
Connectivity Research in Ireland 

Who? 

Highlighted PhD projects 
Defining critical source areas of nutrient transfer in 
                agricultural catchments 
                          Ian Thomas1, Paul Murphy1, Phil Jordan1,2, Paul Dunlop2,  
                            Alice Melland 1, Cathal Buckley 3 and Owen Fenton 1 
                                      1Teagasc Johnstown Castle, 2University of Ulster, 3Teagasc Athenry 
                          Ian.Thomas@teagasc.ie  

Sediment dynamics in small agricultural catchments  
                         Sophie Sherriff1,2, John Rowan2 Alice Melland1, Owen Fenton1,  
                           Paul Murphy1, Phil Jordan3, and Daire Ó hUallacháin1 
                                     1Teagasc Johnstown Castle, 2University of Dundee, 3University of Ulster 
                          sophie.sherriff@teagasc.ie  

Critical source areas (CSAs) of phosphorus (P) are defined as 
hydrologically active zones within a catchment where P sources, 
mobilisation and hydrological connectivity to surface water 

Research questions:  
(i) Are only sub-metre DEMs suitable for 

defining hydrological connectivity and CSAs 
of P transfer in agricultural catchments?  

(ii) Do catchments with lower hydrological 
connectivity and runoff flashiness have a 
reduced risk of P transfer even in 
circumstances of high P source pressures?  

(iii) Will adoption of CSA mitigation measures be 
more acceptable to farmers and less 
expensive than adoption of riparian buffer 
zones? 

Further work  
The work will include 5 catchments of the Agricultural Catchments 
Programme (ACP). Risk metrics of hydrological connectivity, runoff 
flashiness, P source pressures (loadings and soil P status), topography 
and soil properties will be created and integrated into an overall metric 
of CSAs. An improved CSA definition will then be created on the basis of 
this CSA metric. 
Finally, survey data on adopting CSA mitigation measures will be 
collected from farmers. Questions will include a contingent valuation 
willingness to accept (WTA) question to establish the minimum amount 
of compensation the landowner would be prepared to accept (in € ha-1 
equiv. per annum) for the change of land use to a CSA buffer zone.  

Sediment is an essential component of freshwater 
ecosystems, providing many key nutrients for good 
ecological functioning. Excessive sediment delivery 
to rivers and high suspended sediment loads 
during flood events can however cause 
degradation of habitat quality through blocking of 
spawning gravels, resulting in decreased 
biodiversity. 
Accelerated delivery of sediments to streams is 
commonly caused by intensive land uses such as 
forestry and agriculture. The Water Framework 
Directive aims to achieve “good” ecological and 
chemical water quality by 2015, prevent longer 
term degradation of water quality and 
consequently prioritize the management of 
sediment inputs from agriculture. 

Methods 
Sediment quantity: Assessed through high-resolution sediment 
flux monitoring using calibrated proxy turbidity readings. The 
event, seasonal and annual responses at multiple catchment 
positions provides data regarding the spatial availability, 
magnitude and duration of sediment events. 
Soil loss: Radionuclide assessments of soil cores from 
catchment fields using caesium (137-Cs) indicate medium term 
soil loss rates. Comparison of core transects from contrasting 
land uses will indicate effects of land-use type on soil loss. 
Source tracing/ sediment fingerprinting: Characterization of all 
potential sediment source areas through geochemical, 
magnetic and radionuclide analysis create distinct fingerprints 
for each source type, i.e. land-use, bank. Assuming in-stream 
sediment are a mixture of these sources, analysis of multiple 
passive sediment samplers (Figure 5) provide spatial and 
temporal source area information. 

Implications of work 
A sediment budget assessments over a gradient of land 
use types will improve knowledge on the land to water 
sediment dynamics. These results will inform how soil 
loss and sediment mitigation can be better targeted for 
the protection of water quality. 

Objective: to evaluate the environmental and socio-economic effects of the 
Good Agricultural Practise (GAP) regulations implemented under the Nitrates 
Directive. 
 

Scope: funded by the Department of Agriculture, Food and the Marine; run by 
Teagasc; works with 300 farmers across six catchments (Figure 1). 
 

Consists of four component research strands: 
SOCIO-ECONOMIC factors – assessing how management trends, habits and attitudes are 

affected by the GAP regulations and what the perceived implications are for farm incomes 

SOURCE factors – investigating how nutrients at the soil and farm scale are influenced in terms of 

supply/availability and potential mobilisation to water 

PATHWAY factors – defining the main pathways for mobilised nutrients in each farming catchment 

DELIVERY factors – identifying the load and concentration patterns of nutrients from the 

catchments, in each river 

IMPACT factors – establishing the current ecological status of each catchment river network and 

the implications for water bodies downstream of the catchments 
 

Agricultural Catchments Programme 
 http://www.teagasc.ie/agcatchments/ 

Pathways Project 
http://www.qub.ac.uk/research-centres/eerc/UsefulLinks/Pathways-EPASTRIVEProject/ 

Research interests:  Catchment models and flow forecasting, both flood 
flows and low flows, in particular distributed catchment modelling, 
erosion and water quality. Surface water and groundwater supply and 
protection from contamination. Effects of climate change on water 
resources. Systems Analysis and Decision Support in Water Resources 
Engineering, In particular multi-criteria decision support systems. 

Prof. Michael Bruen 
University College Dublin (UCD) 
Working groups: 1, 4, 5 
Email: michael.bruen@ucd.ie 

This poster highlights some of the hydrological research in 
Ireland by CONNECTEUR* participants  

*COST Action ES1306: Connecting European connectivity research 

Objective: The Pathways Project aims to address 
the challenge of developing a better 
understanding of hydrological processes, water-
borne contaminant fate and transport, and the 
subsequent impact of these contaminants on 
aquatic ecosystems in Irish River Basin Districts 
(RBDs).  
Scope: funded by the Environmental Protection 
Agency, led by Queen’s University and partnered 
by Trinity College Dublin and University College 
Dublin. 

River Basin Districts (RBDs) on the Island of Ireland –  
administrative units under the EU Water Frameworks Directive.  The Agricultural Catchments Programme is a large data collection and 

research effort for understanding nutrient pathways.  
The Pathways Project is a large effort to provide decision support for 
flood prevention and pollution control in River Basin Districts.  

Consists of four research 
strands:  
Quantification of flows along the 

identified hydrological pathways; 

Significance of these pathways 
for diffuse pollutant transport 
and attenuation, in particular for 

the attenuation of nutrients (nitrogen  
and phosphorus species), and particulate 
matter (pathogenic micro-organisms and 
sediments); 

Critical source areas contributing 

diffuse pollutants; 

Development of a Catchment 
Management Tool (CMT) 
(Figure 2) 
 
 
 

Figure 2.  

Figure 1. Study sites of the 
Agricultural Catchments 
Programme 

Figure 3. Critical Source Areas 
(CSAs) conceptual diagram 

coincide, resulting in areas 
exporting disproportionate 
quantities of P that can 
lead to eutrophication. A 
tighter definition of CSAs 
of P, founded on an 
integrated CSA metric 
based on catchment 
science precepts (Figure 
3), may be useful to target 
mitigation measures.  

Research interests: Soil physics, water quality, time lag and achievement of 
the goals of the Water Framework Directive, denitrifying bioreactor research 
for nitrate remediation and development of permeable reactive interceptors, 
pollution swapping, chemical amendment of organic fertilizers, environment 
losses from biosolid applications, runoff and sediment dynamics. Other work 
revolves around soil compaction and land drainage design, installation and 
maintenance. 

Dr. Owen Fenton 
Teagasc 
Working groups: 1, 2, 4, Management group 
Email: owen.fenton@teagasc.ie 

Research interests: The impact of acute and chronic hydrochemical 
disturbances on stream ecology. Integrating soil characteristics, land 
management and soil microbial communities Targeting payments for 
ecosystem services and agri-environment measures to address the 
favourable conservation status of key freshwater aquatic habitats and 
species. Distribution and Extent of Agricultural Land of High Nature Value. 

Dr. Daire OHuallachain 
Teagasc 
Working groups: 1, 2, 3, 5 
Email: daire.ohuallachain@teagasc.ie 

Research interests: Contaminant fate and transport to water and air, 
including nitrate leaching to groundwater in grazed grassland/tillage 
systems. Agricultural management measures to improve N efficiency and 
reduce N loss to the environment. The role of microbes in a. influencing 
pathogen transport and occurrence in groundwater and b. mediate 
contaminant remediation such as denitrification.  

Dr. Karl Richards 
Teagasc 
Working groups: 1, 2, 5 
Email: karl.richards@teagasc.ie 

Dr. Tamara Hochstrasser 
University College Dublin (UCD) 
Working groups: 5 (leader), Management group 
Email: tamara.hochstrasser@ucd.ie 

Research interests:  Sustainable management of grasslands, decision support 
systems for biodiversity management. Plant-soil interactions, in particular 
hydrological effects of plants. Individual/ agent-based modelling. Integration 
across scientific disciplines to address questions arising in policy making and 
the management of natural resources. Communication of scientific 
knowledge in a dynamic framework that allows for continued learning.  

Ballycanew Catchment (ca. 1,100 ha, grassland, barley) 
The main farm enterprises are beef and dairying with 
spring barley being the main tillage crop. It is mainly 
representative of heavier soils used for grass-based 
production in the south and south-east of Ireland. About 
2/3 of the catchment has poorly drained soils; some more 
freely drained soils can be found to the west of the 
catchment.  

Dunleer Catchment (940 ha, 50% grassland, 33% tillage, 17% 
other (e.g. woodland) 
Winter wheat and potatoes are the main tillage enterprise in 
the catchment while the grassland is mainly used for dairying 
and beef production. It is representative of much of the heavier 
land used for tillage in the north-east of Ireland. 70% of the 
catchment is poorly drained some more freely drained soils can 
be found mainly in the east of the catchment. 

Sreenty/Corduff Catchment (650 ha, grassland) 
The Sreenty/Corduff site comprises of two adjoining 
catchments .The northern catchment drains into 
Sreenty Lake while the southern one is drained by a 
stream. The main farming enterprise is beef production 
with some dairying and sheep. The soils in the 
catchment are quite impermeable and the landscape 
type is typical of the Drumlins (compacted glacial 
sediment in elongated hills).  

Castledockerell Catchment ( ca. 1,100 
ha, barley and some grassland) 
Spring barley production is the main 
tillage enterprise while beef and sheep 
production are the main grass-based 
enterprises. Only about 10% of the land 
is poorly drained with the rest being 
classified as well-drained. 

Timoleague Catchment (750 ha, 85% grassland, 
5% tillage and 10% other) 
Dairying is the predominant land use on this site 
and the stocking rate is among the highest in the 
country. It is representative of the most 
intensively farmed dairying areas. Only 10% of 
the catchment has poorly drained soils; the rest 
is well drained. 

Cregduff Catchment  (ca. 3000 ha, grassland,  
some tillage) 
The Cregduff site represents free draining 
shallow soils over karstified limestone which are 
typical of much of the area which contributes 
water to the western lakes. There is little surface 
drainage in this type of landscape which is 
dominated by groundwater pathways. The 
Cregduff spring has been selected as the 
monitoring point. Most of the farms in the areas 
produce beef cattle and sheep but there are a 
number of dairy farms and a little tillage. 

Preliminary study 
Castledockerell Catchment of the Agricultural 
Catchment Programme (Figure 1) was selected 
for the study  
• Areas at risk of overland flow and hence P 
transport were modelled using the 95th  
percentile values of the Topographic Wetness 
Index (TWI) at four different resolutions, 
derived from 0.25 m, 1 m and 2 m resolution 
LiDAR digital elevation models (DEMs) and a 5 
m INTERMAP DEM  
• Field observations of overland flow during 
storm events were used to validate model  

Research questions:  
(i) Does land management impact the 

magnitude and duration of sediment events 
in rivers? 

(ii) How much sediment is transferred from the 
land surface to watercourses? 

(iii) Can sediment fingerprinting be used to 
quantify the relative contribution from 
upstream sources on the basis of hillslopes 
versus channel banks or according to land use 
patterns? 

(iv) How does the contribution from sediment 
sources alter seasonally? 

(v) Do non-agricultural sediment sources 
contribute to in-stream sediments? (e.g. road 
and fluvially eroded channel bank sediments) 

Figure 4. Topographic Wetness Index (TWI) (first column), 95th  percentile TWI 
(second column) and validation of modelled overland flow pathways (third 
column), derived from 0.25 m, 1 m, 2 m and 5 m DEMs (top to bottom), for a 
target site in the Castledockerell Catchment  

predictions and determine the most accurate TWI resolution to use within a CSA P Index 
Results (Figure 4): • Overland flow pathways derived from the LiDAR DEMs were re-routed by 
roads, hedgerows and tramlines, and tended to accumulate at downslope field boundaries and 
‘break through’ at gateways and other hedgerow openings. This was not predicted by the 5 m TWI  
• Field observations indicated that the 2 m resolution TWI was the most accurate  
Conclusions: • An appropriate resolution DEM that captures runoff-diverting features must be 
used when modelling P transport pathways, in order to accurately identify CSAs  
• The existence of flow accumulation and breakthrough points indicates the potential for targeted, 
sub-field scale mitigation measures to trap P in overland flow close to the source  

Figure 5. In-stream sus-
pended sediment samplers. 

This poster was assembled 
by T. Hochstrasser based on 
published sources 


