3.1.1.2  The Drainage Basin System 


Concept Checker:
· Drainage basins as open systems – inputs and outputs, to include precipitation, evapotranspiration and runoff; stores and flows, to include interception, surface, soil water, groundwater and channel storage; stemflow, infiltration overland flow, and channel flow. 
· The concept of water balance.
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Review of learning from last lesson:
[image: Image result for cryospheric processes]There are three main processes responsible for the change in the magnitude of global water cycle stores over time and space:
· Climate change 

· Atmospheric processes

· Cryospheric processes

Take 5 minutes to review booklet 2 from last lesson. Write a short paragraph summarising the role of the three processes above in influencing the magnitude of global water cycle stores:




What processes influence water stores at the local scale?
The hillslope water cycle
The components of the hillslope water cycle are affected by a variety of natural and human-related factors. The amount of water held in each of the stores will depend on many factors operating over relatively short timescales. 
One of the most influential processes in the magnitude of stores is infiltration – the movement of water from the ground surface into the soil. 
Water that is effectively trapped on the ground surface – either because the soil is saturated or frozen or because the rate of precipitation exceeds the capacity of the soil to absorb it – will either be stored as surface storage, evaporate or start to flow downslope as overland flow. 

Complete the labels on the diagram below:
[image: ]
For each of the factors in the purple boxes, explore the impact on the magnitudes of the hillslope water stores:
Deforestation:

Storms:

Urbanisation:

Seasonal changes:

Farming:


What is the water balance? 
Within a drainage basin, the balance between inputs (precipitation) and outputs (run-off, evapotranspiration, soil and groundwater storage) is known as the water balance.
· [image: ]If precipitation exceeds runoff and evapotranspiration, there will be a positive water balance – the amount of water stored in the system will be increasing.

· If runoff and evapotranspiration exceed precipitation, there will be a negative water balance – the amount of water stored in the system will decrease.

1) Explain what is meant by evapotranspiration and why it is so important to the water balance.


2) Describe and explain how and why you would expect the water balance of a drainage basin in the UK to change throughout the course of one year.



What is the soil water budget?
The soil water budget describes the changes in the soil water store during the course of a year.
Soil water deficit: In extremely arid climates such as in the Mediterranean, so much water may be removed from the soil in summer that there can be a soil water deficit.
[image: C:\Users\EHooper\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\002.jpg]Soil water surplus: During the winter when precipitation is often relatively high and evapotranspiration (as well as temperatures) are lower, there is a soil water surplus.










1) Why is there a water surplus between November and April?


2) Why is there not a water deficit in summer?


3) Why was significant precipitation needed in October and November to recharge soil water?



TASK: Annotate the diagram with the labels from the Powerpoint:


[image: Image result for soil moisture budget graph]
















TASK: Read the text on p15 Oxford. 
1) Why do soil water budgets vary from place to place?


2) Explain the role of underlying bedrock in the soil water budget.


Extension: investigate the factors that affect the height of the water table on a hillslope. To what extent can the height of the water table be used to indicate the relative magnitude of water stores?
Evapotranspiration is closely related to the prevailing temperature. The warmer it is, the higher the evapotranspiration. Often, the potential evapotranspiration is greater than the amount of water available.

Potential evapotranspiration = the amount of water that could be evaporated or transpired from an area if there was sufficient water available.


Let’s look at soil water (moisture) budgets in more detail.
TASK: Use the data in the table below to construct a soil moisture budget graph for Location 2, Texas.
[image: ]

Using the soil moisture budget graph that you have created:
1) In graph 2, during which months is there: 
a) a positive water balance?

b) a negative water balance?

2) Label on where there is: a water surplus, a water deficit, water recharge and water utilisation and explain what these terms mean.

3) The state of Texas produces far more grain each year than New York. Explain why this should not be the case and account for how it is possible.



[image: C:\Users\EHooper\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\005.jpg]What is a drainage basin? 
A drainage basin is the area that is drained by a river and its tributaries. Drainage basins are separated from each other by ridges of higher land called watersheds.
Drainage basins vary hugely in size, from small local basins to major river systems such as the Mississippi and Amazon.

What is the drainage basin system?
[image: C:\Users\EHooper\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\007.jpg]The movement of water within the drainage basin is illustrated by the drainage basin system, an open system, with inputs and outputs. 
Although its links with the water cycle make it an open system, when it comes to flood management and planning it is considered a closed system because what happens in a drainage basin is contained within that basin and won’t affect neighbouring basins.

On the flow diagram below shade in: inputs (blue), stores (green), flows (yellow) and outputs (red).
[image: C:\Users\Tara\Pictures\Dell\scan 20-09-2009 15h26m25s.jpg]
1) Describe at least two different paths that water could follow from an input to an output stage.




2) Explain how different paths might exist depending on whether the environmental conditions were:

a) Extremely hot and dry 

b) Very cold


The pathway that water takes through the drainage basin will help to determine whether a flood occurs or not. The faster the route, the more likely it is that the river will flood.

TASK: Use p16 Oxford to help you answer the following questions:
1) Explain the link between groundwater flow and rivers.


2) Why is infiltration and infiltration capacity such as important factor?


3) Why is overland flow more likely in urban areas?


4) Explain how water moves through soil and account for different transfer speeds.


[image: C:\Users\EHooper\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\007.jpg]What is the role of vegetation in the drainage basin?
Why is forest cover an influential factor?











Describe the different ways that water can enter a river channel 			             	(4 marks)



[image: ]
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Location 1: New York State
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© Figure 1 The drainage basin
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© Figure 2 The drainage basin hydrological cycle
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EXTENSION

The role of vegetation

Most drainage basins are clothed by one or more types of vegetation that will,

to some extent, intercept precipitation (scrub and bushes in semi-arid regions,
grassland in temperate latitudes or coniferous forest and tundra in high latitudes).

Type of vegetation biome Loss of watel by mzer(epnon (average per year)

7-15%ingrowingseason

A study of similar-sized upland catchments of the River Severn (contained 67.5
per cent forest) and the River Wye (contained 1.2 per cent forest) in the 1970s
provided interesting comparative data on the role of forest interception in
reducing runoff. Having received the same amount of rainfall during the study
period, the Severn catchment ‘lost’ some 38 per cent of the total precipitation
(e.g. through evaporation) compared with just 17 per cent for the Wye. The
clear inference is that forest cover has an important impact on the drainage
basin system.
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