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ABSTRACT

The Gorai River is the major distributary of the iiggs River in the right bank and important
provider of fresh water inflows to southwesternioegof Bangladesh. The length of the river is
199 km and the area of the Gorai River catchmeabis60 km2. The Gorai used to discharge into
the Bay of Bengal through the Mathumati and BaledRigers. The Madhumati was connected to
the Nabaganga at Bardia point. This is the drainpg¢h of the Gorai water, which now reaches
the Bay mainly via the Passur and Sibsa Rivers.distebution of the Gorai River flow at Bardia
between the Nabaganga and Madhumati Rivers andl ¢maditions which influence the sediment
concentration are not known. From previous studguleshows that the annual average bed
materials transport in the Ganges River is abouX1® metric tons and one third of the Ganges
sediment is settling down on the Gorai River ba$ime mean peak flow in the Gorai River was
6,200 m3/s in 1962 and the present minimum recoftbed in the dry season is only 10 m3/s in
2008. This is the main reason of the Gorai Rived lnelged by sedimentation. It has been
observed that the major part of the Gorai Riveribas dry, and as a result the sea saline water is
penetrating in the upstream of the Gorai River batent. Salinity intrusion along the
Nabaganga-Rupsha-Passur system has largely beéremced by the dry season flow of the
Gorai River. The high sediment concentration reachbout 20 km upstream of Bardia and a
clean concentration gradient can be observed aldmgdown stream direction of the Gorai and
the Nabaganga River. The Gorai is a crucial instemihfor maintaining both ecosystems and
economy of the region. Since 1980s, the flow inGbri River has been blocked by the build-up
of sediment in the off-take. After constructiorrafakka Barrage on the Ganges River in 1975 in
India which is 17 km far from the Bangladesh bordes a result the Ganges water flow has
reduced significantly in the down stream. This tge of fresh water in the Gorai basin is the
root cause of salinity intrusion in the catchmemidadamage of mangrove ecosystems and its
services of the Sundarbans region. The study isethout based on primary and secondary data
sources. The objective of this study is to invastighe shortage of fresh water in the Ganges-
Gorai basins and their negative impacts on socioretny and mangrove wetland ecosystems in
the Sundarbans in Bangladesh.

Keywords. Gorai River, Water shortage, Sedimentation, Sglimtrusion and Mangrove
ecosystem and Sundarbans
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1. INTRODUCTION

The Gorai River is the major distributary of thengas River in the right bank and important
provider of fresh water inflows to southwesternioagof Bangladesh (Addams, 1919). It has a
meandering and braiding tendencies. The lengtheofiter is 199 km. The area of the Gorai river
catchment area is 15160 km2. The Gorai used tdhdige into the Bay of Bengal through the
Mathumati and Baleswar Rivers (Fig. 1). The Madhtimas connected to the Nabaganga at
Bardia point. This is the drainage path of the Guaater, which now reaches the Bay mainly via
the Passur and Sibsa rivers. It also brings fresttetwin the region through Bhairab and
Mathbhanga Rivers. The Gorai is a crucial instrunfen maintaining both the environment and
economy of the region. The distribution of the Gaieer flow at Bardia between the Nabaganga
and Madhumati rivers and tidal conditions, whicfluence the sediment concentration are not
known. From previous study that in 1966-69 the ahraverage bed material transport in the
Ganges River is about 18X106 metric tons. In 19284 and 1997 the Gorai River discharge
were 190 m3/s, 60 m3/s and 2 m¥/s. The mean peak ifi the Gorai River is 6,200 m3/s.The
minimum recorded monthly mean flow was 171 m3/Agpmil in 1995 (EGIS, 2000).

Dry season salinity along the Nabaganga-RupshaiPagstem has largely been influenced by
the dry season flow of the Gorai River. The effettthis has been an eight-fold increase in
maximum salinity at Bardia and a two-fold increas&hulna in both cases (EGIS, 2000). Due to
dry post monsoon hydrological changes in the Pas&#fka period and deterioration of the Gorai
off-take by massive sedimentation in the same deonpening of the Gorai mouth without human
intervention will not be possible. The high seditneancentration reaches about 20 km upstream
of Bardia and a clean concentration gradient canldserved along the down stream direction of
the Gorai and Nabaganga River. For the past 106sydlae region depended on fresh water
inflows from the Gorai to maintain its last deferagginst the encroachment of the salinity front
during the dry season. Since the end of the 198Dsever, the flow in the Gorai River has been
blocked by the build-up of sediment in the off-takée Gorai river dry season flow may reduce
the sediment concentration along the Nabagang&apda Rivers to some extent.

Gorai River is a major distributary of the Gangesthe right bank (Adams, 1919). The Gorai
discharge fells into the Bay of Bengal through Mathumati and Baleswar River. The Gorai-
Mathumati was permanently changed by excavatiorthef Halifax cut in 1902, where the
Mathumati was connected to the Nabaganga at Badiat (Fig. 1). Therefore the Gorai
discharge reaches the Bay of Bengal through PassliSibsa rivers. It is caring upstream fresh
water to the southwest region and the Sundarbansgnmee wetlands, the Bhairab and
Mathabanga also inspiring the water caring proctss,Gorai River has become a potential
instrument for balancing the ecosystems and econofyhe region (EGIS, 2000). After
construction of the Farakka Barrage in 1975 it Inastened this process. Due to the reduction of
upstream water flow huge amounts of sediment l@adsransforming and settling down on the
Gorai river bed. Therefore the morphology of thesribasin and river banks are always changing
which is harmful for river ecosystem services ia thorai catchment area. The sediment transport
tidal waves and salinity intrusion in the down atreof the Sundarbans region are badly affecting
of its ecosystem. To protect the Sundarbans maegwetlands and ecosystem services of the
Gorai river catchment is essential for the greb@efits of the local communities in the southern
region of Bangladesh.

2. OBJECTIVE OF THE STUDY

The objective of this study is to understand thermrisystem in the Gorai catchment area and
shortage of fresh water discharge in the GangesGaordi River and high sedimentation in the

basins area. The study seeks the impacts of upst®anges fresh water withdrawal and

threatened ecosystems in the Sundarbans regiorlbasnn the Gorai catchment area. The study
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results will make a contribution towards the depehent and protection of Gorai River
morphology and ecosystems in the entire catchment.

3. METHODOLOGY

The present study was carried out based on prianagysecondary data sources. The primary data
collected from field investigation in 2003 and 20@&RA practices were arranged with the local
people near to the Kushtia town location and GRailway bridge area. The information of Gorai
River system in Bangladesh was collected from difié government and non governmental
organizations. For secondary data collection, E@[#rts on Gorai River restoration project 2000
were used very openly. The specific especial repafEGIS, FAP 24, FAP 4 reports, BWDB and
BCAS reports and publications were also used fisr gtudy. Beside these some interviews were
arranged with water engineers, environmentalisagggphers, geologists and sociologists and
expert peoples on river systems and its ecologg. ddilected data were reconstructed, analysis
and visualized through used MS EXCEL, SPSS, VISR) Bxpert Fit, MATLAB and ArcGIS
tools.

4. GEOGRAPHY AND MORPHOLOGICAL SETTING OF THE GORAI RIVER

The Gorai River catchment area is 15160 km? anlddated between 21° 30’ N to 24° 0' N
latitude and 89° 0’ E to 90° 0’ E longitude, cawer partly or fully of Pabna, Chuadanga,
Kushtia, Rajbari, Faridpur, Gopalgonj, Jessorenditah, Magura, Norail, Pirogpur, Borguna,
Bagerhat, Khulna and Sathkhira districts of soutstern region of Bangladesh. The average
temperature of the catchment area is varies bet@2en 23°C in winter and 23° to 32°C in the
summer. The lowest temperature is 6° to 11° C inteviand 40° to 43° C in the summer. The
average annual rainfall is between 1516 mm in tr¢heast and 2478 mm in the southeast (EGIS,
2000). Historically the Brahmaputra River has joirthe Ganges just downstream of the Gorai
River off-take. Recent development of paleo-gedgi@pmaps (Umitsu, 1993; Goodbred and
Kuehl, 2000) suggested that the main course of@hages shifted from the Bhagirathi to the
present course after abandoning several other eslike the Jalingi, Mathabhanga, Gorai, Kumar
etc (Williams, 1919). During the shifting of coussieom the west to the east, the old courses often
became distributaries of the main river. A simjidwenomenon was observed in the case of Gorai
River. The Ganges was flowing close to the presentse of the Gorai river nearly 5000 years
ago (Sarkar, 1993). Later it shifted its coursehfeir east and since then the Gorai has become one
of its distributaries. As a result the backwatefeef has strengthened the Gorai a major
distributary of the Ganges (Adams, 1919). The GRiger upstream water falls into the Bay of
Bengal through the Mathumati and Baleswar Rivere Thorai-Madhumati was permanently
changed by excavation of the Halifax cut in 190hew the Madhumati was connected to the
Nabaganga at Bardia point. After this evolved tha&irdhge path of the Gorai water, which now
reach to Bay of Bengal mainly via the Passur amdsRivers. The Ganges upstream freshwater
is carrying to the southwest region and to the &dmahs, such as the Bhairab and Mathabanga
River. The Gorai River is playing a potential rdte maintaining, environmental, social and
economy of the region. The Gorai River was freenfanthropogenic influence and pollution. But
after construction of Farakka Barrage and withdtagfaupstream fresh water at the Farakka
point, the water discharge has decreased dragticali a result two types of environmental
impacts have been created in the Gorai catchmeat dhe sediment particles are settling down
on the Gorai River bed rapidly, which is one of thejor problems of Gorai River morphology
protection. On the other hand the saline sea vweeetrated in the upstream area due to capillary
upward movement. The Gorai River is presently dabledistributary of the Ganges River. Its
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length is 199 km which can be divided in 5 distimeaches according to morphologically
consideration (EGIS, 2000).

Gorai 1 - Off-take to Railway Bridge —11 km, Goai Railway Bridge to Kamarkhali — 87 km,
Gorai 3 - Kamarkhali point to"4Reach - 110 km, Gorai 4 -4th Reach foReach point-125 km,
Gorai 5 -125 km to Bardia point - 199 km
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Figure 1: Gorai River catchment area in south wastegion in Bangladesh

The Gorai River reach from Gorai 1 to Gorai 4 is tfon tidal condition and the tidal nature of
Gorai River is the '8 reach which is called tidal lower course is extegmactive and flowing
(EGIS, 2000). The Madhumati River is a distributarfy the upper Ganges flowing through
southwestern Bangladesh. It leaves the Gangesargh of Kushtia and flows 306 km before
turning south across the Sundarbans and into tlgeoBBengal. In its upper course it is called the
Gorai River, in its lower course it is known thel&avar River and its estuary mouth which is 14
km wide is called the Haringhata River. The BalesRever length is 57 km, and the Nabganga
River from Bardia point to Gazirhat is 29 km. Tleagdth of Gorai-Madhumati-Baleswar rivers is
371 km (37 km in Kushtia, 71 km in Faridpur, 92 kmlessore and 104 km in Khulna and 67 km
in Barisal in the Eastern border of Sundarbans).Bhairab river length is 250 km and it runs
Jessore and Khulna region, the length of Chitrarri¢ 170 km (BBS, 1999), The length of
Nabaganga is 230 km (26 km in Kushtia and 204 kdessore). The Mathabhanga river length is
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156 km (16 km in Rajshahi and 140 km in Kushtid)eTGorai River has been largest perennial
distributary of the Ganges River in Bangladesh.

The Mathabhanga and Bhairab also provided freskniaflow during dry season in earlier times,
there were disconnected from the Ganges. This aatprocess involving the decay of
distributaries has taken place as the Ganges Mtaedlfmoved its route. The dry season flow in the
Gorai is also strongly influenced by the dry seabgdrology and platform evolution of the
Ganges River. The dry season flow of the Gangegdlhaseased since the commissioning of the
Farakka Barrage. The slow natural decline of theaGbas however been hastened by the
diversion of water by the Farakka Barrage since519here has been no natural dry season flow
in the Gorai since 1988 (Islam, 2008; 2009; EGER®.
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Figure 2: The Historical Ganges Water flows in trerding Bridge point

The river landscapes have been started to change @atpart of Sundarbans began to lose the
saline fresh water balance during the earl{} t8ntury, the intake mouth of the Mathbhanga,
kobadak and other rivers that used to bring freatemwfrom the Ganges to the south region was
silted up and they lost their connection with then@es. As a result, the regeneration of Sundari,
the dominant timber species in the forest begdreteceduced in south western part of Sundarbans.
The fragile situation became further imbalanced whwalia constructed the Farakka Barrage in
early 1974 on the Ganges river, 17 km upstream fBangladesh border, and began diverting
more then half of water to the Hoogly river in ladBlocks the perennial flow of the Ganges and
diverts its water through a feeder canal into timaddrathi-Hoogly River for the improvement of
navigation for the Calcutta port of India. The whelstuary depends entirely on fresh water of the
Gorai at Bardia also it is playing a role to pretveaiine intrusion. Historically the upstream flow
was normal for example the Ganges River flows atHarding Bridge in 1962 the discharge was
3,700 m3/s and 1968 when the average monthly flothe Ganges in the dry season exceeded
3,600 m3/s, after 1976 the flows of the GangesthrdGorai is dropped in 1976 (Fig. 2 and 3)
(Ben, 1995). With the commissioning of Farakka Bge, the discharge in the downstream was
drastically reduced. The Ganges recorded lowest @09,437 cusec on April, 1993 against a flow
of 65,000 cusec as the pre diversion period. Irb188 recent years the flows have been recorded
less than 500 m3/s. The reduction of Ganges flowha south western region of Bangladesh
wholly dependent on the Ganges has produced disasteffects on Agriculture, fisheries,
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navigation, hydro-morphology, salinity intrusiomdustrial products, drinking water and forest
ecosystems (Hoque, 1995).

5. WATER SHORTAGE AND SEDIMENTATION IN THE GORAI BASIN

Water is a vital for the existence of human beimg @ther species. Due to increasing water
consumption, the loss of potential sources of freghr resulting from unsustainable water
resources management practices (Wei, 2009). Thai@oa crucial instrument for maintaining
both the environment and economy of the region. d@is&ribution of the Gorai River flow at
Bardia point between the Nabaganga and Madhunvatisriand tidal conditions, which influence
the sediment concentration are not known. From ipusvstudy that in 1966-69 the annual
average bed material transport in the Ganges Révabout 18X10 metric tons. In 1973, 1984,
1990, 1996, 2001, 2003 and 2008 the Gorai Rivaxhdigies were 190 m?/s, 60 m3/s, 70 m3/s, 171
m3/s, 5 m3/s, 2 m3/s, and 10 m3/s (Fig.3). The npesak flow in the Gorai River is 6,200 m3/s. The
minimum recorded monthly mean flow was 171 m3/Aagmil in 1996 (EGIS, 2000).
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Figure 3: Water Discharge of Gorai River (1969020

Dry season salinity along the Nabaganga-RupshaiPagstem has largely been influenced by
the dry season flow of the Gorai River. Figure 8veh the Gorai water flow tendency from 1969
to 2008, the polynomial behaviour of Gorai Rivertevaflow gradually decreasing trends where
the regression value R2 = 0.1598 it is not accéptablue but this value is showing the average
grade from 1973 when the water flow already inltiveest discharge passing in the Gorai Railway
Bridge (Fig 3).

The effect of this has been an eight-fold increéasmaximum salinity at Bardia and a two-fold
increase in Khulna in both cases. Due to dry poshsoon hydrological changes in the Post-
Farakka period and deterioration of the Gorai aKet by massive sedimentation in the same
period, opening of the Gorai mouth without humatervention will not be possible. The high
sediment concentration reaches about 20 km upstrefaBardia and a clean concentration
gradient can be observed along the down streamtidineof the Gorai and Nabaganga River. For
the past 100 years, the region depended on fresr wdlows from the Gorai to maintain its last
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defense against the encroachment of the salirotyt fduring the dry season. Since the end of the
1980s, however, the flow in the Gorai River hasrbelecked by the build-up of sediment in the

off-take. The Gorai river dry season flow may rezlutbe sediment concentration along the
Nabaganga and Rupsa Rivers to some extent.

6. RESULTSAND DISCUSSION

The Gorai River catchment is a potential region tf@ south western part of Bangladesh. The
Gorai is playing an important role to balance th@ngrove wetland ecosystem services and the
protection of morphological landscapes in the basga. The Sundarbans mangrove is located in
the Ganges-Brahmaputra delta and such as in Gateliroent area. For making a management
plan for the protection of ecosystem services m tgion the river water salinity modeling is
essential (Islam, 2007). Therefore 13 influentindlers of Sundarbans mangrove area were
considered for water salinity modeling (Fig. 4)mdel is therefore is necessary for any kind of
problem solving and an adequate management planwifager salinity modeling of Sundarbans
rivers shows the gradually increasing tendencyhia tegion which could be helpful for the
decision makers. The Gorai River and other 13 sivr Sundarbans have been considered for
salinity modeling. The 16 rivers namely are Gofdiadhumati, Nabaganga, Baleswar-Bogi,
Selagang-Harintana, Sibsa-Nalianala, Bal-Jhalias@®aPasakhali, Betmargang-Kathka, Chunnar-
Munchiganj, Kholpetua-Kabadak, Notabaki-NotabakikhaArpongasia-Deboki, Nilkomal-
Hironpoint and Malancha-Mandarbaria River.
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Figure 4 Water Salinity Modelling Results of 13 Rig in Sundarbans Region

All the rivers are carrying the salinity increasibghaviour (Fig. 4). The water salinity model
results show that the salinity trend is much highesouthern and south western rivers, whereas
rivers of the middle area are of medium rate sgliand the north south corner is very low salinity
(Fig 4). For the Sundarbans mangrove wetlands st&sys protection the water salinity threshold
value has been considered 43220 dS/m. considdrgalinity models only one river exceeded
the threshold level (43220 dS/m) in 2000, whergasrivers such as Passur-Mongla, Sibsa-
Nalianala, Bal-Jhalia, Passur-Passakhali, Betmaréfathka, Chunnar-Munchiganj, Kholpetua-
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Kobadak, Notabakikhal-Notabaki, Arpongasia-Debokiilkamol-Hironpoint, and Malancha-
Mandarbaria Rivers (Fig. 4) exceeded the watenisalthreshold in 2003. Considering the water
salinity model results it can be stated that twiedtlef the Sundarbans area has covered the high
salinity trends and only third of the mangrove a&etl area is representing as less saline zone that
mean this are is still suitable condition of mangraecosystems. The upper portion of Gorai
catchment and its salinity trends have been disclissthe following sub chapter.

6.1. Saline Water Intrusion in the Gorai River Catchment

The Gorai is a meandering river until the uppet gBt6 km) which is non tidal tendency and the
downstream of the river is tidal tendency. At Bardtihe river bifurcates into Nabaganga and
Madhumati. The Nabaganga River carries the majdrgfdahe flow of the Gorai River. The upper
Nabaganga River is an inland non-tidal river joiigh the inland tidal river at downstream of
Bardia, such as Chitra and Bhairab and Passur Ritethe Bay of Bengal (Figure 5). The Passur
and Sibsa rivers are connected through lower Sittpjhapia and Chunkuri Rivers upper stream
of Mongla port (Fig.5) (EGIS, 2000). The Kabadak irge river in the south western region it is
also declining. The lower part of this river isaicand joins with tidal river Arpongasia and it is
joins with the Malancha River falls into the Bay Béngal. Kabadak also joins with Sibsa River
near Paikgacha. The present water salinity valaage are 54025 dS/m to 69152 dS/m and the
area has been extended from south to north andceasst direction which is extremely high and
it is threats for the mangrove ecosystem servicgkaé Sundarbans region as well as in the whole
Gorai catchment area in Bangladesh (Islam, 2009SEZ000).

The figure 5 shows the water salinity tendencyhi@ whole Gorai River catchment. There are 6
salinity zones are recognized through this invesiign. Shortage of Ganges water flows in the
upstream as a result the Gorai River is receivsg Wwater in the basin (Fig. 3). Due to shortage of
upstream fresh water the downstream of Gorai Baéchment has penetrated by high saline water
in the catchment. The south west corner are ot#itehment is affected by high salinity intrusion.
The salinity range is over 54225 dS/m ifi Zone, salinity range is 43220 to 54225 dS/m"in 6
Zone, salinity range is 32415 to 43220 dS/m'frzéne, salinity range is 21510 to 32415 dS/m in
4™ zone, salinity range of is 10805 to 21510 dS/4rzone, salinity range is 32415 dS/m M 2
zone and the range of salinity of 1st zone ofdiehment is less than 2110 dS/m which is very
low and it is almost free of salinity impact (F&). In figure 5 also shows that the zorfe 6", and

5™ are affected by high salinity intrusion and thege has crossed the water salinity threshold
value (43220 dS/m). The major cities such as Marighaulna, Bagerhat and Satkhira are located
within this high salinity range. As per an earkeil investigation conducted by SRDI in 1970, the
soil salinity was mainly found in the Ganges tiflabdplain of the study area. The Ganges river
floodplain and the peat basins in the study areeewetassified as a non saline. Soil salinity
occurred south of Khulna and Bagerhat districtdinBa range was between 8644 dS/m and
17288 dS/m. a rise of soil salinity has been ndtibewever, since 1975 when Farakka Barrage
constructed on the Ganges River. At present sbilisalevel has recognized at south of Khulna
and Bagerhat town ranges between 17288 dS/m ta53@8/m during the dry season (November-
May).

Figure 5 shows the salinity intrusion trends in @erai river catchment, where 6 different ranges

of water salinity are shown; range is almost saliee and salinity range is less than 2161 dS/m,
and the southern region which is located in thed@umans mangrove wetland where salinity range
is over 54025 dS/m, it is the highest salinity mamg the catchment which has crossed the water
salinity threshold line of mangrove wetland ecosys.

Soil and water salinity is rapidly increasing iretborai catchment area, currently, river water

salinity moves up as far as Kamarkhali River partiéssore (Fig. 5) (SRDI, 1997; EGIS, 2000;
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Islam, 2008). Since the Ganges water withdrawal tuede is extensive withdrawal of ground
water for agricultural use, saline ground water salthe sea water from the south intrudes into the
fresh water aquifer in the north. This salinizatiprocess is steadily engulfing more upstream
areas of the Gorai catchment (Fig. 5) (Helcrow,3t¥RDI, 2000).
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Figure 5 Salinity Intrusions in the Gorai River €anent in Ganges Delta

Table 1 The Changing pattern of the Gorai Rivehviibm 1973 — 1997

Name of the river ~ Section 1973 m 1980 m 1990 m 1897

Gorai River Gorai 1 577 602 997 1085
Gorai 2 924 862 814 820
Gorai 3 493 621 476 466
Gorai 4 813 854 735 774
Gorai 5 739 830 772 794
Average 709 754 757 788

Table 1 shows the Gorai River’s sectional widthrahiag pattern from 1973 to 1997. The average
width was 709 m in 1973 whereas it was 788 m in719%he reason is huge sedimentation and
less water flow in the basin. The present studyltestiows that, about half of Jessore and Magura
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districts and whole area of Narail district haveehaffected by soil and water salinity (SRDI,

1997; EGIS, 2000; Islam, 2008a). The figure 5 shakes salinity trends in the Gorai River

catchment, based on the present study findingsatmity on Gorai catchment area is stated that
the agro ecological region 12 which are locatedhin low Ganges river floodplain and Ganges
tidal floodplain areas are most affected by soill amter salinity in the Ganges delta region.
Therefore the ecosystems and ecosystem servicageeeely affected due to salinity intrusion in
the Gorai catchment area.

6.2. Changes of Landscape Morphology of Gorai River Basin

The deforestation intensity in the upstream Himalaycrease deposits of sediments in the down
stream and consequently changes of river morphdiagpently. The actual allocation of Ganges
water at Farakka Barrage point in India has beesing serious concern to Bangladesh due to the
reduced availability of flows during past 35 yedlslam, 2007a). The abnormal reduction of
Ganges flows caused excessive siltation, elevatfahe bed levels and consequent reduction in
the flood discharging capacity of the channelsingjlof the Ganges thereby blockage of the Gorai
River off-take (Anwar, 1988; Islam, 2009a). The &driver flows through the part of delta which
has been formed about 500 years ago, at presentogpbologically changeable and unstable
(EGIS, 2000). The morphological trends are depandin the off-take of the river. The mean
annual peak discharge of the Gorai River in the [E890s is about 4,500 m3/s; its bed material
varies from fine sand to fine sand and silts. Theual average sediment transport is about 50
million tons (for last 3 decades) in which abou##@nd bed materials and the rest is wash load
consisting of silt and clay. The mean size of bedemials at the mouth of the Gorai River is 0.17
mm (Helcrow, 1993; Delft Hydraulics and DHI, 1996a)

a. Gorai River passing b. Gorai &astk c. Gorai Railway dgye
Figure 6. Changing pattern of Gorai River morphglag2003 (a, b, c)

d. Gorai River ¥ May 2009, daily Star e. Saline watenetrating at Gorai basin

Figure 7 The Gorai river dry basin and sea saliagempenetrating in the upstream (d, e)

The water shortage and sedimentation process ittinai basin the bed has been ridged and the
width has been shrink and spacious and depth lscdd in different section of the river (Fig. 6
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a, b, ¢). Due to shortage of Gorai River flows aedimentation, the hydro-morphology of the
catchment of the river is rapidly changes. The laséd pattern also changing because of soil and
water salinity and siltation which is reduced thetifity of soil and agricultural production. The
figure 7 shows the shortage of Gorai basin waté. (F d) and as a result sea saline water are
penetrating in the upstream (Fig. 7 €) and increpsgi the upstream direction through capillary
upward movement (IECO, 1980). Through this pro¢hsswhole catchment area are affected by
high saline water.

In the catchment most of the river water is turipidicating suspended sediments except in small
stretches of the Gorai-Madhumati and Sibsa Rivhe @losed water bodies which are essentially
identified in low Ganges floodplain. The area alomigh floodplains comprises of the major
inland capture fisheries area, shrimp farm, beehacrop land, freshwater bodies, settlements,
current fellow land, mangrove forest, dry river dre@hch sand in the most south of the catchment.
The area is covered under different land use caegyare as follows; The Gorai River is the
distributary of the Ganges and flows through re&di erosion resistant materials along a 90 km
reach in the upstream. The maximum rate of bangi@ndn this reach is a few materials per year,
while it is a few tens to hundreds of materials year at the most downstream reach (EGIS, 2006;
Sarkar, et. al., 1999). The qualitative impact sssent suggests that the wash load must have
increased which caused little influence on therriwerphology (except the tidal reaches). The
changes in the bed materials depends on the itgeasid characteristics of the types of
interventions, which is the main triggering agemthie changing river landscape morphology of
Gorai River basin in the south western region in@adesh. The landscape morphology changing
patterns are shown in figure 6 and 7.

6.3. Damage of Mangrove Wetland Ecosystemsin the Sundarbans

The mangrove ecosystem system is getting moretatteto the environmental community for
conservation of nature and natural recourses.sltdéeognized as potential agenda: the ecosystems
are socially valuable and in ways that may notrbmédiately intuited (Daily, 1997). Ecosystems
and their services are the benefits that societgives from soil, water, air, organisms and the
processes that govern the interactions. Nourisfind and clean water in sufficient quantities are
two examples of human needs that would not be nithbut cycling, and regulating the earth’s
climate. Other services include meeting the re@ral, aesthetic and cultural amenities that are
essential for human well being (SWCS, 2009).

According to Dokuchave’s theory of ecosystem; indae defined as a relationship in a
mathematical format; where the sophisticated dwdimiof ecosystems can be structured on the
following formulas. The meanings of ecosystems ntharfunctions of biotic and abiotic like as:

Ecosystem # (biotic and abiotic characteristics); and
Ecosystem £ (s, cl, pm, 0, mo, r,w, €, t ;... )

Where , s — soil, cl — climate, pm — parent mateda organism, mo — micro organism, r — relief
of topography, w — water, e — energy and t — titge e

Ecosystem components include resources such asceuwater, oceans, vegetation types and
species. Ecosystem process and functions are theglzial, chemical and physical interactions

between ecosystem components (Vogt et al., 1996).

The Sundarbans mangrove wetlands ecosystems ariofiing according to the above mentioned

definition and the mathematical formula are givgrMogt et al., in 1996. Mangrove wetlands are

a unique environment of floral-faunal assemblagesyiding a complex detritus-based food-web
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for a number of marine and brackish water organiséfso the size treats runoff, accumulate
sediment, capture runoff and release it slowlytsosurroundings and route floods. However,
seasonal water shortage is the lack of proper coatsen and protection schemes in Bangladesh
(Islam and Gnauck, 2007).Ecosystems managemens take account the totality of the
relationships between wetlands organisms and #reiironment where biological considerations
take over economic and social factors (Curry andbite, 2002).

The mangrove ecosystem that is simultaneously mexlidood, fodder, and bio-energy. The
coastal mangrove ecosystem of Sundarbans regi8amdgladesh is supporting local economy of
the country which is under threat due to variougrees of environmental and anthropogenic
impacts. The Sundarbans mangrove ecosystem semiegsublic goods, it is damaging due to
climate change impacts and anthropogenic influemesipstream fresh surface water supply.
They protect coastal communities from cyclone aondns damage, and this function may become
even more important as climate change intensifi@dsbally, mangroves are being cleaned or
degraded at the alarming rate of 1-2% annuallyr ivea declining by a third since the 1980s. In
Bangladesh almost 45% of mangrove wetlands arerudést because of multiple pressures
including pollution, fuel wood collection, land ele&nce for aquaculture and coastal development,
and natural disasters.

The four types of ecosystems services are functgpim the Sundarbans coastal region and in the
Gorai River catchment area. Ecosystems are prayitbor types of potential services such as
supporting services, regulating services, provisigrservices and cultural services; those are now
under threat due to anthropogenic influences aimdlatic change impacts on natural resources in
the Sundarbans coastal region as well as in thai@atchment area. It is also been studied that
the changes of Gorai morphological landscapes aedept land use has both negative and
positive impacts on ecosystems and its servicseratchment area.

7. CONCLUSIONS

The rivers of Bangladesh from one of the largestvaoeks of the world and most of these rivers
emanate from outside the country, of which 56 corfmem India and 3 from Myanmar. The
continuous reduction and deterioration of quardityl quality of the Gorai River’'s fresh water in
the catchment is the root cause of salinity intmsind damaged of the Sundarbans ecosystems.
Considering the present salinity intrusion trerdslifferent ecological zones in the Sundarbans and
management condition, an applied research and aesgesducation programme should be included
as a potential environmental development agendaséodld introduce for the stakeholders in
different stages. Water resources assessment amaipd tools that integrate groundwater and
surface water are capable of assessing both qaivditand qualitative responses. Water resource
models are essential to assess water resourcalaligiland vulnerability at both regional and lbca
scales and to assess impacts of ecosystems amsérii€es. To protect the mangrove wetland
ecosystems in the Sundarbans region the alternagpipeoach of proposed upstream water reservoir
in Nepal and fresh water supply in the downstreaoukl be ensured. To solve this environmental
problem more applied research is necessary andgemzy. Water salinity approximation on the
Sundarbans Rivers will support planning by decisitakers to protect the special natural heritage
site and world largest mangrove wetland ecosystemasits services in the Gorai river catchment
area in the south western region of Bangladesh. Tdilewing suggestions are strongly
recommended for implementation for the better dgwelent and protection of Gorai River
morphology in the basin area and mangrove ecosgsitethe catchment;

 Ganges dam could be constructed at the Gorai ké-taea or in Rajbari point on the
Ganges River. Where huge fresh water could bedtore
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e Itis essential to make the Gorai River as a bregthiver which could supply fresh water
year round to protect the ecosystems and its s3vio the Gorai catchment area
specially to protect the Sundarbans mangrove etarsgs

» Northern region river's water could be transferredhe south western region through the
Gorai channel; in such case Ganges dam could playptaential role to protect the
Sundarbans mangrove wetland ecosystems.

» Gorai water supply could solve the high sedimeotafiroblems and its negative impacts
on ecosystems and its services in the catchmeat are
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