ECOSYSTEM SERVICE MODELLING

RULE-BASE DEVELOPMENT — SUGGESTIONS FOR USER
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Water quality regulation

CICES Ecosystem Service Typology

Section Division Group Class
Regulation and Mediation of waste, Mediation by Filtration/sequestration/sto
Maintenance toxics and other ecosystems. rage/ accumulation by
nuisances. ecosystems.
I Water quality is a key ecosystem service that effects human health and
Water Q_ua Ity wellbeing and can have significant economic consequences (Gleick, 1993).
Regulation

description

Water quality is influenced by both natural processes and human activities.




Factor 1a - Soil

Soil Types

Soil temporarily stores water that falls as rain and subsequently releases it to
rivers and streams, or adds it to the overall groundwater resource. The ability
for soil to perform this process depends on texture, depth and organic matter
content and the overall context of the soil in the landscape. During its
percolation through the soil, water can interact with the soil chemistry and any
deposits from human activity taking place on the soil surface; which can
influence the water quality (Arya and Paris, 1981).

Mineral

In general soils provide a filtration function for water, improving quality (i.e.
removing particulate matter from drinking water). However soils can also add
pollutants to water where the soil itself is naturally high in certain metals or
contaminated by human activity.

The role of mineral soil in water quality regulation depends on the mineral
type and concentrations within the topsoil and subsoil, as well as the pH of
the water. Clay soils impede water movement, leading to a slow rate of
percolation of water through the profile and quickly become waterlogged.
When waterlogged, water will run off the surface of soils and collect any
surface pollutants, which are then incorporated directly into the soil system
and water cycle. Sandy soils drain quickly, and hold little water, but can have
a useful filtration effect and form the best aquifers. However, clay soils have
greater capacity to adsorb charged particles from water than sandy soil due to
the presence of ion exchange sites. Neutral soils have the highest capacity to
reduce water pollution as it filters through soil horizons, as at this pH there is
a high ion exchange capacity. The underlying mineralogy of the soil has an
effect on filtration rates as the mineral proportion of the soil acts as an ion
exchange site.

Groundwater is often of high quality where it has been filtered through many
layers of soil and rock.

Organo-Mineral

Organo-mineral soils can act as either a water store or a water-shedding
resource, depending on the subsoil clay content (which influences the water
holding capacity) and the amount of rainfall in the area. Acid soils are less
effective as water purifiers as they have a low ion exchange capacity. The
peat component of the top soil can also be a source of suspended solid
particles, which are released into the water. Although these are not
deleterious to human health, they are now perceived as undesirable and
extra effort is needed to remove them from potable water.

Organic

Organic soils absorb a large quantity of water and act as a water store, when
they are not at full capacity. However, in prolonged rainfall events when the
peat is saturated, water will run off of the soil surface. In eroded systems, or
where there is an incomplete Sphagnum layer, the suspended solid
component of the water running through and off the peat can be significant
(Lucas and Davis, 1961).

Soil Systems

The health, or functional capacity, of soil systems has an influence on water
quality. Soil systems which have active microbial and geochemical
interactions are able to react with particulates, metals and nutrients from the
water, incorporating them into the soil (Fetter, 1994).

Factor 1b - Geology

The solid and drift geology provides parent material to the soil and drainage
properties effect conditions and subsequently soil development. This
therefore affects the water quality regulation capability of soils. The reactivity
of the main minerals that form the rock and the natural pH of the systems will
drive the filtration effects. (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 quality. This is largely linked to the structure of the
vegetation present. Some species of plants assist with water purification.
Several mechanisms allow plants to take up extra metals and impurities from
water. Certain wetland plants (e.g. Phragmites australis) have microbial
species associated with their roots that provide oxygen into the system which
creates conditions that assist metal uptake by the plants and therefore
enhances the natural purification process (Armstrong, et al., 2000; Shutes,
2001).

Below ground features will have a positive impact on water quality, especially
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Additionally above ground vegetation holds the surface of the ground together
protecting it from erosion, and therefore aids in water quality regulation.
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Other effects (How
other data can be used
as a proxy indicator)

Where habitats are located on peat based substrate, information on the
quality of the bog surface can be used to proxy erosion risk. Where habitats
are located on mineral soils, the species richness of the community can be
used to indicate possible erosion risk. Land cover types, such as arable
fields, which leave soil surfaces bare, or involve manmade inputs into the sail,
increase the risk of pollution and can therefore be considered to have a
negative effect on water quality by leading to increased pollutant inputs
(Heathwaite et al., 2005). Reed beds can be regarded as a positive resource
as they collect particulate matter from the water.

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. The water has higher energy and is able to carry more particulate
matter within it, picked up from the land surface. 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
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rise. (Hanna, et al., 1982). When these steeper streams meet less steep
reaches of the catchment, or join with other water courses, the energy of the
water changes and suspended particulate matter can be deposited and river
banks can be scoured.

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
floodplains. This flood water can contain high levels of sediment and
pollutants from upstream and pick up additional materials from the flood plain
and any urban areas, these pollutants return to the river when flood waters
recede.

Factor 4 - How it is managed

Negative Management

Negative management, leading to reduced water quality regulation include:

e Overstocking and poor animal management in upland areas leading to
soil erosion (Curtis, 1983)

e Poorly managed use of chemicals in grassland for livestock management

o Drainage of peatlands and other wetlands used as water storage areas
(Holden et al., 2004)

e Extensive use of chemicals in arable and cereal production, especially at
sites adjoining water courses (Hallberg, 1987)

Positive Management

Positive management, leading to increased water quality regulation includes:
o Restoration of peatlands and other wetlands used as water storage areas
e Good animal management in upland areas

e Well managed use of chemicals in arable and cereal production,
especially at sites adjoining water courses (and the use of buffer strips)
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