ECOSYSTEM SERVICE MODELLING

RULE-BASE DEVELOPMENT — SUGGESTIONS FOR USER
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Water quantity regulation (i.e. surface water flows)

CICES Ecosystem Service Typology

Section Division Group Class 1 Class 2

Regulation and Mediation of flows |Liquid flows Hydrological cycle |Flood protection /

Maintenance and water flow Storm protection
maintenance

. Water quantity regulation is a key ecosystem service which affects everyone.
Water_ annt'ty Excess water in a natural system can cause flooding events which can lead to
description severe social and economic consequences. Conversely, too little water over a long
period causes drought conditions and water restrictions (Taylor, et al., 2009).

The regulation of water is complex and is affected by obvious factors such as
climate (and rainfall in particular), but also less obvious ones such as soil,
vegetation (Crockford & Richardson, 2000) and land cover type (especially sealed
surfaces, such as concrete and tarmac).




Factor 1la - Soil

Soil Types

At its simplest, soil temporarily stores water that falls as rain as it percolates
through the system towards rivers and streams, or into the groundwater
resource. The ability of soil to perform this function depends on its texture,
depth and organic matter content, as well as the overall context of the soil in
the landscape (Brady and Weil, 2002; Farmer, et al., 2003).

Mineral

The role of mineral soils in water regulation depends very much on the clay
content within both the topsoil and subsoil horizons. Clay soils impede the
percolation of the water through the profile, leading the surface of the soil to
become waterlogged quickly. When these soils are subject to heavy rainfall
the water flows overland and very rapidly reaches the rivers leading to
problems caused by flash flooding events.

Conversely, sandy soils have very effective drainage and consequently hold
little water and are prone to drought events. When they are underlain by clay
rich sub-soils they are able to store water as aquifers. Soils with high silt
content can become ‘capped’ by an impenetrable layer of particles when they
dry out and this again can lead to higher overland flows, even when the soil
is not fully at field capacity (Quisenberry & Phillips, 1976).

Organo-Mineral

Organo-mineral soils can act as either a water store or a water-shedding
resource depending on the subsoil clay content, the water inputs to the
system and slope. Heavy clay soils with unstable soil structures resist
infiltration and encourage run off (Brady and Weil, 2002).

Organic

Organic soils are highly absorbent. They have a large capacity to store water
after a rainfall event which reduces the amount of run-off, and slows the
progress of water to water courses (Brady and Weil, 2002). This cycle occurs
until the soils are fully saturated at which point they cannot contain any more
water and additional rainfall water will flow over the land surface.

Soil Systems

Wetland systems tend to be peat based and are able to absorb large
amounts of rainfall can be absorbed, thus reducing the amount of run-off until
the peat system is saturated and additional water inputs run-off the soil
surface (Bain et al., 2011).

Mineral soil systems are very dependent on particle size, organic matter
content and compaction. Mechanical and biological soil management
practices which improve the structure of the soil, allowing more air into the
system, reduce compaction and allow the soil to store more water (Brady and
Weil, 2002).

Where the volume of the soil is limited by an impermeable layer this will also
affect the soils capacity to absorb and retain water.

Factor 1b Geology

The underlying geology affects the soil type as it is the parent material, which
determines the mineral composition and particle size of the soil. This is
directly related to the water holding capacity of soils (Gupta & Larson, 1979).
The geology also has an effect on the shape of the topography, the course of
rivers and within rock through flow characteristics; which drive the drainage
cycle and determine whether it is an aquifer (Fetter, 1994).




Factor 2 - Habitat

Biophysical
Properties of
habitats

Habitat, through its link to vegetation type and soil type, has an important
influence on water quantity. This is linked largely to the structure of the
vegetation present.

At one end of the spectrum, mature woodland provides an important water
quantity regulation role, through:

e The interception of rainfall before it reaches the ground (Crockford and
Richardson, 2000,; Teklehaimanot, et al., 1991), slowing its arrival at the
ground and increasing its chance of being absorbed by the soil.

e The dissipation and slowing down of water through the system by tree
growth and evapotranspiration.

e The retention of water in the soil through enhancing organic soil content
from leaf litter.

¢ Reducing the pressure on urban drainage systems.

Mature woodland provides the most vegetative benefits to water quantity
regulation.

At the other end of the spectrum of vegetated land cover, improved grassland
has only a small influence on water quantity regulation, linked solely to soil
type and underlying geology. Improved grassland provides only a modest
potential for evapotranspiration to occur, no discernible interception and no
enhancement of the soil organic content (Cheng, et al., 2003).

Other habitat types have a varying influence on water quantity regulation
according to the structure of the vegetation present. Wetlands provide flood
control and drought prevention due to their physical characteristics and by the
presence of plants which impede water movement, such as Sphagnum
(Mitsch and Gosselink, 2000). Mire has traditionally been viewed as having a
high storage capacity for water but more recent publications have highlighted
that this is only true until they are saturated, at which point they only have a
limited flood storage potential (Holden, 2005). Generally the taller and more
complex the vegetation the greater the influence.

In many areas an increase in built up infrastructure (namely concrete or
tarmac surfaces), unable to absorb rainfall, has resulted in the alteration of
water flow and increase the risk of surface water flooding (Bolund and
Hunhammar,1999; Woodland Trust, 2010). A greater proportion of rainfall
becomes surface water run-off, resulting in increased flood discharges.
Gardens which are not paved over and which contain plants and trees can
help reduce surface water flow by intercepting intense rain, slowing run-off
and reducing the pressure on urban drainage systems (Pauleit and Duhme,
2000).

Below Root
ground depths
physical
features

The distribution of roots in the soil profile determines how different vegetation
types absorb soil water (Brady and Weil, 2002). Deep rooted plants, such as
in mature semi-natural woodland, are able to effectively slow water movement
(Calder et al., 2008). The root system opens the soil structure, creating a
large capacity for water storage. Shallower rooted species, such as annuals,
have little effect on water holding capacity.

Below Species
ground richness
biological
features

Macro fauna, especially earthworms, have a strong influence on soil water
holding capacity by aerating the soil and maintaining an open structure which
is more effective at storing water. Habitats which support these species
therefore have a higher water holding capacity on mineral soils.

Above Biomass/
ground Canopy

The biomass and canopy height are important influences on water quantity.
Generally, the higher the canopy the more levels of vegetation structure there
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physical Height
features

are and the higher the interception rate and transpiration potential.
Additionally with trees, the efficiency of water use is influenced by leaf area;
which declines with old age (Haycock et al., 1993; Viramontes and Descroix,
2003).

Bracken and Heather have high rates of interception due to their fine branch
and leaf structures, although as their transpiration rates are lower (Calder et
al., 2008) they have a lower bearing on water quantity provision than
woodlands.

Above Species
ground Richness
biological

features

Above ground species richness of vegetation can result in varying rooting
depths present in an area and therefore influence the soil water storage
potential. Species diversity can also mean a varied structure of the
vegetation present within an area, which can affect how water is used and
stored.

In broadleaved woodland structural diversity increases aerodynamic
roughness and evaporation. Trees with lighter canopies, such as ash,
intercept less rainfall compared to oak and beech species (Harding et al.,
1992).

Other effects (How
other data can be
used as a proxy
indicator of
functionality)

Sealed surfaces are generally well mapped by OS MasterMap, especially
urban areas and roads. Other areas of bare ground can be mapped using
satellite imagery and the NDVI (Normalized Difference Vegetation index)
calculation.

Factor 3 -— Landform

Landform has an influence on water quality regulation. Of particular
importance is slope. Steep slopes shed water more rapidly than shallow
slopes. Steep slopes are also more likely to be in the upper reaches of
catchments and are characterised by small streams with rocky banks, which
in times of heavy rainfall can quickly rise (Hanna, et al., 1982).

In the lower reaches of the catchment, where the land is relatively flat or
gently sloping, rivers are generally wider and the flow rate of the water is
slower. When flood waters arrive in this region of the catchment the banks of
the river can be breached, and the water inundates the surrounding flood
plains.

Certain habitats, such as large areas of ecologically functioning wetlands,
provide a range of potential benefits for flood risk management. These
include water storage, slowing down the movement water and reducing the
chance of a surge or flood peak and creating opportunities to direct flooding
away from population centres (Brown and Edwards, 2006).

The drainage density of an area is significant for the speed with which water
travels through the system. This is described as the distance to water
courses or water bodies from a point of interest, the further the distance the
longer it takes water to move through the habitats. Simple barriers, such as
hedgerows, can have a profound effect on the speed at which water moves
through the hydrological cycle.

Sealed surfaces (ones which are paved or compacted) on steep slopes can
contribute towards a significant increase in run-off and the possibility of
surges of water into the system.




Factor 4 - How it is managed

. Negative management, leading to reduced water quantity regulation include:
Negative
Management e Paving over of gardens and other areas creating larger areas of sealed
land surfaces (Perry and Nawaz, 2008)
e Drainage of peatlands and other wetlands used as water storage areas
(Holden et al., 2004)
e Felling of woodlands
e Increased agricultural activity, especially on steep slopes in high rainfall
areas
. Positive management, leading to increased water quantity regulation
Positive ; .
includes:
Management
e Maintenance of gardens and other areas of natural soils in urban areas
o Restoration of peatlands and other wetlands used as water storage areas
e Planting of woodlands, especially on steep slopes (Nisbet et al, 2011)
e Less intensive agricultural activity, especially on steep slopes in high
rainfall areas and close to rivers and water courses
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