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a b s t r a c t

The environmental status of many European estuaries has improved in recent years as a result of the
implementation of a range of different legislative measures. Better municipal waste water treatment and
a reduction in the application of inorganic and organic fertiliser to agricultural lands are the main reasons
for these improvements. It is anticipated, however, that the ending of the EU milk quota in 2015, and the
proposed enlargement of the European dairy sector will lead to a market-driven increase in milk pro-
duction through an increase in animal numbers and higher productivity. This new production is likely to
lead to an increase in pressures with the potential to impact on the quality of surface waters, including
estuarine waters. In this paper we focus on the Blackwater estuary in southern Ireland which has seen a
marked improvement in water quality due to a reduction in riverine nutrient inputs of phosphorus and
nitrogen. A bio-physical model is used to test nutrient-input scenarios likely to represent the range of
nutrient loadings that may arise as a result of increased agricultural production. The outputs from these
different scenarios are used to assess if recent improvements in estuarine water quality will be under-
mined or even negated by the proposed expansion of the Irish dairy sector. Appropriate management
options to address these potential impacts are discussed.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

According to the Food and Agricultural Organisation of the
United Nations global food production will have to increase by 70%
by 2050 to feed a future human population of 9.1 billion people
(FAO, 2009). The FAO estimates annual cereal production will need
to rise to about 3 billion tonnes from 2.1 billion today and annual
meat production will need to rise to over 200 million tonnes to
reach 470million tonnes (FAO, 2009). It is anticipated this projected
food demand will pose a significant challenge for both food pro-
duction systems and for the protection of the natural environment.

In Europe, increasing food demand and the recent abolition of
European Union (EU) milk production quotas is expected to lead to
an expansion of the European dairy sector. In Ireland, where two

thirds of the total land area (4.2 million hectares) is used for agri-
culture, and agricultural outputs account for 7% of GDP, plans are
already in place to contribute towards meeting the increasing
global demand for food. Sectoral development plans such as Food
Harvest 2020 (and its successor Food Wise, 2025) have set ambi-
tious national targets for increasing the output and value of agri-
cultural production (DAFF, 2010). Targets include a 50% increase in
milk production and a 20% increase in the value of beef production.
The Food Harvest 2020 strategy estimates that the increase in milk
productionwould be achieved by increasing the national dairy herd
by 300,000 animals (in 2012 the national dairy herd numbered 1.1
million animals) and through increased productivity.

This new production is likely to lead to an increase in pressures
with the potential to impact on the quality of surface waters,
including estuarinewaters. In Ireland, agricultural activities already
represent a significant pressure on the aquatic environment with
90% of nitrogen (N) and 50% of phosphorus (P) loads coming from
agricultural sources (Bradley et al., 2015). In terms of
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environmental impact nutrients from diffuse agricultural sources
has led to the enrichment of estuarine waters and in some estuaries
the expression of eutrophication through the proliferation of mi-
cro- and macroalgal blooms (Bradley et al., 2015; O'Boyle et al.,
2015).

In more recent years, however, the implementation of various
European Directives (Nitrates Directive, Urban Waste Water
Treatment Directive and Water Framework Directive), has seen a
marked reduction in the loss of nutrients to surface waters. In many
European countries such as Denmark, Germany, and the
Netherlands, reductions of up to 85% in phosphorus discharges and
up to and over 50% reduction in nitrogen discharges have been
achieved since 1985 (OSPAR, 2010). National river loads of phos-
phorus and nitrogen to Ireland's marine environment have
decreased by 72% and 39%, respectively, since loads peaked in the
mid-1990s (O'Boyle, 2016). The decrease in nutrient discharges has
resulted in a general improvement in the eutrophication status of
estuarine waters in many European countries including Ireland
(Carstensen et al., 2006; Riemann et al., 2016; Soetaert et al., 2006;
Ní Longphuirt et al., 2015a). For example, the trophic status of the
Blackwater estuary in southern Ireland has improved to unpolluted
status with respect to nutrient enrichment having previously been
classed as eutrophic (Ní Longphuirt et al., 2015a). Long-term ob-
servations of river nutrient inputs to the estuary have shown a
dramatic reduction in loads of phosphorus and nitrogen, which
have decreased by 68% and 39% since the early 1990s (O'Boyle,
2016). Over the first decade of the 21st century, inorganic fertil-
iser application rates in the catchment have exhibited a 34% and
53% reduction in nitrogen and phosphorus loadings, respectively
(Ní Longphuirt et al., 2015a). This reduction mirrors a drop in na-
tional fertiliser usage rates over the last decade (Lalor et al., 2010).
The reduction in nutrient inputs to the estuary is reflected by a
reduction in dissolved inorganic phosphate (DIP) concentrations
and in the concentration of the plant pigment chlorophyll, a proxy
for phytoplankton biomass. The standing stock of attached oppor-
tunistic macroalgae has also decreased and dissolved oxygen levels
have returned to normal levels (Ní Longphuirt et al., 2015a).

In this paper we examine if recent improvements in estuarine
water quality, as highlighted by improvements in the Blackwater
estuary, will be undermined or even negated by the proposed
expansion of the Irish dairy sector. The Blackwater catchment and
estuary will be used as a case study to examine the potential
impact of increased agricultural production on water quality in the
estuary. This will involve the use of a bio-physical mathematical
model and scenario testing to determine the likely ecological
impact of different nutrient inputs. The scenario testing will
involve two steps. In the first step the best and worst case sce-
narios will be tested to model the range of likely impacts in the
estuary. In the second step, national projections of cattle numbers
and categories for the year 2020 will be used to help determine
the most likely impact along the spectrum of impacts identified in
the first step. The scenario testing therefore serves two purposes.
It helps to identify, first, the range of likely impacts depending on
the strategy taken to achieve the new production targets, and
second, the most likely impact that will occur based on projections
for 2020. Both outputs of the scenario testing can be used by
environmental managers to assess if the level of impact is
acceptable, and if not the options or strategy to take to achieve an
outcome that is. A realistic assessment of the possible environ-
mental impact of sectoral plans such as Food Harvest 2020 will
help inform the development of sustainable management prac-
tices. This study should also be of value to environmental man-
agers in other European countries where similar plans exist to
increase agricultural production.

2. Materials and methods

2.1. Case study site

The Blackwater estuary drains a large agricultural basin in
southern Ireland with a catchment area of 3307.5 km2 (Fig. 1).
Approximately two-thirds of the catchment is used for agricultural
purposes (exluding forestry). Livestock constitute the main farming
activity in the area with 56.9% of the agricultural land dedicated to
pasture and 30.4% to the production of silage (Table 1). A number of
small towns and villages also occupy the catchment while the town
of Youghal (population 10,000) lies at the mouth of the estuary. The
south of Ireland is a temperate region, with highest rainfall and
river flows occurring in the autumn/winter months. Median
freshwater river discharge is 106.6 m3/s with winter (Octo-
bereMarch) flows being twice those of the summer period. The
Blackwater estuary is shallow (average depth 4.2 m) and mesotidal
with a tidal range of 3.6 m, a surface area of 12.1 km2 and an
intertidal area of 4.5 m2. The estuary is oligohaline (>0.5 < 5.0
salinity units) in both winter and summer and generally well-
mixed, although stratification occurs in the mid-estuarine region.

2.2. Baseline catchment nutrient load estimations

The existing baseline nutrient load to the Blackwater estuary
was taken from a previous study of nutrient loadings to the estuary
(Ní Longphuirt et al., 2015a). Quantification of nutrient sources
from both diffuse and point sources was based on the HARP
guidelines (Harmonised Quantification and Reporting Procedures
for Nutrients) Fig. 2. A detailed account of load calculations based
on the guidelines and in some instances their modification to
reflect local conditions is described in detail by Ní Longphuirt et al.,
(2015a). Here, only the more salient points are repeated.

Agricultural data for farm area usage (cereals, potatoes, silage,
hay, pasture) and livestock densities (cattle, sheep) were obtained
from the Central Statistics Office (CSO, 2012) for 2010. Inorganic
fertiliser application rates per land use type were obtained from a
national farm study (Lalor et al., 2010). Annual excretion rates per
livestock type (bulls, dairy cows, suckler cows, male cattle, female
cattle) were obtained from the Good Agricultural Practice for Pro-
tection of Waters S.I. No. 101 of 2009 (Government of Ireland
(2009)). The calculation assumes that all excreted nitrogen and
phosphorus is spread on the land during the year. The livestock
units per hectare (Lu/ha) of pasture land, was calculated for the
initial data set by dividing the determined Lu per cattle type by the
area of pasture land.

To account for pathways of nutrients from field to surface water,
loss coefficients were applied for nitrogen and phosphorus which
were adopted from agricultural nutrient losses as per the NEUT 99
Screening Procedure for Irish Coastal Waters with regard to
Eutrophication Status. These coefficients were also reported by the
EPA to be within the ranges of values quoted in PRAM 99/715-E
Draft Guidance No. 6. The agricultural losses estimates are also
comparable with direct measurements of export rates in agricul-
tural areas in Ireland obtained from catchment monitoring and
management programmes (O'Sullivan, 2002).

It is recognised that thismethodology, which estimated that 20%
of input agricultural N and 4% of input agricultural phosphorus
reaches water bodies in all areas, represents average conditions and
therefore the model does not reflect variability in transport pro-
cesses, inter-annual hydrological and anthropogenic oscillations.
Losses of nutrients will vary depending on farm management
practices (Doody et al., 2012), variability in runoff risk properties of
soils or differences in local hydrological transport processes
relating to bedrock or groundwater pathways (Tedd et al., 2014).
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