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Chapter 4:
Water Use and Biodiversity Impacts
This section describes the impacts of agriculture on Ireland’s streams, rivers, lakes and drinking water. Industrial livestock production contributes heavily to water pollution with over 80% of EU agricultural nitrogen emissions to water linked to livestock. According to the European
Nitrogen Report, nitrogen pollution costs the European Union from €70 to €320 billion a year. Nitrogen pollution of water potentially exposes
an estimated 18 million people to drinking water with nitrate concentrations above recommended levels.

4.1 Water Quality Impacts
The regulations that govern water quality in Europe are outlined in the EU Water Framework Directive (WFD) which requires all waters in the
state to acheive Good Environmental Status (GES). In order to meet its obligations under the WFD the Irish government has implemented a
national catchment management approach to protect and improve Ireland’s Water Bodies. Ireland is legally obliged to assign a status to all the
water bodies and to monitor how the status changes in time.
The below map shows the current status of Ireland’s water bodies (rivers, lakes, estuaries, etc.). Blue indicates High Status Sites and Green
indicates GES. Over 50% of estuaries, lakes and rivers are failing to meet GES.

from Ireland’s River Basin Management Plan (RBMP)

In order to determine the status of all the water bodies and to decide where to intervene to improve the water bodies the EPA undertook a
catchment characterisation process. This identified 1,134 water bodies that were at risk of not meeting GES. The EPA then measured the different pressures on these water bodies (there is often more than one presssure). Agriculture was identified as by far the leading cause of the
deterioration of Ireland’s water bodies and a significant pressure in 64% of ‘at risk’ waterbodies as shown below.

from Ireland’s River Basin Management Plan
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The below map shows where agriculture is a significant pressure on surface water bodies.

Teagasc, Water Quality and Agriculture, Jenny Deakin, 2018

The below map shows Nitrate Concentrations in Groundwater in 2014 (Source: EPA, 2016b). The south and south-east of the country continue
to have the most groundwater sources with elevated nitrate concentrations over 10 mg/l NO 3. These maps show that Irish agriculture is having a serious negative impact on water quality across the entire country. Despite this the Department of Agriculture continues to adopt a policy
of agricultural intensification. For this reason the water quality of Ireland’s Water Bodies and our aquatic biodiversity will continue to deteriorate.

Nitrate Concentrations in Groundwater in 2014 (Source: EPA, 2016b)
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Agricultural Organic Waste Production
The main cause of the pollution of Irish waters is nutrient enrichment. The major source of organic nutrients comes from Ireland’s farm animal
populations. The below table estimates how much waste is generated by Ireland’s animal populations.

The Irish human population produces about 1kg of waste per person per day or 1.64 Mtonnes/yr. So animal agriculture produces
over 50 times the quantity of human waste from the entire population. Animal waste is as polluting to water as human waste. It is
high in helminths (worms), protozoa, viruses, bacteria and nitrates and phosphates that go directly into the environment without any treatment. Animal manure/slurry from over wintering of
animals is spread directly on the land after an eight week holding
period.

phosphorus, respectively. The below map shows the 2008 distribution of organic waste production.
But based on the above calculations we see that the actual
amount of nitrogen and phosphorus is possibly 2.5 times higher
at 394,652 and 43,750 metric tonnes of nitrogen and phosphorus,
respectively. Uncontrolled spillages of slurry have caused 70 fish
kills between 2010 & 2012 (EPA, 2015b). Over 30% of farms
inspected each year breached the good agricultural practice regulations.

There are approximately 170,000 private wells in Ireland, of
which at least 30% are estimated to be contaminated by E. coli
(EPA, 2015c; Hynds, 2012). Many private wells are at risk of contamination from the landspreading of slurry, animals grazing near
the wellhead, and septic tanks. Ireland has the highest rate of
VTEC (verotoxigenic E. coli) contamination in Europe (EFSA,
2016). VTEC is a particular type of the bacterium E. coli. that can
be fatal.

From sheep farming alone we have 2.3 million tonnes of animal
waste entering the environment untreated every year. There is
no protection from sheep manure entering local mountain rivers
and streams, which are often sensitive to increased nutrient enrichment. The EPA stated that: “In the most recent monitoring
period (2013-2015) only 21 sites were classified as the highest
quality rivers (0.7% of sites) compared with 575 between 1987
and 1990 and 82 between 2001 and 2003. A 96% reduction over
the past 25 years. (Forestry is also a significant pressure on high
status water bodies).“ Cattle access to riparian areas and watercourses also increases both nutrient and sediment input to
streams.

A 2008 study entitled ‘Composition and Distribution of Organic
Waste in Ireland’, estimated 37 million tonnes of managed organic
waste to have been produced in Ireland in 2006. The report went
on to state that these organic wastes contained an equivalent
amount of 157,861 and 17,500 metric tonnes of nitrogen and

Ireland’s farm animals produce over 50 times the waste of
the human population.

Composition and Distribution of Organic Waste in Ireland, 2011

33

Transition to an Irish Vegan Agricultural System

4.2 Water Quantity Impacts
According to the Water Footprint Assessment Manual: “The water footprint can be regarded as a comprehensive indicator of freshwater resources appropriation, next to the traditional and restricted measure of water withdrawal. The water footprint of a product is the volume of
freshwater used to produce the product, measured over the full supply chain. It is a multidimensional indicator, showing water consumption
volumes by source and polluted volumes by type of pollution; all components of a total water footprint are specified geographically and temporally. The blue water footprint refers to consumption of blue water resources (surface and groundwater) along the supply chain of a product.
‘Consumption’ refers to loss of water from the available ground-surface water body in a catchment area. Losses occur when water evaporates,
returns to another catchment area or the sea or is incorporated into a product. The green water footprint refers to consumption of green water
resources (rainwater insofar as it does not become run-off). The grey water footprint refers to pollution and is defined as the volume of freshwater that is required to assimilate the load of pollutants given natural background concentrations and existing ambient water quality standards. This important water resources indicator was developed by Arjen Hoekstra.
Most of the world’s food comes from rain-fed agriculture. Agricultural production accounts for 92 per cent of the global water footprint and
almost one third is for animal products. Industrial production takes up 4.4 per cent, while 3.6 per cent is used for domestic water supply. An
average of just over one-fifth of a country’s water footprint is imported.

The amount of water a person consumes in a day is called a personal daily water footprint. Each Irish consumer’s water footprint is 3,600 litres of water a day. Only 3% of this is used at home for drinking or washing. The vast majority (97%) is embodied in the agricultural (87%)
and industrial (10%) products we use. The below infographic summarises this information.
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As we can see from the above infographic 37% of our water footprint is used to produce meat and dairy. 72% of the Irish water footprint is
from imported goods, primarily food products. The below diagram gives the water footprint for a selection of plant and animal foods.

Source: Hoekstra 2012 Rachel Premack /The Washington Post
In order to calculate the amount of water taken out of the Irish Environment we need to calculate the full water footprint for each agricultural
product. This includes the water needed to produce the food for the animals which is much larger than the amount of water that is directly
consumed. I use the Water Footprint Network Global Data for all products. I have used Oil Seed Rape and Potatoes as samples for different oil
seed and vegetable crops.
The RBMP states that Irish Water supplies 652 million m3/yr for direct human consumption and Irish Water estimates that agriculture uses
153.1 Mm3/yr. The table below shows that the water footprint of Ireland’s Agricultural production in 2017 came to 20,764 Mm3/yr. This produces enough food for 23 million people.
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The below table shows the water footprint needed to feed 23 million people with plant based foods would be 10,670 Mm 3/yr, nearly a 50%
reduction for the same number of people fed.

The agricultural footprint of 20,764 Mm3/yr includes water abstracted from surface and groundwater sources, the rain water needed to grow
fodder crops and the water needed to disperse the agricultural pollutant streams. It is a much more realistic picture of agricultural water use
than the Irish Water estimate of 153.1 Mm3/yr.
In Part 3 of the Food Security Chapter we calculated that plant based agriculture on 4 Mha could feed 155 million people. The water footprint
for these crops is given below.

4.3 How Agriculture Affects Aquatic Biodiversity
Globally freshwater ecosystems provide habitat for at least 126,000, or around 1 in 10, known species of fishes, molluscs, reptiles, insects,
plants and mammals despite covering less than 1% of the Earth’s surface. These ecosystems are also the most threatened – they are strongly
affected by habitat modification, fragmentation and destruction; invasive species; overfishing; pollution; forestry practices; disease; and climate change. In many cases, these combined threats have led to catastrophic declines in freshwater biodiversity.
The 3,358 populations – representing 880 species of mammals, birds, amphibians, reptiles and fishes – in the Freshwater LPI show an 83%
decline, equivalent to 4% per year since 1970. The largest declines are seen in populations in the Neotropics (-94%), the Indo-Pacific (-82%)
and the Afrotropics (-75%), especially in reptiles and amphibians, and in fishes.

Living Planet Freshwater Index, WWF 2018
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In Ireland protected water dependent habitats and species are
present in 849 water bodies. Out of these water bodies 40% of
rivers, 31% of lakes, 63% of transitional waters, and 42% of coastal zones did not meet good or high status. 90% of designated
Natura 2000 water dependent habitats have an unfavourable
conservation status and 50% of Natura 2000 water dependent
species have an unfavourable status. According to the ‘National
Parks and Wildlife Service (NPWS) Red List No. 5: Amphibians,
Reptiles & Freshwater Fish’: “the spread of invasive species like
Roach has been facilitated by increasing eutrophication pressures
in many Irish lakes.” They note that there is overall a change in
water habitats “towards less stable, more nutrient enriched status
where a simplification occurs that favours invasive more generalist species with high fecundity over our cold water, post glacial
native fish species.“

ing how ecological restoration can reduce flooding and soil erosion while at the same time restoring healthy aquatic ecosystems.
The reports are titled, ‘The Water-retention potential of Europe's
forests, A European overview to support natural water-retention
measures, 2015’ and ‘Natural Flood Management, Adopting ecosystem approaches to managing flood risk in Ireland, 2017’.
Agricultural Land Management
Heavily engineered flood alleviation and flood protection works
has been the focus of flood management to date. However the
root causes of flooding – land management and loss of functional
floodplains – are rarely addressed. Agricultural intensification, in
particular in floodplains, can reduce the ability of land to absorb
and slow floodwaters, thus exacerbating flooding downstream.
Both soil compaction and the removal of semi-natural habitats
such as wetlands, woodland, scrub and hedgerows reduces the
ability of land to absorb or store water and speeds up overland
flow into river channels. On intensively managed land, soil compaction through sustained use of heavy machinery can reduce the
absorptive capacity of soil and thus increase rates and speed of
overland flow. Bare ground in winter can accelerate runoff simply
by the lack of vegetation which creates surface roughness. Leaving soils un-vegetated in winter results in soil erosion and can
negatively impact the productivity of soils.

In Ireland the European Eel is critically endangered and the Natterjack Toad is endangered. Among our freshwater fish species
Pollan, Char, Twaite, Killarney Shad and Atlantic Salmon are vulnerable. All of these species are impacted by agricultural practices as well as other pressures. For example, Pollan and Char, that
require cool deep waters unimpacted by nutrient enrichment,
have gone extinct from a number of lakes over the past 40 years.
57% of designated freshwater pearl mussel populations do not
meet the high water quality status needed for this indicator species. In addition, over 15% of Irish water beetle species, butterfly
species and dragonflies and damselflies are threatened.

Throughout Ireland field drains have been put in place to dry out
the land and improve agricultural productivity. The cumulative
impacts of field drainage over a sub-catchment can act to accelerate runoff into streams, overall speeding up the time it takes for
large volumes of water to enter river channels and thus increasing
flood risk. In catchments where this is found to contribute to
flooding, breaking field drains to restore wet grassland and even
to re-create wetlands in these areas to attenuate flood peaks
should be considered. This will result in lower agricultural productivity in those locations. In other fields where losing productivity is not desirable, integrated drainage to link runoff to features such as wetlands or to engineered flood storage areas could
attenuate flooding.

Agricultural practices have particular impacts on aquatic biodiversity due to the physical changes they bring about in the environment. The RBMP identified that changes to hydromorphology
affected 19% of the 1,134 at risk water bodies due to drainage,
overgrazing, etc. Physical modifications of water bodies can reduce the diversity of plant and animal communities either directly
by affecting habitats or indirectly by changing natural processes.
Land drainage and development, overgrazing, and cattle access
can cause impacts such as bank erosion and siltation or increased
risk of flooding due to faster runoff. Overgrazing can increase
erosion rates, significantly disturbing siltation and hydrology regimes, and can cause physical damage and loss of habitat in rivers
which can adversely impact fish community composition and size.
According to the NPWS: “Overgrazing in uplands has led to substantial siltation in gravel beds and rivers in the west. These impacts can occur in remote and poorly-buffered habitats on hard
rock where there are no other human impacts.“ Furthermore they
note that: “Current riparian tree cover is very patchy. The retention of tree lines along rivers and streams may serve to provide
shading and cooler thermal regimes for salmon and brown trout.”
“Habitat loss, in particular wetland drainage and infilling is a major threat to Irish Amphibians. Terrestrial habitat is also important for these species and excessive clearance of vegetation
around breeding sites, removal of hedgerows and scrub can have
a detrimental effect on local breeding populations.” Extensive
deforestation and species extinction has already taken place in
Ireland and once thriving and biodiverse ecosystems have been
replaced with an intensively managed grass monoculture for meat
and dairy production. These land use and biodiversity changes
continue to have a major negative impact on the health of our
rivers and lakes.

Flood Reduction Benefits of Reforestation
In catchments where the forest cover is 30%, water retention is
25% higher than in catchments where the forest cover is only
10%. If the forest cover is 70%, water retention is 50% higher
than in catchments where the forest cover is only 10%.
The extent to which woodlands attenuate flood risk is dependent
on its species composition and management. Semi-natural woodlands with limited management are thought to offer greater scope
for flood reduction than more managed plantation forests. A
study was carried out in Wales: “To develop an evidence base to
help predict the impacts of land management change on flood
generation, four experimental sites were established on improved
grassland used for sheep grazing at the Pontbren catchment in
upland Wales, UK. At each site, three plots were established
where surface runoff was measured, supplemented by measurements of soil infiltration rates and soil and vegetation physical
properties. Following baseline monitoring, treatments were applied to two of the plots: exclusion of sheep (ungrazed) and exclusion of sheep and planting with native broadleaf tree species (tree
planted), with the third plot acting as a control (grazed pasture).
On average, post-treatment runoff volumes were reduced by 48%
and 78% in ungrazed and tree-planted plots relative to the control, although all results varied greatly over the sites. Five years
following treatment application, near-surface soil bulk density
was reduced and median soil infiltration rates were 67 times

4.4 Ecological Restoration for Aquatic
Ecosystems
This section provides some brief extracts from two reports outlin-
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greater in plots planted with trees compared to grazed pasture. The results illustrate the potential use of upland land management for ameliorating local-scale flood generation.” Woodland
creation also has greatly differing impacts on flood attenuation
depending on the location in the catchment. Floodplain woodlands are thought to offer the greatest potential for downstream
flood mitigation.

the existing grant offered for afforestation under the national
afforestation plans.
Planting hedges along the contour of a field can also help to intercept runoff, in addition to the roots of hedgerow trees aiding
infiltration of water. As with other natural flood management
measures, hedgerow planting will only achieve flood alleviation
service if targeted at the right locations, in this case planting
along contour lines, on specific slopes where runoff should be
targeted, and in floodplains.

Additional benefits of Reforestation
Woodlands can help mitigate against climate change when managed as a permanent landscape feature. Riparian woodlands
generally help to improve water quality by absorbing diffuse
nutrients which arise primarily from agriculture and plantation
forestry, as well as trapping sediment from running off land into
waterways. Sediment becomes a problem when too much of it
enters rivers, and as the amount of sediment arising from erosion
increases with heavy rainfall, trapping sediment is one of the challenges to be addressed in climate change adaptation. With increased frequency and severity of precipitation events likely to arise
from climate change, this is an important climate change adaptation measure. Conversely, artificial fertilisers applied for commercial forests can result in nutrient pollution to waterways, and soil
disturbance from forest management can cause sedimentation.

Similarly, agroforestry, by incorporating trees into productive
agricultural land has been shown to greatly increase soil water
infiltration capacity, thus slowing run-off and contributing to
flood attenuation. Evidence shows that there are significant merits for reducing local flood risk by having fenced-off tree areas in
silvo-agricultural settings.
Recommendations
There is a strong case to be made for utilising CAP funds for flood
management, for specific targeting of agricultural subsidies toward implementing flood management measures on agricultural
land. In the UK, agriculture has been estimated to account for
14% of flooding, which in turn results in annual flood management costs of £464 million and damage costs of £1.09 billion in
England and Wales. In Ireland, as part of the transition to a VAS,
the Forest Service and local farmers would consider which lands
are best to transition to forest, which to wetlands in areas where
hydrological data indicates that flood alleviation benefits would
be delivered.

Implementing woodland creation for flood attenuation
In England, the Forestry Commission has worked with the Environment Agency to implement a ‘Woodlands for Water’ scheme.
Landowners are incentivised with Rural Development Program
(RDP) payments to target planting to reduce flood risk and/or
diffuse pollution. This payment for landowners is additional to

Conservation project involving appropriate restoration works within an existing native woodland adjoining a watercourse,
Forest Service, Dept. of Agriculture
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“Without meat and dairy consumption, global farm land use could be reduced by more than 75% – an area equivalent to the US, China, EU
and Australia combined – and still feed the world.” – Reducing food’s environmental impacts through producers and consumers: J. Poore, T.
Nemecek, June, 2018.
Globally and in Ireland, a transition to a VAS together with payments to land owners for ecological restoration has huge potential to enable
biodiversity to recover, flooding to be reduced, and the sequestration of Carbon Dioxide helping to reduce Ireland’s GHG emissions.
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