
Chapter IX: Summary and Conclusions 

Jalpaiguri district in West Bengal being situated not far from the Himalayan margin is 

endowed with an intensive network of river systems. Most of the rivers are considered to be 

highly notorious for their unpredictable nature, letting loose fury of flood and problem of 

extensive and regular bank erosion, course shifting, renders thousands of homeless during the 

rainy season. The majority of the rivers originates in the Himalayas and enters from a north to 

northwesterly direction and flows south to southeasterly direction. As many of the rivers 

originate at the same hill, flood often occurs simultaneously in many rivers and the rivers 

coalesce to form a single vast sheet of water. Moreover, the simultaneous melting of snow 

accumulated on high mountains and rainfall in lower reaches often caused floods of 

devastating nature. These along with sudden bursting of water storage in the upper catchment 

caused by heavy landslide that blocked river channel released unbelievable volume of water 

through the river Tista in 1968 and caused unprecedented devastation. 

The catchments of these rivers have mostly been deforested and the clearings of the 

steep slopes have been used for the extension of settlement. agriculture, plantation and 

communication, disrupting the overall hill slope hydrological balance. As a result during 

heavy and concentrated rainfalls, innumerable landslides are caused, transporting large 

amount of sediment to the rivers. Most of such landslides have never been treated 

scientifically with proper protective measures and as such those are in the habit of expanding 

their territories during monsoon. This often added more and more silt to the rivers. vvhich are 

incapable of transporting the loads efficiently under the existing hydrological conditions. 

especially areas beyond the foothill. 

During summer. the observed increment or the size of bars and shoals downstream to 

the piedmont area proves such a contention. In order to avoid such numerous islands in midst 

of the channel, the rivers, in their lower reaches thus, attains the significant physical 

characteristic of braiding which may be attributed to both incompetence and incapacity of the 

rivers. That is, most of the rivers can transport neither the total amount of debris nor the size 

of debris that is supplied to it as bed load. As a result, the riverbeds are rising at some 

sections in the plains. resulting in the lessening of cross-sectional areas which being 

incapable of arresting the unusual monsoon discharge and allo\\ water to spilL causing 
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floods. Moreover, the narrow road and railway bridges, spanning the rivers as well as the 

pillars supporting them, are always considered to be the barriers, interrupting natural load 

movement behavior of the rivers. This often cause accelerated deposition at the bottom of the 

bridge and thereby, narrowing the outlets of the rivers gradually. Such constrictions, 

sometimes due more to the entanglement of uprooted trees to the voluminous flows of the 

flood, often multiply its effects many times damaging the bridges, human habitations and 

firm lands. 

Although, flash flood has not been an uncommon phenomenon in the foothill area of 

Jalpaiguri district. the frequency and magnitude of such events have increased many folds 

during the recent past. Two such catastrophic events during the last decade ( 1993 and \998) 

demonstrate the enormity of damage and ever-increasing threat to the biosphere of the sub

Himalayan North Bengal a whole. 

At this moment, therefore, suggestion of flood hazard management and their active 

implementation is of vital concern to the resident of the district. As such, the present 

investigator has been studying the flood problems of the major sub-Himalayan rivers with 

<>pecial reference to the river Tista. Torsa, Jaldhaka, Sankosh. Raidak and Mahananda to 

formulate management model that would be of immense help in managing the problems like 

tlood. bank erosion. and avulsion in the sub-Himalayan Jalpaiguri district 

The study area is composed of several tectonic units of the Sikkimese-Bhutanese 

Himalaya overthrusted towards south are built mostly of metamorphic rocks. The foreland of 

the Himalava is huilt of Ouaternarv sediments which show a distinct fractional differentiation . ' . 

starting from boulders and gravcb in the root part of piedmont fans and terraces. at distance 

of 5-1 0 km from the margin turning to sand and farther downstream to sandy loam and silt. 

Geomorphologicaly. the study area is diverse and complex in nature, exhibiting a 

wide variety of landforms. Their genesis, mode of formation and morphological forms are 

diverse and have been characterised by successive catastrophic events of slope wash on the 

hill slope followed by accelerated deposition along the piedmont during the post-Pleistocene 

period. 

224 



Topographically, Jalpaiguri district may be divided into 3 major divisions namely the 

hills, piedmonts and the plains. The hills rise abruptly from the piedmont plain (120-300 

metre) and the elevation increase northwards up to 2000 meter at the Sinchula Massif. Within 

these, there is a mosaic of micro-topographic units comprising of convex ridges, 

intermountain valleys, high terraces and deep-cut valleys. The piedmont covers the tilted 

plains at the base of the Himalayas bounded by the 300 meter contour line to the north and 66 

meter to the south. Perceptible gentle gradient land is a significant feature of the plains. 

The climate of Jalpaiguri is characterised by extreme diversities in rainfall and 

temperature pattern between its northern and the southern parts. Mean maximum temperature 

ranges from 31.7° in April to 23.6° in December and mean minimum temperature ranges from 

10.7° in December to 25.2° in July. Precipitation also exhibits similar kind of diversity that 

ranges from less than 3000 mm along the southern margin to over 5000 mm along the 

northern piedmont. Extreme diversity in geological set-up. topographic forms along with 

climatic elements exhibits unique biodiversity in the study area. 

The district produces a huge quantity of surplus fruits and vegetables. The lack of 

cold storage and marketing facility are major impediment to the growth of this sector. On the 

nthcr hand. those factors influence unwarranted transformation of agriculture-land to tea 

gardens. which again face lower acceptability in the international market Despite profuse 

reserves of ground water, some parts of the district still facing drinking water crisis. 

Jalpaiguri has always been a deficit in its basic need of food grain production and it should 

immediately be brought under the high yielding stage. To grow more food and to bring more 

lands under agriculture. creating nwrL' irrigation facilities is a must. Deforestation has been a 

great menace. People virtually eking out on poor agriculture depend un forest produce and 

forest has been the surrogate source of income. 

Under the backdrop of the World's loftiest, youngest and tectonically most active 

Himalayas, the study area exhibits a nature's laboratory for understanding fluvio

geomorphological processes and its ramification within the boundary of their respective 

catchments. 

The Sub-tlimalayan river under study are considered to be highly notorious for their 

unpredictable nature. letting loose fury of tlood and problem of extensive and regular bank 
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erosion, avulsion and flood followed by massive aggradations renders thousands of homeless 

during the rainy season. The rivers, in their lower reaches attain the significant physical 

characteristic of braiding which may be attributed to both incompetence and incapacity of the 

rivers. That is, most of the rivers can transport neither the total amount of debris nor the size 

of debris that is supplied to it as bed load. As a result, the riverbeds are rising at some 

sections in the plains, resulting in the lessening of cross-sectional areas which being 

incapable of arresting the unusual monsoon discharge and allow water to spill, causing 

f1oods. 

The rivers under study may be divided into two major groups: (a) large transit rivers 

originated in high Himalaya represented by three rivers Tista, Torsa and Sankosh with 

perennial discharge. feed both by rain and melt waters. Deep canyons in marginal part and 

mega-fans in the foreland indicate very high water discharge and high sediment load. Cireat 

alluvial fans and !)raided channelc; with frequent avulsions extend far up to the river 

Brahmaputra and (bl rivers dissecting Lesser Himalaya. The river Jaldhaka and Mahananda 

fall under this group drains large catchment. deep!) incised also in the piedmont where it is 

draining the active rising blocks. As a result. its fan surface is developing farther 

downstream. 

The nvers under ~tudy arc tid stable and process of eroswn m the steep hilly 

catchment. transportation nf sediment in the river and its subsequent progressive deposition 

lower down in the river with flatter slope is a continuous phenomenon. In the upper reaches 

in the plains, the river and their tributaries have got steeper slopes as compared to the lower 

reaches, thus. the carrying capacity for the silt load in the upper reaches in the plains is 

comparatively more than in the lower reaches. The river bed, just after it debauches into the 

plains, consists of shingle and sand, whereas further down in the flatter plains, the alluvial 

channels mostly consist of coarse and medium silt. Pronounced development of conjugal 

alluvial fan, produced by diverging drainage system in the catchment area of the Mahananda 

and Jaldhaka is very much conspicuous in the western and central part of the piedmont zone. 

Most of the rivers in this region are rather straight streams. The average slope ratio of 

the river channel in general cases is much lower indicating an obviously steeper gradient. 

Average gradient of the channel varies from 1 :342 in the Tista to 1 :4611 in the Torsa. The 

river Sankosh with a gradient of 1:1833 followed by the ri\\:r Jaldhaka with a gradient of 
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1:3129 within the active plain is rather Swift River. The Tista, the largest river in the north of 

the Ganga-Padma system in West Bengal, although infested with innumerable island and 

shoals in its wide channel, is still flowing fairly fast within the studied section a gradient of 

1:342. 

The length of cross-sections varies considerably from one cross section to another at 

different locations. There is significant variation in the area of flow from one year to another 

indicating deposition or erosion at each of the cross sections. Smaller area of section occurs 

where velocity is higher. The estimation of deposition & erosion, the volume of sediment 

deposit or scoured over a period of time have been computed and it reveals that the average 

depth of deposition or scour varies from 1 em to 18 em in case of the river Tista. while the 

same is substantial in case of the river Jaldhaka and Torsa which varies from 6 em to 72 em 

and 17 em to 72 em respectively. There is, however. very high scouring observed in the river 

Sankosh of the order of 165 em over a period of 14 years from 1986 to 2000. The above 

studies are only indicative in nature and in no way. can form a basis for planning of any 

remedial measures 

High mtensit;. rainstorm~ arc founct most commonly occurred in sub-Himalayan 

.lalpaigun district (.~specially :1long it" northern boundary with the Himalayan margin 

Frequenc) and magnitude of such events have been found significantly reduced at a distance 

of 20 km from the rising Himalayas. It is also conclusively proved that such events often 

culminate with flush t1ood along the downstream in Jalpaiguri district. It is observed that 

higher the intensity of rainstorm the higher the magnitude of flood in the downstream. 

Numerous examples of such relations have been depicted in the chapter with 24-hour rainfall 

record obtained mostly from tea gardens across the district along with their corresponding 

fiood discharge obtained from the respective ewe gauging stations located in the river 

Jaldhaka and Torsa. 

The complex and imposing topography i.e., high mountains, deep gorge like valley, 

steep slope and alignment to the prevailing moisture laden cloud have exhibited its influence 

on the regional distribution of high intensity rainstorms. The temporal variations of the flow 

manifest characteristics of the watershed that influences its run-off. It is observed that the 

rainstorms of the sub-Himalayan Jalpaiguri district generally do not exceeded 4-day duration. 

Ihe general synoptic situation associated with the rainstorms is the prevalence of eastern end 
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of the monsoon trough. The severe rainstorms are associated with the presence of 

depression/low over the respective watershed. 

Gradual depletion of the forest from north to south at the expense of agriculture is the 

most remarkable feature of present day land use in all the studied catchments. The structure 

and relief together with climatic and soil conditions determine human activity, which is 

realized mainly through development of the various forms of agriculture, settlement and in 

minor extent mineral extraction. 

Present day land use pattern is the result of human impact ongoing from centuries but 

its changes were accelerated when the British East India Company took control of Bengal in 

the mid-19th century. Since then large scale heedless deforestation initiated due to foundation 

of tea plantations and heavy demand of timber for railway and building construction. The 

201hcentury \Vas marked by demographic explosion 

Most of the mountain area is grown hy various types of natural forest. It changes from 

moist deciduous with dominant ,','horca rohustu up to 1 000 meterthrough tropical evergreen 

with (Juercus ami 1 d.'>furwp' · k· ~000 meter and Rhododendron pure stand in between 

2500-2800 metcL !I• ternperatc ('Oniferous at the elevation 3000-3500 meter Only upper part 

of the Jaldhaka and lorsa catchments Is cmered by suh-alpine fir forest. which gradually 

changes to alpine grasslands abO\e the upper timberline at approximately 4000 meter. The 

margin of mountains is usually densely populated and human impact on environment is more 

';sihk compare to upper part of Himalayas. 

Deeper into the mountains the relationship bet\veen major river valleys and 

deforestation is visible. The river channel widths in their upper and middle courses are stable 

but closer to the mountain margin they extend laterally. The settlement in this area is 

confined to the gentle slopes of intermountain valleys suitable for agriculture and close 

accessible transport routes. This is due to road construction along river courses, which was a 

dominant feature in the colonization process. 

The mountain foreland is built up of alluvial fans and higher elevated terraces. The 

extension of fans is roughly bounded by the 1 00 m contour. A significant part of this area is 

covered hy sanctuaries and reserved forest. It consists mainly of Shoreo rohusta the most 
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valuable commercial tree. This forest is mixed with patches of pure deciduous forest with 

Schima wallichii or Acacia catechu. Tea plantation occupies the largest part of the alluvial 

fans. The forest clearance under tea plantations combined with the building of roads and 

railways has given rise to settlement and trade. 

The alluvial plains further south are favoured sites for larger settlements. River banks 

are not completely protected as a result some parts of floodplain are inundated every year. 

Alluvial soils offer one of the most productive agricultural lands in the region. As a result, 

this area experienced the massive transformation of land use/cover system. Nearly all of the 

natural forests of the plain have been cleared by a process of agricultural colonisation 

ongoing for centuries. 

During monsoon, high intensity rainfall induces devastating floods in sub-Himalayan 

North Bengal causing large damage to the environment. society and the economy in addition 

to loss of animal and also human lives. Floods also endanger the vital lines nf 

communications and installations. human habitation. firm lands. forest stands and wild life 

Funthill rcginn \)f this district i::; traversed hv numerous small streams which may be 

haractcri/cd h\ :: common phenomenon. called avulsion 1.e. changing river course Huge 

sediment ioad carried by these streams gets deposited in this zone causing deterioratiOn of 

channels day by da;. The area being very rich in forest land. tea gardens etc. suffer heavy 

losses every year due to these sand and chemical deposits from Hood water 

Flood situation ofthc blocks of ~\lipurduar-L i\Jipurduar-IL Kumargram. Nagra-kata. 

Dhupguri, Madarihat. Falakata, Kalchim lying to tlw left of the river .Taldhaka is highly 

problematic. The rivers Kaljani, Torsa. Raidak etc. cause flood through numerous streams 

descending from Bhutan hills which are very much flashy in nature. National Highway and 

Railway bridges opening of waterways are also not adequate enough to cater to such flood 

discharges. The area needs to be given special emphasis since it is very rich in natural 

resources of forest and tea gardens. 

Bank failure, river shifting and river deposition in association with high intensity 

rainfall induced tlash tlood in sub-Himalayan Jalpaiguri district arc primarily nature's way of 

adjusting f1uvial dynamics in the sub-Himalayan North Bengal. Such an adjustment has been 
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deleteriously distributed by the human interferences. The catchment area of these rivers has 

mostly been deforested and the clearings of the steep slopes have been used for the extension 

of settlement, agriculture, plantation and communication, disrupting the overall hill slope 

hydrological balance. As a result, during heavy and concentrated rainfall, catastrophic soil 

erosion and innumerable landslides are caused transporting huge amount of sediment to the 

rivers which are incapable of transporting the load efficiently under the existing hydrological 

conditions, especially along their lower reaches. As a result, the riverbeds are rising at some 

sections in the plains, resulting in the lessening of cross-sectional areas which being 

incapable of arresting the unusual monsoon discharge and allow water to spilL causing 

floods. 

Moreover. the narrow road and railway bridges across the rivers as well as the 

supporting pillars are always considered to be the barriers, interrupting natural load 

movement behavwr of the rivers. This often cause accelerated deposition at the bottom of the 

bridge and thereby. narrowing the outlets of the rivers gradually. Such constrictions, 

sometimes due more to the entanglement of uprooted trees to the voluminous tlows of the 

Hood. often multiply ih effects man) times damaging the bridges. human habitations and 

firm lands. 

Flash f1ood has not been an uncommon phenomenon in the Nonh Bengal plains. Rut 

the frequency and magnitude of such events has increased many fold during the recent past. 

Such catastrophic events during 1968. 1993 & 1998 demonstrate the enormity of damage and 

t.~ver-inrreasing threat tn the society, economy and the environment. 

Flood hazard mitigation involves measures to reduce the effects o1 d1sastcr causing 

phenomena. All actions to reduce the impact of a disaster that can be taken prior to its 

occurrence, including preparedness and long term risk reduction measures. It also includes 

the planning and implementation of measures to reduce the risks or man-made hazards, and 

the process of planning for effective response to disaster which do occur. Disaster mitigation 

includes scientific analysis of risk assessment. social, economic, legal and technical processes 

in the development of mitigation measures and administration and political processes in 

application of these measures. 
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Floods are caused not only by rain but also by human changes to the surface of the 

earth. Farming, deforestation, and urbanization increase the runoff from rains; thus storms 

that previously would have caused no flooding today inundate vast areas. Not only do we 

contribute to the causes of floods, but reckless building in vulnerable areas, poor watershed 

management, and failure to control the flooding also help create the disaster condition. For 

the intensively utilized floodplains of sub-Himalayan North Bengal, the application of these 

approaches will require considerable political will and cooperation by the stakeholders. 

Deforestation vra-a-vts environmental degradation in the watersheds of the sub

Himalayan river indeed plays the decisive role in contemporary increased frequency and 

magnitude of hazards. Vicious cycle of degradation has already been established in the sub

Himalayan watersheds. Perhaps. the only possibility to save the habitable environment lies 

into the pro-active watershed management. It is thus. our imperative duty to inform the 

people l!vmg in threshold areas within the watersheds (prohibitive/restrictive zone l 

categorically about the hard reality of possible hardship during the different stages of 

watershed management processes. 

Let lb tell uur pcopk· living in threshold areas (prohibitive/restrictive zone) 

categorically that you are lJvmg m an unsafe area and it i~ no1 possible to provide you 

security against possible t1ood. The land use pattern. house type must be suitable to cope up 

the possible threat The traditional art and life style of living with flood must be adhered to. 

However, the life both human and animal along with movable property must be protected 

through the construction of Flood Shelter nearby preferably within the radius of 5 km. 

The model future course of action for comprehensJVe watershed management \ is-:1-

vis flood management plan in sub-Himalayan North Bengal shall include: 

8. Identification offload prone area and plot it on Cadastral map (Scale 1 :3960) at Gram 

Panchayet level. 

9. Flood plain zoning of the major rivers at Gram Panchayet Level on Mauza map. 

10. Projection of possible damages under different degrees of hazard. 

11. Identification of sites for Flood Shelter and facilities needed. 
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12. Digitization, geo-referring and development of GIS with attachment of data related to 

the hazard. An on-line linkage with the forecasting agencies will help decision maker 

to take right decision at right time. 

13. It will be possible to arrange for emergency evacuation, rescue for human and animal 

and also for movable commodities. 

14. The GIS thus developed will also be of great help m providing efficient relief 

measures. 

Although, the task is enormous, expensive and time consuming, yet the concern 

departments with the help of Gram Panchayet can initiate such programme. Expert agency 

can also be engaged. Such approaches although, would not control flood yet it will definitely 

reduce the loss and sufferings of the victims to a maximum extent. A portion of the money 

that spend for the construction of traditional flood protection may be kept aside as the 

emergency fund for the possible victims. 
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