Geography – Rivers, Floods and Management

1) The Drainage Basin Hydrological Cycle

A drainage basin is defined as the area of land drained by a river and its tributaries. It is normally surrounded by a ridge of highland known as a watershed. The water balance shows the state of equilibrium between inputs, outputs and changes in groundwater storage in a drainage basin. Feedback loops are when changes in inputs and outputs move the system away from its state of equilibrium. There are two types of feedback loops: negative and positive. Movements of water in a drainage basin can be explained with the use of the hydrological cycle.

The hydrological cycle refers to the movement of water between atmosphere, lithosphere and biosphere. At a global scale it is seen as a closed system with no losses or gains. At a local scale (drainage basin) the cycle has a single input precipitation and two major losses evapotranspiration and runoff.
2) Factors Affecting River Discharge

Discharge is the quantity of water that passes a given point on the bank of a river within a given interval of time measured in Cumecs. A hydrograph is a graph showing changes in the discharge of a river over a period of time usually a year, this type of graphs are also known as river regimes. A storm hydrograph shows the response of a river in terms of discharge, to a particular rainfall event. Key terms in a storm hydrograph: Baseflow is the normal level of the river which is fed by groundwater, Lag time is the time delay between peak rainfall and peak discharge, Rising limb shows how discharge rises and Recession limb shows how discharge falls.
Drainage density of a basin is defined as the total length of channels divided by the basin area. The higher the drainage density the higher the risk of flood since water reaches faster the river channel.

Factors affecting both river discharge and hydrographs are: the amount and nature of precipitation, the local rocks especially their porosity and permeability, the shape or morphology of the drainage basin, the amount and type of vegetation cover and the amount and type of soil cover. However, the most important factor affecting discharge on an annual basis is climate since this has an effect on amount of evaporation, rate of transpiration or plant growth.

3) The Long Profile

The long profile of a river is the gradient of the channel bed from source to mouth.

Water in a river channel has a given amount of energy. There are two types of energy kinetic    (energy produced by movement of water) and potential (energy due to the weight of water). The energy is first used up in overcoming friction with bed and banks. Having overcome friction the energy is used up for erosion. Any surplus of energy left is used for transportation and when energy is reduced deposition occurs.

The ability of transportation of a river can be seen from competence (size of largest particle a river can carry) and capacity (largest amount of material a river can carry). The material carried by a river is called load and there are three types. Dissolved load are the chemicals dissolved in water which are invisibly transported. Suspended load is the sediment that has been whisked up by the water and then is carried by the flow, it is the main form of sediment transfer and explains why most rivers look muddy. Bedload are material which are too heavy to carry and may be rolled (traction) or bounced (saltation) along a river bed.
Erosion is the picking up and removal of material. There are four processes: Corrasion is where particles of rock carried by the river grind away at the bed and banks; Hydraulic action is the sheer weight and impact of water against the river bed and banks; Solution is the dissolving of material; Attrition is when particles carried by the river crash with one another wearing away.

Deposition occurs when there is a reduction of river energy, this can happen when: river enters sea or lake, river floods, shallow water, smoother gradient, sudden increase in river load or decrease in discharge by reduced precipitation.

The main factor that controls transportation, erosion and deposition is velocity. This can be seen from the Hjulstrom curve which is a graph illustrating the relationship between velocity and competence. The mean or critical erosion velocity shows the velocity required to pick up (entrainment) and transport load. The mean fall or setting velocity curve shows the velocity at which each calibre of sediment is deposited.
4) The Valley Profile

The valley profile is the view of the valley from one side to the other. In the upper course the river flows in a narrow, steep-sided valley where it occupies the entire floor as a result of dominant vertical erosion. In the middle course there is a wider valley and flat floodplain as a result of lateral erosion. In the lower course there is a wide flat floodplain with valley sides difficult to locate and lack of erosion. 

The graded profile is a state of balance where slope, width and other channel characteristics have adjusted to the volume of water and load carried under the prevailing conditions of a river. In this state all factors are in balance, all the energy is used for transportation with no excess erosion or deficit for deposition.
5) Changing channel characteristics

The hydraulic radius of a river is a measure of its efficiency and it is calculated by dividing cross sectional area into wetted perimeter. The hydraulic radius expresses the losses of energy in overcoming friction with a streams bed and banks. Higher values indicate higher efficiency.

Bradshaw’s model shows changes in channel characteristics.

6) Landforms of Fluvial Erosion and Deposition

Pothole: Is a circular depression on the river bed carved out of solid rock. It is formed by a kind of drilling action as pebbles are caught in eddy currents and whisked around within a small natural crack or hollow. As time passes, the drilling action enlarges the hollow to form a pothole. Potholes are commonly found below waterfalls or rapids where hydraulic action is a significant process.

Waterfall: Is a sudden step in a rivers long profile. It is often the result of a tougher more resistant band of rock cutting across the valley. Unable to erode the rock at the same rate as the neighbouring rocks, a step is formed and a waterfall results. Over time, the river cuts backwards into the resistant rock causing the waterfall to retreat backwards forming a narrow, steep-sided gorge.

Rapids: Are a series of small waterfalls associated with very disturbed turbulent water. Rapids are formed when rocks of varying resistances cut across a valley and erosive processes create a series of steps.

 Menders: Are sudden bends in the course of a river. Meanders form when areas of alternating pools (deep water) and riffles (shallow water) develop at equally spaced intervals along a stretch of river. The distance between pools is usually 5-6 times the width of the river bed. Because water is deeper in pools, the river is more efficient when passing over them. The energy and erosive power is therefore increased when passing over these areas. On the other hand, the river is less efficient when passing over riffles as there is more friction causing the river to lose energy. This combination of the river gaining and losing efficiency at different intervals causes the river’s flow to become uneven, and maximum flow is concentrated on one side of the river. As the water speeds up, turbulence increases in and around pools. This leads to corkscrew-like currents in the river called helicoidal flow. These helicoidal currents spiral from bank to bank, causing more lateral erosion (abrasion and hydraulic action) and deepening of the pools – river cliff. This leads to the increased amount of eroded material being deposited on the inside of the next bend where the river loses energy – slip off slope. Combination of erosion and deposition exaggerates bend until large meanders are formed. These combined processes also give the meander’s asymmetric cross-section. 

Oxbow lakes: Form because in meanders erosion is concentrated on the outer bend while deposition is predominant on the inner bend leading to the formation of point bars. The alternating zones of erosion and deposition cause meanders to migrate both across and down the valley. In addition meanders become more exaggerated and sinuous. As opposite bends erode towards each other, the neck of a meander will get progressively narrower until, during a period of high discharge, the river will cut through forming an oxbow lake.
Braiding: Is when a river subdivides into smaller streams. In between these channels small islands of deposited sediment will form. Braiding occurs where there is a sudden decrease in energy causing deposition of large amounts of sediments making the main channel to subdivide.
Floodplain: Is a flat area of land bordering a river that is subjected to periodic flooding. It is made up of silts and sands which have been deposited over many years. As a river floods its velocity is dramatically decreased causing energy to be reduced and a bulk of sediment to be floating in a thin sheet of water on the floodplain. Once the water has evaporated a fresh layer of alluvium is left behind.

Levees: In some rivers, the dropping of coarser material closer to the river channel during a flood has led to the development of levees. They are parallel banks of sediment formed as the heavier sediment carried by the floodwater settles first, close to the channel, while the finer materials travel further over the floodplain. They are often made artificially as flood defences or natural ones are strengthened and heightened.
Delta: Deltas are areas of sediment deposited at the mouth of a river when it enters a slow-moving body of water such as a sea or lake. They provide fertile soil and are associated with good fishing grounds and oil/gas deposits. They are composed of unconsolidated sediments and are subject to channel migration as well as to subsidence and incursion by the sea. Four types: 

· Arcuate – rounded convex outer margin (the Nile)

· Cuspate – material evenly spread on either side of estuary (the Tiber)

· Bird’s Foot – many distributary channels in a fan shape (the Mississippi)

7) Process and Impact of Rejuvenation

Rejuvenation causes the river to increase its downcutting activity. Rejuvenation is caused by tectonic activity causing dynamic rejuvenation, an increase in the volume of water in the drainage system, changes in base level either sea level falls or land rises due to eustatic fall in sea level (global fall in the level of the sea) or an isostatic change in the level of the land (local uplift of land). Rejuvenation leads to the formation of:
· Knick points: Are breaks in gradient along the profile of a river usually marked by rapids or waterfalls.

· River terraces: Are the remmants of the former floodplain prior to rejuvenation. Terraces create steps in the valley cross profile.

· Incised meanders: An incised meander is one which lies at the bottom of a steep-walled canyon. This most often occurs at an existing meander after the rejuvenation of a river – there is then severe downwards erosion creating a steep-walled canyon. There are two types of ingrown meander: Entrenched meanders have a symmetrical cross-section resulting from very rapid incision by the river of valley sides being made of hard, resistant rock. Ingrown meanders are formed when the incision or uplift is less rapid and the river may ‘shift’ laterally thus producing an asymmetrical cross section shape.
8) Physical and Human Causes of Flooding

Physical causes of flooding can be divided into climatic factors and drainage basin specific intense precipitation events.

Climatic causes:

· Higher than average precipitation over a short period of time

· Already saturated ground when precipitation event takes place

· Temperature which affects rate of snowmelt or evaporation

Drainage basin causes:

· Rapid snowmelt

· Sea level rise

· Storm surges in coastal areas
· Size of drainage basin

Human causes of flooding are: 
· Deforestation

· Urbanisation 
· Global warning

· Hard engineering
· Speeding up the drainage of water in built-up areas via artificial conduits. 

9) Flood Management Strategies
Flood management strategies seek to reduce the effects of flooding on the human environment. The main strategies can be grouped as follows:

· Structural methods – offering protection through engineering

· River basin management – seeking to reduce the likelihood of flooding by managing land use

· Modifying the burden of loss – by insurance schemes

· Bearing the cost of flood damage – a ‘do nothing’ approach that only deals with the issues when they arise

Structural Methods:

Hard Engineering:

· Dams: A dam allows water to be stored temporarily in a reservoir and regulates the rate at which water passes down the river downstream of the dam

· Embankments: Artificially raised and strengthened banks enable the river channel to carry a greater volume of water

· Channelisation: In some places river channels have been artificially straightened and lined with concrete and in extreme circumstances meanders have been artificially cut off.

· Channel enlargement: This involves dredging and the removal of large boulders from the river bed to increase channel efficiency and reduce roughness

· Flood relief channels: They take excess water round a settlement 

Soft Engineering:

· Forecasts and Warning

River basin Management:

· Flood Abatement: Abatements measures aim to reduce the possibility of flooding by managing land use upstream. Includes;
Afforestation to increase interception storage and evapotranspiration to help reduce runoff as well as holding the soil together to reduce silting up of river channels.
Farming practices like contour ploughing and reducing the amount of bare earth to avoid excessive runoff problems.

· Flood Proofing: May be temporary or permanent. Buildings can be constructed with flood-proof ground floor walls or have temporary gates ready to be installed at times of high risk. Potential damage of floods can be reduced by placing car parks etc on the ground-level sites.

· Floodplain Zoning: Zones of relative risk can be mapped;                                                     Zone A: Prohibitive Zones – areas nearer to the channel with a relatively high risk of flooding.                                                                                                                                     Zone B: Restrictive Zones – little development is allowed and that which is should be flood-proofed. 







                     Zone C: Warming Zones – situated on higher land and further away.

· Wetland: Are areas that are deliberately allowed to flood at times of high discharge. They are also valuable as wildlife habitats.
· River restoration schemes: These aim to return rivers to their original, pre-managed state, to work with nature to improve the quality of water.

9) Impacts of Floodings

Carlisle Floods, January 2005
Introduction: 

· Is a city in Cumbria in North West England

· It is located at the confluence of the rivers Eden, Caldew and Petteril, 10 miles (16 km) south of the Scottish border
· It is the largest settlement in the county of Cumbria with a population of 71,773 people (2001 census)

[image: image1.png]Table 1.2 Some possible causes of the Carlisle floods in 2005

- Rainfall Intense rainfall (201,286,000 m?) leading to 147,205,000 m? of
runoff (flow) =73% runoff in River Eden at Carlisle

Vegetation i Mixed arable and grassland in valleys and rough hill pasture on
uplands -

Includes impermeable slate and volcamc rocks in the Skiddaw area

Geology
and sandstone and limestone in the Vale of Eden
Soils Thin soils on much of the upland area, deeper soils and alluvium in
valleys N
Relief Significant areas of upland with steep slopes characterise much of

the upper basin area. Much lower gradients around Carlisle

Urbanisation  Limited in upland regions, increasing spread of towns and villages in

valley areas
Basin shape  About 2290km? and elongated toward the south-east. The rivers
andsize Caldew, Petteril and Irthing have a confluence with the Eden just
before or in Carlisle itself
ﬁ’/_rmg/ Significant flooding over the last 100 years and. three major. /load5

over four years (including January 2005)




Causes:

Short term impacts:

· 3 people died

· 120 flood-related injuries

· Communications were affected

· Roads became impassable therefore people were stranded

Long term impacts:

· 1925 homes and businesses flooded up to 2 meters

· More than 3,000 people become homeless and some for more than 3 months

· 40,000 addresses were left without power

· 3,000 jobs were put at risk

· Damage to public perception of Carlisle

· Emotional impacts on those involved in the floods

· Extremely high financial costs

Flood Management Strategies:

· The Lower Eden Strategic and Planning Appraisal Report (SPAR) came up with three main options for flood management

· 1) Do minimum – this meant sustaining the present level of flood defence

· 2) Upstream storage - this option would involve the creation of large-scale upstream storage reservoirs, for example through the construction of a large dam across the river Eden and excavation at the M6

· 3) Upstream managed realignment – this option would involve moving the existing line of flood defence back from the river to provide a larger area of natural floodplain storage and to raise existing flood defences

· Finally, option 3 was selected since:

· 1) Option 1 was not acceptable owing to the risk to property and lives

· 2) Option 2 was rejected as it involved unsupportable economic and environmental costs 

· 3) Option 3 was selected since it was identified as environmentally acceptable, with the latter option providing more opportunity for environmental enhancement

· This option would provide flood protection to an estimated 1 in 200-year standard
Bangladesh Floods, July-September1998

Introduction:

· Bangladesh is a country in South Asia

· Bangladesh is the seventh most populous country in the world and is among the most densely populated countries in the world with a high poverty rate

· Bangladesh has three of the most powerful rivers passing through it, the Ganges, the Brahmaputra and the Meghna

· Bangladesh is subject to annual monsoon floods and cyclones every year

· There are some facts that encourage flooding in this area:

· 1) Most of the country consists of a huge flood plain and delta

· 2) 70% of the total area is less than 1 meter above sea level

· 3) 10% of the land area is made up of Lakes and Rivers

· 4) Snowmelt from the Himalayas takes place in late spring & summer

· 5) Bangladesh experiences heavy monsoon rains, especially over the highlands

· Between July-September 1998, Bangladesh suffered one of its worse ever floods

Causes:

· The flooding in July and August was caused by heavy intense monsoon rainfall accompanied by snowmelt, closely followed by heavy rains over Bangladesh in September which raised the already high discharge in the three main rivers even further

· The depth of the Ganges in July was 13m, just below the flood level of 14m but rose to 15m in August

· The Brahmaputra exceeded its flood level of 15m in July and again in August and September

· The Meghna was  above its flood level of 6m for the whole of July, August and September

· The level of the sea in the Bay of Bengal was also high (a record 5.5m above average sea level on 10th September) and this slowed down the normal flow of water which resulted in higher depths in the rivers

· The extraction of groundwater for irrigation had lowered the water table and caused the land to subside by about 2.5m

· The use of water for irrigation upstream has reduced the amount of silt deposited so the level of the land has not been built up

· Deforestation in the Himalayas has increased run off

· Increased amounts of urbanisation has led to higher peak flow on the rivers with much shorter lag times and a greater frequency of floods

Short term impacts:

· 75% of the country was affected

· Over 1 million km² of area was flooded

· 31 million people were affected

· 1050  people died

· 30 million people were left homeless

Long term impacts:

· Floods destroyed a total of 668,529ha of crops

· Bangladesh export industries decreased a 20%

· 14,000 schools were flooded

· 4528km of flood embankments were damaged

· Communications were nearly destroyed

· 26,500 pieces of livestock were lost

· 980,000 houses were destroyed or partially damaged

· 300,000 rural hand tube wells (for irrigation) were flooded

Short term flood relief measures:

· volunteers / aid workers worked to try and repair flood damage

· international food aid programmes provided support

· the distribution of free seed to farmers by the Bangladesh government to try and reduce the impact of food shortages

· rapid creation of shelters for all the people who had been left homeless

Long term flood relief measures:

· the creation of embankments (artificial levees) along the river to increase channel capacity and restrict flood waters

· constructing flood protection shelters (large buildings raised above the ground) to shelter both people and animals

· building flood proof storage sheds for grain and other food supplies

· emergency flood warning systems and plans made for organising rescue and relief services

· providing emergency medical stores in villages
· dam construction upstream and major embankments around Dhaka have been suggested however lack of money has meant that these suggestions have not been taken further.

