (HCO5, CO5, SO,>, NO5, CI',) were determined in
the Soil Resources Development Institute (SRDI) of Rajshahi and the Hydrogeology Laboratory of
the Department of Geology and Mining, Rajshahi University.

RESULTS AND DISCUSSIONS

The guideline of quality standard values recommended by World Health Organization (WHO, 1984)
and Bangladesh Water Pollution control Board (BWPCB, 1976) for drinking water are given in the
[Table 1]. From this chart it can be concluded that the parameters as determined show suitability for
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drinking and health purposes. Hence the groundwater of the study area is suitable for use as drinking
water. From the analysis of the calculated values of EC and SAR of the studied groundwater samples
it may be concluded that the groundwater of the study area is of good to medium quality for uses in
irrigation purposes.

Table 1: Correlation of groundwater quality in the study area with WHO (1984) and Bangladesh (BWPCB,
1976) standards for drinking purpose

Bangladesh standard Concentration

qlm?tt;" WHO standard (1983) (BWPCB, 1976) in the study area
Max. Max. Max. Max. Min. Max.

parameters accept. limit | allow. limit |recom. limit | allow. limit

pH 6.5 8.5 6.5 8.5 6.1 7.2
TDS 500 1500 - 1500 32.0 268.8
Total Hardness 100 500 200 500 61.28 197.06
Calcium 75 200 - - 2.00 44.00
Magnesium 50 150 - - 10.12 26.08

Sodium - 200 200 - 0.11 0.56
Potassium - - 12 - 0.002 0.022
Bicarbonate - - - - 3.05 61.00
Chloride 200 600 600 1000 27.28 197.78

Sulfate 200 400 - 400 1.20 2.55

From the analysis of the calculated values of EC and SAR [Table 2] of the studied samples, it may be
concluded that the groundwater is good to medium quality for uses in irrigation purposes.

Table 2: Values of various hydro-chemical parameters calculated from sample.

Sample No. PI (meq/1) SAR (meq/l) Na% TH (mg/1) RSC (meq/l)
HTW-1 1.19 0.05 0.205 161.22 5.80
HTW-2 1.33 0.14 1.098 61.28 4.26
HTW-3 1.21 0.03 0.194 125.18 6.98
HTW-4 1.17 0.06 0.483 119.40 7.25
HTW-5 1.35 0.04 0.281 195.25 4.97
HTW-6 0.89 0.08 0.498 109.15 6.16
HTW-7 1.09 0.11 0.716 103.23 5.32
HTW-8 0.96 0.12 1.154 77.72 4.13
HTW-9 1.22 0.09 0.700 106.86 4.56
HTW-10 1.02 0.06 0.463 132.55 5.15
HTW-11 1.32 0.06 0.412 184.66 9.56
HTW-12 0.98 0.12 0.873 138.66 6.25
HTW-13 1.34 0.05 0.311 197.06 5.42
HTW-14 1.06 0.13 0.921 110.58 5.01
HTW-15 0.99 0.06 0.404 166.94 4.98

The Piper Trilinear Diagram (Piper, 1953) is an effective tool in separating hydro chemical analysis
data for critical studies with respect to the sources of the dissolved constituents in water (major
cations; Ca’", Mg2+, Na®, K', Fe® and major anions; HCOs', CO,%, CI, NOy, SO4%) in waters,
modifications in the character of water as it passes through an area, and geochemical problems. The
Pipers diagram provides rapid classification of water in to fields according to the combination of
dominant cations and anions. The central plotting field (diamond shape) of the trilinear diagram is
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divided in lo nine areas and water is classified into nine types depending upon the area in which
analysis results fall and the alkali cations (Na" and K") are called primary constituents and the alkaline
earth cations (Ca®" and Mg®") are called secondary constituents. The strong acid cations (S0,>, CI) are
treated as saline constituents and CO5>” and HCO5 ™ are treated as weak acid. Approximate balancing of
these cations and anions determine the chemical character of water [Fig. 5.1].

s b
60 -(CT 40 20
PERCENT OF TOTAL ANIONS
MILLIEQUIVALEMNTS PER LITER

CATIONS

Figure 5.1. Trilinear diagram for groundwater samples from the study area

It is observed that all the groundwater samples collected from the study area show Sodium-Calcium
cation facies and Bicarbonate-Chloride-Sulphate anion facies. PH value of the groundwater samples
from the study area ranges from 6.1 to 7.2 indicating almost neutral water and suitable for drinking
and irrigation purposes. The temperature of groundwater determined in the dry season ranges from
25°C to 27°C. The total dissolved solids (TDS) content of wells ranges from 32.0 mg/1 to 268.8 mg/1.
The relationship between conductance and TDS depends on the particular ions in solution.
Groundwater is classified according to its TDS content (Hem, 1970) [Table. 3]

Table 3: Groundwater classification according to TDS (WHO, 1984)

Water type TDS (mg/l)
Fresh <1000
Moderately saline 3000-10000
Very saline 10000-35000
Briny >35000

Concentration of TDS in groundwater of the study area ranges within 1000 mg/l. According to the
classification of Hem, WHO standards for TDS (WHO, 1984) (Maximum allowable 500 mg/l and
maximum acceptable 1500 mg/l) it could be said that the groundwater of the study area is safe for
drinking and irrigation purposes. Water samples have been taken from different shallow and deep
tube-wells of the study area are analysed for detailed description of the hydro-chemical changes in
groundwater chemistry. Subsurface waters in contacts with sedimentary rocks of marine origin derive
most of their calcium from the solution of calcite, aragonite, dolomite, anhydrite, and gypsum.
Concentration of calcium in normal portable groundwater generally ranges between 10 mg/l to 100
mg/l. Calcium in health of humans or other animals are needed as much as 1000 mg/l. The calcium
concentration in groundwater of the study area ranges from 2.00 mg/l to 44.00 mg/l. Common
concentration of magnesium ranges from 1.0 to 40.0 mg/l in drinking water. The Magnesium
concentration in groundwater of the study area ranges from 10.12 to 26.08 mg/l, suggesting that the
water of the study area is suitable for drinking and irrigation purposes. Sodium unlike the Calcium,
Magnesium and Silica is not found as essential constituents of many of common rock-forming
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minerals. The primary source of most Sodium in natural water is form the release of soluble product
during the weathering of plagioclase feldspars Sodium concentration in fresh water is 10 mg/l. More
than 50 mg/l Sodium and Potassium in the presence of suspended matter causes framing. More
concentration makes the water brine. Concentration of sodium in groundwater of the study area
ranges from 0.11 to 0.56 mg/l. Hence the groundwater of the study area is suitable for drinking and
irrigation purposes. Water percolating through evaporate deposits may contain very large quantities
derived from the dissolution of sylvite and niter. Its concentration in most drinking water is less than
10 mg/l. In the study area, concentration of potassium ranges from 0.002 to 0.022 mg/l, suggesting
that the groundwater of the study area is suitable for drinking and irrigation purposes. Abundant
sources of iron exist in the earth’s crust. Some of the important minerals and mineral group, which
may contain large amounts of iron are pyroxenes, amphiboles, magnetite, pyrite, biotite and garnets.
The weathering of these minerals release large quantities of iron in groundwater. The iron (Fe'™)
concentration in groundwater of the study area ranges from 0.15 to 0.65 mg/l. From the above stated it
may be concluded that the groundwater of the study area is suitable for drinking and irrigation
purposes.

The properties of alkalinity and acidity are important characteristics of groundwater. The
measurement of pH provides values of concentration of H* and OH" in solution. These species
contribute to acidity or alkalinity. In almost all natural waters the alkalinity is produced by the
dissolved carbon-dioxide (CO,) species, bicarbonate (HCO;) and carbonate (CO;). The principal
source of carbon-dioxide species that produce alkalinity in groundwater is the CO, gas fraction
present in the soil or in the unsaturated zone lying between the surface of the land and the water table.
The soil minerals may absorb H', which could be released from time to time by addition of soil
amendment or by other changes in chemical environment to reinforce the hydrogen ion content of
groundwater recharge. It is assumed the pH of the water is controlled by CO, equilibria. The
bicarbonate concentration of natural water generally held within a moderate range by the effects of
carbonate equilibria. Concentrations of bicarbonate more than 200 mg/l are not uncommon in
groundwater and higher concentrations can result where carbon dioxide is produced within the aquifer
mixed with organic matters (Matthess, 1982). In the present study acidity and alkalinity in
groundwater from water sample was measured as bicarbonate (HCO;). The concentration of HCO; in
the study area ranges from 3.05 mg/l to 61.00 mg/l, suggesting that the water of the study area is
suitable for drinking or irrigation purposes. Most Chloride in groundwater comes from ancient sea
water entrapped in sediments; second, solution of halite and related minerals in evaporate deposits;
third concentration by evaporation of chloride contributed by rain or snow; fourth, solution of dry
fallout from the atmosphere, particularly in arid regions. Chloride is one of the major constituents
found in all natural waters in different concentrations, commonly less than10 mg/l in humid region
but up to 10000 mg/l in more arid regions. Concentrations greatly in excess of 100 mg/l may cause
psychological damage. For public health chloride up to 250 mg/l are not harmful but values greater
than this are indication of organic pollution. Chloride concentration in groundwater in the study area
ranges from 27.28 mg/l to 197.78 mg/l. Hence the water of the study area is suitable for drinking and
irrigation purposes. The occurrence of sulphate (SO4>) in groundwater results from the oxidation of
sulfur in igneous rocks, the solution of other sulfur bearing minerals and the oxidation of mercasite
and pyrite (Matthess, 1982). According to the United States Public Health drinking water standard,
the potable water should not contain more than 250 mg/l of sulfate ion. Concentration of sulfate in
groundwater of the study area ranges from 1.20 to 2.55 mg/l. The concentrations of sulfate ions
obtained in the waters are by all standards, very much within the range recommended for drinking and
household purposes. Nitrogen occurs in water as nitrate or nitrite anions (NO, and NQO;) in cationic
form as ammonium (NH;") at intermediate oxidation states as a part of organic solute. The nitrate and
organic species are unstable in aerated water and are generally considered to be indicators of pollution
through disposal of sewage organic waste. The presence of nitrate or ammonium might be indicative
of such pollution also. Concentration in excess of 10 mg/l as N, equivalent to 44 mg/l of NO;
evidently present this hazard (NAS-NAF, 1972). The concentration of nitrate in groundwater from the
study area ranges from <0.1 to 0.66 mg/l. The facies mapping approach (Back, 196]) is one of the most
significant ways to determine the hydro chemical facies from chemical data. In this case samples are
classified according to facies with two templates for the Piper's Trilinear diagram. In the present study
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the chemical data were plotted on the facies mapping approach (Back, 1961) and the variations and
distributions of hydro chemical facies of groundwater throughout the study area are interpreted. It is
observed that all the groundwater samples collected from the study area show Sodium-Calcium cation
facies. All the groundwater samples of the study area indicate Bicarbonate-Chloride-Sulfate anion
facies.

CONCLUSIONS

Correlation with different guideline values for drinking water and public health it is be concluded that
the groundwater of the study area is suitable for drinking purposes. The pH value of groundwater
ranges from 6.1 to 7.2 indicating almost neutral groundwater. Average temperature ranges from
25.0°C to 27.0°C. The electrical conductance (EC) of groundwater ranges from 50.0 to 420.0 ps/cm,
which is of good to medium quality for irrigation purposes. The TDS value ranges from 32.0 to 268.8
mg/l, which is within allowable limit. The hardness of groundwater ranges from 61.28 to 197.06 mg/1,
which is implies very hard, so it requires little softening. Concentration of cations (Ca>", Mg®*, Na",
K" Fe'") ranges from 2.0 to 44.0 mg/l, 10.12 to 26.08 mg/l, 0.11 to 0.56 mg/l, 0.002 to 0.022 mg/l
and 0.15 to 0.65 mg/l respectively. The concentration of calcium is the highest among all of the
cations but within the permissible limit. Concentration of Sodium, Potassium, Magnesium and Iron"*
in all of the studied samples are also within the permissible limit. Concentration of anions (HCOs’,
CO5, SO*, NO;', and CI') range from 3.05 to 61.00 mg/l, 5.2 to 17.0 mg/1, 1.20 to 2.55 mg/l, <0.1 to
0.66 mg/l and 27.28 to 197.78 mg/l respectively. All of the anions in the groundwater are within
allowable limit. Distribution of water samples in the Piper Trillinear Diagram shows that all the
samples fall in the field-1, which indicates that the alkaline earth exceeds alkalies. Six samples fall in
field-3, indicating week acids exceed strong acids, finally all the samples fall in field-5, indicating that
the groundwater has an excess of 50% carbonate hardness (secondary alkalinity). This confirms that
alkaline earths and weak acids dominate the chemical properties of groundwater of the study area.
From the facies mapping approach of water quality data it is revealed that the groundwater of the
region could be classified as Sodium-Calcium cation facies and as Bicarbonate-Chloride-Sulfate
anion facies. Correlation with different guideline values for drinking water and public health it is be
concluded that the groundwater of the study area is suitable for drinking purposes. Genetically the
groundwater of the study area belongs to “Strong Chloride”, “Normal Sulfate”, and “Normal
Carbonate” group. Based on EC, PI and SAR groundwater of the study area is of good to permissible
quality for irrigation purposes. As far as the quality for irrigation is concerned the groundwater falls
under quality category of low alkali hazard and low to medium salinity hazard.
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ABSTRACT

Major rivers of Bangladesh are very dynamic in nature, among which the Jamuna is the extreme
example. About twenty thousands of people along the Jamuna River become landless and homeless
every year due to erosion. In this regard, BWDB has implemented many structures along the Jamuna
River. In this study, vulnerability of erosion is assessed for various important hydraulic structures along
the Jamuna River near Bangabandhu Bridge area. This is the largest bridge in Bangladesh that have
mainly four important hydraulic structures at the upstream of bridge to guide the flow under the bridge
including two guide bunds and two Hard Points. These structures are always under threat due to the
dynamic behavior of the Jamuna River. So erosion assessment and monitoring is the primary concern of
these structures. Erosion starts when a particle overcomes its incipient motion. The erosion resistance of
river bank and river bed can be estimated on the assumption that the load can be characterized by the
maximum occurring shear stress or velocity, while the resistance is given in terms of the critical shear
stress or velocity. This critical velocity is estimated by using the method of shear stress. Then the actual
velocity of the flow near a structure is compared whether it has crossed the critical velocity to initiate
the motion of the sediment particle. Results from the study show that the ratios between actual flow
velocity to critical velocity near the structures are much higher from unity. So all the structures can be
considered as vulnerable according to the study and these need continuous monitoring and erosion
preparedness.

Keywords: Erosion; hydraulic structures; incipient motion; critical velocity

INTRODUCTION

Bangladesh is formed by the alluvial deposition of soil in the major river systems and their numerous
tributaries and distributaries. So bank erosion is a very common phenomenon for the rivers. Many
people living along the river lost their land due to erosion. Among all the rivers, the Jamuna is the most
dynamic and complex one. Different types of structures based on the requirements were implemented in
this river by Bangladesh Water Development Board. Some of the structures were successful and some
of those failed due to lack of understanding about the vulnerability. The Bangabandhu Bridge is one of
the most important structures on the Jamuna River. In addition, there are other four major structures in
the vicinity of the Bridge. Those are: East Guide Bund, West Guide Bund, Sirajganj Hard point,
Bhuapur Hard point. The purpose of these structures is to guide the flow of the river under the bridge.
However, these structures are getting vulnerable during the monsoon period. Thus assessment of
erosion vulnerability of those structures is necessary. In this study, erosion vulnerability near the
hydraulic structures has been assessed by comparing the flow velocity with the critical velocity.

STUDY AREA

The study area covers the Bangabandhu Bridge and its adjacent structures, i.e. East Guide Bund, West
Guide Bund, Sirajganj Hardpoint and Bhuapur Hardpoint, Figure 1 shows the study area near
Bangabandhu Bridge in the Jamuna River.
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Fig 1: Location of the study area near Bangabandhu Bridge

METHODOLOGY

Description of the Model Setup

To setup a two dimensional morphological model for calculating velocity along various structures of
the Jamuna River, MIKE21C (an advanced two-dimensional mathematical modelling software
developed by DHI Water & Environment, Denmark) has been used. A number of simulations have been
conducted for different hydrological year to get a range of velocity passing along the structures. Setting
up of a 2D morphological model comprises firstly, computational grid generation and secondly,
preparation of the bathymetry on these grid cells. Figure 2 shows the grid and the bathymetry,
respectively. The Curvilinear grid has been generated using the surveyed bankline of 2010 and the
initial bathymetry has been prepared by interpolating the surveyed cross-sectional data of December
2010. The upstream boundary and downstream boundary have been set up according to the model area
and finally simulations have been carried out for different flood events, e.g. 1 in 10, 1 in 100 and 1 in
2.33 years corresponding to the hydrological years of 1995, 1998 and 2005, respectively. The model
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Fig 2: Computational curvilinear grid and Bathymetry corresponding to the year of 2010.

Determination of Critical Velocity
Critical velocity is the velocity needed to transport sediment load (Bull, 2012). For non cohesive soil,
assuming a steady uniform flow, the basic stability criterion can be expressed as-
.=VY.(p,-p)eP>1, )
Where,
T,= critical shear stress (N/m?), 1,= shear stress exerted along the bank/bed boundaries(N/m?), .=
dimensionless critical Shields shear stress parameter for specific material, D= mean grain size (m),
ps=density of soil (kg/m?) and p,= density of water (kg/m?)
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The value of ¥., depends on particle shape, velocity profile, etc. For fine sediments with D<4 mm, the
Shields parameter cari{}fg written as:

V.= (7, _ 7,)0 T A,gD @

where,
u Ve
C

U=yg-R-S= )

where,

An(-) = (ps-pw)/pw, i.e.,relative density of submerged material, U= shear velocity (m/s), R=
hydraulic radius or water depth (m), S = slope of energy line, u= mean velocity (m/s), C= Chezy
coefficient (m”*/s) and h= depth of flow (m).

For practical cases the following formulas can be used to estimate the critical velocity (U,) causing
subsoil erosion:

—(Jg-A- * 6 (For finer sediment) 4)
U.=([g-A-D., )*5.75 %1 (
Ve A Dy, * Da
2h
U = A- *5 log 2% )
=g DsoM )*3 75w log D,, (For coarser sediment) (5)

Determination of Dimensionless Instantaneous Velocity

Incipient motion is important in the study of sediment transport, as this motion of sediment particles in
alluvial rivers is a key process for mobility. It represents the difference between bed stability and bed
mobility (Matin, 1994). Due to the stochastic nature of sediment movement along an alluvial bed, it is
difficult to define precisely at what flow condition a sediment particle will begin to move (Yang, 2012).
Consequently, it depends more or less on an investigator's definition of incipient motion.

The initiation of motion of a particle could be identified by comparing the instantaneous velocity with
the critical velocity. Therefore if the ratio between instantaneous velocity and the critical velocity is
higher than unity, the particle would initiate its motion. In this study, the instantaneous velocity along
the structures has been extracted from the model simulation for different flood events and finally
dimensionless velocity has been calculated at the expected location.

RESULTS AND DISCUSSION

As mentioned earlier, the vulnerability of erosion has been predicted for the East Guide Bund, West
Guide Bund, Sirajganj Hardpoint and Bhuapur Hardpoint. However, it is seen that for 1in100 year flood
event the critical velocity ratio exceeds the value 1 for all the four structures. Therefore, average
(1in2.33) flood event has been considered here to evaluate the structures vulnerability. The critical
velocity for those structures is shown in Table 1.

Table 1: Calculation of Critical Velocity along the structures

Name of the Average water depth, Average velocity, u Critical velocity, u,
structures h (m) (m/s) (m/s)
East Guide Bund 7.13 0.531 0.5
West Guide Bund 3.55 0.722 0.677
Sirajganj 3.67 0.841 0.788
Bhuapur 4.28 0.661 0.62

Summary of Results
East Guide Bund (EGB)

From calculation, the critical velocity is found about 0.5m/s in this location (Table 1). This critical value
has been compared with the model simulated maximum velocity along the East Guide Bund at different
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location shown in Figure 2, to check the risk of bed scour. Table 2 shows that the probable velocity for
different hydrological year along the East Guide Bund varies from 0.21 to 1.43m/sec. It has been
observed that the ratio between model estimated velocity and calculated critical velocity is higher along
the straight portion of EGB. So straight part of guide bund is vulnerable to bed scour for present
bathymetry.

Table 2: Dimensionless Velocity at different point of East Guide Bund for different hydrological year

1in 100 1in 10 1in 2.33

Position Velocity, u u/ u, Velocity, u in u/ u, Velocity, u u/ u,
1 0.26 0.52 0.32 0.64 0.21 0.41
2 1.66 3.32 1.60 3.21 1.75 3.50
3 1.18 2.35 1.14 2.28 1.22 2.43
4 1.34 2.69 1.30 2.60 1.34 2.68
5 1.40 2.81 1.34 2.68 1.33 2.65
6 1.43 2.86 1.35 2.71 1.28 2.56
7 1.33 2.65 1.25 2.49 1.19 2.38
8 1.34 2.69 1.27 2.53 1.23 2.45
9 1.37 2.74 1.29 2.57 1.27 2.53
10 1.17 2.33 1.18 2.37 1.16 2.33
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Fig 3: Different location of velocity along the East Guide Bund and West Guide Bund
West Guide Bund (WGB)

From Table 1, the critical velocity is found about 0.677m/s in this location. To check the risk of bed
scour, this critical value has been compared with the model simulated velocity along the West Guide
Bund. Table 3 shows that the probable velocities along the West Guide Bund vary between 0.24m/sec
to 2.05m/sec for different hydrological year. The ratio between model estimated velocity and calculated
critical velocity along the upstream termination of West Guide Bund exceeds the value 1.0, which
indicates that the upstream location is vulnerable for bed scour for present bathymetry.

Sirajganj Hard Point (SHP)

From Table 1, the critical velocity is found about 0.788m/s for Sirajganj Hard Point. This critical value
has been compared with the model simulated velocity along the Sirajganj Hard Point to check the risk
of bed scour. Table 4 shows that the probable velocities along the Sirajganj Hard Point vary from 1.00
to 2.77m/sec for different hydrological year. The ratio between model estimated velocity and calculated
critical velocity exceeds the value 1 at every point along the Sirajganj Hard Point that indicates that this
structure is highly vulnerable for present bathymetry.
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Table 3: Critical Velocity Ratio at different point of West Guide Bund for different hydrological year

1in 100 1in 10 1in 2.33
Position Velocity, u u/ u, Velocity, u in u/ u, Velocity, u u/ u,
1 0.79 1.16 0.70 1.03 0.61 0.91
2 1.26 1.87 1.18 1.74 1.06 1.57
3 1.35 2.00 1.22 1.80 1.11 1.64
4 1.44 2.12 1.27 1.87 1.14 1.69
5 1.37 2.02 1.20 1.77 1.04 1.53
6 1.32 1.95 1.13 1.67 0.93 1.37
7 2.05 3.02 1.73 2.55 1.32 1.95
8 1.77 2.62 1.43 2.11 1.10 1.63
9 0.24 0.35 0.28 0.42 0.06 0.09
10 0.08 0.12 0.00 0.001 0.02 0.02

Table 4: Dimensionless Velocity at different point of Sirajganj Hardpoint for different hydrological year

1in 100 1in 10 1in 2.33
Position Velocity, u u/ u, Velocity, u in u/ u, Velocity, u u/ u,
1 1.17 1.49 1.62 2.06 1.09 1.38
2 2.12 2.69 2.77 3.51 1.91 2.42
3 1.75 2.22 2.06 2.62 1.50 1.90
4 1.49 1.90 1.71 2.17 1.27 1.61
5 1.34 1.70 1.54 1.95 1.15 1.46
6 1.22 1.55 1.44 1.83 1.07 1.36
7 1.13 1.43 1.37 1.74 1.01 1.28
8 1.13 1.44 1.34 1.70 1.00 1.26
9 1.16 1.47 1.35 1.72 1.02 1.30
10 1.18 1.50 1.39 1.76 1.05 1.33

Bhuapur Hard Point (BHP)
The critical velocity is found 0.62m/s along the Bhuapur Hard Point (Table 1). This value has been
compared with the model simulated maximum velocity adjacent to the Bhuapur Hard Point as shown in
Table 5. It is seen that the estimated velocity along the hard point exceeds the critical value (0.62m/s).
The ratio between model simulated maximum velocity and calculated critical velocity at 10 different

points along the Bhuapur Hard Point exceeds 1.0, which indicates that this location is in risk for bed

scour for present bathymetry.
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Table 5: Dimensionless Velocity at different point of Bhuapur Hardpoint for different hydrological year

1in 100 1in 10 1in 2.33
Position Velocity, u u/ u, Velocity, u in u/ u, Velocity, u u/ u,
1 1.33 2.15 1.19 1.91 1.36 2.19
2 1.21 1.95 1.14 1.84 1.30 2.09
3 1.18 1.91 1.11 1.79 1.34 2.16
4 1.32 2.14 1.26 2.03 1.47 2.37
5 1.51 243 1.46 2.36 1.63 2.63
6 1.61 2.60 1.57 2.54 1.72 2.78
7 1.71 2.76 1.68 2.71 1.81 2.92
8 1.78 2.87 1.76 2.84 1.85 2.99
9 1.73 2.79 1.76 2.84 1.78 2.87
10 1.68 2.71 1.73 2.79 1.70 2.74

Fig 4: Different location of velocity along the Sirajganj Hard Point and Bhuapur Hard Point

Identification of Vulnerable Locations

Bed level,
mPWD

The risk areas were categorized according to the Guidelines and Design Manual for Standardized Bank
Protection Structures, published in December 2001 in connection with Bank Protection Pilot Project
FAP 21. Table 6 shows the vulnerable reaches of the Jamuna River, in the vicinity of the Bangabandhu

Bridge.

Table 6: Identified Vulnerable Reaches of the Jamuna

Locations Remarks

Upstream termination of Vulnerable

Straight part of SHP Vulnerable
Upstream termination of Vulnerable

Straight part of WGB Not Vulnerable
Upstream termination of Not Vulnerable
Straight part of EGB Vulnerable
Upstream part of BHP Vulnerable

Straight part of BHP Vulnerable
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CONCLUSIONS

It has been observed that all the structures near Bangabandhu Bridge area are vulnerable to bed scour
for the bathymetry of 2010. The vulnerability of structures depends on the water depth near the
structure. Therefore, the vulnerability will be varying for the next year bathymetry.

Due to the stochastic nature of sediment movement along an alluvial bed, it is difficult to predict at what
flow condition bed would start eroding. Comparing the erosive resistance of non-cohesive soil with
flow velocity allows for a quick assessment of vulnerability of a hydraulic structure. Moreover, this
technique will also be helpful for monitoring and disaster preparedness. The assessment of vulnerability
would be more accurate if velocity at the toe level of the structure could be calculated through 3D model
or field measurement.
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ABSTRACT

Impact of high end emission on production of BORO rice in Bangladesh has been evaluated using the
DSSAT 4.5 crop modeling system. It was calibrated using BR3 variety for the years 2001-2005 and
validated for 2006-2010 incorporating BBS data with statistical parameters RMSE and NSE. Impact of
future climate is analyzed for the years 2020’s (2016-2035), 2050’s (2036-2055) and 2090’s (2081-2099)
with baseline years 1991-2010 using 7 bias corrected ensembles regional climate models (RCM's) for 64
districts divided in 23 regions. The soil profile data was extracted from WISE 1.1 soil database. The
results show that, the yield is negative everywhere, reaching over 20% decrease in some regions. The
maximum temperature rise exceeds 1.5°C in 2020’s and 4°C in 2090’s whereas the minimum
temperature rises up to 5°C in 2090’s. This rise in daily temperature over the growing period of BORO
rice indicates the adverse impact of temperature on crops.

Keywords: BORO Rice; RCM; Climate change; DSSAT 4.5

INTRODUCTION

Agriculture contributes to 35% of the GDP and 70% of the labor force in Bangladesh. The problem of
huge and increasing demands for food and of agricultural land and water resources depletion make it
worse (Ahmed et al., 2000). Bangladesh has to emphasize more on the staple food rice and will require
more than 55.0 million tons of rice to feed its people by the year 2050(Basak, 2010). The impacts of
climate change on food production very important for Bangladesh. BORO rice is the leading rice producer
variety of Bangladesh (BRRI, 2006). However, climate change is the major threat towards rice
production. It is very important to evaluate the effect of climate change on BORO production. A number
of simulation studies have been carried out to assess impacts of climate change and variability on rice
productivity in Bangladesh using the CERES-Rice model of DSSAT. (Mahmood et al., 2003; Mahmood,
1998; Karim et al., 1996). For instance, Basak(2010) has carried out simulations of 12 representative
regions from various zones of the country using the regional climate model PRECIS. However, this study
covers simulation over all the 23 zones of the country that contains all 64 districts using seven numbers of
bias corrected ensembles of regional climate models which has taken high end emission into account
while projecting the future climate data.

METHODOLOGY

Study area
This study was done on Bangladesh (20°34” North Latitude to 26°38” North Latitude and from 88°01”

East Longitude to 92°41" East Longitude) which that encompass almost 0.15 million Km? territory.
Bangladesh is the largest delta of the world as 80% of the land is formed by the floodplains of the GBM
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basin (Ganges, Brahmaputra & Meghna) making it a fertile land for rice production. The country
experiences huge rainfall during Monsoon. However, some flash floods prior to the monsoon season also
occur. This tropical country has annual average rainfall of 1600 mm and a temperature ranging from 8° to
38°during the growth season of Boro rice (Nov-April) over the last 30 years (1981-2010).

BOTE WTE LOTE
H L L

WA
I

TN
I

Legend
L] Saton

Fig. 1: Thirty five ground base measuring stations of Bangladesh Meteorological Department. Source
(Islam 2008)

Selection of Crop Model

Among the various crop modeling software like Crop-wat, DSSAT, PCSE etc. we have chosen DSSAT
4.5 to calibrate and project the crop yields. The CERES-Rice model of the DSSAT modeling system is an
advanced physiologically based rice crop growth simulation model and has been widely applied to
understanding the relationship between rice and its environment. The model estimates yield of irrigated
and non-irrigated rice, determine duration of growth stages, dry matter production and portioning, root
system dynamics, effect of soil water and soil nitrogen contents on photosynthesis, carbon balance and
water balance. Ritchie et al. (1987) and Hoogenboom et al. (2003) have provided a detailed description of
the model.

Selection of Rice Variety

The CERES-Rice model is variety-specific and is able to predict rice yield and rice plant response to
various environmental conditions. The model takes into effect of weather, crop management, genetics,
and soil water, C and N. The model uses a detailed set of crop specific genetic coefficients, which allows
the model to respond to diverse weather and management conditions. The BORO rice variety BR3 has
been selected as the genetic coefficients of BR3 is available in the model.

Table 1: Some important information about BR3 variety of Boro rice

Real Name Biplob Height

95 cm Duration of growth 170 days Grain quality

CoarseYield (Kg/hectares) 6500

Developed on 1975

Developed by Bangladesh Rice Research Institute (BRRI)
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Integrating field data in DSSAT

The DSSAT software team has recently done experiments on 17 soil stations across Bangladesh. The soil
station data has been stored in WISE 1.1 database. Once a region is selected from the global map, it
enables the user to access the soil station data. This set of data is simply copied and pasted on the soil.sol
file. Thus the soil stations can easily be integrated in DSSAT.

Weather data

In this study, the historic weather data was taken from 35 stations of Bangladesh Meteorological
Department (BMD). The weather data contains daily rainfall (mm), maximum and minimum temperature
(°C) and daily solar hours. Rainfall and temperatures are used directly in DSSAT. However, the weather
manager of DSSAT itself converts solar hours into solar radiation. As simulations were carried out over
23 zones, the data of the nearest station of the corresponding district was taken. Figure 1 indicates the
location of the meteorological stations of BMD. For calibrating the model, data of the years from 2001-
2005 was taken and 2006-2010 was taken for validation.

Climatic Data

The future data was collected from 7 bias corrected ensembles with RCP 8.5 scenario of regional climate
models RCM’s under 4 GCM’s. The baseline period was 30 years (1991-2010) and the projection was
made for 2020’s (2016-2035), 2050’s (2046-2065) and 2090°s (2080-2099). Table 2 describes the details
of the ensembles.

Table 2: Details of the bias corrected ensembles of regional climate models

Institute GCM RCM Driving Res. RCP
Ensemble
Member
SMHI CNRM-CERFACS- RCA4 r lilpl 0.5° 8.5
CNRM-CM5
SMHI ICHEC-EC-EARTH RCA4 r lilpl 0.5° 8.5
MPI- CSC MPI-M-MPI-ESM-LR REMO2009 r lilpl 0.5° 8.5
SMHI MPI-M-MPI-ESM-LR RCA4 r lilpl 0.5° 8.5
SMHI NOAA-GFDL-GFDL- RCA4 r lilpl 0.5° 8.5
ESM2M
SMHI IPSL-CM5A-MR RCA4 r lilpl 0.5° 8.5
SMHI MIROC-MIROCS RCA4 r lilpl 0.5° 8.5
Crop Management

The crop management includes planting details, transplanted date, irrigation and fertilizer management,
tillage, harvest and chemical applications. The date of transplant, the date of harvest, the amount
ofirrigation and fertilizer applications has been kept the same to a default set value according to the
guidelines of BRRL

Calibration and Validation:

The model was calibrated to find the genetic coefficients for BR3 variety of Boro rice. Statistical
parameters root mean square error (RMSE) was used for the calibration. Value of RMSE was ranging
from 100- 300 depending on the soil profile and climatic scenario of the region. Table 3 shows the default
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values of the genetic coefficients and the calibrated value of these parameters in some important locations
(divisions).

Table 3: Values of the genetic coefficients in some important locations (divisions)

Region Pl P2R P5 P20 Gl G2 G3 G4 RMSE RMSE
(Calibration) (Validation)
Default value 650 90 400 13 0.65 025 1 1 - -
Dhaka 647 93 415 129 67 026 1 1 260 125
Chittagong 645 87 395 129 62 025 1 1 312 213
Rajshahi 647 93 415 129 67 026 1 1 317 106
Barisal 648 90 400 13 67 025 1 1 192 141
Khulna 648 90 400 13 67 025 1 1 211 139
Sylhet 650 90 400 13 67 025 1 1 169 140
Rangpur 650 90 400 13 65 025 1 1 315 154
RESULTS AND DISCUSSIONS

It is observed that, most of the regions experience negative yield of BORO rice, reaching over 20%
decrease in some regions (Figure. 2). The maximum temperature rise exceeds 1.5°C in 2030’s and 4°C in
2090’s whereas the minimum temperature rises up to 5°C in 2090’s. (Figure. 3) This rise in daily
temperature over the growing period of BORO rice indicates the adverse impact of temperature on crops.
The results show a spatial distribution of the change of rice yield. As we see figure 4, for mid

future (2050’s), the North East zone encounters the minimum reduction in yield (2-6%). On the contrary,
the southern zone is the most danger prone region experiencing a 14% to above 20% decrease in yields.
Over the near and far future, the western zone of Bangladesh remains moderately affected by reduction of
rice yield from 8% to 12%. However, the condition of the central zone is also affected in the far future
which indicates how severe the impact of climate change is going to endanger the whole country in
future.
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Fig.2: Change of BORO yield in 2090°s Fig.3: Increase of maximum temperature in 2090’s

770



Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.)

Fig. 4: Change of the yield of Boro rice in mid future (2050°s)

CONCLUSION

Most of the regions encountered extreme change in maximum and minimum temperature over the
emergence to end period of BORO crop. The yield trend is gradually decreasing at an alarming rate;
crossing 10% decrease in 2020’s to 20% decrease in 2090’s. The growth and yield of crops are directly
related to the rate of photosynthesis and their response to temperature, solar radiation and rainfall.
Optimum temperatures for maximum photosynthesis range from 25°C to 30°C for rice under the climatic
conditions of Bangladesh. Increased temperatures during the growing season cause grain sterility. (Basak
et al., 2010). Maximum temperatures cause the reduction in rice yield mainly. However CO2 is also
increasing which pose a positive impact on crop production. But, it is not dominant over the impact of
temperature. The core finding in our predicted results suggest that, keeping the harvesting date same or
shortening the emergence to harvest duration, we can actually get an increased yield in most of the
regions. However, due to shortening the growth period, we are also shortening the irrigation water to a
significant amount. This amount might be sufficient for many regions, but possibly not for the drought
prone regions. Moreover, the growing period of BORO rice experiences no Monsoon at all. For this
reason, the probable cause behind the reduction in yield of any zone is supposed to be drought. This
finding calls for a more detailed works on SPI (standardized precipitation index) in future. DSSAT crop
modeling could prove very effective for this potential study. Moreover, the high end emission as the
IPCC could be simulated to assess how intense is the impact of increased emission on Boro rice.
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ABSTRACT

This research examines past drought and predicts future drought in selected locations of the northwest
and central region of Bangladesh using two powerful and widely used drought indices namely the
Standardized Precipitation Index (SPI) based on precipitation and the Standardized Precipitation and
Evaporation Index (SPEI) based on both precipitation and evaporation. The analysis has been done
for the observed period (1971-2014) using meteorological data and for future period (2015-2100)
using data derived from PRECIS (Providing Regional Climates for Impacts Studies) climate model
under emission scenario Representative Concentration Pathway 8.5 (RCP 8.5). These indices have
been found to be capable of capturing historical drought events in Bangladesh and the future values
indicate very frequent and severe drought events in the 21% century.

Keywords: Drought; precipitation & temperature, climate, SPI & SPEI

INTRODUCTION

Drought is one of the most damaging natural disasters. During the last 50 years, Bangladesh suffered
about 20 droughts. Depending on the intensity of drought, the estimated yield reduction of different
crops varies from 10% to 70% (Rahman and Biswas 1995). Apart from loss in agriculture drought has
significant effect on land degradation, livestock population, fisheries, food quality and price,
employment, health and society. Accurate prediction of the onset and durations of future droughts are
necessary for better drought management. Previous studies indicate that both SPI and SPEI are very
powerful index to detect different features of drought. But very few studies have so far been
undertaken to forecast drought features in near future for Bangladesh. In this research projected
climate data from PRECIS climate model will be used to forecast drought events in north-western
(NW) and central region (CR) of Bangladesh.

METHODOLOGY

In the present study drought analysis were carried out in the NW (Rajshahi, Rangpur, Bogra,
Dinajpur, Ishwardi)and CR(Dhaka, Mymensingh, Tangail) region using the SPI and SPEI indices
computed from meteorological data. Monthly total rainfall and maximum and minimum temperature
data were collected from Bangladesh Meteorological Department for the year 1971 to 2014. For
forecasting future drought rainfall and temperature data were obtained from PRECIS climate model
under RCP 8.5 emission scenario for the year 1971 to 2100.

Calculation of SPI and SPEI indices

In order to calculate SPI and SPEI, time series of precipitation and moisture deficit (P minus PET)
were used, respectively. PET values were obtained from monthly maximum and minimum
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temperature using Hargreaves method. These data are fitted to an appropriate probability distribution
function. Two parameter gamma distribution function is used for SPI calculation and general logistic
distribution function is used for calculating SPEI index in this analysis. These fitted distributions are
used to calculate the cumulative probability density function for any given precipitation amount. This
cumulative distribution is transformed to a standard normal distribution with a zero mean and
standard deviation of unity which is the value of SPI or SPEIL Negative values of SPI or SPEI
indicate dry periods while positive values indicate wet periods where a value of zero corresponds to
the median precipitation. SPI values between +0.99 are generally considered normal.

Table 1: SPI values indicate different drought conditions

2.0 or above Extreme wet
1.5t0 1.99 Severe wet
1.49t0 1.0 Moderate wet
0.99 to -0.99 Near normal
-1.0to -1.49 Moderate drought
-1.5t0 -1.99 Severe drought
-2 or less Extreme drought

For SPEI calculation, generalized logistic method for probability distribution and Hargreaves method
for calculation of potential evapotranspiration found to be more appropriate. At first, SPI and SPEI
were calculated for the year of 1971-2014 using observed data. Then SPI and SPEI were calculated
for the same period using PRECIS model dataset. The distribution parameters found from this dataset
were used to calculate SPI and SPEI of future period. All the drought indices are calculated for 3, 6, 9
and 12-month drought conditions.

RStudio, a programming language for statistical computing and graphics is used to compute SPEI,
SPI both for controlled and future periods. In SPEI calculation, different distributions methods and
different PET calculation method were applied and best fitted distribution method with PET method
was chosen by trial and error that gave reasonably accurate result for observed period (1971-2014) By
trial and error generalized logistic method for distribution and Hargreaves method for calculation of
potential evapotranspiration were selected. Later SPI and SPEI values for future period of 2015 to
2100 were computed using those distribution parameters obtained for the observed data set.

RESULTS AND DISCUSSIONS

Future drought indices indicate very dry future and more frequent drought. It was observed that for
1971-2014 period most of the drought indices were in the range of =1. But for future period (2015-
2100) those indices are in the range of 2 which indicates more extreme moisture deficit or surplus
for future periods. Plots of 6 and 12 month SPI and SPEI computed from observed data of 1971-2014
are shown in Figure 1 and 2, respectively. SPI and SPEI of the same period (1971-2014) computed
from PRECIS data are shown in Figure 3 and 4, respectively.
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Fig. 1: Rajshahi’s SPI series for observed period (1971-2014)
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Fig. 2: Rajshahi’s SPEI series for observed period (1971-2014)
?
=
i
ha
L]
:. o | | ! B time.scale=6
= 'SR | : B time scale=12
= —_ J-.I ) 4 P .\ ) |
0T I s e R TV
= o M ||1--.,.
o~ = wad _,l |
! ‘ 3 i
— o
) L]
‘_I oy
oo ¥
;._’_ 1 1 1 1 1
“-g 1970 1980 1990 2000 2010
=
L)

date

Fig. 3: Rajshahi’s SPI series for 1971-2014 using PRECIS dataset
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Fig. 6: Rajshahi’s SPEI time series for future 2015-2100
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It is observed that in future intensity of drought will increase (Figure 5 and Figure 6). The SPI series
of future indicate a dry future but SPEI values indicate even more dry future. As world’s temperature
is increasing day by day due to the emission of greenhouse gases and SPEI depends on both
temperature and precipitation, SPEI predicts drier future than SPI which depends only on
precipitation. Again as the PRECIS data is for the extreme climatic scenario (RCP 805), therefore
both SPI and SPEI indicate high probability of drought in future. However the drought and wet events
identified from both SPI and SPEI indexes for 1971-2014 periods indicated almost similar moisture
condition. Therefore the correlation between SPI and SPEI values are very high for both observed and
PRECIS data for observed period.

Table 2: Correlation of SPI and SPEI for observed data and PRECIS

R’ Values between SPI and SPEI
DISTRICT R’ (observed) R’ (PRECIS)

Rajshahi 0.703265 0.925339
Rangpur 0.751834 0.949239
Dinajpur 0.913151 0.936289
Bogra 0.929033 0.946643
Ishwardi 0.923459 0.946503
Dhaka 0.93378 0.956655
Mymensingh 0.899391 0.948599
Tangail 0.944090 0.953664

The analysis of PRECIS model projection for 1971 to 2100 shows an increasing trend line for
monthly average temperature and decreasing line for monthly total rainfall. However results also
indicate few extreme rainfall events in 21* century.

Validation of result

Historical drought events record says that Bangladesh has faced some severe and moderate droughts
in recent years. SPI and SPEI value from both observed and model dataset detected those drought
years reasonably accurately. So this indicates that both SPI and SPEI are good indicator of drought.
PRECIS monthly values and the distribution of temperature over the year are also compared with the
observed temperature for year 1971-2014 and these values are matched properly.

Comparison of Observed and PRECIS Temperature
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Fig. 7: Comparison of observed and PRECIS temperature for Ishwardi
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Table 3: Comparison of the drought severity of Historical drought events with the drought severity
obtained from the SPI and SPEI value

Historical SPI SPEI SPI SPEI
Drought Year (Observed) (Observed) (PRECIS) (PRECIS)
1973 Extreme extreme moderate moderate
1974 extreme severe moderate moderate
1975 severe severe extreme Extreme
1976 severe severe extreme moderate
1979 moderate moderate moderate moderate
1980 moderate severe extreme extreme
1981 severe extreme moderate severe
1982 severe severe Severe moderate
1989 severe severe Severe moderate
1992 severe severe Severe severe
1994 severe severe Severe extreme
1995 extreme severe extreme extreme
1996 moderate extreme extreme moderate
2000 extreme severe Severe moderate
2009 severe severe moderate moderate
2011 extreme extreme Severe severe
CONCLUSIONS

The SPI and SPEI results obtained from this study indicate a very dry future with more frequent and
severe drought events for PRECIS RCP 8.5 scenario. These results can provide valuable information
for long-term regional and national drought risk management
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ABSTRACT

Owing to the reduction of upstream water flow after construction of Farakka Barrage on the Ganges
River, huge amount of sediment loads are settling down on Gorai river bed, hindering the safe passage
of flow. For such sediment dominated rivers, dredging operations can be undertaken with a view to
increase the river conveyance. The objective of this study is to investigate the hydrodynamic response
of Gorai river to dredging using Delft 3D. A 25 km reach of the Gorai River, subdivided into 5
monitoring points for the year 2010 was selected for the model simulation. Simulated hydrodynamic
parameters were compared before and after dredging to assess the functionality of dredged
bathymetry. Results reveal that hydrodynamic performance, specifically, flow augmentation for the
dredged condition is 9.632% with velocity increase of 9.82% and water level decrease of 14.98%.
Thus the dredging strategy can be defined as an efficient one in facilitating the hydrodynamic
response of the river. These results suggest that the dredging strategy can be defined as an efficient
one in understanding the hydrodynamic response of the river and will help the river regulation
authority to undertake appropriate future developments projects for the river restoration.

Keywords: Gorai; hydrodynamic; Delft3D; flow augmentation

INTRODUCTION

The pride of Bangladesh is its rivers, one of the largest networks in the world with a total number of
about 700 rivers including tributaries, which have a total length of about 24,140 km. The country is a
part of three major river systems of South Asia, namely, the Ganges-Padma, the Brahmaputra-Jamuna
and the Meghna. From the time immemorial, rivers have played a significant role in forming the life
line for our country, which recently is facing problems due to natural and anthropogenic reasons. In
general, diversion of river flow in the upstream, salinity intrusion, excessive sedimentation causing
navigability disturbance and flooding are the major problems relating to rivers in our country (FAP-
24).Due to increasing withdrawal of the Ganges River in its upstream inside India, its distributaries
inside Bangladesh are slowly facing death for not receiving their winter flow. The Ichhamoti is dead,
the Baral and the Chandana are dying, the Mathabhanga rarely gets flow during flood months, and the
Gorai also gets dried up at its off-take during winter (M. Inamul Haque, 2015).Gorai River is the
major distributary of the Ganges River in the right bank and a main source of freshwater within the
Bengal Delta area (Addams, 1919). With a total length of about 200 km Gorai has a catchment area of
15160 km? and is located between 21° 30° N to 24° 0’ N Ilatitude and 89° 0’ E to 90° 0’ E longitude
(Bangladesh er Nod Nodi,2010) covering south western region of Bangladesh. The river takes off
from the Ganges at Talbaria, north of Kushtia town and 19 km downstream from the Hardinge bridge
and discharges into the Bay of Bengal through the Madhumati and Baleswar Rivers (Islam and
Gnauck, 2011). Due to implementation of the Farakka Barrage in 1975, the dry season flows in
Ganges River started to decline subsequently which results in reduction of flow through the Gorai
River and deposition started ensuing in the off-take. As a result, two types of environmental impacts
have been created in the Gorai catchment area (BWDB, 2010). The sediment particles are settling
down on the river bed rapidly, which is one of the major problems of Gorai River morphology. On the
other hand the saline sea water is pushed up in the upstream area due to capillary upward movement.
As the Gorai is the main lifeline of South-western part of Bangladesh dredging efforts can be taken to
de-silt its off-take to keep the flow coming from the Ganges River(M.Inamul Haque, 2015). In this
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study, realizing the importance of rivers in Bangladesh in general and understanding the predicament
of river Gorai in particular, efforts have been ensued to address the hydrodynamic analysis of the river
Gorai with respect to dredging as a part of solution of sediment problems and flow augmentation.
Hydrodynamic parameters including discharge, velocity and water level were compared before and
after dredging and portrayed in the graphs and charts.

Effects of Dredging on river hydrodynamics

Dredging operations involve the removal of bed material and associated vegetation from a river
channel with an objective of increasing the river channel capacity and its ability to convey water
(Andries J. et.al, 2015).The exact ramifications of river dredging upon river hydrology and
geomorphology will be a function of the river topology, sediment characteristics, the dredging
technique employed, existing floodplain connectivity and antecedent environmental conditions.
Channels which have been deepened by dredging silt-up more frequently as they return to their pre-
dredged state(Judy England and Lydia Burgess-Gamble, 2013). Dredging can reduce water levels at
some locations but this depends on local conditions and is therefore case specific. Local reductions in
water levels automatically mean a reduction in flood risk. Dredging would automatically prevent out
of bank flow from occurring(Judy England and Lydia Burgess-Gamble, Environment Agency, 2013).
Dredging activity is combined with a greater fine sediment load to cause bed armoring and dredging
causes increase in the discharge and velocity decreasing in the water level (Trevor Bond, 2013). If a
dredged channel is also straightened, the water velocity is increased significantly, due to increased
slope and the loss of energy dissipation at bends. Faster water causes much more damage during
floods.( Southern Tier Central Regional Planning & Development Board,2013).

Study Area
The study area covers about 25 km reach of the Gorai River flowing from 10km downstream from

the Ganges-Gorai off-take within the kushtia district to the 5 km upstream of the Kamarkhali transit
within the Kamarkhah upazﬂla Flgure 1 shows the Google map of the study area.

Khuina Divisicny

ta, &

. :
Fig. 1: Map showing the study area

METHODOLOGY

Methodology of the study covers data collection, setting up of a model of 25 km river reach of the
upper Gorai and performing analysis for two simulation period; dry and flood period and two settings;
pre and post dredging conditions. Cross section data for the year 2009-2010, time series discharge
data at the Gorai Railway Bridge (SW-99), Water level data at Kamarkhali (SW-101) and Kamarkhali
transit (SW-101.5) have been collected from Bangladesh Water Development Board (BWDB) and
Water Resources planning organizations for the model setup. Physics-based nonlinear morpho-
dynamic model Delft3D of version 3.28.50.01 was used as a modeling tool. Hydrodynamic
parameters such as discharge, velocity and water level were compared before and after dredging and
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portrayed in graphs and charts. A25 km long river reach with an average width of 800 m; started from
6 km downstream from the Ganges-Gorai off-take was discretized by 720*36(m*n) cells. The average
dimension of each grid cell was approximately 40m*40m.After developing the study area with good
quality grids, processed cross section data were imported and has been interpolated and diffused to
obtain a spatially varying depth file. Figure 2 shows the grid and depth of the study reach. Bathymetry
data was collected during the monsoon period of the year 2010 measured with respect to the PWD
datum.120 cross sections at approximately 200 m interval have been used for the setup of the initial
bathymetry of the model. Figure 3shows the initial defines the monitoring points which have been
used for observing simulated velocities, discharge and water level.

Calibration and Verification of the Model

Calibration and verification of a numerical model requires two independent data sets, one of which is
used to calibrate the model and the other to validate the results. Calibration of the model has been
done simulating the model from 1Ist of June, 2010 to 31st of August, 2010 and verified for the time
ranging from 1st of September to 30th of November. Computed water surface elevations have been
compared with the observed water surface elevations at Kamarkhali station (SW-101). Roughness and
eddy viscosity are the parameters that have been used to play to obtain an adequate match with the
observed field conditions. Manning’s roughness coefficient has been adjusted after several trial of the
model during calibration to an average value of n = 0.025, The value of eddy viscosity has been
considered as 10.0 m2/s. The model was validated at the Kamarkhali for the period 1st of September
to 30th of November that shows a good agreement with the observed data.

Selection of Dredge Section

Proposed dredged section is a trapezoidal one (GRRP, 2000). In this study a dredging section of 200
m base width having side slopes of 1:20 and 13 m deep from the side banks has been used to
understand the dredging response on the river hydrodynamics. Figure 2 shows the comparative plot of
the river bed.
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Fig. 2: Initial bathymetry Vs dredged Bathymetry
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RESULTS AND DISCUSSIONS

Analysis on Dredging Response:

Simulated depth averaged velocities at 5 different monitoring points are plotted to visualize the changing
pattern and the length wise difference in magnitude. The peak velocity ranges from 0.7 m/s-0.9 m/s during the
flood period and the value ranges from 0.1m/s-0.25 m/s during the period of lean flow. Trough and peak
magnitudes of the velocities show that change in velocity along the reach varies from 4%-7%. Flow velocity
along the study reach decreases due to the changing fluvial processes but the percentage change is not so
significant due to small length of the study area. A dredging strategy remarkably alters the bathymetry. It
induces a change in flow velocity. As the river bed deepens by dredging, it provides a more smooth passage
for the flow. Seasonal variation in the flow volume also causes a change in the velocity time to time.

Figure 2(a), (b) show the comparison of depth average velocity of the study reach of the river for the two
conditions of pre and post dredging strategy during the wet seasons. It can be visualized that during both the
wet and dry season for the year 2010 there is a higher velocity of flow in the main channels and flood plains in
case of dredged bathymetry. The velocity in the main channel is obviously greater than the velocity in the side
channels. During the wet season flow velocity throughout the study reach varies from 0.3 m/s-0.9 m/s in case
of original depth profile whereas the range of velocity increases to 0.4 m/s-1.1 m/s in dredged bathymetry.
During the lean period flow velocity falls within the range of 0.06 m/s-0.16 m/s that increases to 0.30 m/s to
0.65m/s in dredged bathymetry.
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Fig. 2: Simulated depth average velocity during wet season (a) Pre-dredging; (b)Post dredging

Simulated discharges at 5 different monitoring points named are plotted to visualize the changing pattern and
the length wise difference in magnitude of discharge. Simulated discharge during the flood period ranges from
2800 m3/s to 4200 m3/s. Trough and peak magnitudes of the discharge show that change in discharge along
the reach varies from 12%-17% with maximum discharge at the 1st monitoring point and minimum at 5th
monitoring point. To compare the pre and post dredging work, average of the discharges of 5 monitoring
points is taken as the mean discharge in case of pre-dredging work. As the flow velocity increases due to
dredging, it induces an increase in discharge along the study reach that augments both the dry and wet season
flow. Simulated water levels at 5 different monitoring points were plotted to visualize the changing pattern
and the length wise difference in magnitude. Water depth increases along the reach as the flow velocity and
discharge decreases along the reach. But the simulated water levels showed a decreasing pattern along the
reach as the bed level lowers along the bathymetry at an average slope due to land topography. During dry
period simulated water level varies from 2 m to 3.5 m and the level rises to 8m to 9.5 m during flood period.
As dredging result in narrowing and deepening of the channel, the still water level drops. The series of figures
below show the effect of dredging on the water surface elevation of the study reach of the river Gorai in both
dry and wet seasons. It can be visualized that during both the wet and dry season for the year 2010 there is a
lower water depth in the main channel in case of dredged bathymetry comparing with the original depth
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profile. Due to dredging, channel navigability increases contributing more water flow through the main
channel, thus the water level drops in both the main channel and flood plains.

Discussion and Results:
The percentage variation of average monthly velocity, discharge and water level for the dredging scenario
comparing with the original bathymetry can be tabulated as follows (Table 1) for better visualization. Positive
percentage indicates percentage increase in corresponding parameter and negative percentage depicts the
percentage decrease of the corresponding parameter.

Table 1 Response of Gorai river to dredging

Months Velocity Discharge Water
(%) (%) level

(%)
Jan 8.67 6.24 -11.37
Feb 11.03 6.04 -11.77
Mar 10.19 6.44 -13.30
Apr 9.17 6.89 -13.23
May 9.84 8.38 -14.98
Jun 9.59 8.61 -14.17
Jul 9.37 9.81 -14.76
Aug 9.17 10.73 -15.21
Sep 13.39 10.63 -15.78
Oct 7.56 6.55 -14.08
Nov 4.25 6.40 -13.68
Dec 6.56 6.25 -13.38

From the analysis it has been found that for dry period velocity increase was obtained as 8.312%,
corresponding percentage increase during wet season are 9.816%.For dry period discharge increase was
obtained as 6.403%, corresponding percentage increase during wet season are 9.632%.For dry period water
level decrease were obtained as 11.57%, corresponding percentage during wet season are 14.93%.

CONCLUSION, RECOMMENDATIONS AND STUDY LIMITATIONS

The models presented in the study are by far believed to be the most realistic simulation in terms of
hydrodynamics. In the present study a deep insight on the effect of backfilling rate has not been considered.
The percentage increase in flow discharge is not satisfactory enough to revive the Gorai River, thus dredging
cannot be adopted as a permanent solution for the restoration. Moreover dredging has some negative Impacts.
The process of dredging can damage ecology by directly affecting its physical habitat, disrupting riverine
processes and reduced connectivity with the floodplain. Furthermore as in most of the real cases the spoil
dumping areas are within the catchment area, a portion of the deposited sediment from the disposal sites
returns to the dredged channel which may affect the sediment transport rate, cumulative erosion and
cumulative deposition of the dredged channel. To avoid the difficulties in estimating the exact volume of the
spoil deposition in the dredged channel, it is not incorporated in this study. Future study can be performed by
counting the fact. For further extension, dredging section with any other dimensions and alignments can be
considered to produce variable results.
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ABSTRACT

Bangladesh lies at the confluence of worlds three major rivers, namely the Ganges, the Jamuna and the
Meghna. Bangladesh is very much prone to flooding owing to its lower elevation. Flood causes
tremendous losses in terms of property and life, particularly in the low land areas. At least 20 % areas are
flooded every year and in case of severe flood, about three fourth part of the country is inundated.
Therefore, the study is carried out to develop inundation maps of the Jamuna River. Therefore, an
associative study was made upon the impact of breached levee on particular districts. The study made
here is based upon a combined one and two dimensional model which needs cooperation of GIS and
HEC-GeoRAS. The later twos help to form appropriate topographic data and channel cross sections. In
HEC-RAS, boundary conditions for upstream and downstream are defined by discharge and water level
for running the 1D river, while for 2D floodplain discharge data was used in upstream side and rating
curve was used in downstream portion. After boundary condition setup, the channel calibration and
validation are performed using known hydrological data collected from BWDB. For floodplain
calibration we used about 1% discharge flowing through the channel and only when the channel discharge
is more than bank full discharge. However calibration and validation showed result much closer to the
actual scenario. After calibration and validation flood inundation map are generated using RAS Mapper
and calculated in GIS by exporting data from HECRAS to GIS. The average levee height was about 2m
which showed significant amount of resistance against flood. Later, the analysis of flood pattern helped to
understand the seasonal growth of flood. Thus, ending of the study may help in planning and management
of flood plain area of the Jamuna River to mitigate future probable disaster through technical approach.
Findings of the study may also help to determine suitability of building flood control structure like
embankment, detention ponds for prevention purposes.

Keywords: HECRAS; GIS; Bathymetry

INTRODUCTION

Bangladesh is a riverine country which lies at the confluence of world’s three major rivers, namely the
Ganges, the Meghna and the Jamuna. Owing to its lower elevation, Bangladesh is very much prone to
flooding. Flood causes tremendous losses in terms of property and life, particularly in the low land areas.
Every year at least 20% areas are flooded in case of severe flood which is about three fourth part of the
country. Moreover, Bangladesh is prone to flooding due to being situated on Ganges delta and the many
distributaries flowing into the Bay of Bengal. Including three of the world’s largest rivers, the Ganges, the
Brahmaputra (Jamuna) and the Meghna about 90% of total stream flows through Bangladesh originate
from upstream catchment in India, Nepal, Bhutan and China.

For being a braided river, the characteristics of Jamuna is not fixed, rather changes with time. So it is
essential to understand the characteristics of flood inundation for the Jamuna River. With this study, we
can know how much area will be flooded due to a given discharge. In addition to that, we need to know
how fast or at what rate the flood plain areas are flooded due to given discharge, to answer these key
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questions, this study has been taken. Flood inundation modeling requires a two dimensional model,
however, study of flood inundation can be done using a combined one dimensional (1D) and two
dimensional (2D) hydro dynamic model which includes flood plains as 2D part and river as 1D part .In
that sense this is a very new study in the subcontinent and also new to the other part of world as coupled
1D and 2D modeling is new in HEC-RAS. In case of this 1D/2D coupled model HEC-RAS has given
some special features. The 2D unsteady equations solver uses an implicit finite volume algorithm which
allows larger time step in calculation and improved stability and robustness over traditional finite
difference and finite element techniques. Moreover it provides detailed hydraulic property table for
computational cells and cell faces. Finally in this study we could utilize the detailed flood mapping
capability of HEC-RAS 5.0.0 which was not possible in the older versions.
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Fig. 1: Study Area

The main objective is to study the capabilities of a 1D/2D coupled hydro dynamic model in simulating
flood inundation of the Jamuna River, generate and compare flood inundation map and estimate the effect
of construction embankment for particular location. The Jamuna’s middle portion and its floodplain,
about 25 km in the left bank and 35 km in the right bank of the river, are the study areas in this study
(Figure 1). The river reach length is about 90 km and the total area is 6870 square km excluding the river.
Only the Jamuna River’s floodplains has been considered for this study which includes Gaibandha,
Bogra, Sirajganj, Sherpur, Jamalpur and Tangail districts only.

METHODOLOGY

For the study we used different sets of data named bathymetric data, hydrologic data (discharge and water
level) and topographic data as Digital Elevation Model (DEM) data. To set up the model preprocessing
was necessary in GIS. The river bathymetric data collected from Institute of Water Modeling (IWM) has
been used for the generation of the shape file. Data Management tool of ArcGIS has been used to process
the data. To create a surface grid in ArcGIS, the ‘Spatial Analyst’ extension employs one of several
interpolation tools. In this study, Kriging interpolation method has been used to create the surface grid of
the river bathymetry. The size of the grids has been chosen as 10 meter. The created topographic grid
contains some default topographic data that are not appropriate. Only river bathymetric grid is needed.
Extraction of grid needs the ‘Grid Analyst’ extension. A polygon has been drawn in accordance with the
river bathymetric size. Using this polygon the bathymetric grid file has been extracted from the
topographic grid file. The bed level for bathymetry was referenced with respect to the Public Works
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Datum (PWD) of Bangladesh, which is established by the Department of Public Works, Bangladesh. The
complete bathymetric grid has been shown in figure 2.
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Fig. 2: The River Bathymetric Grid Fig. 3: Merged Bathymetry with DEM Data

After downloading the DEM, the study area DEM has been clipped from the entire DEM by using the
data management tool. Finally, DEM has been resampled into 10*10m resolution. The elevation of the
DEM has been measured relative to the mean sea level (MSL). DEM’s value has been transferred to PWD
datum by adding 0.46 m. All the data in the DEM have been projected on to the Bangladesh Transverse
Mercator (BTM). Then the bathymetric grid has been merged with the topographic DEM to produce the
complete DEM of the river bathymetry along with the topographic DEM (Figure 3). Hence, for the
preparation of channel geometry, preprocessing was done in HEC-GeoRAS. To create 1D
geometry we used the bathymetric grid only and excluded the nearby floodplain. The goal of this
section was to develop the spatial data required to generate a HEC-RAS import file with a 3-D
river network and defined 3-D cross sections. This extraction comprises several steps. These are
development of a river centerline, cross-sections, river banks, and flow path lines as shape files.

1D geometric data was imported to HEC-RAS. After that we divided the floodplain into two parts of the
river and created 2D mesh at both left and right side of the river. In case of creating 2D mesh, we took
300m*300m as cell size. Then the cells have been created after mesh analysis. We did coupling of 1D and
2D model by using lateral structure on the upstream of both sides of the river. In our model, bank
elevation and levee height were kept approximately at the same elevation. Then we breached the levee for
creating actual condition and ran the geometric preprocessor from RAS Mapper. Finally, boundary
condition lines were drawn at the both upstream and downstream side of the floodplain.

We have applied different boundary condition for different time series data for calibration and validation
respectively for unsteady flow simulations. For 2D connection, additional boundary condition is
necessary to be applied. So we provided discharge data at the upstream boundary condition line in order
to allow the entry of the inherent flow from the outside of the area into the floodplain. Rating curves were
used at the downstream floodplain so that the flood water can pass away.

The data regarding to the flood year 2004 has been used for calibration and the parameter was Manning's
roughness co-efficient ‘n’. The model has been simulated using the daily hydrograph for four months
from June to September. The ‘n’ value as 0.032 for main channel and 'n' value as 0.035 for flood plain
has been fixed as Manning's ‘n’. The comparison of observed and simulated stage hydrograph at Kazipur
and Mathurapara gauging station was noticed for different Manning’s ‘n’. After that the flood peak and
time to peak for the flood year 2004 is computed and it is observed that there is a close agreement
between the observed and computed values (Figure 4). In unsteady calibration, the co-efficient of
regression R? has been found 0.9295, which indicates, the simulated value is closer to the observed value.
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The calibrated HEC-RAS 5.0 based model has been also used to validate the flow for the year 2004 and
the value of R* was found to be 0.8306.

VALIDATION AT MATHURAPARA
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Fig. 4: Plotting of Calibration at Kazipur and Validation at Mathurapara

The calibrated and validated model has been used to generate water surface profiles for different flow
conditions. At first, 2004 flood discharge water profile has been generated. Water surface profiles of one-
day-interval from June to December have been generated for five years from 2004 to 2008. The generated
water surface profile data have been exported in GIS format data to develop flow inundation map.
Besides, floodplain delineation is done by HEC RAS 5.0 software itself and shown in RAS Mapper. No
GIS help is needed here. Shape file of different flood extend can be produced for different time. Then we
exported the shape file into GIS and calculated the area of inundation. Our model simulation map and
MODIS data map also shows the approximate result. In fact, flood in 2005, 2006,2007 also shows a
significant similarity with both model and MODIS map (Figure 5).
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MODEL FLOOD MAP MODIS FLOOD MAP
Fig. 5: Qualitative comparison between simulated and observed flood map of 02 October, 2004
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RESULT AND DISCUSSION

After the model calibration and validation, flood extent and inundation maps have been prepared for
different time series. Unsteady simulation has been performed for analysis of the changing flood pattern
with time. Finally, we estimated the levee impact on the flood inundation area. We completed unsteady
simulations for the year of 2004 to 2008. Summary of the observed result is shown in tablel.

Tablel: Inundation area, maximum discharge and percent inundation in different years

Year Maximum discharge (cumec) Inundated area (sq.km) Percent inundation
2004 83945 3593 52.29
2005 55340 1848 26.9
2006 46791 707 10.3
2007 94236 5001 72.79
2008 64354 2234 32.53

Then we have made analysis upon the flood pattern for the year of 2004, 2007 and 2008. The flood of
2004 shows a massive inundation. The analysis is briefly represented in the figure 6. As per our model
result, it is seen that flood starts from third quarter of June and peak occurs at late July. Sirajgonj, Tangail
and Bogra were mostly affected by that flood. 2007 flood seems to be more extensive than the flood of
2004. Here the peak occurs lately nearly at mid-August. The flood sustained for a long period compared
to the other ones. According to the flood map generated from model simulation it is seen that peak occurs
at the end of September and its duration was much short compared to 2004 and 2007. Now, the levee
elevation plays important role in controlling the floodplain area. For analysis of its effect, we set up two
levees at left and right side of the river which are about 14 km long. The levees were meant to resist the
flooding of Tangail district on the right side and Sirajgonj on the left of the river. Analysis on simulation
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Fig. 6: Analysis of the flood patterns for different years

shows that flood extent decreases significantly due to the levee set up (70-80% in our case). We tried with
a levee on an average of 16.25mPWD elevation all through the span.

CONCLUSION

This study presents a systematic approach in the preparation of flood inundation and flood hazard maps
with the application of combined hydrodynamic 1D and 2D model, HEC-RAS and GIS. The change of
flooding with time is also shown in this study by performing unsteady flow analysis and flood mapping.
The major tools used in this method are a combination of 1D/2D numerical model HEC-RAS 5.0 and
ArcGIS for spatial data processing and HEC-GeoRAS for interfacing between HEC-RAS and ArcGIS.

789



Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.)

Here, establishment of Hydrodynamic model through coupling of 1D river and 2D floodplain was made
for the Jamuna River. Calibration and validation of the model show good correlation between the
observed and simulated data. The value of correlation coefficient, R is 0.93 and 0.83 for calibration and
validation respectively. Comparison between observed flood from MODIS image and model result were
satisfactory. Application of levee can be computed by the model. Establishment of a levee of about 2m
height reduces flood extent about 85%.
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ABSTRACT

Knowledge on hydro-morphologic behaviour of a river is for essential design of bridges and hydraulic
structures; flood control; planning, maintaining and controlling reservoir, training and stabilization of
rivers. The purpose of the study is to analyse hydrological and morphological characteristics of the river
and predict the scour and afflux caused by a proposed bridge using HEC-RAS 1D model. For this
purpose several morphological and hydrological parameters were analysed from the collected satellite
images, cross sectional data, water level data and discharge data. For proposed bridge, a model was set
up in HEC-RAS 1D, calibrated and validated. Scour and afflux were computed using the collected
bridge data. Negligible amount of erosion and deposition occurred in the study reach and some shifting
in thalweg were observed. No significant shifting in river banks occurred during the study period (1981
to 2011). A decreasing trend was observed in maximum water level and maximum annual discharge. So
navigability of the river is being threatened greatly. The scour and afflux were found within limit
indicating the viability of bridge construction.

Keywords: Hydro-morphology; afflux, scour; thalweg movement, HEC-RAS 1D

INTRODUCTION
Shitalakhya, one of the main circulating rivers of Dhaka city, has ample importance in navigation,

industrial purpose and economy of Bangladesh. The parent river of Shitalakhya is Old Brahmaputra.
The river getting its flow through Banar River and then flows down via Ghorashal, Narayanganj and
Madanganj. Finally it discharges into the river Dhalweswari, opposite to Munshiganj town. The River
is used for navigational purpose, fishing, farming, industrial use and water supply. The lowering of
water level and decrease of discharge has hampered the navigability of the river. The river is used for
transboundary carrying goods along with navigational purposes. The river is one of the sources of
municipal water of Dhaka city. Several parameters govern the hydrologic and morphologic
characteristics of the river. Previous studies reported reduction of flow depth and degradation of water
quality (IWM 2006; Hossain et al.; 2014; Rouf et al., 2013; Shaikh, 2006). There are two bridges on this
river. There is a plan of constructing 3rd Shitalakhya Bridge on the river and the present study focuses
on the changes in hydro-morphology of the river throughout the study period and the effect of bridge in
terms of afflux and scour.

CURRENT HYDRO-MORPHOLOGICAL CONDITION OF SHITALAKHYA
The Shitalakhya River is running in a soil bed with a high resistance to erosion. Firstly, the river

velocity seldom reaches the value sufficiently high enough to erode this bank. Secondly, the structures
along the banks, function more or less as fixation points for the river current. The original river banks
are resistant to scouring, as they consist of ferruginous laterite clay. However; recent deposits are

791



Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.)

subjected to continuous erosion and deposition. This is because runoff as well as tidal influences have
sufficient high velocity to erode and deposit the river bed materials.

METHODOLOGY

Data Collection

For hydrological and morphological analysis cross section data of different years for stations L-1 to
L-19, discharge data for several years (1990-2010) at Demra station (BWDB station No. 179) and water
level data at Lakhpur (BWDB station No. 177) and Demra (BWDB station No. 178) for 1981 to 2010
were collected from Bangladesh Water Development Board (BWDB). Data pertaining to the proposed
bridge were collected from Roads and Highways Department (RHD). The satellite (LANDSAT)
images were collected and analyzed for determining the shift of bank line. The satellite images of 1975,
2000 and 2015 were collected for this purpose.

ANALYSIS OF DATA

Morphological Data Analysis

The morphological analysis was carried out using the obtained cross sectional data, satellite images,
and historical maps. Cross-section at different stations (L1 to L19) were plotted and superimposed in
Microsoft Office Excel for years 1981, 1992, 2001 and 2009. The variation in cross section was
determined in terms of cross sectional area, top width and maximum depth at different stations. The
analyses were done for the year 1981, 1992, 2001 and 2009. Satellite images collected from CEGIS,
were superimposed in ArcGIS to analyse bank line shift.

Hydrological Data Analysis

Analysis of water level and discharge data was carried out to ascertain the hydrological condition of the
Shitalakhya River. The maximum water level and the maximum discharge for different years were
plotted in Microsoft Office Excel to show the variation with time. The maximum and minimum
discharge and water level of a river are important for the design of a structure. So Design High Water
(DHW) and Design Low Water (DLW) were determined using Gumbel’s distribution method.

Model Setup

The river bank and centre line was generated by HEC-GeoRAS. Collected cross section data and
geometric data were assigned in HEC-RAS. The model was initially run for unsteady flow. For this,
flow hydrograph was used as upstream boundary condition and stage hydrograph was used as
downstream boundary condition. The model was calibrated [Fig. 1] using daily water level of year
2009 at Lakhpur station.

Stage vs Time curve

T T T T T T T o o o o OO OO Ol O Yoo
Time(Days)
Obserced Waterlevel Simulated Waterlevel

Fig. 1: Calibration Curve of Unsteady Model for the Shitalakhya River
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Calibrated ‘n’ value was found to be 0.018. The model was validated [Fig. 2] for year 2014 for same
station and Manning's 'n' value of 0.018. The ratio of the root mean square error to the standard
deviation of measured data (RSR) and Nash-Sutcliffe efficiency (NSE) value showed in table 1.

Table 1: Model Performance Analysis

RSR NSE
Calibration 0.258 0.716
Validation 0.506 0.835

Stage vs Time curve

Stage(jm
w £ 3] &

3%}

s e . i

Time(days)

= Observed Waterlevel — Stimulated Waterlevel

Fig. 2: Validation Curve of Unsteady Model for the Shitalakhya River

Calibration and validation indicated good performance of model. The collected bridge data such as
geometric data, pier and abutment details were used as input. The model was run under steady condition
for this purpose. Pier scour, contraction scour and abutment scour were obtained as output.

RESULTS AND DISCUSSIONS
Results of the analysis reveal that both the banks were stable and did not change much during the study

period [Fig. 3].

1776 1840 1975 2000 2015
Fig. 3: Maps of Different Years Showing the Changes in Plan Form of the Shitalakhya River
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The variation of top width, cross sectional area and maximum depth for these stations are given in table
2.

Table 2: Changes in area, top width and maximum depth of the river

Year Area (m?) Top Width (m) Maximum Depth(m)
Station L-1

Year 1981 1333.63 121.23 13.15

Year 1992 1482.18 105.31 13.69

Year 2001 1128.41 152.35 14.23

Year 2009 1607.41 155.74 14.83
Station L-7

Year 1981 1958.1 150.47 16.64

Year 1992 2195.23 159.86 13.49

Year 2001 1811.46 177.04 13.22

Year 2009 2401.09 177.87 13.44

The cross sectional area reduced marginally during 1981 to 2001 at the upper reach stations (L-1 to
L-10) but increased [Fig. 4] in the downstream stations (L-11 to L-19). Almost all the stations showed
an increasing trend of cross-sectional area from 2001 to 2009.Similar trend was observed for top width
and maximum depth.

Cross Section At L-1 Cross Section At -7

——1981
1802

—+—2001

——1981
1992
—e—2001

——2009 N —+—2009

RL Value (m) PWD
Y
RL Value (m) PWD

3
0 200 400 600 200 0 200 400 600 200
Distance From Left Bank (m) Distance From Left Bank (m)

Fig. 4: Changes in Cross-Section for different years at L-1 and L-7

The thalweg movement was very insignificant during 1981 to 1992. But during the period of 1992 to
2009 the thalweg movement occurred significantly due to erosion and deposition which is shown in
[Fig. 5(a)] and [Fig. 5(b)]
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Fig. 5(a): Plan View of Shitalakhya River showing Fig. 5(b): Plan View of Shitalakhya River showing
Thalweg Movement from 1992 to 2001 Thalweg Movement from 2001 to 2009

The hydrological data as showed in [Fig. 6(a)] reveal that water level remained almost same from 1981
to 2012. The average value of water level was found to be 4.8m PWD. There was some variation due to
natural calamities like floods, surges, etc. But the water level showed a decreasing trend after 2004 may
be due to low prevailing discharge. The design high water was found to be 10.24m PWD for station 177
and 7.5m PWD for station 179 for 100 years return period. On the other hand the low water of 0.96m
PWD for station 177 and 0.82m PWD for station 179 for 100 year return period. There was a declining
trend in the maximum annual discharge of the river [Fig. 6(b)]. The annual peak discharge reduced from
1850 m*/s to 1550 m*/s during the last decade. The design discharge for Demra station was found to be
3288 m’/s for 100 years return period and the dominant discharge was found to be 1436.67 m’/s. The
decrease in discharge might occur due to siltation in the river. Proper dredging work should be done in

the river bed for the survival of Shitalakhya River.

» Variation of Maximum Discharge In Different Years
2500 500
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Fig. 6(a): Changes in Maximum water level in Fig. 6(b): Changes in Maximum Discharge in
Different Years Different Years for monsoon period
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The effect of proposed bridge was predicted in terms of afflux and scour. The afflux was determined
and the value was found to be 0.3m which remained within the allowable limit. The pier scour is found
to be 3.6m, the abutment scour is 0.3m for left channel and 0.3m for the right channel. The contraction
scour depth is 0.7m for left bank, 1.3m for main channel and 0.6m for right channel. Scour due to

contraction, pier and abutment is shown in the [Fig. 7].
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Fig. 7: Combined Effect of Contraction, Pier and Abutment Scour
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ABSTRACT

The regional climate model, PRECIS, has been widely used throughout the world to generate climate
change projection for impact studies and adaptation. In spite of its wide application, a stringent
validation of the model is yet to be reported. In this study, we assessed the performance of the model
in simulating annual, monthly and extreme rainfalls over southwest coastal regions of Bangladesh by
using a number of statistical techniques. The results indicated that the PRECIS model could capture
the overall spatial pattern of mean annual and monthly rainfalls very well. However, the inter-year
variability was poorly simulated by the model. In addition, the model could not capture the rainfall
extremes. Even spatial aggregation of rainfall data did not improve the reliability of the model.
Therefore, further improvements of the model and/or its driving GCM are warranted for its practical
use in generation of rainfall scenario.

Keywords: Rainfall variability and extremes; PRECIS; reliability; and spatial and temporal scales

INTRODUCTION

Bangladesh is one of the most climate change vulnerable countries in the world. Along with a small
geographical area and a huge population, the country is located at the confluence of the three mighty
rivers — the Ganges, the Brahmaputra and the Meghna. To assess the potential impacts of climate
change on different socioeconomic sectors, climate change scenarios are developed. Global Climate
Models (GCMs) and Regional Climate Models (RCMs) are used to derive future scenarios of
different hydro-climatic variables. RCMs are used to dynamically downscale coarser resolution
climatic variables into finer resolution ones and to better represent meso-scale climatic phenomena.
These models involve complex interactions between atmospheric, oceanic and land processes and as
such exhibit a lot of uncertainties in projected climates. The regional models can add value to GCM
projections, but only for certain variables and locations (Feser et al., 2011) as RCMs develop their
own climatology which is not consistent with the driving global datasets precipitation (Syed et al.,
2013). The downscaling strategy also involves the introduction of uncertainties associated with model
physics (Stainforth et al., 2005). Providing Regional Climates for Impacts Studies (PRECIS) is a
RCM developed by the Hadley Center of the United Kingdom. It is a hydro-static, primitive equation
grid point model containing 19 levels described by a hybrid vertical coordinate. Since its release, the
model has been extensively used in different parts of the world to generate climate change scenarios.
(Islam et al., 2008; Islam, 2009) generated rainfall and temperature scenarios of Bangladesh by
running the model at a horizontal resolution of 50 km. It was reported that the model overestimated
the pre-monsoon season rainfall and underestimated the monsoon season rainfall and the model
generated rainfall is not directly useful in application purposes. A regression-based approach was also
proposed to adjust the model generated rainfall. (Nowreen et al., 2015) studied the changes in rainfall
extremes in the northeastern part of Bangladesh using the PRECIS generated rainfalls. Though they
mention that the model ‘nicely capture the long-term rainfall’ of the northeastern part, a visual
comparison of the monthly average observed and model rainfalls reported in their Figure 2 did not
provide such indication. The PRECIS model was used to develop high resolution climate change
scenarios over India (Kumar et al., 2006). The model was found to be overestimating the all-India
summer monsoon rainfall and underestimating the variability. There was significant positive bias in
the rainfall during the onset phase of the monsoon (May and June). (Revadekar et al., 2011) studied
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precipitation extremes over India based on a comparison of baseline and future simulations of
PRECIS. The authors, however, did not report the performance of the model in simulating baseline
extremes which could be done by a comparison of observed and simulated rainfall extremes during
the base period. (Zacharias et al., 2015) reported that the PRECIS generated rainfalls across India had
a bias of +34% to -89% in annual scale, indicating ‘poor performance of the model in simulating the
baseline rainfall patterns’. The model also simulated more rainy days in the baseline period than
observed. The PRECIS simulation was found to capture the shape of the annual rainfall cycle over the
western and central Himalayas (Kulkarni et al., 2013). However, for the eastern Himalayas where
Bangladesh is located, the peak of the rainfall hydrograph was simulated two months earlier in May or
June. In this study, the performance of the model in simulating the rainfall over coastal areas in
Bangladesh is evaluated. The selection of the coastal region is guided by the fact that the region is the
most vulnerable within the country to climate change, and a number of vulnerability studies are
currently being conducted for the region using the PRECIS projection (for example, the Ecosystem
Services for Poverty Alleviation (ESPA) project funded by the Department for International
Development [DfID], and the DEltas, vulnerability and Climate Change: Migration and Adaptation
(DECCMA) project funded jointly by DfID and International Development Research Center [IDRC]
are using the PRECIS projection).

METHODOLOGY

The reliability of the PRECIS model in simulating rainfall over coastal arecas of Bangladesh was
assessed by employing a number of statistical techniques. Among the techniques, a pattern similarity
statistic suggested by (Santer et al., 1995) is widely used to compare observed time-evolving change
patterns of a climatic variable with the model-predicted signal patterns. Such pattern/map correlation
between the model-simulated and observed rainfalls was computed for a base period of 1986-2005.
The same period was used in the fifth assessment report of IPCC (2013) as the base period. The
pattern correlation was computed for annual, seasonal, monthly, annual maximum, 99" percentile and
95™ percentile rainfalls. The pattern correlation method was used by IPCC in its second and third
assessment reports. In addition to the spatial-pattern correlation, temporal correlation, root mean
square difference (RMSD) and mean absolute difference (MAD) between the model and observed
rainfalls were computed to check the adequacy of the model projections. For each grid, yearly rainfall
time series was generated first for each rainfall variable. Then the presence of temporal trend in each
variable was investigated and, where present, it was removed by detrending. The correlation between
the detrended model and observed rainfalls was then computed. The detrending was done to avoid
spurious correlation solely due to the presence of trends in the series. The statistical significance of
the correlation was determined by applying the standard Student’s #-test. From the 20 yearly values of
a variable corresponding to a grid point, a grid point average value of the variable was obtained. The
pattern correlation was obtained from the different grid point average values between the model and
observed series. The simulated daily rainfall was available from the Met Office, UK for a period of
1971-2099 at an approximate horizontal resolution of 0.22°x0.22° (25 kmx25 km). The data was
generated from the PRECIS regional climate model driven by atmosphere-ocean coupled HadCM3
boundary conditions. Measured daily rainfall data were collected from the Bangladesh Meteorological
Department (BMD), Dhaka. There are 13 observational stations of BMD within and around the study
area. The BMD rainfall data is considered reliable and is widely used in scientific studies (Mondal et
al., 2008; Mondal et al., 2012) and government documents. We used data from 7 stations within the
study area for the purpose of generation of baseline map.

RESULTS AND DISCUSSIONS

The average annual rainfall over the study area for the base period (1986-2005) was found to be 1857
mm from the model simulation. The same rainfall was found to be 2171 mm from the observed data.
Thus, the average rainfall from the model simulation was about 15% less than the observed rainfall.
The spatial distribution of both the model and observed mean annual rainfalls are given in [Fig. 1].
Both low and high rainfall areas are overestimated in the model. However, if we find the pattern
correlation in mean annual rainfalls between the observed and simulated rainfalls, a high correlation
coefficient of 82% appears. This high correlation may be spurious and is probably due to the similar
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spatial variation pattern in the two data sets. The MAD and RMSD were found to be 17% and 19%,
respectively.

B 1,000 - 1,500 B 1,000 - 1,500 &'
591,501 - 2,000 91,501 - 2,000
12,001 - 2,500 712,001 - 2,500
[ 2,501 - 3,000 [ 2,501 - 3,000
0 25 50 100 0 25 50 100
3,001 - 4,000 — — K 3,001 - 4,000 — — KM

Fig. 1: Comparison of spatial distribution of observed (left) and simulated (right) mean annual rainfalls over the
base period (1986-2005)

The point-to-point correlation between the observed and corresponding simulated annual rainfalls is

given in Table 1. It is seen from the table that the correlation coefficient varies widely — from -8% at

Satkhira to +61% at Patuakhali. The MAD and RMSD of the simulated rainfalls vary from 16-30%

and 20-31%, respectively. Thus, there is a large error in simulated annual rainfall over the study area.

Table 1: Performance of the PRECIS model in simulation of annual rainfall in coastal areas of Bangladesh

Station Correlation coefficient MAD (%) RMSD (%)
Satkhira -0.08 21 28
Khulna 0.16 20 24
Barisal 0.19 21 27
Bhola -0.08 24 30
Mongla 0.21 24 26
Patuakhali 0.61 30 31
Khepupara 0.22 16 20

Comparisons of probability density functions (pdfs) between observed and simulated rainfalls over
the base period at different locations of the study area were made. Such comparisons for two locations
(Khulna and Barisal) are shown in [Fig. 2]. It is seen from the figure that neither the location
parameter nor the shape parameter of the observed rainfall is captured by the simulated rainfall. The
location parameter is underestimated in model simulation and the shape parameter always has a
higher peak and smaller base in simulated rainfall. Also, the pdfs from the observed rainfalls appear to
be about symmetric, whereas that from the simulated rainfalls appear to be either negatively (Khulna)
or positively (Barisal) skewed.

0.0016 - 0.0016 -
0.0014 - ——Observed 0.0014 - — Observed
5. 0.0012 - Model 0.0012 - Model
= 0.0010 - 2 0.0010 -
3 0.0008 - = 0.0008 -
S 0.0006 - £ 0.0006 -
* 0.0004 - 2 0.0004 -
0.0002 - 0.0002 -
0.0000 . 0.0000 .
0 Rainfall (mm) 5000 0 Rainfall (mm) 5000

Fig. 2: Comparison of probability density functions between observed and simulated annual rainfalls at Khulna
(left) and Barisal (right) during the base period (1986-2005)
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The performance of the model in simulating monthly rainfalls was assessed. The assessment was
made only for those months which have monthly rainfalls greater than zero in all the years. Presence
of zero rainfalls makes the computed statistics, such as correlation coefficient, unreliable. The model
fails to capture the monthly rainfall characteristics at individual stations as the correlation coefficients
are often low or negative, and MADs and RMSDs are high. As an example, the correlation
coefficients are negative for the month of September at all the seven stations of the study area. This
indicates that the model is not able to capture the inter-year rainfall variability of September, the last
month of the monsoon season. This could be due to the failure of the model in capturing the monsoon
recession from the coastal region adequately. The MAD varies from 44-51% and RMSD from 55-
82% for September. The inter-year variability of rainfall is poorly captured for the months of July and
August of the monsoon season. However, it is interesting to note that the pattern correlations are quite
high for these months. For example, the pattern correlations for the months of June, July, August and
September were found to be 86, 87, 87, 76% respectively, which are very high. Thus, it appears that
the pattern correlation may not be a good indicator to judge the performance of a climate model.
Comparisons of pdfs between observed and simulated rainfalls for different months at different
locations were also done. The results were more or less similar for different months. As an example,
the comparison for the month of June indicated that there were a negative bias in scale parameter and
a positive bias in shape parameter. A further comparison was made between observed and simulated
annual maximum rainfalls with their pdfs. The shape parameter of the pdf for Mongla and the scale
parameter of the pdf for Barisal are poorly simulated by the model. The underestimation of the scale
parameter and shape parameter was found to be almost universal throughout the study area. This
indicates that the annual maximum rainfall was underestimated by the model. The correlation
coefficients were negative in 5 out of 7 locations for which observed data were available. It thus
appears that the uncertainty in simulated annual maximum rainfall is higher than that of annual
average rainfall.

Consistency, and hence reliability, of the model results are also assessed by comparing the simulation
results among different future time periods. The results for mean annual rainfall are shown in [Fig. 3].
It is seen from the figure that the rainfall is projected to be mainly increased during the period of
2021-2040. The major increase is expected to be over the Barisal-Bhola-Jhalakathi region. The pattern
of increased rainfall is also evident for the period of 2041-2060. However, there is a shift in the zone
of maximum change. For 2021-2040, the zone of maximum change is near the north-east side,
whereas for 2041-2060, it is near the north-west. The reason for this east to west shift of the zone is
not understood. Moving to the period of 2061-2080 in the figure, we see that a decrease in rainfall
manifests over the entire region. The same is also true for the period of 2081-2100. Thus, one can
deduce that the rainfall would decrease in the long term. Again, it is not clear whether there is any
physical basis of this decrease or it is simply the result of the incapability of the model to simulate the
rainfall.
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Fig. 3: Changes in mean annual rainfall (%) in different future periods over base period (1986-2005) from the
PRECIS model simulation.

Spatial distribution of the linear trends and their statistical significance is calculated. It is seen that
majority of the study areas have negative or no trends in annual rainfalls. The trends are positive only
towards the northern margin. The p (significance level) values are also large (>0.05) which indicates
that the trends are not statistically significant at the confidence level of 95%.The spatial distribution of
the change in the 95" percentile (not shown) rainfall indicates that the change is entirely positive for
the period of 2021-2040, mainly positive for 2041-2060, largely negative for 2061-2080 and mainly
positive for 2081-2100. This temporal change in sign is difficult to understand physically and may
simply be due to the inadequacy of the model in capturing the important rainfall processes and
features. Overall, the trend is found to be small and statistically insignificant (not shown). Same
analyses for the annual maximum rainfall, 99" percentile, 90" percentile and 80™ percentile were
carried out and the results were more or less similar to the above results in relation to the 95"
percentile.As discussed earlier, there is a high pattern correlation between the observed and simulated
rainfalls of the base period, but the correlation coefficient is small and sometimes negative at
individual locations. This indicates that the model captures the overall spatial pattern of temporal
mean rainfall, but fails to capture the inter-year variability of rainfall. To see if this failure is due to
the spatial resolution of the model, the pdfs of annual rainfalls were estimated for each cell, for
averaged rainfalls of five cells and for averaged rainfalls of nine cells. A visual comparison of the
one-, five- and nine-cell pdfs (not shown) indicated that there was no significant difference among the
three types of pdfs. This indicated that even after aggregation, the inter-year variability could not be
captured. The problem could be due to the poor boundary condition of the PRECIS model obtained
from the driving GCM, or due to the internal structure of the PRECIS which fails to capture the
dynamic characteristics of the rainfall over the southern coastal Bangladesh. So, it is highly unlikely
that it had captured the rainfall extremes.

CONCLUSIONS
The PRECIS climate model simulates the annual and monthly spatial rainfall patterns of the
southwest coastal Bangladesh very well. The value of the spatial pattern correlation coefficient was
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found to be +0.82 for the average annual rainfall and the values were between +0.76 and +0.87 for the
average monthly rainfalls. However, the model fails to capture the inter-year variability in both annual
and monthly rainfalls. For annual rainfall, the temporal correlation coefficients were from -0.08 to
+0.61 depending on locations. Such coefficients for monthly rainfalls were between -0.67 and +0.47
depending on locations and months. In case of annual maximum rainfall, the correlation coefficients
were negative in most of the cases. Thus, the finer is the temporal scale of rainfall, the less reliable is
the model simulated rainfall. The reliability also does not improve with spatial aggregation of the
rainfall data. Thus, any projection of rainfall variability and extremes based on the PRECIS model is
likely to be highly uncertain.
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ABSTRACT

Hydrographic survey chart supplied by BIWTA has been utilized to assess the available navigable
draft in the vicinity of a proposed jetty location. It has been seen that the jetty end at distance 360 m
from the vicinity of existing shore line. According to the BIWTA hydrographic survey chart, the
depth range at the shore line is about 3.4 m to 3.7 m. However at the Jetty end the available low
water depth ranges from 4.7m to 5.25 m. The depths have been added to tidal range that found to
vary between 3.0 m to 5.0 m. Assessment of scour has been done using Herbich et al. method. Local
scour and total scour for various wave length and wave period have been computed. Variation of
dimensionless scour depth (Dy/H) for various dimensionless wave heights (Hy/H) has been generated.
It is seen that total scour depth (D) is much higher as compared to local scour for a given pile
diameter and bottom velocity. For BIWTA Jetty at Sandwip local the scour at pile of diameter 1.5 m
was found to be approximately5.22 m. Using the same method, the estimated total scour depth has
been calculated as 12 m.

Keywords: Coastal scour; hydrographic chart; Sandwip channel; total scour; jetty pile

INTRODUCTION

The characteristics of the coastal morphology of the study area might be better understood if the
morphological processes that govern the long-term natural and/or human induced changes at the
coastal part are known. Due to scarcity of historical geological and morphological data at the vicinity
of the project location, historical morphological changes have not always been analysed.

The subject of scour (and siltation) at coastal structures continues to receive much interest in the
consulting and research fields. Coastal structures can be categorized as having four functions, either
(1) to provide permanent protection against flooding (e.g. dykes and seawalls), (2) water level control
during storm surges (e.g. barriers) or (3) benefits in coastal management such as preventing shoreline
erosion (e.g. seawalls, breakwaters, groynes), or (4) for other industrial or economic functions such as
harbour breakwaters and jetties, outfalls/intakes, and wind farms. As such, the topic of scour at
coastal structures can be said to cover structures built on the shoreline as well as structures built in
tens of metres of water, and waves and currents operate in varying combinations and relative
magnitudes (Jiang, et al. 2004). In engineering projects scour needs to be considered in two phases,
the installation/construction phase and the operational phase. The limiting case for design may require
consideration of the erosion of seabed soils adjacent to the completed foundation. However, it is also
important to evaluate what kind of scour might develop during installation as it might have a direct
bearing on the stability of the structure that is being built, or on the construction methodology that is
adopted. In most of the cases, the main issue for design relates to the target scour development that
can be expected under design conditions, i.e. location, depth and extent, but knowing the time
development is also important in some cases. A general approach for assessing the mobility of the sea
bed soil at a structure was presented by Whitehouse (1998). This requires input data on waves,
currents and water depth (chart depth plus water level variation). These inputs may be determined
from modeling or analysis of field measurements made over a sufficiently long time, with analysis for
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relevant return period conditions. The input data are combined at a point A to produce a set of robust
inputs and once combined with information on the soil characteristics obtained from the site
investigation they are analysed to provide information on the bed shear stress and the critical value of
bed shear stress for erosion of the soil. An experimental study on scour around a pile subject to
combined wave and current is given by Sumer and Fredsee, (2001). Irregular waves were used in the
experiments carried out both for codirectional waves and for waves propagating perpendicular to the
current. The measured scour depth is plotted as a function of U, = U./(U. + U,,) in which U. is the
undisturbed current velocity and U, is the maximum value of the undisturbed orbital velocity at the
sea bottom.

STUDY AREA AND ITS CHARACTERISTICS

Sandwip Island is surrounded by the tide-dominated East Hatiya Channel, the Sandwip Channel, and
the channel linking Urirchar. Available data for the last 75 years (1913-1988) show that Sandwip was
reduced to about 50% of its original size, with considerable erosion northwest and accretion southeast.
Map comparisons show that erosion on the northwest coast of Sandwip accelerated after 1963. It was
about 200m per year between 1913 and 1963 and about 350m per year between 1963 and 1984.
Urirchar grew from 3 sq km in 1963 to 46 sq km by 1981.
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Fig. 1 Map of coastal zone of Bangladesh and blow-up map of Sandwip

Tidal Range and Depth Averaged Velocity at Sandwip Channel: Sandwip Tide Chart shows the
largest known tidal range at Sandwip as 2.87m (August 2, 2015). Tide Times are BDT (UTC
+6.0hrs). Last Spring High Tide at Sandwip was on Sun 02 Aug, 2015 (height: 2.60m). Next high
Spring Tide at Sandwip will be on Sat 15 Aug (height:2.40m). However, Sandwip Tidal range
Max.4.83 mMin. 0.79 was observed in 2008. Tide datum was Mean Lower Low Water (Satellite).
Table 1 shows the depth average velocity of Sandwip channel.

Morphology of Sandwip Channel:Chittagong coastline remained relatively stable over the years. In
the north, considerable accretion took place due to a closure damon the Feni river. The reason for its
relative stability is perhaps the near-isolation of Sandwip Channel from the distributary network in
recent times. Coastal plains are inundated every day by tides coming from sea. Sediments are
generally consisting of clay with silty materials. It is worthwhile to mention that the present
morphological features of the stream/creeks may alter due to any man-made activities as well as
naturally induced hazards. At present, Sandwip Channel is tide-dominated, allowing a net import of
fine sediments. Review of previous studies shows that the no significant changes in channel
morphology have been observed. Reza (2010) analysed cross-sectional data of various years as shown
in Figure 2. It is seen that maximum bed level changes to about 9 m at the thalweg.

Table 1 : Depth averaged velocity of Sandwip channel (Alam, et.al 2014)

Location

Measured depth Average
Velocity, (m/s)

Maximum velocity for
T=100year, (m/s)

Maximum velocity for
2011 flood, (m/s)

North Sandwip 1.13 1.3 1.08
North East Sandwip 1.79 1.8 1.59
South-east Sandwip 1.82 1.9 1.71
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Fig. 2: Superimposed cross-sections of various years of Sandwip Channel
(source: Reza, 2010)

METHODOLOGY

Available formula for the computation of coastal scour has been analysed. As a thumb rule, local
scour around a pile has been estimated as 2 to 3 times of pile diameter. However, some formula
calculates the local scour due to current action and wave. Nearshore coastal piles are always
vulnerable to both wave and current action. For a more complete description of scour prediction
methods for scour at vertical piles can be found in Einstein and Weigel, (1970) and Herbich et al.
(1984). Based on test results from a laboratory study, they made tests run to examine effects of
waves, currents, and the combination of the two. Herbich et al. concluded that scour at the base of
vertical piles caused by wave action alone is insignificant when the piles are in relatively deeper
locations. They proposed a procedure consists of number of empirical (laboratory based) equationsto
estimateboth local and total scours. The procedure has been adopted for present scour calculation.
Hydraulic data used in this analysis were collected from secondary sources (Hydrographical data
collected from BIWTA). Field visit has also been made in September 2014to observe the tidal and
morphological characteristics at Sandip channel at the vicinity of proposed site whereBIWTA jetty
would be constructed. BIWTA constructed a landing Jetty at Swandip channel in early year 2000 to
facilitate inland passengers and cargoes and they cross the channel to Sandip headquarters from
Kumira (Shitakunda). Unfortunately this jetty has not been operational in last 15 years due to
considerable damage immediately after its construction. Reasons of such damage of jetty have not
been explored, but it can be anticipated that proper design and constructional procedure might not
been maintained. Some recent photographs (Photo:1 to Photo: 4) are shown to observe the condition
of the old jetty at Sandwip side.

Photo:1 Damaged BIWTA Jetty at Sandwip side at high tide

Photo: 2Ferry vessel of BIWTA has beenanchored
(September, 2014) away from jetty at Sandwip (Sept. 2014)
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Photo:3 Damaged BIWTA jetty at Sandwip side low tide Photo:4 Damaged BIWTA jetty near shoreline at
(September, 2014) Sandwip (September, 2014)

RESULT AND DISCUSSIONS

Local scour and total scour for various wave length and wave period have been computed. As for
typical results, Fig.3 to Fig.6 show the variation dimensionless scour depth (Dy/H) for various
dimensionless wave heights (Hy/H) for various combinations of wave heights and periods. It is seen
that total scour depth(Djs) is much higher compared to local scour for a given pile diameter and bottom
velocity. The computed scour depths are very much sensitive to wave height (H;) especially at
shallower water depth (H).
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The hydraulic and bed material parameters provided in Table 2 have been used to estimate the bed
scour. The local scour at pile of diameter D= 1.5 m was found to be about Dy=5.22 m. Using the same
method the estimated total scour depth has been calculated as Dy=12 m (BIWTA, 2016).

Table 2: Data used for scour calculation and scour values

Pile diameter (m) D= 15

Wave height (m) H= 2.0

Wave Period (s) T= 45

Depth (m) H= 8.0

Grain size (mm) D= 0.15

Rel. Density A= 1.65

K. Viscosity(m®/s) v=_0.0000011
Bottom vel.(m/s) vi= 0.67

Design scour depth curves for various input values such as, velocity, depth, pile size and bed material
size have also been generated for the users. In order to avoid any adverse effect in the vicinity of jetty
piles, regular monitoring of river bank and bed condition in the vicinity of the bridge site and around
the piers is recommended. A water level gauge should be installed with the jetty piles for regular
monitoring of water level at the jetty site. Regular monitoring of scour at the vicinity of piles and at
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the piles is recommended so that any adverse scour can be monitored for emergency protective
measures.

CONCLUSIONS

Proper understanding of the coastal morphology and thus assessment of local scour for any
intervention of coastal line is vital importance. Design of coast line Jetty structures requires scour
depth for adequate pile length and size. In such cases, morpho-dynamics of the site need to be
assessed. It has been estimated that local scour in Sandwip channel for a near shore pile of 1.5 m
diameter is about 5.22 m. Using the same method the estimated total scour depth has been estimated
as12 m for the given pile size. Number of curves showing the scour depth for various input values can
also be generated for design purposes. Post-construction suggestions have to be made so that
countermeasure can be taken for any adverse impact on bed morphology.
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ABSTRACT

The objective of this research is to identify the parameters of Rainfall IDF relationship at North-
Eastern region of Bangladesh. Two common frequency analysis techniques Gumbel and Log Pearson
Type III (LPTIII) distribution were used to develop the IDF relationship from rainfall data of this
region. Yearly maximum rainfall data for last 41 years (1974-2014) from Bangladesh Meteorological
Department (BMD) was used in this study. The results obtained using Gumbel method are slightly
higher than LPT III distribution method. The chi-square goodness of fit test was used to determine the
best fit probability distribution. The parameters of the IDF equations and coefficient of correlation for
different return periods (2, 5, 10, 25, 50 and 100 years) were calculated by using nonlinear multiple
regression method. It was found that intensity of rainfall decreases with increase in rainfall duration.
Further, a rainfall of any given duration will have a larger intensity if its return period is large. In
other words, for a rainfall of given duration, rainfalls of higher intensity in that duration are rarer than
rainfalls of smaller intensity.

Keywords: Rainfall intensity; rainfall duration; rainfall frequency; Gumbel’s extreme value
distribution method; Log Pearson Type II1

INTRODUCTION

Rainfall intensity-duration-frequency (IDF) curves are graphical exemplifications of the amount of
water that falls within a given period of time in catchment areas (Dupont et al., 2000). IDF curves are
used to aid the engineers while designing urban drainage works. The establishment of such
relationships was done as early as 1932 ( Chow ,1988 ; Dupont et al.,2006). Since then, many sets of
relationships have been constructed for several parts of the globe. However, such relationships have
not been accurately constructed in many developing countries. Koutsoyiannis et al.(1998);
Koutsoyiannis et al. (2003) cited that the IDF-curves allow for the estimation of the return period of
an observed rainfall event or conversely of the rainfall amount corresponding to a given return period
for different aggregation times. In Bangladesh water logging and flood is a common problem during
Monsoon period because of inadequate drainage system. In order to solve this problem new drainage
design is needed where rainfall data of different duration is needed. But due to instrumental limitation
these data were not available. In the present study, annual maximum rainfall series is considered for
Rainfall Frequency Analysis (RFA). Rainfall in a region can be characterized if the intensity, duration
and frequency of the diverse storms occurring at that place are known. The frequency-data for
rainfalls of various durations, so obtained, can be represented by IDF curves, which give a plot of
rainfall intensity versus rainfall duration and recurrence interval. In recent studies, various authors
attempted to relate IDF relationship to the synoptic meteorological conditions in the area of
hydrometric stations (Dupont et al. 2006; Mohymontl et al. 2004). Matin et al.(1984), in their study
developed the IDF curve for North-East region Bangladesh and also observed that the rainfall data in
this region follow Gumbel’s Extreme Value Distribution. developed The short duration rainfall IDF
curve was developed for Sylhet with return period of 2, 5, 10, 20, 50, and 100 years (Chowdhury et
al. 2007). Kim et al. (2008) improved the accuracy of IDF curves by using long and short duration
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separation technique. They derived IDF curves by using cumulative distribution function (CDF) for
the site under consideration using multi-objective genetic algorithm. Khaled et al. (2011) applied L-
moments and generalized least squares regression methods for estimation of design rainfall depths
and development of IDF relationships. Rashid et al. (2012) applied Pearson Type-III distribution for
modelling of short duration rainfall and development of IDF relationships for Sylhet city in
Bangladesh. In this context, an attempt has been made to estimate the rainfall for different return
periods for different durations of ‘n’ such as 10-min, 20-min, 30-min, 60-min, 120-min, 180-min,
360-min, 720-min, 1440-min adopting Gumbel distributions for development of IDF relationships for
North-Eastern regions of Bangladesh using updated data. Model performance indicators (MPIs) such
as correlation coefficient (R) was used to analyse the performance of the developed IDF relationships
by Gumbel distributions & LPTIII method for estimation of rainfall intensity of the stations under
study.

METHODOLOGY

For this study 24 hour daily rainfall data from year 1974 to 2014 was collected from Bangladesh
Meteorological Department (BMD) for North-Eastern region. From the daily data maximum yearly
rainfall data was used in the analysis. For accurate hydrologic analyses, reliable rainfall intensity
estimates are necessary. The IDF relationship includes the estimate of rainfall intensities of different
durations and recurrence intervals. Two common frequency analysis techniques were used to develop
the relationship between rainfall intensity, storm duration, and return periods from rainfall data for the
regions under study. These techniques are: Gumbel distribution and LPT III distribution.

Estimation of Short Duration Rainfall

Chowdhury et al. (2007), used Indian Meteorological Department (IMD) empirical reduction formula
to estimate the short duration rainfall from daily rainfall data in Sylhet city and found that this
formula give the best estimation of short duration rainfall. In this study this empirical formula “EQ.
(1)” was used to estimate short duration rainfall of six stations of Central region of Bangladesh.

-
P,_Py ” (1)

Where, P, is the required rainfall depth in mm at t-hr duration, Py, is the daily rainfall in mm and t is
the duration of rainfall for which the rainfall depth is required in hr.

Gumbel Theory of Distribution

Gumbel distribution methodology was selected to perform the flood probability analysis. The Gumbel
method calculates the 2, 5, 10, 25, 50 and 100 year return intervals for each duration period and
requires several calculations. Frequency precipitation PT (in mm) for each duration with a specified
return period T (in year) is given by the following equation:

PT = Pave + KS 2)

Where K is Gumbel frequency factor given by:
K=-22[0.5772 + In[In[—
—22[05772+ Infln[;]1] G

Where Pave is the average of the maximum precipitation corresponding to a specific duration.
In utilizing Gumbel’s distribution, the arithmetic average in Eq. (2) is used:

1 ,
Pave:;E?:j_ Pi 4
Where Pi is the individual extreme value of rainfall and n is the number of events or years of record.

The standard deviation is calculated by EQ. (5) computed using the following relation:
1

S=[—; &, (Pi — Pave)’]"” (5)
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Where S is the standard deviation of P data. The frequency factor (K), which is a function of the
return period and sample size, when multiplied by the standard deviation gives the departure of a
desired return period rainfall from the average. Then the rainfall intensity, It (in mm/h) for return
period T is obtained from:

Pt

I (6)

Where T is duration in hours.

Log Pearson type 111

The LPT III probability model is used to calculate the rainfall intensity at different rainfall durations
and return periods to form the historical IDF curves for each station. In the same manner as with
Gumbel method, the frequency precipitation is obtained using LPT III method. The simplified
expression for this latter distribution is given as follows:

P*=1og(P1) (7)
Pr* = Pave*+K:S * (8)
Pave* = % Z P* 9)
i=1
1 . 1/2
S*:{;—TZS(P*—}hvéﬂz} (10)
— L=l

Where Pr*, Pave*, S* are as defined previously in previous but based on the logarithmically
transformed Pi values; i.e. P* of Eq. (7). KT is the Pearson frequency factor which depends on return
period (T) and skewness coefficient (Cs). The skewness coefficient, Cs, is required to compute the
frequency factor for this distribution. The skewness coefficient is computed by “Eq. 117

”Z (Pi*—Pave*)’

Cs =—= 3 (11)
(n—1)(n—2)(S¥)

By knowing the skewness coefficient and the recurrence interval, the frequency factor, KT for the
LPT III distribution can be extracted. The antilog of the solution in Eq. (7) will provide the estimated
extreme value for the given return period.

Derivation of IDF equation

The IDF formula are the empirical equations representing a relationship between maximum rainfall
intensity as a dependent variable and other parameters of interest; for example the rainfall duration
and frequency as independent variables. Two approaches were tried to estimate the equation
parameters.

A. By applying the logarithmic conversion, where it is possible to convert the equation into a linear
equation, thus to calculate all the parameters related to the equation.

B. Estimation of the equation parameters by using nonlinear regression analysis: Using the Solver
function of the ubiquitious spreadsheet programme Microsoft Excel, which employs an iterative least
squares fitting routine to produce the optimal goodness of fit between data and function. The R* value
calculated is designed to give the user an estimate of goodness of fit of the function to the data.

Goodness of fit test
The aim of the test is to decide how good is a fit between the observed frequency of occurrence in a

sample and the expected frequencies obtained from the hypothesized distributions. A goodness of fit
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test between observed and expected frequencies is based on the chi-square quantity, which is
expressed as “Eq. 127

Zzzi(oi_Ei)z/Ei (12)

i=1

2
Where 4 is a random variable whose sampling distribution is approximated very closely by the chi-
square distribution. The symbols Oi and Ei represent the observed and expected frequencies,

respectively, for the i-th class interval in the histogram. The symbol k represents the number of class
2
intervals. If the observed frequencies are close to the corresponding expected frequencies, the 4

value will be small, indicating a good fit; otherwise, it is a poor fit. A good fit leads to the acceptance
of null hypothesis, whereas a poor fit leads to its rejection. The critical region will, therefore, fall in
the right tail of the chi-square distribution. For a level of significance equal to a, the critical value is

2
found from readily available chi-square tables and X > constitutes the critical region.

RESULTS AND DISCUSSIONS

According to the IDF curves, rainfall estimates are increasing with increase in the return period and
the rainfall intensities decrease with rainfall duration in all return periods. Rainfall intensities rise in
parallel with the rainfall return periods. The results obtained from the two methods have good
consistency.

Table 1: The parameters values used in deriving formula

Region Parameter Gumbel Method Log Pearson III Method
North-Eastern c 759 664

m 0.268 0.255

e 0.667 0.666

Table 1. shows the parameters values obtained by analyzing the IDF data using the two methods and
those are used in deriving formulae for the two regions. Fig.1 and Fig.2 show results of the IDF
curves obtained by Gumbel and LPT III methods for North-Eastern region. It was shown that there
were small differences between the results obtained from the two methods, where Gumbel method
gives slightly higher results than the results obtained by Log Pearson III. This is shown also from
parameters of the derived equation for calculating the rainfall intensity using the two methods.
Parameters of the selected IDF formula were adjusted by the method of minimum squares, where the
goodness of fit is judged by the correlation coefficient. The results obtained showed that in all the
cases the correlation coefficient is very high, and ranges between 0.998 and 0.987, except few cases
where it ranges between 0.986 and 0.978 when using LPT III at 50 and 100 years. This indicates the
goodness of fit of the formulae to estimate IDF curves in the region of interest. For each region the
results are given as the mean value of the points results.
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Fig.3 : IDF curve by average

Also,goodness-of-fit tests were used to choose the best statistical distribution among those techniques.
Results of the chi- square goodness of fit test on annual series of rainfall are shown in Table 2. As it is
seen most of the data fit the distributions at the level of significance of =0.05, which yields <3.84.
Only the data for 10 min do not give good fit using Gumbel method distribution. Also the data for 10,
20, 30 min using LPTIII method do not give good fit.

Table 2: Results of chi-square goodness of fit test on annual maximum rainfall

i o Duration (min)
Region | Distribution 775™775, 30 60 120 | 180 360 | 720 | 1440
Gumbel 554 | 349 |266 |1.67 |10 |080 |050 | 0319 | 0201
North- [ o 824 | 519 |395 |249 |15 |11 |07 |047 |0298
Eastern
CONCLUSIONS

Since Bangladesh has different climatic conditions from region to region, a relation for each region
has to be obtained to estimate rainfall intensities for different durations and return periods ranging
between 2 and 100 years. It was found that Gumbel method gave some larger rainfall intensity
compared to LPT III distribution. In general, the results obtained using the two approaches are very
close at most of the return periods and have the same trend. The parameters of the design storm
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intensity for a given period of recurrence were estimated for each region. The results obtained showed
a good match between the rainfall intensity computed by the methods used and the values estimated
by the calibrated formulae. The results showed that in all the cases data fitted the formula with a
correlation coefficient greater than 0.97. This indicates the goodness of fit of the formulae to estimate
IDF curves in the region of interest for durations varying from 10 to 1440 min and return periods from
2 to 100 years. The chi-square test was used on one hand to examine the combinations or contingency
of the observed and theoretical frequencies, and on the other hand, to decide about the type of
distribution which the available data set follows. The results of the chi-square test of goodness of fit
showed that in all the durations the null hypothesis that the extreme rainfall series have the Gumbel
distribution is acceptable at the 5% level of significance. Only few cases in which the fitting was not
good obtained by using the LPT III distribution. Although the chi-square values are appreciably
below the critical region using Gumbel distribution and few values are higher than the critical region
using LPT III distribution, it is difficult to say that one distribution is superior to the other. Further
studies are recommended whenever there will be more data to verify the results obtained or update the
IDF curves.
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ABSTRACT

The present study examines hydro-meteorological aspects of flash flood event during the last week of
June 2015 in Eastern Hill Basin that caused severe damage to human lives as well as physical
infrastructures. The consecutive extreme rainy days was responsible for the flash flood event. The one
day maximum rainfall was recorded at Cox's Bazar 467 mm, Teknaf 218 mm, Chittagong 172 mm,
Bandarban 153 mm and Lama 276 mm and a comparative analysis of monthly normal and actual
rainfall showed that the basin received 92% more rainfall in the month of June, 2015. Frequency
analysis of daily maximum rainfall has been carried out for Cox’s Bazar gauge station, and the result
shows that rainfall at Cox's Bazar exceeded 100 years return period. The water level all the rivers in the
basin flowed above Danger Levels and caused inundation in vast area. The extreme rainfall caused flash
flood, and it resulted debris/mud flow from the hilly areas, disrupting road communication and washed
away several lives. The study showed that result of Numerical Weather Prediction (NWP) model and
European Centre for Medium-Range Weather Forecasts (ECMWF) ensemble forecast predicted very
well in ahead of the flash flood event.

Keywords: Flash flood; rainfall; water level; flood damage; frequency analysis

INTRODUCTION

Flash floods are flood events where the water levels rise rapidly after a rainfall event, typically within a
few hours. According to WMO, flash flood can be defined as a rapid onset flood of short duration with
a relatively high peak discharge (WMO, 2007).The rainfall intensity and the hydrology of the
catchment are both important factors in the flash flood dynamics, i.e. a given amount of rainfall in a
given time may or may not result in a flash flood, owing to such factors as antecedent precipitation, soil
permeability, terrain gradients, and so on (CSFFWS, 2006).

Eastern Hill Basin covers the greater Chittagong and Chittagong Hill Tract districts of Bangladesh. The
Eastern Hill Basin of Bangladesh predominantly consists of hilly terrain and long strip of lowland
coastal plains along the Bay of Bengal. This physical feature makes it vulnerable to flash flood as well
as land slide. Heavy rainfall causes flash flood in different parts of the basin during monsoon period.
The river systems and topography show that the rivers of this basin are composed of five hydraulically
independent systems. These are- Muhuri-Feni, Karnafuli-Halda-Ichamati, Sangu, Matamuhuri and
Bakkhali river system. The five river systems drain into the Bay of Bengal independently. Fig. 1 shows
the study area.
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Fig.1: Eastern Hill Basin in Bangladesh

In June 2015, this basin received exceptionally higher rainfall than any other previous events (FFWC,
2015). The flash flood event of 2015 which occurred in last week of June is quite different from the
historical events in terms of meteorological and hydrological phenomenon. This caused huge damage to
physical infrastructures and washed away many lives. Some places for affected by flood which was
never affected flood in recent history. The present study looks into the hydro-meteorological analysis of
the 2015 flash flood event of this basin. It allows understanding of the characteristics of the
meteorological behaviour of the event like intensity and amount of precipitation that caused severe
damage. The hydrological conditions of the rivers like water level or flow played significant role in
creating flooding situation. The present study finds out the number of days above Danger Level of flood
water of the major rivers in the basin.

METHODOLOGY

The study is based on the analysis of related hydrological and meteorological data collected from the
secondary sources like Bangladesh Water Development Board (BWDB) and Bangladesh
Meteorological Department (BMD).Table 1 and Table 2 show the list of Meteorological and
Hydrological gauge stations respectively and fig. 2 shows the locations of the gauges which have been
used for the present study. Analysis includes calculation of normal rainfall for the month of June and
compared with the actual rainfall. Two and five days total rainfall has also calculated that created flash
flood event. The impact of the intensity of rainfall (3 hourly rainfall data) has been analysed to find the
hydrological response. Frequency analysis of daily maximum rainfall data has been carried out to
estimate rainfall for different return period.

Tablel: List of rainfall gauge stations

Station Name Latitude Longitude
Cox's Bazar 21.450 91.967
Teknaf 20.867 92.300
Chittagong 22.350 91.817
Bandarban 22.194 92.219
Lama 21.793 92.212
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Table2: List of water level gauge stations

Station River Longitude Latitude
Lama Mathamuhuri 92.2124 21.7926
Bandarban Sangu 92.2192 22.1941
Dohazari Sangu 92.0665 22.1571
Chiringa Matamuhuri 92.0827 21.7727
Ramu Bakkhali 92.1100 21.4260

Legend
A \WaterLevel Station
@ Raintall Station
River

251250 25 50 Kilometers
Catchment Boundary

Fig. 2: Map of Gauge location in the study area

Results and Discussions
Rainfall Situation
Usually Eastern basin receives heavy rainfall during monsoon period. During June of 2015 all the
rainfall measuring stations in this basin received above normal rainfall. Table 3 shows normal and
actual rainfall. The Cox's Bazar and Teknaf had received more rainfall than monthly normal rainfall.
Overall the basin received 92 % more rainfall than its monthly normal rainfall in June,2015.

Table 3: Normal and Actual Rainfall (mm) in South Eastern Hill Basin in June 2015

Station Normal (mm) Actual (mm) Deviation (mm)
Bandarban | 542.70 872.00 329.30

Lama 712.60 1330.00 617.40

Chittagong | 628.40 763.00 134.60

Cox's Bazar | 881.20 1551.00 669.80

Teknaf 262.00 1290.10 1028.10

Total 3027.00 5806.00 92 % more rainfall

The Synoptic situation shows that a low pressure had prevailed over Bangladesh along with active
monsoon. The combination of these two weather phenomenon has created a favourable condition for
heavy rainfall and the whole Eastern Hill Basin received very heavy to extreme rainfall. Table 4
presents the high amount of rainfall during the flash flood event in June, 2015.
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Table 4: Recorded Rainfall during the flash flood Event

Date Cox's Bazar Teknaf Chittagong Bandarban | Lama

23/06/2015 | 75 0 111 157 274

24/0612015 | 99 0 172 126 107

25/06/2015 467 213 154 140 276

26/06/2015 210 218 111 149 250

27/06/2015 263 215 81 46 71

28/06/2015 81 62 23 10 39
Table 5: 1-day maximum, 2-day and 5-day rainfall (in mm) at different gauge stations

Stations 1-day Maximum 2-day total 5-day total

Cox's Bazar | 467 566 1120

Teknaf 218 432 710

Chittagong | 172 326 541

Bandarban 157 283 618

Lama 276 381 987

To investigate the cumulative effect of rainy days, 1-day maximum, 2-days and 5-days total rainfall
amount was calculated (Table 5). The result shows consecutive very heavy to extreme rainfall had
triggered the flash flood event. Frequency analysis of daily maximum rainfall was carried out for the
same stations and result is presented in Table 6. According to frequency analysis Cox’s Bazar received
rainfall which has 100 year return period.
Table 6: Frequency analysis of rainfall data at Cox’s Bazar

| Station: Cox’s Bazar

PDF Return Period

2 5 10 20 25 50 100 | PPCC | Rank
Normal 212.70 | 267.74 | 296.51 | 320.27 327.19 347.01 365.07 | 0.9009 | 5
Log 204.84 | 256.13 | 287.87 | 314.02 326.06 353.38 380.27 | 0.9016 | 4
Normal
Pearson 193.97 | 252.73 | 29698 | 341.81 356.37 401.86 | 447.56 | 0.9809 | 2
Log 196.36 | 250.29 |292.29 | 351.67 351.67 400.89 | 454.63 | 09847 | 1
Pearson
Type-1I1
Extreme 201.96 | 259.75 |298.01 | 334.71 346.35 38222 | 417.82 | 0.9616 | 3
Value
Rainfall forecast

ECMWF medium range weather forecast and WRF Predictions captured the event almost one week in
advance. WRF Weather Forecast Model output which was simulated every day and ECMWF forecast
for the whole week showed extremely heavy rainfall event in the Eastern Hill Basin. The heavy rainfall
forecast for 72, 96 and 144 matched with the observed rainfall trend. For instance, 84 hour forecast of
WRF Model and 144 hour forecast of ECMWF based on 20 June, 2015 showed extremely heavy
rainfall event (Fig.3)
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Fig. 3: (a) WRF model forecast for June 21-24 and (b) ECMWF forecast for June 26 of extremely heavy
rainfall, 2016 (Bangladesh Flash Flood Guidance System, FFWC)

Hydrological condition of major rivers

Mubhuri, Karnaphuli, Halda, Sangu, Matamuhuri,Feni, Bakhkhali are the major rivers in this basin and
all the rivers are flashy in nature. Water levels of the river Sangu, Matamuhuri and Bakhkhali crossed
their respective danger levels during the flash flood event. However, the water level of these rivers did

not cross the historical recorded highest (Table 7).

Table 7: Comparative WL of Few Stations in the South Eastern Hill Basin for June 2015

River Station Recorded Danger Level Peak Water | Days  above
Maximum (m) Level 2015 | Danger Level
(m)

Sangu Bandarban 20.70 15.25 16.1 1

Sangu Dohazari 9.05 7.00 8.00 3

Matamuhuri | Lama 15.46 12.25 14.03 2

Matamuhuri | Chiringa 7.03 5.75 7.40 4

Bakhkhali Ramu 5.79 7.13 3

The hydrological response is very quick for all these rivers due to high hydraulic gradients. The rivers
got bank full flow immediately after the rainfall. The fig. 4 shows the hydrological response of
Bakhakhali river during the flash flood event.
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Fig. 4: Hydrological response of Bakhakhali River

CONCLUSIONS

The Flash flood event of 2015 was an exclusive one for Eastern Hill Basin as the whole basin received
extreme rainfall for about a week; water level crossed danger levels, causing severe damages in some
places. Hydrological analysis shows Rivers are extremely flashy in nature. At the same time initial soil
moisture was favourable for flash floods due to rainfall at the beginning of June. However, this study
did not investigate the soil moisture condition. The study shows single day heavy rainfall did not cause
the flash flood, but continuous heavy rainfall during the week from 21 to 28, contributed to the event.
NWP forecast is very useful for forecasting such flash flood events. Local Disaster managers may
follow the NWP products from BMD’s website and the flash flood guidance provided by FFWC. This
will help them to take precautionary measures for reducing loss of invaluable human life and assets. As
flash flood in this area comes with subsequent landslides, so, proper measure should be taken for the
people who live at the foot hill.
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ABSTRACT

Sundarbans, consists of 10,200 sq. km of Mangrove forest, spread over Bangladesh (6000 sq. km) and
India (4200 sq. km). Kobadak, Kholpetua, Rupsa, Shibsa, Pashur, Baleshwar, Raimangal, Arpangasia,
Sakbaria are the main rivers passing through Sundarbans. The river system is important for ecosystem
of Sundarbans which depends on the availability of adequate fresh water. The surface water salinity
increases rapidly after construction of Farakka Barrage on the Ganges river at India and withdrawal
the Ganges fresh water. Also water level largely affects the surface water salinity. The recent increase
in water and soil salinity has upset the natural equilibrium of the delicate ecological balance. So
salinity will be a major issue in future. The study aims to assess the present condition of the surface
water salinity, water level fluctuation and the spatial and temporal variation of salinity of all rivers
through Sundarbans.

Keywords: Surface water salinity; water level; river system; Sundarbans
INRODUCTION

The Sundarbans is the largest mangrove forest in the world and is intersected by a complex network
of tidal waterways, mudflats and small islands of salt-tolerant mangrove forests. It lies at the mouth
of the Ganges and is in South West part of Bangladesh, in the district of greater Khulna. The
Sundarbans is a part of the world's largest delta formed by the rivers Ganges, Brahmaputra and
Meghna (Islam, 2011). The study area encompasses the entire Sundarbans with all river, their
tributaries and land. The rivers which almost surrounded Sundarbans are Kobadak, Kholpetua,
Rupsa, Shibsa, Pashur, Baleshwar, Raimangal, Arpangasia and Sakbaria. These rivers play an
important role to Sundarbans and its ecosystem. The Sundarbans ecosystem depends on the
availability of adequate fresh water. With the commissioning of Farakka Barrage, the downstream
discharge at Ganges was drastically reduced. The salinity trends in the Sundarbans are not fixed from
both soil and water perspective. The recent increase in water and soil salinity has upset the natural
equilibrium of the delicate ecological balance required for the healthy growth and existence of the rich
flora and fauna (Khan et al., 1994). Consequently, scarcity of water during the dry season (Feb-June)
and widespread flowing of excess water in the wet season damages the crops and the ecosystems
(Haque and Alam, 1995). The Ganges fresh water withdrawal in the upstream area in India resulted in
three types of negative impacts in the downstream catchment. The problems are fresh water reduction,
increase of salinity and disturbance of growth and habitat have been identified. The increase of
salinity in the Ganges distributaries has also lead to ecological impacts on the world’s largest
mangrove forest, the Sundarbans (Siddiqi, 2001). Salinity in the river system of southwest coastal
region increases steadily from December through February, reaching maximum in the late March and
early April (EGIS, 2000). Figure 1 shows the area of Sundarbans and its river systems. This study
aims to assess the hydrology and surface water salinity of Sundarbans rivers.
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Fig.1: The Sundarbans and its river system

METHODOLOGY

Bathymetry, water level and surface water salinity data of the Sundarbans rivers during 2003 to 2014
were collected from Bangladesh Water Development Board. The inventory of the measuring locations
is presented in Table 1, Figure 2 and Figure 3.

Cross-section was plotted in Excel to see variation of rivers cross-section. Water level was analyzed
during high tide and low tide and then tidal range was determined. Surface water salinity was
analyzed during dry/pre-monsoon period and post-monsoon period for high tide and low tide. Finally
variation of surface water salinity with river water level was seen.

ANALYSIS, RESULTS AND DISCUSSIONS

Cross-Sectional variation from 2001 to 2013 of Kobadak River at station RMKBD16 and RMKBD17
are shown in Fig. 4 and Fig. 5. Fig. 4 shows aggrading character of river due to sedimentation. In the
year 2001, 2005 and 2008 there was a slow sedimentation process, but in 2013 there developed dune
at middle of the channel. Fig. 5 shows degrading character of river due to erosion. In 2001, 2005 and
2008 there was a very slow sedimentation process, but in 2013 there is a depression at middle of the
channel.
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Nature of Data River Name Station Name StationID

Kobadak Kobadak Forest Office SW165
Rupsa-Pasur Mongla SwW244
Bhadra Sutarkhali_Forest Office | SW29

Water Level Gorai-Madhumati | Rayenda SW107.2
Betna-Kholpetua | Protapnagaa SW26
Sibsa Nalianala Hadda SW259
Kobadak Tahipur SW161
Rupsa-Pasur Mongla SW244
Bhadra Dumuria SW28

.. Gorai-Madhumati | Rayenda SW107.2
Salinity
Rupsa-Pasur Khulna SwW241
Sibsa Nalianala-Hadda SW259
Cross-Section Rupsa-Passur PR16- PR17

Kobadak KBD12-KBD14

Fig.2: Location of Water Level Stations

Fig.3: Location of Surface Water Salinity Stations

Water level is analyzed for the period of 2005 to 2014 at Kobadak Forest Office and Mongla,
Sutarkhali Forest Office, Rayenda, Protapnagar and Nalianala-Hadda stations of Sundarbans rivers.
Generally, water level is relatively high during monsoon period (July-Oct) and relatively low during
pre-monsoon or dry period (March-May). Figure 6 shows the maximum and minimum water level
from 2005 to 2014 for Betna-Kholpetua River at Station-SW26. Tidal ranges at the different stations
of some rivers passing through Sundarbans are given in Table 2.

In this study surface water salinity of Sundarbans area is assessed by using salinity data as Electrical
Conductivity (EC) and as Chloride lon Concentration (Cl-). Salinity data are analyzed to visualize the
changing pattern of surface water salinity over year and also for the period 2003 to 2013. Fig. 7 and
Fig. 8 show the variation of surface water salinity as Electrical Conductivity (EC) and concentration
of chloride (Cl-) during high tide and low tide for time period 2003 to 2013. These two figures show
that salinity is almost same during high tide and low tide. Fig. 9 and Fig. 11 show that surface water
salinity as Electrical Conductivity (EC) and as Chloride Ion Concentration (Cl-) during high tide
becomes maximum in April-May. The increasing rate of EC is 29.6% in 2002 to 2011 and Cl- is
5.42% in 2008 to 2011 during the month of April-May (pre-monsoon period) which is seen in Fig. 10
and Fig. 12.
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Water level largely affects the surface water salinity (Table 3 and Table 4). When water level
increases the water salinity decreased or vice versa. Water level is highest during monsoon period at
high tide and lowest during dry-period at low tide. Table 5 shows the maximum and minimum water
level and their corresponding surface water salinity at various stations during high tide and low tide.
Water level and salinity relation of station SW 241 (Fig. 13 and Fig. 14) shows that at high tide
maximum water level is 3.41 mPWD while corresponding electrical conductivity is 401 ppm and
concentration of chloride is 201ppm and at minimum water level of 0.36 mPWD the corresponding
electrical conductivity is 6500 ppm and concentration of chloride is 1774ppm. From the above
analysis it can be noticed that at downstream river named Kobadak at station SW165, the tidal range
or water level is maximum (1.15-6.68mPWD) than the upstream river named Rupsa-Passur at station
SW244 and Bhadra at station SW29 (Table 2). Also for last decade during high tide and low tide, at
downstream station (SW165) water level is maximum (4 mPWD) and minimum (-2.58 mPWD) than
at upstream station (Table 5). Surface water salinity is maximum at downstream rivers situated at
south-west and minimum at upstream rivers situated south-east during low tide. At station SW241
Surface water salinity is maximum (19100 ppm) than station SW161 (601) during low tide and pre
monsoon period (Table 5).

[ Cross-section at kobadak(St-RMKBD16) |
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5 4
g g
=5 =
= —+—2001 = \X ‘{
—=— 2005 -15 —e— 2001 |
10 +— 2008 K —=— 2005
—»—2013 -20 —4— 2008 |
15 | | s . %2013
0 200 400 600 800 1000 0 200 400 600 200
Distance from Right Bank (m) Distance from Right Bank (m)
Fig. 4: Cross-Sectional variation of Kobadak River at Fig. 5: Cross-Sectional variation of Kobadak River
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Fig.6: Water Level variation of Betna-Kholpetua River at Station-SW26.
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Table 2: Tidal Ranges at different station of different rivers

Station No Station Name River name Tidal Range(m)
SW165 Kobadak Forest Office Kobadak 1.15-6.38
SW244 Mongla Rupsa-Pasur 0.54-4.34

SW29 Sutarkhali_Forest Office Bhadra 1-4.28
SW107.2 Rayenda Gorai-Madhumati 0.16-3.60
SW26 Protapnagar Betna-Kholpetua 0.67-5.57
SW259 Nalianala Hadda Sibsa 0.45-4.56
Concentration of Chloride ion(ppm) at Electrical Conductivity at Kobadak(St-SW161)
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Fig. 7: Surface Water Salinity (Concentration of CI)
variation of Kobadak River at Tahipur Station

(SW161).

Fig. 8: Surface Water Salinity (EC) variation of
Kobadak River at Tahipur Station (SW161).
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Fig. 9: Variation of Maximum Salinity (EC) during
High Tide of Kobadak River at Station-SW161.

Fig. 10: Maximum Salinity (EC) during High Tide of
Kobadak River at Station-SW161 in April-May
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in April-May

Table 3: Increasing rate of surface water salinity (EC)

Fig. 12: Maximum Salinity (Concentration of CI-)
during High Tide of Kobadak River at Station-SW161

Station Result Pre-'Mon.soon Post.—Moqsoon Pre—Mongoon Post—Mor}soon
High Tide High Tide Low Tide Low Tide
SW 241 Change 20.44 % 2.90 % 207.10 % 20.83 %
Years 2004~2007 2004~2006 2005~2007 2004~2006
SW 244 Change 28.34 % 67.50 % 60.69 % 49.40 %
Years 2003~2013 2004~2013 2003~2013 2005~2012
SW 28 Change 23.98 % 11.11 % 11.50 % 53.49 %
Years 2003~2006 2004~2005 2008~2013 2004~2012
SW 259 Change 2.94 % 15.18 % 9.09 % 20.67 %
Years 2007~2009 2006~2010 2007~2010 2004~2009
SW107.2 Change 14.87 % 591 % 17.64 % 17.93 %
Years 2008~2011 2008~2010 2007~2009 2006~2010
SW 161 Change 29.60 % 46.05 % 36.24 % 41.67 %
Years 2003~2010 2003~2012 2005~2011 2005~2012
Table 4: Increasing rate of surface water salinity (Cl-)
Station Result PretMon.soon Post'-Mon.soon Pre-Mon§oon Post-Moqsoon
High Tide High Tide Low Tide Low Tide
SW 241 Change 50.00 % 6.67 % 55.86 % 29.41
Years 2005~2008 2004~2006 2005~2007 2004~2008
SW 244 Change 60.92 % 20.00 % 10.58 % 41.05 %
Years 2003~2013 2004~2005 2005~2013 2005~2012
SW 28 Change 16.34 % 58.33% 16.34 % 37.93 %
Years 2010~2012 2004~2012 2010~2012 2005~2012
SW 259 Change 351 % 9.09 % 3.70 % 9.09 %
Years 2007~2010 2006~2009 2007~2010 2006~2009
SW107.2 Change 20.24 % 6.29 % 20.00 % 6.28 %
Years 2008~2011 2008~2010 2008~2011 2008~2010
SW 161 Change 67.80 % 542 % 30.00 % 44.74 %
Years 2008~2011 2008~2012 2003~2013 2005~2012
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Table 5: Maximum and minimum Water level and their corresponding surface water salinity at various station
during high tide and low tide.

High Tide Low Tide
Type
Station No WLmax(m) WLmin(m) WLmax(m) WLmin(m)
WL(mPWD) 341 0.36 1.13 -1.49
SwW24l1 EC(ppm) 401 6500 6020 19100
CI'(ppm) 201 1774 3010 9550
WL(mPWD) 3.41 0.36 0.68 -1.49
Sw244 EC(ppm) 1890 18000 1670 18000
CI'(ppm) 930 6300 820 9000
WL(mPWD) 3.2 0.83 0.42 -1.69
SW259 EC(ppm) 34000 4200 11000 5710
CI'(ppm) 17000 4100 5500 2860
WL(mPWD) 3.8 0.55 1.65 0.05
SW107.2 EC(ppm) 6000 3710 1210 6000
CI'(ppm) 3000 1850 610 3000
WL(mPWD) 4 -0.5 -0.6 -2.58
SW161 EC(ppm) 557 614 620 601
CI'(ppm) 310 309 331 328
WL(mPWD) 2.95 1.38 0.85 -1
SW28 EC(ppm) 10000 7470 1850 11000
CI'(ppm) 5000 3730 940 5500

CONCLUSIONS

There are a number of rivers pass through Sundarbans and discharges into Bay of Bengal. Surface
water salinity of Sundarbans rivers plays an important role for the existence of Sundarbans ecosystem.
Hydrology and surface water salinity of Sundarbans rivers are investigated in this study. Freshwater
discharge from the upstream rivers plays vital role in reducing the salinity inside the Sundarbans area
during flood tide. Fresh water supplies through Gorai-Madhumati-Nabaganga-Rupsha-Passur river
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system and Kobadak-Betna-Kholpetua-Shibsha river system mainly influence the salinity inside
Sundarbans area, which is very much critical during dry period.
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ABSTRACT

This study aims to develop rainfall IDF relationships for five major cities of Bangladesh. The selected
cities are Dhaka, Khulna, Chittagong, Barisal and Rajshahi. Two well-known frequency analysis
techniques such as Gumbel and Log Pearson Type III (LPTIII) distribution have been used to analyse
the rainfall data. Annual maximum rainfall data series for last 60 years (1954-2014) have been
collected from Bangladesh Meteorological Department (BMD). Two different procedures have been
applied for estimating the short duration rainfall intensities. These are Hershfield method and an
empirical formula deduced by Indian Meteorological Department (IMD). Analyses have been done
for two annual maximum data series. One series consists of rainfall data of 30 years from year 1954-
1982, referred as older series and another as newer series of data range from year 1983-2014. This
division of historical data is made to assess the influence of climatic changes on the IDF curves if any.
Chi-square test has been used to assess the goodness of fit. It is found that the Gumbel method
provides better compliance than that of LPTIII method. Comparison has also been made between two
methods of short duration data generation. Rainfall intensity using IMD yields larger value than the
Hershfield method. In terms of percentages, IMD gives 10.49% larger for Dhaka, 2.8% for Khulna,
14.16% Chittagong, 5.9% for Barisal, and 8.46% larger for Rajshahi than that of Hershfield method.
The coefficients and exponents of expression of IDF relationships for different return periods were
calculated by using nonlinear multiple regression method using both the data series. Minor change of
IDF curves is observed when compared the results using older and newer data series. It is anticipated
that IDF curves presented for urban cities will be useful to estimate the intense runoff for the design
of small hydraulic structures.

Keywords: Rainfall data; frequency analysis; short duration rainfall; IDF curves; urban cities

INTRODUCTION

Rainfall Intensity-Duration-Frequency (IDF) curves are graphical exemplifications of the amount of
water that falls within a given period of time in catchment areas. One of the first step in many
hydrologic design projects, such as in urban drainage design, is the determination of rainfall event or
events to be used. Rainfall depth for different return period is important in case of small hydraulic
structures such as culverts, small bridges, polder scheme etc. For determining short duration rainfall,
Hershfield method seems indispensable in areas where the only useful data are of long duration and in
such cases they probably provide the best available estimates of short duration rainfalls with return
periods less than 10 years (Siddiqui, 1993). In recent studies, various authors (Dupont and Allen,
2006, Kim et al. 2008) attempted to relate IDF relationship to the synoptic meteorological conditions
in the area of hydrometric stations. The short duration rainfall IDF curve was developed for North-
Eastern region with return period of 2, 5,10,20,50, and 100 years (Matin, 1984) using Hershfield
Method (Hershfield, 1962, Bell, 1964). Daily rainfall data analysed by (Munshi, 2014) to obtain IDF
curve for North-Western region of Bangladesh was developed. However, using a long series of
historical data (about 60 years) an attempt has been made to assess IDF curves for major cities of
Bangladesh.
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METHODOLOGY

Two well known frequency analysis techniques e.g. Gumbel and Log Pearson Type III (LPTIII)
distribution were used. Chi-square goodness of fit test was used and found that the Gumbel
Distribution is better fitted for study region (RaselLM. 2014). The short duration rainfall such as
Smin, 10 min , 15min, 30 min 1 hour and 2 hour data have been calculated on the basis of an
empirical formula deduced by Indian Meteorological Department (IMD) (method-1) and Hershfield-
Wilson diagram which is referred as method-2 (Matin, 1984, Hershfield, 1962, Bell, 1964). The
coefficient of exponents of expression of IDF relationship for different return periods (2, 5, 10, 20, 50
and 100 years) were calculated by using nonlinear multiple regression method (Rimi, 2016).
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Fig.1. Comparison of IDF Curve obtained from (a) Indian Method (b) Hershfield Method for Dhaka
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Fig.2. Comparison of IDF Curve obtained from (c) Indian Method (d) Hershfield Method for Khulna
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Fig.6. Generated IDF curve by using (i) Indian Method; (ii) Hershfield Method
Table-1: IDF relationships obtained using the Indian method
Urban Stations IDF Relationship % of Remarks
CT™ change
T e between
older
and
newer
series
From 1954-1982 From 1983-2014
Dhaka 716T0-21> 629.36T,>23% | 10.62% Intensity
= W I= W decrease in last
30 year.
Khulna I 625.9T,92614 | 5.57% Intensity
602.55T,>-2359 I'= TO672 increases in last
= W 30 years
Chittagong 1012701913 1122T°213 | 11.3% Intensity
= W = W increases in last
30 years.
Barisal 700.32T,0-212 688.3T21° | 3.16% Intensity
I= W = W decreases in last
30 years.
Rajshahi 547.7T0-2336 544.37T,%22% | 0.96% Intensity
I'= W I= W decreases in last
30 years.
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Table-2: IDF relationships obtained using the Hershfield method:

Urban Stations . . % of Remarks
IDF Relationship change
crm between
I= 7€ older and
d
newer
series
From 1954-1982 | From 1983-2014
Dhaka 7.76% Intensity decrease in
660.69T,207 619.15T,0-202 last 30 year
= T95% I= T95%
Khulna 4.09% Intensity increases in
501.76T.-216 512.86T,** last 30 years
= 79563 = 70562
Chittagong 3.56% Intensity increases in
749.72T0217 776.24T0217 last 30 years
= TO564 I'= 70563
Barisal 2.016% Intensity decreases in
545.52T,2217 534.19T%%1° last 30 years
[= TO564 I= 95645
Rajshahi 10.9% Intensity decreases in
536.5T 02173 476.65T 9217 ’ last 30 years
=T 10563 =7 os6s
d d

Methods Used for Generation of Short Duration Data

Indian Meteorological Department (IMD) Method: The empirical formula provided by IMD is
given by,

P = Pzﬂ%i) (1

Hershfield Method: One hour data for frequencies 5, 10, 20, 50 and 100 year return periods have
been calculated by using the equation presented by Bell (1969) as follows

PRO™™ = (0.35In(T) + 0.76) PyO™" )
24- hour rainfall data for different return periods were then determined by equation,
PZ*hour = (0.3602In(T) + 0.754)Pp24hour 3)

RESULTS AND DISCUSSIONS

From the analysis it can be said that the Gumbel method of distribution provides comparatively good
fit than LPT-III method. Goodness-of-fit tests were used to choose the best statistical distribution
among these techniques.

In this study, the ratio of 2-year, 1-hour to 2-year, 24-hour rainfall was found to vary between 0.394 to
0.546. The mean ratio of 0.463 and a standard deviation of 0.0569 has been considered in Hershfield
method for short duration data generation. Murry (1970) reported that this value lies between a range
of 0.35 to 0.45 for India, in the continental United States and in South Africa the mean ratio was
0.435 and 0.50 respectively.
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The comparison between IDF results obtained using older and newer annual data series and between
Indian and Hershfield Method are shown in Fig-1, Fig-2, Fig-3, Fig-4, Fig-5 for five selected urban
stations of Bangladesh. Comparison between the two methods are shown in Fig-2 for different return
period for Chittagong city containing 60 years data series. The IDF equations of IMD method
(method-1) are listed in Table 1 for the five urban stations. The percentage of change between older
and newer data series for Dhaka, Khulna, Chittagong, Barisal and Rajshahi which are 10.62% |,
5.57%, 11.3%, 3.16%, 0.96%. Table 2 shows the IDF relationship derived by using the Hershfield
method (method-2) and the percentage change between the same period of analysis and urban station
such as Dhaka, Khulna, Chittagong, Barisal and Rajshahi shows the rate of 7.76%, 4.09%, 3.56%,
2.016%, 10.9%.

Data shows that recent rainfall pattern of Bangladesh is erratic nature. No definite trends are obtained
from trend analysis (Rimi, 2016). It is also suggested that short duration recording gauge data should
be collected and preserved by BMD in regular basis so that the generated values to develop IDF can
be better compared with real data.

CONCLUSIONS

Gumbel method estimates relatively higher rainfall intensity compared to those obtained by LPT III
distribution. The results of the chi-square test of goodness of fit show that the Gumbel distribution is
acceptable at the average significance level of 2.8%. Two different procedures have been adopted to
generate short duration data required for IDF curves of five major cities of Bangladesh. Two annual
extreme value series of rainfall data for years 1943-1982 and 1983-2014 have been used for the
analyses. No significant change in IDF curves has been found, which reflects a minor influence of
changing climate on IDF. Rainfall intensity using IMD yields larger value than those obtained by
Hershfield method. IDF curves and relationships presented in this paper will be useful for estimation
of storm runoff of urban areas of major cities of Bangladesh.
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ABSTRACT

This study deals with a systematic approach for the estimation of urban runoff from a small catchment.
An urban catchment in Uttara area, near the Abdullahpur-Mirpur embankment, has been selected.
Intense rainfall hydrographs have been generated based on the application of HEC-HMS model using
the NRCS unit hydrograph method. Intensity-Duration-Frequency relationship curves are used to
generate short duration design rainfall event. Three rainfall events such as 1h 2 year, 2h 5 year and 2h
10 year return period has been used for hydrograph generation. Curve number values obtained from
GIS shapefiles of proposed and existing landuse maps are used in the model. The rational method has
also been included to estimate the peak discharge and compare with the results obtained from the
model. In this study it is found that with increased urban development, peak runoff values are
significantly higher than undeveloped conditions. For sub-catchments A, B, C and D, the values of peak
runoff varied by 40.2% (10.7 m*/s-15.0 m’/s), 2.2% (4.5 m’/s- 4.6 m’/s), 23.9% (17.6 m*/s — 21.8 m’/s)
and 264% (5.0 m’/s — 18.2 m’/s) respectively compared to present condition under 2h 5 year return
period rainfall. In addition, the time to rise to peak discharge was found to be shorter by 16.7%, 0%,
14.3% and 33.3% respectively, which means that the basin would respond more rapidly to a given
rainfall condition. Losses and abstractions from rainfall was found to be lower with increased
urbanization, implying that greater part of the rainfall would be converted into rainfall excess. The
values of peak discharge from rational method varied from model result by 1.43% in case of
sub-catchment B under 1h 2 year return period rainfall in proposed land use condition upto 80.8% in
sub-catchment D under 2h 5 year return period rainfall in existing land use condition.The results of this
study would be helpful for proper design of drainage structures like culverts, sluice gates, or pumping
stations. Identification of local drainage pattern in terms of sub-catchment needs to be addressed for
proper planning and management of urban drainage system.

Keywords: Urban catchment, IDF curves, NRCS method, hydrograph, rational Method.

INTRODUCTION

Urban drainage congestion during monsoon due to heavy rainfall causes much inconvenience and
economic losses for the Dhaka city residents. The reasons behind this urban flooding can be attributed
to heavy rainfall, inadequate drainage system, high water level in the peripheral rivers, unplanned urban
development, encroachment and congestion of canals and urban development of local water retention
bodies. The various canals passing throughout the city play an important role in carrying out the runoff
to the peripheral rivers.

A master plan for flood mitigation and stormwater drainage improvement in Dhaka city was prepared in
1991 for flood protection of approximately 262 km® of the city. Partial implementation of this plan has
protected the western half of the city from river flood by embankments and raised roads. Although
internal stormwater flooding in the western part was expected to be mitigated after rehabilitating the
drainage system and installing permanent pump stations, the flooding condition has been deteriorating.
This declining situation calls for investigation into the causes of stormwater flooding. The urgent need
to resolve urban flooding problem has been felt after a disastrous stormwater flooding caused by
unprecedented rainfall in September 2004 and the preceding countrywide flood in July of the same
year. At the same time, it appears to be imperative to set forth a realistic plan for flood mitigation and
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stormwater drainage for the eastern part of the city. The original master plan needs revision because of
the unplanned land use changes that took place since the plan was prepared.

METHODOLOGY

Both primary and secondary data were needed to fulfill the study. Primary data includes photographs of
salient features to determine the flow paths, and public opinion regarding the current drainage condition
of the study area. Secondary data includes GIS shape files of contour maps and existing and proposed
land use data obtained from RAJUK Detailed Area Plan. The design rainfall data was generated from
IDF curves of Dhaka City for the interval 1984-2013.

The first step was to delineate the boundaries of the sub-catchments. It was done based on observation
of existing drainage system, sluice gates and contour map. In case of Catchment C, no outlet was found
So, a sluice gate (sluice no. 3) was proposed as shown in fig.2

The lag times for the sub-catchments were determined using the NRCS lag equation, which involves
Curve Number, Average Basin Slope, and Hydraulic Length of the principal drainage channel.

In the rainfall-runoff model of HEC-HMS, area, initial abstraction, curve number, imperviousness (%),
lag time were given as inputs of catchment parameter. In time-series data manager, rainfall values were
input as hyetographs.

For the rational method, the value of the constant, C was obtained from the land use maps, the design
rainfall intensity was arbitrarily chosen as 2h 5 year, 2h 10 year and 1h 2 year return period rainfall.
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NRCS Lag equation:

_ 198(2540 — 22.86CN)°7

t, =

Average basin slope,
Y =100(CDH/A
Y= average land slope, %

1410CN0-7Y05

2)

(1)

C= summation of the length of the contour lines that pass through the watershed drainage

area on the quad sheet, ft
I= contour interval used, ft
A= drainage area, ft*
IDF equation for Dhaka city,
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629.36T0-2%°
=g ®

I=intensity in mm/hr; T, - Return Period, in Years; T4= Duration, in minutes

RESULTS AND DISCUSSIONS

1. The variations of runoff with changing landuse pattern for the four subcatchments are shown in
figures 4-7. Increased urban development produces hydrographs with greater peak discharge, less
precipitation losses, and more percentage of the rainfall is converted to rainfall excess due to increased
surface imperviousness. Also, the base length of the hydrographs were shorter in case of urbanized
catchments, indicating that peak discharge will be reached at shorter interval from beginning of rainfall.
2. The peak design discharge was obtained from arbitrarily chosen 1h 2 year, 2h 5 year and 2h 10 year
return period of rainfall. The resulting hydrographs for each subcatchment (for proposed landuse
condition) for each return period of rainfall are shown in figures 8-11. It is observed from these results
that for design of drainage structures, higher discharging capacities need to be selected for 2h 10 year
return period rainfall. A proper return period must be selected based on economic considerations.

3. Peak discharge values obtained from rational method were almost identical in case of 1h 2 year return
period rainfall. For other rainfall conditions, the results varied significantly. In urbanized
subcatchments, the HEC-HMS model output yields slightly higher values of peak discharge, and in
undeveloped subcatchments, the rational method produces higher values of peak discharge. The values
of peak discharge from rational method varied from model result by 1.43% in case of subcatchment B
under 1h 2 year return period rainfall in proposed landuse condition upto 80.8% in subcatchment D
under 2h 5 year return period rainfall in existing landuse condition.

CONCLUSIONS

1. In some subcatchments of the selected area, especially in subcatchment C (2.26 km” area) and
subcatchment A (1.33 km?® area), local water retention bodies play an important role in storage of runoff
water. Some surface drains also drain into these water bodies. But for long-term urban planning, the
runoff water needs to be conveyed across the embankment into the Turag river.

2. Two sluice gates are already installed in the study area. This study reveals that the capacity of these
sluice gates seems to be inadequate to drain the generated runoff water. Therefore, more drainage
structure is required for this catchment.

3. During high flood levels in the peripheral Turag River, pumping facilities in addition to sluice gates
may be necessary for effective drainage system.
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ABSTRACT

Quantitative application on remote sensing of suspended sediment is an important aspect of the
engineering application of remote sensing study. In this study, image processing technique is used as a
method to estimate the amount of sediment concentration to facilitate and increase the speed of
measurement. Estimation of fine sediment concentration is important for using water for different
domestic, drinking and other purposes, from various sources like rivers, ponds or lakes. Traditional
methods for this estimation are time consuming, costly and not easily accessible, especially for rural
people in Bangladesh. In this study, it is shown that digital or DSLR camera could be used to estimate the
amount of concentration. To accomplish this, a number of experiments had been conducted in two types
of water tanks (circular and square) with different background color (white & grey) and with variation of
camera height and angle. Sediment samples of brown & grey color were collected from bottom of
different water bodies (such as river bed) and had been kept in open space for air drying but instead of it,
oven drying cannot be allowed as the internal molecular structural arrangement of soil grain would be
damaged. After that special sieve no-63 micron (<63 um) ASTM no-230 passing very fine sediment
samples were separated for the purpose of the experiment to avoid any settlement of sediment particles.
Then, a standard correlation between image data (RGB value) & concentration was determined. Using the
developed correlation one can easily understand sediment concentration of water bodies, which can be an
alternative efficient tool rather than the conventional one.

Keywords: RGB; Fine suspended sediment; Digital image; Concentration

INTRODUCTION

Estimation of suspended sediment concentration is important for using water for different domestic and
drinking purposes, from various sources like rivers, ponds, or lakes. High suspended sediment
concentrations can affect water resources by damaging turbines of hydroelectric plants, and increasing
requirements for water treatment procedures; reducing reservoir and diversion dam storage capacity.
However, excessive sedimentation in streams and rivers is considered to be the major cause of surface
water pollution.

The traditional method to measure suspended load by direct measuring of sediment samples seems more
costly, time consuming and not easily accessible especially for people living in rural areas. Remote
Sensing of Suspended Sediment Concentrations in Mekong River and the Red River conducted by Wang
et al. [2012] aimed to investigate whether suspended sediment concentration (SSC) values could be
estimated directly using this technique. The drawback of the study is that the measured reflectance is
affected by illumination conditions significantly. Besides, Liew et al. [2002] conducted a study in a
highly turbid inland river (lower Jinsha River in Yunnan, China) to develop relations between in-situ
water reflectance measurement and TSS concentration. It was found that the empirical method established
in this study by using a band ratio can only estimate total suspended sediment at lower concentration
levels up to 400 g/m’. This study also lacks in furnishing the impact of sediment properties on the
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backscattering coefficient. Lodhi et al. [1998] used integrated surface reflectance and found that:
spectroradiometer data, integrated into the band width of Landsat-TM 4, allowed accurate estimation of
suspended sediment concentration. But they failed to compare the findings to actual TM spectral data
acquired over lakes and reservoirs.

Furthermore, digital camera is another new technique which can bring many advantages, as it can easily
capture data at any time. Pictures are taken very close to the subject and can eliminate any side effect. The
most important and difficult part of digital camera technique, is the processing of the captured images.
Lim et al. [2003] first reported the application of digital camera in the estimation of total suspended
sediment. Bejestan and Nouroozpour [2007] also used image processing technique to estimate the amount
of sediment concentration which facilitated and increased the speed of measurement. This study was
conducted only for the type of sediment available in Karoon banks. The equation established in this study
would be varied with the type of sediment changes.

So, after analyzing and taking into account of all these limitations of the previous studies, different tanks,
sediment samples and camera were used in this present study. Major purpose of this study is to define the
sediment concentration as a function of digital image data in which red (r), green (g) and blue (b)
components of color images as well as gray component with different sediment loads were tried to
correlate. On the other hand to know the acceptable level of turbidity in streams is the second most
important criteria for conducting this study.

The method for the measurement of suspended sediment concentration using digital camera is very cost
effective, so only by applying this technique anyone especially rural and general people can get rid of
many waterborne diseases, aware of the adverse effects of highly turbid water and be able to know the
amount of level of suspended sediment concentration present in any water body.

METHODOLOGY

A number of experiments were conducted to develop a correlation between suspended sediment
concentration and digital image with variation of water tank and sediment sample. The experiment was
conducted during the day time when sunlight was available. Photos were taken vertically, at an angle of
4%as well. Two types of tank were used- one circular (2' dia) and the other square (2' X 2 'X 2') in shape.
The circular one (Fig-1) was of plastic material and the square one (Fig-2) was of perspex material.
Bottom and side walls of the square tank was kept gray and that of circular one was kept white which was
later changed to gray. Brown colour and gray colour clayey soils were used as suspended sediment. The
soil samples were collected (Fig-6) from the bottom of two lakes in Mirpur Cantonment. The soil samples
were air dried (Fig-7), pulverized and sieved through non-standard (special) sieve of 63 micron (Fig-5).
The sieved material (Fig-8) was weighted and mixed with a known volume of water in different
concentration. Suspended sediment concentration was produced by consecutive addition of Smg/l,
10mg/1, 20mg/1, 30mg/1, 40mg/1, S0mg/1, 75mg/1, 100mg/1, 150mg/l, 200mg/1, 250mg/1, 300mg/1, 400mg/1
and finally 500mg/l of the soil sample. During the experiment, sediments were kept in suspension by
manual stirring. During higher concentration quick settlement of the sediment was observed. Photos (Fig-
9, 10, 11...) were taken after each addition from a height of one foot by using NIKON D3000 DSLR
camera with 10.2 megapixels as well as with Canon S110 with 10 megapixels normal digital camera (Fig-
3) to check if different camera, pixel capacity and resolution have any effect on the image quality. In
order to establish a relationship between turbidity and suspended sediment HANNA turbidity meter
HI93703 (Fig-4) was used for the experiment which can measure turbidity within (0-1000) FTU range.
Average of R (red), G (green), B (blue), their mean value and gray value were calculated from 9 pixel
values (3 X 3) by using Adobe Photoshop version 8.0. Separate graphs (Fig-12) were generated for R, G,
B, gray and average of RGB against concentration. Graphs for turbidity against concentration were also
developed.
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Fig-3: Digital Camera Fig-4: Turbidity

Fig-5: 63 um sieve Fig-6: Wet sediment Fig-7: Dry sediment Fig-8: Sieved brown

Fig-9, 10 and 11: Water with concentration (a) Smg/l; (b) 100mg/l; (c) 500mg/I (images taken during
experiment conducted in white circular tank using brown sediment)
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Fig- 12: Correlation between pixel intensity and sediment concentration for experiment conducted in
circular white tank using brown sediment (concentration up to 500mg/1).
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RESULTS AND DISCUSSIONS
It is seen that the values of pixel intensity decreases for increasing amount of concentration. But
for higher concentration the values of pixel intensity remains almost constant. So values for

higher concentration were discarded later.
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Fig-13: Correlation between pixel intensity and sediment concentration for experiment conducted in circular white
tank using brown sediment (concentration up to 100mg/1)

Validation

For the validity purpose or comparison of the experimental results with the actual field data, two samples
of water were collected from the Gulshan Lake (one from the bank and the other one from the middle of
the lake) in two different containers and the average turbidity of these two samples were found as 22 NTU
with the help of turbidity meter. Then the laboratory measurement of concentration by the process of
filtration was conducted using 45 micron filter papers and the actual concentration values had been found

as 59.9mg/l and 44.67mg/l, where 51.84 mg/l is the mean of these two values.

Fig -14: Pictures captured at Gulshan Lake for the purpose of Validation
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Verification of Experimental Result

After observing all the graphs which was developed through the evaluation of the value of three bands of
Red, Green, Blue; their mean and gray for each image with their respective concentration, it has been
found that the Blue value always follows a decreasing linear trend line and gives a better result in
comparison with actual field concentration which have been developed by analysing data by Excel.
Though the red values shows a fairly good result of concentrations in comparison with the actual field
result but dual nature of the linear trend line (y= mx+c); increasing (m=+ve) for white or decreasing (m= -
ve) for grey background color of the tank makes the red value unfit or inappropriate for the measurement
of SSC. The equations obtained from the green vs. concentration graphs do not produce results fair
enough to compare it with the actual field results. As green and red band values are discarded, for this the
equations obtained from graphs of average values of the RGB band against the concentrations are not
taken into account. Grey values of the image data which was found from the grayscale by using the
Adobe Photoshop software shows an almost or nearly equal values & graphs in accordance with the
average values of the RGB band and that is the reason for which gray values are not also being accepted.

Final Result

From the observation of the experimental results, it is clearly visible that the experimental value for the
circular shaped white background colour of the tank with brown sediment provides better result of 49.69
mg/l in comparison with the actual field result of 51.84mg/l for the determination of suspended sediment
concentration. So, the standard equation of the graph (Blue value of the RGB band against concentration)
for the measurement of SSC after the final analysis is, y = -0.9812 x + 100.46; [Here, m = -0.9812 and ¢
=100.46]. A general equation as well as for the turbidity has been developed for the determination of the
suspended sediment concentration after averaging m and c values found from different experimental
results and after finishing final analysis the standard equation stands as, y = 0.340x + 4.499; [Here,
m = 0.340 and ¢ = 4.499].

The user of this equation should realize that because different technologies and different models of the
same technology of turbidity meters can produce significantly different outputs for the same
environmental sample, only one manufacturer and model of the turbidity meter can be used to develop the
relationship between the SSC and turbidity readings at a site. If a different manufacturer or a different
model type of turbidity meter is used, a new relationship will need to be developed for the site. The
relationship of SSC and transparency to turbidity across many streams and lakes indicates that 22 NTU is
approximately equal to 51.5 mg/L for SSC. However, the relationship between turbidity and SSC can
vary greatly in individual streams or even locations within a stream.

MODIFICATIONS

*  Only static condition of water was considered.

= All the images were taken from a height of 1 foot. Variations were there only for angular position.

= More correctness would be acquired if light intensity could be maintained constant.

= Settlement occurs as sediments were mixed manually but settlement of sediment can be avoided by
the application of mechanical stirrer.

CONCLUDING REMARKS

The conducted study showed that there exists a strong correlation between suspended sediment
concentrations with pixel intensity variation of different color components. The developed camera based
method of sediment concentration determination produces fairly good comparison with actual
concentration measured by mass balance method. The developed technique is very efficient and cost
effective compared to the traditional method, hence can be used as a first approximation for suspended
sediment concentration.
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Table 1: Summary table for experimental result: Equations developed from graphs with variation of camera, tank
shape and background color as well as sediment type and color

Tank Back- | Sedime | Camera | Equation for | Equation Equation Equation Equation
Shape ground | ntcolor | used ‘Red”  Vs. | for ‘Green’ | for ‘Blue’ | for Gray | for Avg.
color conc. Vs. conc. Vs. conc. Vs. conc. Vs. conc.
Circular | White | Brown DSLR Y=-0.742x + | Y=-0.920x | Y= -0.981x | Y=-0.879x | Y=-0.881x
98.55 +101.1 +100.4 +101.9 +100.0
Circular | Gray Gray DSLR Y=1.048x + | Y=0.507x Y= -1 Y=0415x | Y= 0.350x
83.25 +141.8 0.505x + | +1294 +118.5
130.4
Circular | Gray Brown DSLR Y=0.479x + | Y= -1 Y=-0.678x | Y=-0.139x | Y=-0.166x
124.5 0.304x + | +128.1 +132.7 +132.9
146.2
Circular | White | Gray DSLR Y=-0.617x+ | Y= -1 Y= - | Y=-1.140x =-0.678x
175.1 0.686x + | 0.632x + | +188.6 +177.8
188.5 168.1
Square | Gray Gray DSLR Y=1.048x + | Y=0.507x Y= -1 Y=0415x | Y= 0.350x
83.25 +141.8 0.505x + | +1294 +118.5
130.4
Square | Gray Brown DSLR Y=0471x+ | Y= -1 Y= -1 Y=0.061x | Y=-0.229x
125.3 0.154x  + | 0.940x + | +1553 +131.3
152.5 113.4
Circular | Gray Gray Digital | Y=0.286x + | Y= -0.068x | Y= - | Y=-0.090x =-0.101x
camera | 143.2 +156.2 0.519x +|+1472 +143.9
132.1
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ABSTRACT

The coastal zone of Bangladesh covers about one-third of country’s total land area. The coast can be
broadly divided into three regions: the deltaic eastern region, the deltaic central region, and the stable
deltaic western region. This study aims to assess the salinity intrusion along the central part of the
coastal zone — covering Baleshwar River at the west and Karnafuli River at east. One of the most acute
problems of our coastal zone is the salinity intrusion and its rapid increasing extent. Extent of saline
intruded area is dependent on the sea level and discharge of fresh water through major river systems.
Due to the construction of water controlling structures (like dams, barrages etc.) the supply of fresh
water is decreasing day by day. Rising of sea level is aggravating the problem. In this study the
vulnerability assessment due to saline intrusion in the surface water, groundwater and soil of central
coastal zone of Bangladesh during the year 2000 to 2012 has been done. Based on the trend analysis of
historical data, salinities have been simulated for the year 2030 and 2050. Moreover, salinity
vulnerability maps for the year 2030 and 2050 using 2000 as base year have been prepared using CVI
analysis.

INTRODUCTION

The coastal Zone of Bangladesh consists of 147 Upazilas under 19 districts. It covers an area of 47,201
sq. km (Islam, 2004). This area provides shelter, sustenance and livelihood for approximately 46
million people, with 2.85 million hectares of cultivable land supporting 20% of the rice production of
Bangladesh (BBS, 2011).In addition to the resources provided by the coastal zone of Bangladesh, the
region is also critical because it contains the world’s largest mangrove forest, the Sundarbans, which
have been set aside for conservation.

One of the major challenges of our coastal zone is the salinity intrusion. Water circulation in the coastal
zone in Bangladesh is largely dependent on the factors like fresh water flow from the river, penetration
of tide from the Bay of Bengal and the meteorological conditions like low pressure systems, cyclones,
and storms surge and wind (MoWR, 2003). Both climatic and anthropogenic factors are responsible for
causing salinity in the river water. However, climate induced factors such as sea level rise is the most
pressing cause of salinity in coastal areas. The impact of withdrawal of freshwater water from river at
any upstream site especially in dry season may cause salinity intrusion in the interior coast. For example
after the commissioning of Farakka Barrage on Ganges river and its unilateral diversion of water during
dry period has lead to the inward sifting of salinity lines (likelppt, Sppt line etc) in the southwestern
region of the Bangladesh (Rahman and Alvee, 2015). This change has a significant impact on the
ecosystem, social life and economy of the coastal zone. For example, many precious species of
Sundarbans can survive within a very narrow range of salinity. Same goes for many water born
creatures and crops. Apart from this, some of the coastal regions are already suffering from acute
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drinking water problem due to salinity. If the salinity level or the extent of salinity increases further this
may lead to serious social impact in those regions.

The objective of the study is to i) assess the historical salinity level of surface water, ground water and
soil of the study area, ii) develop scenarios of salinity level of surface water, ground water and soil for
the year 2030 and 2050, iii) develop the salinity vulnerability maps for the year 2000, 2030 and 2050.
This study is important because if the extent and condition of salinity intrusion is predicted, then it can
help the policy makers to plan for countermeasures to address the situation.

STUDY AREA

The area under this study covers the central coastal zone of Bangladesh [Fig. 1]. It consists of 78
Upazilas under 12 districts. The zone is between Baleshwar River at the west to Karnafuli River at the
east. The study area covers the districts of Barisal, Bhola, Barguna, Chandpur, Chittagong, Feni,
Jhalokati, Lakshmipur, Noakhali, Patuakhali, Pirojpur, Shariatpur totaling an area of about 21475
sq.km (about 46% of total coastal area ). There are about 40 major river and channel passes through the
area. In addition there are a number of khals. Combined with the rivers and channels they make up a
total length of 6378 km. This rivers and channels are very important feature of the area. They plays a
vital role of transporting sediment, reduce salinity, navigation and local economy.

[1]

Mouths of the Ganges

0 Bay of Bengal

1000 m
I ‘

Fig. 1: Study Area: central coastal zone of Bangladesh
METHODOLOGY & DATA COLLECTION

Coastal Vulnerability Assessment towards Sustainable Management of Peninsular Malaysia Coastline
has been calculated using coastal vulnerability index (CVI) (Mohamad et al., 2014). The study
incorporated six variables to assess the CVI for the study area, which includes geomorphology,
shoreline change rate, maximum current speed, maximum tidal range, significant wave height and sea
level rise. The ranking is on a linear scale from 1 to 5 in order of increasing vulnerability; value 1
represents the lowest risk ranking assigned to the coastline whereas value 5 ranks the coastline with the
highest risk. A total of 1963 km of coastline was evaluated. Vulnerability values of the variables are
multiplied and square root of its average value calculates the magnitude of CVI. Similar kind of study
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was also conducted on Apodi Mossoro estuary, Northeast Brazil (Boori, 2010). In that study the
parameters were geomorphology, shoreline change rate, coastal slope, mean tidal range, mean
significant wave height and sea level rise.

Methodology

In this study mainly two softwares were used for the data analysis purpose namely ArcGIS-10.2.2 and
Microsoft Excel. At first the study area was extracted from upazila shape file prepared by CEGIS using
ArcGIS-10.2.2. Surface water, groundwater and soil salinity were analyzed from the year 2000 to 2012.
Using Microsoft excel, general trend of change of those parameter were analyzed. Linear interpolation
method was done for assessing the values of 2030 and 2050. All the analyzed data were stored in tabular
format under the created shape file. Depending on the intensity of salinity each variable was rated from
1 (least vulnerable) to 5 (most vulnerable). Table 1 shows the detail rating of the salinity parameters.

Table 1: Ratings of the variables for CVI Analysis

o Ranking of Coastal Vulnerabilities
,’§ :2 Variable name Very low Low Moderate High | Very High
<
> 1 2 3 4 5
g | Surfacewater 0-1 12 2:6 6-10 >10
salinity (ppt)
b Ground water 0-1 12 2:6 6-10 >10
salinity (ppt)
c Soil salinity (ppt) 0-1 1-2 2-6 6-10 >10

Then using Eq. (1), coastal vulnerability index (CVI) due to surface water salinity, ground water
salinity and soil salinity of year 2000, 2030 and 2050 were calculated.

CVI=\{(axbxc)/3} (1)

Here a= index for surface water salinity, b= index for ground water salinity, c= index for soil salinity.
Using the CVI values the vulnerability maps were produced for the year 2000, 2030 and 2050 using
ArcGIS-10.2.2.

Data collection

Majority of soil salinity data were collected from Soil Resource Development Institute (SRDI). Rest of
the data was taken from PDO-ICZMP report 2005.For surface water and ground water salinity we used
data from Bangladesh water Development Board (BWDB) publication and PDO-ICZMP report 2005.

DATA ANALYSIS, RESULTS AND DISCUSSIONS

For soil salinity analysis, data were received from SRDI report of year 2000 and 2009. For the year
2000 both surface water and ground water salinity data were collected from PDO-ICZMP report 2005.
Data from Bangladesh water Development Board (BWDB) publication was used for the year 2012. For
both cases salinity data for dry season were used. In the case of ground water salinity, salinity values at
30m depth were used.Then using Microsoft excel, trend line was developed [Fig. 2] for each type
salinity of each upazila based on the historical data during the period of 2000 to 2012. Then using the
CVI equation described earlier, coastal vulnerability index (CVI) for the year 2000, 2030 and 2050
were calculated [Fig. 3].
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Fig.2: Trend analysis of soil salinity at Patuakhali
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Index Index Index Index Index Index Index Index Index CVioo Cvido Cwviso
Number Number Number MNumber MNumber Number MNumber MNumber Number
1 1 1 1 1 1 2 2 1 0.82 0.82 0.58
1 1 1 1 1 1 1 1 1 0.58 0.58 0.58
2 2 3 2 2 1 1 2 2 1.15 1.63 1.41
1 1 1 1 1 1 2 2 2 0.82 0.82 0.82
2 2 2 1 1 1 1 1 1 0.82 0.82 0.82
1 2 3 1 1 1 2 2 1 0.82 1.15 1.00
1 2 3 1 1 1 1 1 1 0.58 0.82 1.00
2 2 2 1 1 1 1 1 1 0.82 0.82 0.82
1 2 2 1 1 1 1 1 1 0.58 0.82 0.82
1 1 1 1 1 1 2 2 2 0.82 0.82 0.82
1 2 2 1 1 1 2 2 2 0.82 1.15 1.15
2 2 2 2 2 1 2 2 2 1.63 1.63 1.15
1 2 2 1 1 1 1 1 1 058 0.82 0.82
1 1 1 1 1 1 1 2 2 058 0.82 0.82
2 1 1 4 3 2 2 3 4 231 1.73 163

Fig.3: CVI Analysis for Salinity (sample calculation)

Salinity maps for surface water, ground water and soil salinity during the year 2000 to 2012 were
created using the collected data, which are presented in Fig. 4 and Fig. 5.The predicted salinity values
for the year 2030 and 2050, obtained by the trend analysis, are shown in Fig. 6 and Fig. 7
respectively. Using Arc-GIS 10.2.2 CVI index maps for the year 2000, 2030 and 2050 were created
based on the CVI values [Fig. 8]. The changes of different vulnerable conditions with respect to the CVI
value in different affected areas in central coastal zone in the year 2000, 2030 and 2050 are shown in
[Fig.9]. The land areas of central coastal zone under low, medium and high vulnerabilities are found as
62%, 36%, 2% respectively for the year 2000, 61%, 22%, 17% respectively for the year 2030,51%,
24%, 25% respectively for the year 2050. It is very much alarming that highly vulnerable area (based on
soil, surface water and ground water salinities) increases by significant amount, which is from 2% to
17% during the period 2000 to 2030 and from 17% to 25% during the period 2030 to 2050.
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Fig.4: Surface water salinity, ground water salinity and soil salinity for the year 2000
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Fig.5: Surface water salinity, ground water salinity 2012 and soil salinity for 2009
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Fig.6: Predicted surface water salinity, ground water salinity and soil salinity for 2030

852




Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.)

Predicted SW Salinity(ppt) of the Year 2050 Predicted GW Salinity(ppt) of the Year 2050 Predicted Soil Salinity(ppt) of the Year 2050

Legend - Legend h Legend
B 0.00 - 1.00 N I 0.00 - 1.00 B 0.00 - 1.00
I 1.01 - 2.00 ) ; [ 1.01 - 2.00 I 1.01 - 2.00

2.01 - 6.00 ﬁ* § i % [ 12.01-6.00 2.01 - 6.00
9 6.01 - 10.00 et ¥ [ 6.01 - 10.00 ; T 6.01 - 10.00
I >10.00 I >10.00 I >10.00

Fig.7: Predicted surface water salinity, ground water salinity and soil salinity for 2050
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Fig.8: CVI index map for the year 2000, 2030 and 2050
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Fig.9: Low, medium and high vulnerable area of central coastal zone based on the CVI values for the year 2000,
2030 and 2050
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CONCLUSIONS

Salinities of surface water, ground water and soil in the coastal area are one of the major threats for
coastal environment and ecosystem. South-west coastal zone of Bangladesh has been suffering for the
salinity intrusion for last few decades. Salinities in the coastal zone of Bangladesh are also increasing.
This study investigates the salinity of surface water, groundwater and soil of the central coastal zone of
Bangladesh. Historical salinity analysis has been done based on the observed data during the year 2000
to 2012. Trends of the historical changes of salinities are calculated and salinities for the year 2030 and
2050 are simulated following that trends. Observed historical data analysis shows an increasing trend of
salinities in the study area. Future scenarios for the year 2030 and 2050 show that around one-fourth of
the study area will be under highly vulnerable of salinity. Coastal zone management authorities of
Bangladesh should take appropriate measures to overcome the threats of ongoing salinity intrusion and
its future alarming incremental effects.
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ABSTRACT

The coastal zone is the interface where the land meets the ocean, encompassing shoreline environments
as well as adjacent coastal waters. The high concentration of people in coastal regions has produced
many economic benefits. In view of the coastal areas, vulnerability to natural hazards particularly
tsunami, storm surge, erosion, salinity intrusion, sea level rise are increasing now a days. Various
protection and management measures are carried out against those natural hazards. It is important to
explore all the various coastal threats so that coastal managers can take proper mitigation measures.
This study is focused on the major challenges and vulnerabilities at some coasts of the world, such as
Japan, Netherlands, Vietnam, Sri Lanka and Bangladesh which are greatly affected by the tsunami,
storm surge, erosion, cyclone, salinity etc. Management activities to mitigate the challenges by the
coastal authorities of those countries have also been investigated. Details of challenges and
management of Bangladesh coastal zone have been assessed. Finally some recommendations have been
made of the management of the Bangladesh coastal zone.

Keywords: Coastal zone; challenges; vulnerabilities; management

INTRODUCTION

The world coastline extends over 350,000- 1,000,000 km. Within its extent, the coastal ocean and the
immediately landward region of the coastal zone displays a wide diversity of geomorphologic types and
ecosystems. Overall 38% of the world's population lives within 100 km of the coast or estuaries, and
44% live within 150 km of the coast. The Japanese archipelago consists of almost 4000 islands with a
combined coastline of more than 34,000 kilometers (Organization for Economic Cooperation and
Development ((OECD) 2002: 136). With a coastline of 3,260 kilometers, excluding islands, Vietnam
claims 12 nautical miles (22.2 km; 13.8 mi) as the limit of its territorial waters .Coastline of Sri Lanka is
1,340 km long. Bangladesh has a coastline of approximately 710 km. The objective of the study is to (i)
to assess the physical characteristics, resources, challenges and management of coastal zone of Japan,
Sri Lanka, Vietnam and Netherlands and Bangladesh, (ii) to recommend the management activities to
be improved for Bangladesh coast in light of the study done under objective no.(i).

METHODOLOGY

This study is mainly based on secondary data and published papers the coastal management issues of
Japan, Netherland, Sri Lanka, Vietnam and Bangladesh regarding. The threats, challenges and
management activities of the coasts of above mentioned countries are thoroughly studied and analysis
was done. Secondary data of storm surge, tsunami, sea level rise, erosion on various coasts are used for
analysis. This study can help to compare and relate the threats for various coast and their mitigation
measures.

Analysis and Results

Japan Coast

Japan is prone to seaborne natural disasters such as typhoon-induced flooding, high waves, tsunamis
etc. In addition, Japan’s coastline is prone to erosion. The map of Japan is presented in Figure 1. Most of
Japan is threatened by flooding and high waves during the typhoon season around September. In
addition, the country’s side facing the Sea of Japan is buffeted by strong winds and rough season the
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winter. Storm conditions combined with high tides can cause especially severe damage. High tides in
the three major bays of Tokyo, Ise, and Osaka, as well as in the Ariake Straits, can be amplified by
storm winds. The worst recorded typhoon-induced damaged was experienced in the Ise Bay Typhoon of
1959 which caused a high tide deflection of 3.4 meters and resulted in more than 5000 deaths and
damage to almost one million buildings. Damage caused by flooding has diminished in recent years, but
it is unclear whether this is a result of efforts to protect the coastline, or the lack of severe typhoons in
recent years. The number of storm surges and its associated death are presented in Figure 6 and Figure
7. Tsunamis are also a source of severe damage and loss of life in Japan. They can hit anywhere in
Japan, but they are most common on the Pacific coast. In particular, high energy tsunamis are frequently
experienced in the Sanriku region in the northeast part of the main island of Honshu. A 9.0 magnitude
earthquake took place on 11"™ March 201 1at the Pacific coast of Tohoku, 231 miles northeast of
Tokyo, and caused a tsunami with 30-foot waves that damage several nuclear reactors in the area. The
total of confirmed deaths and missing is nearly 22,000, which includes nearly 20,000 deaths from the
initial earthquake and tsunami and about 2,000 from post-disaster health conditions.

While typhoon-induced floods and tsunamis cause enormous damage in a short period of time, the most
serious damage to coastal areas has been wrought by slow coastal erosion over a long period of time. A
wide variety of structures have been built in Japan with the express purpose of preserving coastal areas
against the above-discussed problems of typhoon-flooding, tsunamis, and slow coastal erosion. The
total length of the coastline in Japan is 34,536 km. Approximately one-half of this total (15,932 km)
requires protection again coastal erosion. Structures have been built along about two-thirds (9382) km
of this portion. In the 30-year period from 1962 to 1992 protective structures were built on about 4,248
km of coast. While it can be said that the coastline has been protected, it can also be said that the
coastline is no longer natural. It is an artificial coastline. Of the protective structures, banks and seawalls
were built primarily in the first 10 years of this 30-year period. In the next 10 years, construction of
seawalls together with off-shore barriers dominated. In the last 10 years, the focus was primarily on
off-shore barriers. This shift in emphasis was due to the fact that banks and seawalls were limited in
their ability to stop the effects of rough seas. Off-shore barriers were found to be more effective in
controlling rough sea sand coastal beach currents. Japan’s first formal coastal zone management
scheme was embodied in the Coastal Act of 1953. Its objective was the prevention of disasters. Japan
has a nationwide tsunami warning system. The system usually issues the warning minutes after
an Earthquake Early Warning (EEW) is issued, should there be expected waves.”!® The tsunami
warning was issued within 3 minutes with the most serious rating on its warning scale during the 2011
Tohoku earthquake and tsunami. There is a good number of Tsunami shelter along the coastal zone of
all over Japan.

Netherlands Coast

55% of the Netherland’s area is situated below mean sea level with the deepest points at almost 7 m (Fig
2). Nevertheless, the country is considered safe from flooding by storm surges, coastal erosion and sea
level rise. The number of storm surge is presented in Figure 8. In the northern part of the Holland coast
(the Province of Noord -Holland) the erosion in the near shore zone is around 0.7x10° m’/yr and in deep
water 0.3x10° m*/yr. At northern coastal sections sedimentation occurs around 0.9x10° m’ /yr. In deep
water of the southern part of the Holland coast (the Province of Zuid-Holland) erosion occurs 0.6x10°
m’/yr, while the near shore zone is gaining sediment 0.2x10° m’/yr. Coastal erosion was estimated to
occur over 134 km, spread along half of the Dutch coast. In the past, the sea level in the Netherlands
rose about 20 centimeters within 100 years, also caused by the subduction of the delta systems. The
rising sea level caused and causes local coastal erosion and sediment deposits in mudflats of the North
Sea. Recent studies expect the sea level to rise by 20-110 centimeters by 2100, on average by 60
centimeters. The coastline of The Netherlands is 350 km long of which 290 km consists of dunes and
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Fig. 1: Map of Japan Fig. 2: Map of Netherlands Fig. 3: Map of Sri Lanka

beach flats, while the remaining 60 km is protected by dikes, dams and storm surge barriers. The
beaches and shore-face, in fact the foundation of the Dutch coastal zone, almost completely consist of
sand. More than half of the coastline is subject to coastal erosion. The remaining part is stable or
advancing .The Dutch coast can be divided into three sections, which can be called Delta coast, Holland
coast and Wadden coast (Ruig and Hillen 1997). In the Delta area in the Southwest, the coastal zone is
dominated by dams, storm surge barriers and drainage sluices, closing off the tidal inlets (technical
constructions resulting from the ‘Delta plan’). Behind the central part of the coastline, comprising the
uninterrupted coastline of the provinces South Netherlands .The sea defense measures guarantee that a
storm surge level can be withstood which has a probability of only 1/10000 a year (Ruig and Joost,
1998). Until 1990 coastal defense was directed towards maintaining the defensive structure of the
coastline against the sea, and solving only the most acute erosion problems. Dunes and dikes_protect
parts of the Netherlands which are situated below sea-level.

Sri Lanka coast

Main coastal problem in Sri Lanka (Fig 3) are soil erosion, storm surge and tsunami. The number of
storm surges and its associated death are presented in Figure 9 and Figure 10.The impacts of coastal
erosion are most severe along the west and southwest coasts. It has been estimated that along the
western coastal segment, extending about 685 kilometers from Kalpitiya to the Yale National Park Bay,
about 175000 to 285000 square meters of coastal land are lost each year (CCD 11990). Erosion rates
vary greatly between different locations, and maximum local retreat rates of around 12 meters/year
have been observed in some areas between Mahaoya and Lansigama. The master plan of coastal erosion
management is prepared. Structural measures such as beach nourishment, offshore break water and
groins are used to minimize erosion and storm surge. Shorelines have had to be protected by the
construction of revetments and in some places by groins. Tsunami shelters are built. Numerical
modeling is used for warning system.

Vietnam coast

The development of industrial activities, tourism as well as urban expansion in Vietnam (Fig 4) has
generally been concentrated in the coastal zone. Urbanization is likely to increase in the coastal zone in
the future due to unchecked population growth and human activities (Nagothu, 2005). Main coastal
problem in Vietnam are soil erosion, storm surge, tsunami and tropical cyclone. In last fifty years more
than 800 storm surges hit in Vietnam. The number of storm surges and its associated death are presented
in Figure 11 and Figure 12. Vietnam coast consists of approximately 5,000 km of river dykes and
approximately 3,000 km of sea dykes which protect the coast from strong storm surge. The recently
built dikes with a reinforced surface provide protection against most waves. These dikes are built with
higher crest elevation and are less erosion prone than dikes covered with grass.

Bangladesh coast

Bangladesh has a 710 km coastline connected to Bay of Bengal (Fig 5). Coastal zone is delineated
based on the tidal fluctuation, salinity and storm surge risk. Around one-third of country’s total
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Fig. 5 Map of Bangladesh

land area belongs to the coastal zone. Major coastal problems in Bangladesh are salinity intrusion,
storm surge, erosion, drainage congestion etc. In the last fifty years more than 50 coastal cyclones hit in
Bangladesh and more than 800000 people are died. Of the 508 cyclones that have originated in the Bay
of Bengal in the last 100 years, 17 percent have hit Bangladesh, amounting to a severe cyclone almost
once every three years (Ahamed et al, 2012). Of these, nearly 53 percent have claimed more than five
thousand lives. The number of storm surges and its associated death are presented in Figure 13 and
Figure 14. Bangladesh would be one of the most victim countries in the world due to global climate
change induced sea level rise. A total of 123 flood control polders involving 5,107 km of embankment
have been constructed covering approximating 1.5 million ha of the coastal area under the Coastal
Embankment Project (CEP). The objective of the polders is to prevent inundation of floodplain
agricultural land by saline water during high tide. Cyclone shelters are constructed to provide refuge to
the exposed population during storm floods and also intended for multi-purpose use as school and
community center. The National Water Management Plan (NWMP) proposes 775 multi-purpose
shelters for 1.72 million people and 1,369 killas (raised earth mounds) for livestock over the next 15
years. The Cyclone Preparedness Programme (CPP) is a collaborative effort of the Ministry of
Food and Disaster Management and the Bangladesh Red Crescent Society. It is one of the
most successful initiatives in early warning in the South-East Asian region, internationally
recognized as a “standard of excellence” with a dedicated team of community volunteers
living in coastal and offshore island villages. The CPP covers 11 districts in the coastal areas.
Volunteers have been trained to play a crucial role in the dissemination of cyclone warnings,
evacuation, rescue, first aid, emergency relief and in the usage of radio communication
equipment. CPP’s 27,600 male and 5,520 female volunteers are the first line of an early
warning system to the members of their communities. As an operational wing of the
government’s disaster management bureau, the CPP provides scheduled daily weather reports
via an extensive high frequency (HF) radio transmitting system operated by volunteers
throughout the coastal region of Bangladesh. In addition, government has constructed about
2,400 cyclone and flood shelters along its coastal belt. There is still a requirement to construct
a further 1,500 shelters to serve 3.56 million people residing in the high risk coasts.
Government has also initiated a complimentary disaster preparedness programme to promote
community participation in the construction and maintenance of cyclone shelters. Presently,
Bangladesh is working on developing a Tsunami Preparedness Programme as an extension to
the Cyclone Preparedness Programme.

Fig. 4: Map of Vietnam
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CONCLUSIONS

Cyclone induced storm surge, tsunami, erosion, sea level rise and salinity intrusion are the major threats
along the coastal zone all over the world. Countries like Japan, Netherlands, Vietnam and Sri Lanka are
managing the coastal problems through both structural and non-structural measures. Structural
measures include hard protection like coastal revetment, sea wall, tsunami wall, breakwater, beach
nourishment etc. While non-structural measures include storm surge/tsunami warning system, storm
surge/tsunami shelters, evacuation of the people at risk during disaster etc. Integrated Coastal Zone
Management (ICZM) plan is being implemented in managing the coastal challenges. The coastal zone
of Bangladesh is vulnerable to coastal flooding, salinity intrusion, storm surge, coastal erosion and sea
level rise. Over one hundred polders consists of more than five thousand km long embankment have
been constructed to obstruct the saline water intrusion during high tides. It also saves the poldered area
during the low height storm surges. Storm surge warning system has been developed and cyclone
shelters have been constructed along the coastal belt of Bangladesh. A project is now being conducted
to study the strengthening the embankment and increasing their height named CEIP (Coastal
Embankment Improvement Project). ICZMP has been prepared and some of implementation has been
started. However, salinity intrusion and drainage congestion and erosion are major challenges for the
managing authorities.
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ABSTRACT

Proper assessment of heavy rainfall impact on urban water logging has becoming important in growing
urban areas in Bangladesh. Chittagong, the second largest city often experiences inundation due to
excess runoff results from heavy rainfall and thus affected the adjacent lands of combined sewerage
system. Apart from storm induced excess runoff, inadequacy of drainage system and backwater effect
pose severe inundation throughout the city. Unfortunately except few scattered study, there is no such
database which identify the vulnerable locations both in land surface and in drainage system. The aim of
this study is to identify the vulnerable nodes in a selected drainage network and thus to assess capability
of existing drainage system. The USEPA Storm Water Management Model (SWMMV5) is a dynamic
rainfall-runoff simulation model engaged to simulate this feature. To incorporate relevant information
in SWMM environment, Arc-GIS v9.3 was used to provide topographical and land use details. As the
SWMM allows for continuous simulations using historical rainfall series, this was applied in the
long-term rainfall event to convert the runoff to overland flow. Finally, the model outcomes were able
to delineate the inundated node of conduit network, the duration of flood and surcharges and identified
the vulnerable location .Thus, it is expected that SWMM model can provide valuable decision to locate
drainage vulnerable location for proper drainage management.

Keywords: Heavy rainfall; drainage; SWMM; vulnerable; water logging

INTRODUCTION

The combined sewerage systems in the unplanned urban areas usually get inundated while carrying
excess runoff and wastewater. Without proper identification of the vulnerable drain/channel it is
difficult to maintain such sewerage system. Moreover this drainage system always faces problem due to
solid waste accumulation, forming gullies from adjacent land, excess runoff generated from changing
land use pattern of urban areas as well as tidal effect from the adjacent stream(Shoukat et al, 2014).
Thus projects for maintenance of the drainage system often prioritized the field survey, subjective
judgements and experience; that always results misleading and temporary solution (Rashid et al, 2011).
For proper management of drainage system it is always preferable to aviod the preliminary field study
cost envolvements, conducting a reasonable numerical modelling study to locate the vulnerable
location in the sewerage system. For several decades a number of models developed those can simulate
these issues in the drainage system. Rashid et al. (2011) suggested a dynamic programming prioritize
sewerage projects under limited funding conditions on the basis of potential environmental, public
health, and other benefits relative to the project costs. Wu (2008) worked with stochastic integer
programming for liquid waste treatment process design.With the advancement of modeling-based
evaluation of satellite precipitation data. Li et al. (2004) has used remote sensing technologies to
develop a distributed multi scale model including annual water balance simulation, streamflow
modeling, and near real-time flood monitoring. In addition to these a number of urban hydrological
models engaged to assess the impact of urbanization on its runoff carrying system. Also, O’Loughlin et
al. (1996) attempted to simulate the complete water system at the catchment scale. Hsu et al. (2000)
suggested SWMM model for detailed physically based description of conduit for stormwater
discharges as this model specially developed for urban hydolgy. Beside the SWMM model, others
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generally accepted software for stormwater drainage (and sewers) flow simulations viz. MUSIC (Dotto
et al., 2011), InfoWORKS CS (Hurford et al., 2010), MOUSE (Thorndahl and Willems, 2008), and
CANOE (Lhomme et al., 2004). In this paper, SWMM model has been used coupling with GIS to
identify drain that are overflow during peak discharge of a selected rainfall time series i.e.June 2014 as
this duration contained highest rainfall amount in the last 15 years. From the observation of runoff
carried volume by drainage network, this can be decided the nodes and links are inundated.

METHODOLOGY

The Study Area

The study area (Figure 1) is located in the north-western part of Chittagong city comprise of a drainage
area of 23.14 km?. Based on the previous study by Shoukat et al. (2014) and also from the preliminary
guestionnaire survey, this area was selected covering several water logging prone wards i.e., Chadgaon,
Panchlaish, West Halishohar and some parts of Bakalia. Based on subcatchment delineation that
obtained from HEC-GeoHMS (Spatial tool of Arc-GIS) the boundary of Chittagong City Corporation
area was divided into 77 subcatchments and for this study 11 subcatchments were intensively studied.
Details on the physical properties of those subcatchments are tabulated on Table 1. It has 4 primary
drains which collects runoff from secondary and tertiary drain finally 4 outfalls discharge the runoff to
adjacent Karnafuli River (Table 1). The soil formation mainly sandy types however there are silty and
clayey soil are also available.

Subcatchment
Boundaries
7
( S:14
N
[ Subcatchment W E
boundary
™~ Link S

Fig. 1 Study Area

862



Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.)

Table 1: Subcatchments Properties

Sub catchment | Area(hectare) Width(m) % % slope SCS Curve
ID imperviousness Number
S-14 285.17 2485 6.84 3.17 46

S-17 667.67 3766 36.67 4.04 77

S-18 114.61 933 28.16 441 77

S-15 113.93 1253 16.98 2.98 65

S-16 224.24 1248 54 4.45 65

S-25 210.17 1340 39.64 3.17 66

S-26 273.95 1742 37.32 4,78 77

S-33 207.07 2637 27.44 2.44 65

S-32 62.9 1026 69.78 4,78 65

S-42 41.27 605 57.13 2.92 82

S-34 99.75 950 26.25 3.26 65

Data Collection and Preparation

The topography information was collected from SRTM 30m (http://gdex.cr.usgs.gov/gdex/) DEM data.
In addition to these drainage and topography is created from CDA (2006) vector data. As most of
channels are not maintained, weeds and brush uncut Manning’s roughness coefficient n value ranges
from 0.04 to 0.06 (Chow, 1958). Precipitation time series of year 2014 was obtained from Bangladesh
Meteorological Department (BMD). Evapotranspiration was calculated using Penman-Monteith
Method and Infiltration data was obtained using SCS Curve Number method.

Model Setup

Initially raw SRTM 30m data was used for terrain processing with HEC-GeoHMS terrain
pre-processing tool which was used for subcatchment delineation following several steps viz. flow
direction grid initialization, flow accumulation grid processing and stream link grid generation. With
input stream link and flow direction catchment grid was obtained that converts to catchment vector. The
catchment polygon was used further with channel topography to prepare a runoff model environment
using Arc-GIS. HEC-GeoRAS channel topography was used for extraction of stream centreline, bank

Legend
Node

Link

Subcatchments

v Outfall

0 035 07 1.4 2.1 2.8

—— G
™ 1 Kilometers

Fig. 2: Model set up
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lines and channel cross section. Finally, model geometry was exported to SWMM as metadata which
further regenerate in SWMM model environment. The % slope of subcatchments was obtained using
spatial analysis of Arc-GIS. Cross sections containing elevation data were positioned and assigned as
transects and nodes were placed on each cross sections. SWMM model simulated the runoff response of
the catchment area to the given amount and distribution of precipitation over a defined period of time
i.e. from 1%t May, 2014 to 30™ September 2014. The dynamic wave routing method with a time steps of
30s is used for flow routing. A small time step of less than 1 minute is recommended for this method
(Rossman 2008). Potenga rain gauge station was used for derivation of rainfall and evaporation time
series.

MODEL OUTCOMES

The simulation conducted from 1%t May up to 30" September 2014. Considering heavy rainfall amount
water logging for 5 days from 19th June to 24th June was simulated in SWMM. Table 2 shows variation
of different hydrologic parameter during Month June 2014. Figure 3 shows due to flow direction in
runoff discharge was accumulating more in the red zone marked as red (Fig. 3), indicating most
vulnerable zone of water logging if links have not enough capacity to drain out the runoff within the
capacity of drainage. From simulation results the peak discharge of subcatchment runoff hydrograph
observed at 22" June 2014. The runoff volume exceeding the link capacity (Figure 4 link capacity more
than 1 or full) can be marked as inundated. Those drains are identified as most vulnerable majority of
those located in Bahadderhat, Muradpur, Sholashahar and Bakalia.

100.00
500.00
1000.00
m3

Runoff volume carried
by links

Fig. 3: Runoff volume carried by link network during month June 2014
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Fig. 4: Vulnerable drain and their location analyzed for water logging 22" June,2014 (Coordinate system UTM)

Table 2: Sub catchments runoff

Subcatchment Total Total Infiltration | Total Runoff Total Runoff
ID precipitation Evaporation (mm) (mm) Volume
(mm) (mm) (Million
liter)

S-14 1469.12 101.04 330.91 1035.88 2959.93
S-17 1469.12 104.69 80.09 1284.61 8577.00
S-18 1469.12 102.14 93.31 1275.01 1461.30
S-15 1469.12 102.07 167.96 1198.62 1605.32
S-16 1469.12 102.62 92.94 1274.83 2858.69
S-25 1469.12 103.52 122.12 1243.83 2614.18
S-26 1469.12 103.42 8141 1285.74 3522.30
S-33 1469.12 99.70 150.04 1221.03 2528.41
S-32 1469.12 93.43 62.43 1315.13 827.22
S-42 1469.12 98.28 43.23 1329.51 548.69
S-34 1469.12 101.01 149.00 1219.24 1216.20

CONCLUSIONS

The continuity error (%) found from model analysis was -0.252%. It is recommended that less than 1%
continuity error with a time steps less than one minute has a good acceptance in a terrain. The model
consistently indicates that there is little to no direct runoff from pervious areas in the watershed. This
was as expected due to the rapid infiltration rates encountered throughout the watershed. These findings
demonstrate the importance of the correct handling of storm water runoff from developed areas. New
impervious or paved areas cause almost complete runoff of precipitation if uncontrolled and conveyed
directly to adjacent streams or water bodies. This results more increased amount may indicate
urbanization impact on water logging problem. Special land use features of urban areas in SWMM thus
can promote most reliable prediction of flood.
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RECOMMENDATIONS

This Paper has outlined a model to predict runoff and base flow for the watershed. In order to fully
assess the condition of the watershed regular monitoring should be needed to assess all those parameters
like flow at different nodes, depth continuous rainfall recording. Further recommendation enlisted
below:

e Required numbers of gages should be placed at necessary places to conduct elaborate study on
water logging.

e |f USGS High resolution customary 3m DEM is available, this model would provide more
accurate outcomes.

e Due to tidal effect at downstream the backwater effect is remarkable, this can be simulated
using tidal curves.

o The vulnerable drainage network shown in Figure 4 can be regarded for improvement of
drainage facility in Chittagong city areas.
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ABSTRACT

Chittagong University of Engineering and Technology campus is fully dependent on ground water. The
existing water distribution network is unable to fulfil the increasing water demand as per VISION-2020,
adding new stuffs, students, teachers, departments, halls, buildings etc. This study aimed at determining
future water demand and providing a new effective water distribution system. The present (2016) water
demand is 395480 gpd, whereas water demand of CUET campus after 2020 will be 583700 gpd.

Keywords: Ground water; vision 2020; future demand; effective water distribution system

INTRODUCTION

Water is not only the essential element for existence of life but also the symbol of advanced civilization
whereas all old civilizations were founded centring water source. But with the increasing of world
population useable water demand for life also increasing wherein useable water sources are limited. So
now, only any well planned and designed water distribution system can meet the current and future
demand with our limited water resources. CUET is a small area with a population of more than 4000. In
near future it would be increased to several times and then to meet the water demand with limited
resources will be the challenge for civil engineers. Here we proposed a modified water distribution
network for future CUET campus of year 2020.

METHODOLOGY

JaBf
1-0.0lw
2. Diameter adjustment by Hazen-Williams formula and other minor losses.
3. Flow adjustment by Hardy Cross method.

1. Design flow calculation by Q = formula.

Table 1: Consumption of water

Nature of consumption Quantity (gpcd) Nature of consumption Quantity (gpcd)
Office building 10-15 Single family houses 35-50
Educational institutions 10-25 Multifamily houses 50-9
Hostels and halls of residence 30-40 Restaurants 0.5-5
Hospitals 130-350 (per person per meal)
Factories 10-20 Laundries 3-6
Domestic animals 3-15

(M.A. Aziz, 1975)
Besides, peak factors of water consumption for rural areas, upazilla town, and district headquarter and
city corporations are 3,2,2,1.5 respectively.

Zone Wise Water Distribution Network

We divided CUET campus into 12 zones. Each zone consists of a certain number of populations that’s
why a main outlet required for each zone. To meet every zonal demand we covered all zones under a
loop distribution system which contains 15 different loops
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Fig 1: Proposed pipe network of CUET campus (with assumed flow)

Design Flow
Q=S
1-0.01w
Q=peak design flow the water supply distribution system is designed for peak water demand of future
population. The Design flow can be computed by using the equation per day,
f=peak factor, g=average water consumption, Pf=design population, w= loss and wastage.
Now this equation can be simplified to calculate design flow in Ips (litter per second) from gpd (gallon

per day).
Q- 2x Ax3.785 . A=q Pf
(1-0.01x10)x24 %3600
=9.735x10" " x A
1 gallon= 3.785 litre, W=Loss=10%, f= 2

(Feroze, 2000)

Table 2: Sample of design flow calculation for zone-1

Water Total Design Design
Zone Building Population requirement demand flow flow(round
(gpd) (Ips) figure)
Z-1 8 different buildings 450 450x%50 22500 22 2.5

Similarly; zone-2, zone-3, zone-4, zone-5, zone-6, zone-7, zone-8, zone-9, zone-10, zone-11, zone-12
require the design flow of 2,6,10,6,6,4,8,12,1,1,1 Ips respectively.

Adjustment of Diameter by Calculation of Head Loss

Available pressure head at source= 35m.

Allowable head loss in any root=17 m.

Available pressure head at end (for three storied building) =14 m (S.K. Garg)
Available pressure head at end (for five storied building) =20 m (S.K. Garg)
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The process of adjustment of diameter is done by method of trial and error. Hazen-William has given a
solution of calculating head loss per unit length of pipe. The Hazen-Williams equation can be written
as-

Q=3.7x10"°C D** (H/L)***

Q=peak flow, D=diameter (mm), H=head loss (m),

L=length of pipe (m), C=roughness co-efficient, H/L= slope= S.

For definite value of C=120 the equation becomes-

H/L=1.59x10°(Q"*/D**") (Feroze, 2000)
Major Head loss occur due to friction and can be calculated from this equation as-

H=(H/L)xL

The process involved in the design is to make a pipe layout, assume the pipe size and then work out the
terminal pressure head which could be made available at the end of each pipe section when discharging
peak flow. The available pressure heads are checked to see whether they correspond to permissible
residual pressure head, if not the pipe size is changed and then the system is reinvestigated until
satisfactory condition are obtained.

There are several minor losses are to be taken into account such as-

0.5v?
2g
Here, v,g,Q,D are the velocity at entrance point, gravitational acceleration, discharge and Pipe diameter
respectively.

Loss at entrance- hg,=

2
=0.025v*=0.041 o , (Khurmi, 2003)
4
D

2 2

Loss at exit- hy = ;— =0.051 v’ =0.0823 Q—4 , (Khurmi, 2003)
g

Here, v,g,Q,D are the velocity at exit point, gravitational acceleration, discharge and Pipe diameter

respectively.

2 2
v

Loss for contraction- h,=k . 2— =0.051k % k;=0.1-0.45, (khurmi, 2003)
g

1

|

Fig: pipe suddenly contracted

Consider a liquid flowing in a pipe having a sudden contraction in 2-2
Let, D1= diameter of section 1-1

D2= diameter at section 2-2
2
. v
Losses of head due to sudden contraction, h, =k, —

2g
The constant K ;_depends upon the ratio D1/D2.
D1/D2 | 1 1.1 1.25 | 1.5 2 2.5 3 3.5 4

kL 0 0.1 0.19 1028 |0.375|04 042 | 043 | 045

Loss due to sudden enlargement- (Borda-Carnot equation)

2

h.= M =0.051 (v, — \12)2 =0.082 (% — %)2 , (Khurmi, 2003)
2g (@) 2

Where vy, v, are the velocities and Q;, Q, are the discharges on the two sides of the section in where

sudden enlargement occurs.

Loss due to bending (only for T-junction)
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2 2
% .
h,=02 — =0.016 Q—4 , (Munson, Young, SI version)
2g D
Table 3: Sample of Trial for Loop-1(BCDEPOMB) to Adjust Pipe Diameter

Lo Plpe Q D L Hf/L Hf hen hex hC hel hb H t A
op

BC(+) | 42 160 128 | 0.029 378 1 0.11 | 022 |0 0 0.04 | 4.15 | 0.13
CD(+) |27 160 | 134 | 0.013 1.75 | 0.046 | 0.09 | O 0 0 1.88
L-1 | DE+) |9 110 | 110 | 0.0106 1.17 | 0.023 | 0.05 | 0.013 | O 0.009 | 1.25
BM(-) | 17.5 | 160 | 76 0.0058 | 0.44 | 0.019 | 0.04 0 0.007 | 0.51
MO(-) | 16.5 | 160 | 30 0.0052 | 0.16 | 0.017 | 0.03 0 0 0.21

OP(-) 11 110 | 140 | 0.0154 | 2.15 ] 0.034 | 0.07 | 0.019 0.013 | 2.29
PE(-) 4 80 368 | 0.0111 | 4.1 | 0.016 | 0.03 | 0.009 | 0.001 | 0.006 | 4.17

Terminal Pressure at Various Points

At point A, assumed pressure where the source located is 35 m. Same as pressure at other points from B
to [ we can get by deducting head loss from pressure available at previous point. For an example at point
A, the available pressure is 35 m and when water travel through AB path then it get total head loss
4.97.So the available pressure at point B is 35-4.97=30.03. Same as R=29.31-1.55=27.76,
S=27.76-0.549=27.21,C=30.03-4.155=25.87, D=25.87-1.88=23.9, T=27.76-0.601=27.16,
U=27.16-0.264=26.9,  E=23.9-1.25=22.75, F=22.75-0.698=22.05, Q=27.03-0.518=26.5,
V=26.5-0.77=25.74, (G=23.9-0.45=23.45, H=23.45-2.043=21.40, 0=29.52-0.209=29.31,
P=29.31-2.28=27.03, [=21.40-0.825=20.5, J=21.4-1.66=19.74, K=23.45-3.807=19.643,
L=25.87-4.346=21.52, M=30.03-0.509=29.52, N=29.52-1.213=28.3 m.

e All terminal residual pressures are between the limit of available pressure>18m.  (S.K. Garg)

Flow Adjustment

The determination of probable flow in each pipe in a pipe network requires complicated and tedious
trial and error solutions. In any looped pipe network two conditions must be satisfied.

¢ The flow entering a junction must equal the flow leaving it.

¢ The algebraic sum of the pressure drop (head loss) around any closed loop must be zero.

Hardy- Cross developed a method of successive approximation in which the circuits are balanced,
distribution of flow is determined and the above two conditions of flow are satisfied.

According to Hardy-Cross-

H
A= Z—H here, Y H=sum of head loss and x=1.85
ax 3
0
Sample of Trial for Adjustment of Flow

Table 4: LOOP-1(BCDEPOMB)

Loop | pipe Q D L H¢/L H; hen hex h, he hy, H; H/Q | Ac | Q,
BC(+) | 41.96 | 160 | 128 | 0.0295 | 3.77 | 0.11 | 0.22 | 0O 0 0.043 | 4.148 | 0.099 | 0 | 41.96
CD(+) | 27.03 | 160 | 134 | 0.0131 | 1.75 | 0.046 | 0.09 | O 0 0 1.889 | 0.07 | 0 | 27.03
DE(+) | 8.95 110 | 110 | 0.0105 | 1.15 ] 0.022 | 0.05 | 0.013 | O 0.009 | 1.242 | 0.139 | O 8.95

L-1 0
BM(-) | 17.54 | 160 | 76 | 0.0059 | 0.45 | 0.019 | 0.04 0 0.008 | 0.512 | 0.029 | 0 | -17.54
MO(-) | 16.54 | 160 | 30 | 0.0053 | 0.16 | 0.017 | 0.03 0 0 0.21 |0.013 |0 | -16.54
OP(-) | 11.15 | 110 | 140 | 0.0157 | 2.2 | 0.035 | 0.07 | 0.02 0.014 | 2.343 | 0.21 |0 | -11.15
PE(-) |4.04 |80 | 368 | 0.0114 | 4.18 | 0.016 | 0.03 | 0.009 | 0.001 | 0.006 | 4.244 | 1.05 |0 | -4.04

A c=0.0096(negligible) > 1-0.03 | 1.61
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RESULT AND DISCUSSION
As per our calculation shown as sample templates in previous discussion, we got our required flows as
well as adjusted diameters of pipes presented in the table below for different zones.

‘ Length Adjusted Adjusted flow . Adjusted Adjusted
Pipe (m) diameter (Ips) Pipe Length diameter flow
(mm) (m) (mm) (Ips)
AB 75 160 59.5 HI 121 80 2.95
BC 128 160 41.96 FI 190 80 3.05
CD 134 160 27.03 KJ 198 90 1.88
DE 110 110 8.95 HJ 210 70 2.12
BM 76 160 17.54 PQ 145 60 1.11
MO 30 160 16.54 OR 222 100 5.39
oP 140 110 11.15 RQ 266 70 1.93
PE 368 80 4.04 Qv 220 60 1.04
CL 349 130 14.88 RT 190 80 1.99
LK 302 80 2.88 TV 220 60 1.46
DG 64 160 18.08 RS 298 80 1.47
GK 352 100 7 SU 185 50 0.47
EF 100 100 3.02 TU 110 50 0.53
FG 105 90 6.04 MN 345 60 1
GH 210 90 5.07

Here we like to mention that we tried to present a sample of outline for simple water distribution
network in where water transmission depends on gravity flow only and whole territory is almost flat.
But our CUET campus is not totally flat through its whole territory so pumping system might have been
adopted in some outlet points located too high than our assumed elevation.

CONCLUSIONS

CUET is located at Raojan thana under Chittagong district which is about 25km away from city
corporation area. Its water supply system is totally relied on ground water. In this campus, present water
demand (2016) is 395480 gpd and as per vision 2020 future demand is 583700 gpd. Due to different
losses present distribution system can’t provide water in each point with required pressure and amount
as well as future demand cannot be satisfied for improper pipe dimension. Only a new proper designed
water distribution system oriented by all necessary data and measurement can fulfil the water demand
aroused for vision 2020 project. In this circumstance our proposal of effective water distribution system
if adopted with real features and required measures then it can solve all future problems engaged with
water distribution system.
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ABSTRACT

Evapotranspiration (ET) is one of the important components of hydrological cycle. An accurate estimation
of ET is of vital importance in planning, designing and operation of irrigation and water resources system.
However it is difficult to measure ET directly. In this study, the usefulness of evapotranspiration product
from the Moderate Resolution Imaging Spectroradiometer (MODIS) was assessed. For this purpose, several
meteorological data of temperature, humidity, sunshine hour, wind speed of Rajshahi, Bogra and Rangpur
climate stations were collected from Bangladesh Meteorological Department (BMD) to estimate
evapotranspiration. Daily reference evapotranspiration (ETo) was calculated by using FAO Penman-
Monteith (P-M) method then converted into eight days cumulative ETo. MODIS evaptranspiration product
(MOD16) was collected from the Oak Ridge National Laboratory. Then the Eight days cumulative ET from
the P-M method was compared with the eight days MOD16 products over a period 10 years from 2001 to
2010. This comparison shows that the MODIS ET values match well with the actual ET values throughout
the year except for Kharif-1 (March to June) season. This study also demonstrates that MODIS Enhanced
Vegetation Index (EV1) can be used as a useful predictor of evapotranspiration. From the results it is found
that EV1 values are very small (around 0.2 to 0.3) in Kharif-1 (March to June) season, which indicates very
little vegetation. So it is noticed that, excluding Kharif-1 (March to June) season, comparison shows a
significant relation between Penman ET and Satellite ET.

Keywords: Evapotranspiration; Penman-Monteith method; Enhanced Vegetation Index (EVI); Moderate
Resolution Imaging Spectroradiometer (MODIS); MOD16

INTRODUCTION

Apart from precipitation, the most significant component of the hydrologic budget is evapotranspiration.
Evapotranspiration varies regionally and seasonally according to ambient environmental conditions, such
as climate condition, land cover, land use, soil moisture, and available radiation etc. Because of this
variability, research for integrate water resources modelling, dynamic crop-weather modelling and drought
monitoring, a thorough understanding of the evapotranspiration process and knowledge about the
evapotranspiration is needed. As precipitation falls and soaks into the soil, a plant absorbs it and then
transpires it through its leaves, stem, flowers, and/or roots. When this is combined with the evaporation of
moisture that was not directly absorbed by the soil, a significant amount of water vapor is returned to the
atmosphere. Through evapotranspiration and the hydrologic cycle, forests or other heavily wooded areas
typically reduce a location’s water yield. Knowledge of evapotranspiration is important for irrigation
scheduling but it is also an important factor for other land use applications such as septic tank drain fields,
water shed water budgeting, and climate and weather models. ET can be used as a historical tool but usually
it is predicted or used in a forecast to help irrigators optimize irrigation.

Evapotranspiration calculations based on the remote sensing data have been developed rapidly for the last
20 years, and several methods have been adopted by different research groups and used in related study
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area successfully. By far, we got no information on any undertaken research on MODIS product (MOD16)
in Bangladesh yet. So in this study we tried to make comparison between this MODIS product (MODIS
ET) and actual ET so as to determine the appropriateness of using this MODIS product. The great advantage
of satellite based evapotranspiration is that where there is no climate stations, satellite image gives us
evapotranspiration data of this place. Satellite image gives continuous data of any place and it is low cost
and easily accessible.

Obijectives of the Study

The main objective is to analyze the evapotranspirtaion for selected climate stations of Bangladesh through

combination of remotely sensing and meteorological observations. The specific objectives are given below:
» To calculate the evapotranspiration from the climate data for selected climate stations of

Bangladesh using Penman-Monteith method.

To extract the evapotranspiration data from the MODIS satellite for the same climate stations.

To compare the evapotranspirations from Penman-Monteith method and satellite based method.

To assess the possibility to improve the satellite based evapotranspiration estimation.

Y VY

Study Area
The study area is the divisional climate stations of Bangladesh. Rajshahi, Bogra, Rangpur are the climate
stations under this study area. Latitude, Longitude and elevation above mean sea level of each station are
given in the Table 1.

Table 1: Latitude, Longitude, and Elevation of the selected study area

Station Name Latitude Longitude Elevation (Above mean
sea level)
Rajshahi 24°22'N 88°40'E 23m
Bogra 24°51'N 89°22'E 26m
Rangpur 25°42'N 89°22'E 36m

METHODOLOGY AND DATA

Meteorological data of selected climate stations were collected from Bangladesh Meteorological
Department (BMD). Daily data of the following variables are collected from BMD for the period of 2001
to 2010: i) Minimum Temperature, ii) Maximum Temperature, iii) Relative Humidity, iv) Sunshine hours,
v) Incoming Solar Radiation, vi) Wind Speed, and vii) Wind Direction

MODIS satellite images acquired by TERRA instrument is used. For each climate stations
evapotranspiration data has been downloaded from the Oak Ridge National Laboratory (ORNL) during the
periods of 2001 to 2010. The resolution of the satellite data is 1 km. For the validation purpose Enhance
Vegetation Indices (EVI) data also download from the Oak Ridge National Laboratory (ORNL) during the
same periods of 2001 to 2010.

Meteorological Data Processing
The FAO Penman-Monteith method is maintained as the sole standard method for the computation of ET,
from meteorological data. Equation [1] is used for calculating ET, from meteorological data.

900
0.408A(Rp—G)+Y5 -7z (es—€a) o
A+Y(1+.34’U2)

ETO ==

Where
ET.- reference evapotranspiration [mm day™], Rn =net radiation at the crop surface [MJ m day
1], G =soil heat flux density [MJ m2 day?], T =mean daily air temperature at 2 m height [°C], u.
=wind speed at 2 m height [m s], e; =saturation vapour pressure [kPa], e.- actual vapour pressure
[kPa], es -e, =saturation vapour pressure deficit [kPa], D =slope vapour pressure curve [kPa °C1]
g=psychrometric constant [kPa °C™]
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RESULTS AND DISCUSSIONS

The focus of this study is on the comparison of satellite (MODIS) and actual (Penman-Monteith) ET. For
this the time series of actual and satellite ET for Rajshahi station has been plotted during periods of 2001
to 2010 [Fig. 1]. As MODIS satellite provides ET per 8 day so the daily penman ET has been converted

into 8 day basis.
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Fig. 1: Comparison of satellite and actual ET of Rajshahi station

From the time series plot it is observed that MODIS ET always lowers than the Penman (Actual) ET [Fig.
1]. At the beginning of the year MODIS gives very low ET when actual ET is high.

In this study the time series of satellite and actual ET of Bogra and Rangpur stations has been also plotted
to compare with each other throughout the year of that area. It is noticed that Bogra and Rangpur stations
also follows similar pattern of comparison [Fig.2].

Comparison of Sateliite and Penman ET
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Bogra Rangpur
Fig. 2: Comparison of satellite and actual ET

Comparison of Satellite and Actual ET in Kharif-11 Season

As the whole cycle does not match, it has been tried to find out the comparison season by season. As far as
it is understand that the study area may be cultivated with one crop and it was Kharif-11 (July to October).
In the Kharif-11 (July to October) season, comparison gives very good correlation. In this season actual ET
gives very close value with satellite ET. When green vegetation present in the field they provide good
correlation than the other period. It is observed that correlation between satellite and actual ET is
0.138 in the Kharif-11 season [Fig. 3]. Also the observed root mean square error is 4.37 mm/8day.

Other stations i.e Bogra, Rangpur also gives similar pattern of result.
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Satellite ET Vs Actual ET
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Fig. 3: Satellite ET Vs Actual ET in Kharif-1l Season for Rajshahi station

Satellite and Actual (Penman-Monteith) ET Improvement

Three types of rice are grown in Bangladesh. Aus, Aman, Boro. Aus is grown in Kharif-1 season (March to
June) and it is grown in very small area in Bangladesh nowadays and are not irrigated. From the results it
is found that EVI values are very small (around 0.2 to 0.3) in that period which indicates very little
vegetation. So probably in that area no Aus crop is cultivated. So excluding Kharif-I period it is observed
a notable increase in R? between Penman ET and Satellite ET.
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Fig. 4: Regression of Actual and satellite ET (including all season) for Rajshahi station
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From the regression analysis between satellite and actual ET including Kharif-1 season it has been observed
very poor correlation (R? value is 0.019) [Fig. 4]. But excluding Kharif-1 period it has been observed a
notable increase in R? between satellite and actual ET [Fig. 5]. After excluding Kharif-1 season R? value is
0.58. Here only Rajshahi stations result have been shown but Bogra and Rangpur stations also follows
similar pattern.

Estimation of Penman ET from EVI

Kharif crops are grown in the spring or summer season and harvested in late summer or in early winter.
Kharif season is divided into Kharif-1 (March to June) and Kharif-11 (July to October). Since the EVI values
are very small (around 0.2 to 0.3) in that period which indicates very little vegetation. As the comparison
does not perfect match, it has been tried another procedure, which is to estimate the penman ET
by using EVI. There is a good correlation between penman ET and satellite ET (excluding Kharif-
| season), which indicates that EV1 value can be used to calculate penman ET [Fig. 6].

Penman ET Vs EVI

100
> y=95.721x + 14.849
& 80 -
S R%?=0.6872
i
S~
€ 60
£
o
- 40
(1]
£
o 20
o

0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

EVI
Fig. 6: Estimation of Penman ET from EVI (Excluding Kharif-I season)

CONCLUSIONS AND RECOMMENDATIONS

The main objective of this study was to assess the performance of MODIS ET product for estimating
Penman ET for the agricultural areas of Bangladesh. To accomplish this objective, first actual ET was
calculated by Penman-Monteith method from some selected stations and then satellite ET was obtained
from the same climate stations. After comparing calculated actual ET with satellite ET, it is noticed that
there are slightly shifting between the patterns of these two ET’s. It is also noticed that actual ET is always
higher than satellite ET, since it is not found enough information on crop pattern of the selected areas or
due to the limitation of MODIS ET or Penman ET.

From the results it is found that EVI values are very small (around 0.2 to 0.3) in that period which indicates
very little vegetation. So probably in that area no Aus crop is cultivated. It is noticed that excluding Kharif-
| period there is a notable increase in R? between Penman ET and Satellite ET. As the comparison does not
show perfect match, it has been tried another alternative procedure, which is to estimate the penman ET by
using EVI.

The results showed that satellite ET does not perfectly match with the Penman ET. This can be due to the
limitation of MODIS ET algorithm. Moreover Penman method also has some limitation. This method does
not incorporate other stresses such as moisture stress, so slight mismatch is expected. Therefore further
study is necessary to estimate actual ET by field experiment. In this study the performance of MODIS ET
was evaluated for three stations. Future study is necessary to evaluate the applicability of MODIS ET for
other areas and for other land use type of Bangladesh. This study shows that EVI can be used to estimate
Penman ET. However further validation is necessary to determine whether Penman ET can be computed
from EVI for other areas of Bangladesh
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