










Introduction
The Agricultural Catchments Programme (ACP) was initiated in 2008 and is funded 
by the Department of Agriculture, Food and the Marine. It operates across six small, 
intensively farmed agricultural catchments in Ireland, each approximately 10km† 
in area. The programme collaborates with over 300 farmers to provide a scienti�c 
basis for measures in Ireland�s Nitrates Action Programme (NAP). Ireland�s NAP 
applies the European Commission�s Nitrates Directive, which aims to prevent water 
pollution from agricultural sources using a combination of regulatory and non-
regulatory approaches.   
 
Regulatory measures are implemented through the Good Agricultural Practice for 
the Protection of Waters Regulations, more commonly known as the GAP 
Regulations. Non-regulatory measures also play a signi�cant role in the protection 
of water quality from agricultural nutrients, as it is not always possible to target 
and enforce regulations at the required scale. Advisory and �nancial incentives are 
both used to complement the regulatory measures, encouraging farmers to put the 
right measure in the right place.  
 
Nutrient transfer from agricultural land to water takes place at different times of 
the year and at different scales. From �eld level impact on water leaving the root 
zone �upstream�, to the �downstream� ecological impact at a catchment scale. 
Agronomic studies inform best practice at �eld scale to optimise output and 
minimise nutrient loss. Such studies often use lysimeters, suction cups and 
replicated plots to investigate different rates and timings of agricultural practices. 
Results from such trials have informed policy for many key agronomic practices. 
However, linking the �upstream� soil and �eld losses (signal) to �downstream� 
catchment scale impact is challenging due to the varying characteristics between 
all catchments (Haygarth et al., 2012).  
 
No two catchments are the same as they are unique and inherently unreplaceable. 
Geology, soil type, topography, farm systems and practices, weather and size all 
in�uence nutrient loss and vary from one catchment to the next. To gain an 
understanding of the linkages between �upstream� signals and �downstream� 
impact, catchment science uses empirical data from high frequency (sub-hourly) 
monitoring over as long a time series as is available.  
 
The ACP uses the �Nutrient Transfer Continuum� (Haygarth et al., 2005) to address 
the dif�culties linking land management with water quality across contrasting 
catchments and scales. This approach studies the SOURCE, MOBILISATION, 
DELIVERY and IMPACT of nutrients in a catchment and is dependent on extensive 
empirical data. The purpose of this document is to set out the core monitoring 
programme undertaken by the ACP to provide the data required for this research. 
It will outline what is measured, where and how often it takes place.  
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Understanding farming behaviour and what motivates practice change is key to 
achieving the objectives of the Nitrates Directive. Surveys into farmers behaviour 
and attitudes to regulations and water quality issues provide data to investigate 
this key aspect of catchment science. Social and economic implications of farming 
practices in the six catchment areas is researched using the National Farm Survey 
protocol to gather data and facilitates comparisons with the national situation.  This 
key aspect of catchment science is an essential function of the ACP.   
 
In more recent years catchment farms have been used to site monitoring equipment 
for carbon �ux, soil moisture and ammonia gas. The farm practice, nutrient 
management, soils and weather data already key to catchment science 
complements this work and it is a very logical approach to have this subject 
included in the remit of the ACP. 
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Met station in Ballycanew, Co. Wexford.



Scope of Monitoring

The ACP was originally designed to gain an understanding of all the processes 
that in�uence water quality in an agricultural setting, with a view to informing 
policy. This differs from other funded water quality projects, in that its primary 
objective was not to achieve the best possible water quality for the catchment but, 
rather to gain a full understanding of why the water quality is the way it is. These 
learnings can then be used to inform land management practice throughout the 
whole country.   
 
Six catchment areas were selected to represent mainstream Irish agricultural 
enterprises with as few non-agricultural in�uences as possible present. All the 
catchments chosen include the headwater and the main channel at the outlet is 
stream order three or less. Peat soils were avoided as the catchments were chosen 
to be re�ective of conditions in intensive farming areas. Grassland catchments were 
chosen from locations of almost all, if not 100% forage area and having as high an 
overall stocking rate as possible. The Timoleague catchment in West Cork is almost 
entirety managed by dairy farms with stocking rates higher than 170 kg organic N 
ha-1. Ballycanew catchment in Co. Wexford has the next highest stocking rate, with 
85% of the catchment in grassland, half managed by dairy farms and 40% of the 
catchment exceeding 170. Cregduff, Co. Mayo and Corduff, Co. Monaghan have 
mostly drystock farms with suckler cows, cattle and sheep, and are stocked below 
170 kg organic N ha-1. There are two arable catchments, Castledockrell, Co. Wexford 
and Dunleer, Co. Louth, having three quarters and half their area in tillage 
respectively.    
 
In order not to miss any process that in�uences water quality the ACP operates a 
"whole catchment approach," monitoring all relevant processes from the source, 
continuing along the pathway to what is delivered into the receiving water, at the 
outlet of the catchment area. Data collected includes:  

� Meteorological data  
� Soil type, soil fertility and chemistry   
� Soil water, surface water and groundwater � quality and quantity  
� Stream hydro-morphology and biological Status  
� Farm management and practices  
� Farmer attitude and behaviour  

 
The expansion of the programme to include gaseous emissions has added the 
following parameters to the data collection remit:  

� Carbon dioxide (CO2) and water vapour concentrations in air   
� Ammonia  
� Additional meteorological measurements  

 
There are �ve sites across the ACP catchments with CO2 and gaseous emission 
monitoring. 
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Key Monitoring Techniques

4.1 Soil and Field Monitoring 
 

4.1.1 Soil Fertility Analysis 

Five of the ACP catchments (Ballycanew, Castledockrell, Dunleer, Sreenty-Corduff 
and Timoleague) are soil sampled on a �eld scale, or smaller, every four years 
(2008/09, 2012/13, 2016/17, 2020/21, 2024/5). The agricultural area of each 
catchment is divided into de�ned �eld or sub-�eld sampling units (soft limit of 2 
ha.) and soil samples (n = 460�568 per catchment) are repeatedly taken. For each 
sampling unit, soil cores are collected to the standard agronomic depth of 0�10 
cm, bulked, oven-dried (40°C) and sieved (< 2 mm) prior to analysis. The soil 
monitoring campaign measures pH, soil test-P (STP) and soil test-K (STK). Nutrient 
status is classi�ed using an index system based on their soil levels to provide 
practical nutrient recommendations and ensure compliance with nutrient use 
regulations in Ireland. P and K levels are categorised within this system, where 
indices 1, 2, 3 and 4 correspond to de�cient, low, optimum and excessive nutrient 
content, respectively. A soil fertility report is sent to the farmers and soil fertility 
trends are analysed.

4

Soil sampling locations in the ACP.
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4.1.2 Topographical Mapping 

In 2011 a survey of the catchments was undertaken to obtain accurate and reliable 
terrain data to provide information on hydraulic pathways and drainage. A 
combination of airborne LiDAR and ground-based control methods were used to 
collect the necessary data. LiDAR (Light Detection and Ranging) uses laser pulses 
to measure distance to objects from an airborne source. For this survey the data 
was collected using a light single-engine helicopter �ying 275 meters above mean 
sea level at 70 kts. The data collected is used to produce Digital Terrain Model (DTM) 
and Digital Elevation Model (DEM) data sets (layers) that can be interpreted using a 
computer Geographic Information System (GIS). The vertical accuracy of this data 
is equal to or better than –7cm and horizontal accuracy equal to or better than 
–10cm. 
 
The DTM produced a �bare earth� model, excluding above ground objects such as 
vegetation and buildings, giving an enhanced 3D representation of the bare 
ground surface which is very useful for investigating hydrology. The DEM contains 
all features captured during the survey, including buildings, vegetation, water etc. 
and is more suitable for studying the wider catchment. Both models are gridded 
at 0.25m. 
 
Aerial photography was also collected at the same time as the LiDAR data. This 
was secondary in importance to the LiDAR survey and the quality of imagery 
depended on light conditions and cloud shadow at the time of �ight.   

Sreenty/Corduff Catchment (2407/7402) 
County Monaghan



4.1.3 Soil Classi�cation 

In 2018 the soils in each of the six catchments were mapped based on the soil pro�le 
character at a scale of 1 to ~10,000 resolution. In advance of the �eld work, a review of 
the catchments bedrock geology and quaternary deposits was carried out. This 
information was coupled with the Irish Soil Information soil map (Creamer et al., 2014) 
and where available (Castledockrell and Ballycanew), the higher resolution (1:127,560) 
National Soil Survey of Ireland county maps. These details on soil groups and series were 
used along with the Teagasc-EPA (2006) National Soils map, which has a more detailed 
resolution (1 to 50,000) but is less detailed on soil classi�cations.   
 

Soil auger boreholes were used to ground-truth the predicted soil series and subgroup. A 
dutch auger was used to bore the soils and classify each horizon down to approximately 
80cm depth. Where necessary, up to 20-30 auger points were taken per 1km2, with more 
samples taken in locations where the soil transitioned from one type to another. Polygons 
delineating areas of similar soil type combined to provide a map of the dominant soil 
subgroups in each catchment, along with a table describing the main attributes 
associated with each one. 
 
Teagasc-EPA National soils map https://data.gov.ie/dataset/national-soils-map   
 

Creamer, et al., 2014. Irish Soil Information System. Synthesis Report (2007-S-CD-1-S1). EPA STRIVE 
Programme, Wexford.  
https://www.epa.ie/publications/research/land-use-soils-and-transport/EPA-RR130-WEB.pdf   
 

Geological Service of Ireland, Quaternary and Generalised bedrock [rock unit groups] Map.  
http://dcenr.maps.arcgis.com/apps/webappviewer/index.html?id=de7012a99d2748ea9106e7ee1b6ab8d
5&scale=0  
 

Historical legacy soils data County Soil Maps � Teagasc | Agriculture and Food Development Authority.
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Dunleer Catchment: Instrumentation and Soils
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4.1.4 Geophysical Survey 

In 2010 a geophysical survey was undertaken by Minerex Geophysics Ltd., in four 
catchments, Dunleer, Ballycanew, Castledockrell and Timoleague. The survey was 
designed to determine ground conditions, depth to rock and overburden thickness 
and to help understand water and nutrient pathways. Results were also used to 
make decisions when installing groundwater monitoring wells.   
 
On each site a variety of methodologies were used to measure different below 
ground physical parameters. For example, resistivity data is better at resolving 
composition while seismic data is more suited to identifying horizontal layering, 
particularly depth to bedrock. The survey provided details on near-surface (< 2 m 
depth) features primarily associated with soil and subsoil layers, weathered rock 
horizons and deeper bedrock. EM31 ground conductivity, 2D Resistivity, Ground 
Penetrating Radar (GPR) and Seismic refraction pro�ling was carried out along 
several transects across the four catchments.   
 
EM31 ground conductivity determines the bulk conductivity of the subsurface over 
a typical depth between 0 and 6 m and over a radius of approx. 5m around the 
instrument. Conductivity is the inverse of resistivity and low values indicate more 
gravel rich or rock deposits while higher conductivity values suggest increases in 
clay or water content.   

Geophysical surveying in Castledockrell, Co. Wexford.
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2D-Resistivity surveying data is acquired using over 30 metal electrodes spaced at 
3 to 5 meters apart along a linear pro�le. A current is injected into the ground via a 
pair of electrodes, and the potential difference is measured across a second pair of 
electrodes. Resistivity values indicate the composition of material, with high 
resistivity values associated with rock or rock fragments / gravel etc and low 
resistivity values associated with more clay rich or saturated material. This provides 
a detailed cross-sectional 2D image of soil, rock, and groundwater distributions 
based on their varying electrical resistance.  
 
Ground Penetrating Radar (GPR) sends electromagnetic radio pulses into the 
ground. When the pulses hit a change in material density (e.g., soil shifting to a 
buried pipe or concrete meeting a void), they re�ect to the surface. The returning 
signal strength and travel time is used to create a visual cross-section or 3D map of 
the subsurface. Heavy and wet soils weaken the signal and consequently this 
method was not used on the sites dominated by clay rich soils.  

Interpretation of Geophysical Data.

The seismic refraction 
survey measures the 
travel time of refracted 
seismic (sound) waves. 
Very simply, by striking a 
metal plate on the 
ground surface with a 
sledgehammer, a seismic 
wave is sent into the 
ground. When the wave 
hits a boundary between 
two different materials 
(like soil and solid rock), 
it is refracted (bent) and 
travels along the 
boundary. The waves 
radiate energy back up to 
the surface where they 
are recorded by an array 
of sensors called 
geophones. Low seismic 
velocities indicate soft 
loose material while 
higher velocities within 
the overburden indicate 
increasing stiffness. 
Higher seismic velocities 
are expected in rock, with 
velocities increasing from 
weathered to fresh rock.
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4.2 Meteorological & Climate Monitoring 

There are seven meteorological monitoring stations (met stations) across the six 
catchments. The Cregduff catchment in Co. Mayo has two strategically located met 
stations as it is larger than all other sites. This gives a better understanding of 
weather patterns across the full catchment area.  All other catchments have one 
centrally located station.  
 
Campbell Scienti�c BWS 200 models are used to measure the parameters listed 
below in high resolution, recording data every 10 minutes. Potential 
Evapotranspiration is calculated from this data. Live hourly data and daily data for 
the previous 90 days from each of these stations is available for public viewing on 
the ACPmet.ie webpage.  
 

1. Rainfall  
2. Wind speed  
3. Wind direction  
4. Relative humidity  
5. Air temperature  
6. Soil temperature at 10cm  
7. Solar radiation  

 
The met stations in each catchment are complemented with upland rain gauges. 
As the description suggests, these rain gauges are in the upland part of each of the 
catchments of Castledockrell, Ballycanew, Timoleague, Dunleer and Corduff. Again, 
due to the size of the Cregduff catchment in Co. Mayo, two extra rain gauges are 
strategically located. The additional rain gauges record any variation in local rainfall 
amounts that may occur. 

Weather station in Ballinrobe, Co. Mayo.
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4.3 Soil Solution � Lysimeters and Suction Cups 

Since 2021 four sites in Timoleague have been monitored for soil solution. The 
Timoleague catchment represents one of the most intensively managed dairy 
farming areas in Ireland with predominantly well-drained soils vulnerable to nitrate 
leaching. Sites with different annual organic N loadings and grassland management 
were selected from �elds with similar topographic and soil properties. The objective 
is to monitor and report on soil solution N concentrations and loads, comparing 
derogation and non-derogation farms and link what is leaving the root zone to 
existing surface water and groundwater monitoring sites in the catchment. 
 
Two systems are used to sample the soil water. Percolating Lysimeters collect 
leachate that drains naturally under gravity in a container positioned beneath the 
soil column being investigated. Ceramic Suction Cups use a vacuum to draw water 
out of the soil and are much less disturbing to install compared to the percolating 
lysimeter. Each of the four sites consist of 6 passive lysimeters and 12 ceramic cup 
samplers, with a total of 24 lysimeters and 48 ceramic cup samplers installed. While 
ceramic suction cups are used to monitor nutrient concentration in the leachate, 
lysimeters can also measure the volume of water, enabling the calculation of N load 
(kg ha-1) leaving the root zone. 
 
The monitoring equipment is designed to remain permanently underground, with 
only sampling points located at the soil surface. This ensures that monitoring 
equipment does not interfere with grazing or any other farming operation and thus 
provides a representative assessment of N leached from in situ farming and grazing 
scenarios. Samples taken are analysed in Teagasc�s lab in Johnstown Castle.

Installing a passive lysimeter in Timoleague, Co. Cork.







4.6 Surface Water Quality at Catchment River Outlet  

The surface water quality at the outlet of each catchment is measured at high 
frequency using a suite of water quality instrumentation housed in a kiosk which 
is supplied with 230 volts AC mains power and operates continuously, 24 hours per 
day, seven days per week. Surface water from the stream at the outlet is delivered 
to a header tank in the kiosk via a submersible pump anchored to the riverbed. The 
sensors and automated samplers are placed in the header tank.  
 
The analytes being measured continuously at approximately 10-minute intervals 
are:  

1. Total Phosphorus                �      chemical analysis on site  
2. Ortho Phosphate                 �      chemical analysis on site  
3. Total Oxidised Nitrogen      �      sensor (reagent free)  
4. Turbidity                               �      sensor (reagent free)  
5. Electrical conductivity        �      sensor (reagent free)  
6. Temperature                        �      sensor (reagent free)  
7. Total Organic Carbon          �      sensor (reagent free)  
 

Below is an outline of the water quality instrumentation in each of the six 
catchments and the parameters measured on a continuously at a high frequency. 
Most of the monitoring equipment in the kiosk is supplied by Hach.  
 
Total Phosphorus and Ortho Phosphate-P  
Using a combination of vacuum and pressure, a �Sigmatax� unit takes in a raw 
un�ltered sample of stream water from the header tank and prepares it for analysis. 
The sample is homogenised using ultrasonic vibration. 
  
The sample is analysed for total digested P and total molybdate-reactive P 
alternately, by a �Phosphax Sigma� unit. The method uses high temperature and 
acid in a small tube-like container and measures concentrations between 0.01 and 
5.00 mg L-1. The preparation and analysis of each sample takes 12 minutes, giving 
approximately three total and three reactive phosphorus readings every hour. An 
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Onsite data storage. Catchment outlet and kiosk in Corduff, Co. Monaghan.



19AGRICULTURAL CATCHMENTS PROGRAMME � Monitoring Programme

automated cleaning and calibration cycle occurs daily, and the equipment is 
routinely maintained and serviced. The analytical method and quality control of 
these types of instrument suites are described by Jordan et al., (2007), and Cassidy 
and Jordan (2011).  
 
Total Oxidised Nitrogen (TON)  
Total oxidised nitrogen is recorded every 10 minutes using a �Nitratax� probe, which 
projects UV beams across a gap, through which the water being analysed is �owing. 
It measures the total oxidized nitrogen (nitrate plus nitrite) in the range between 
0.1 to 50 mg N L-1. A calibration equation is used to convert ultraviolet absorbance 
into total oxidised nitrogen concentration. It is worth mentioning that the nitrite 
portion of total oxidised nitrogen is usually very low and the result is often used to 
express the concentration of nitrate N.  
 
Turbidity (NTU)   
Turbidity is also measured using spectrophotometry, based on how much light is 
absorbed or transmitted. A beam of infrared light is passed through the water 
sample, and two receptors detect the amount of light that is scattered at an angle 
by the particles in the water. The standard unit for turbidity is an NTU, which stands 
for Nephelometric Turbidity Unit. Higher NTU values indicate murkier water and 
the range that can be measured is between 0 and 2000. Turbidity is used to indicate 
levels of sediment loss.   
 
Total Organic Carbon   
The probe used to measure Total Organic Carbon was not part of the original 
experimental design and was added to the instrumentation at the catchment outlet 
in 2018. This probe is designed for reagent free determination of organic load via 
the spectral absorption coef�cient (SAC) in the water it is measuring.  
 
Temperature and conductivity   
A sensor records the temperature and electrical conductivity of the water every 10 
minutes. 

A new platform in Ballycanew, Co. Wexford for �ood protection. Ballycanew catchment kiosk.



All the sensors are connected to a Controller Display Module for data recording and 
visualisation purposes. Data are held in an internal logger and transferred to a GPRS 
data-push system to hold on a web-enabled server for real-time and historic data 
visualisation.  
 
 
4.7 Flow / Discharge 

River height, also called �stage�, is closely related to the �ow, or discharge at a 
speci�c point in time. The ACP monitors the catchments discharge (volume per unit 
time � usually m3 s-1) by using a data logging device that continuously measures 
water level. The relationship between water level height and volumetric �ow is used 
to calculate river �ow using a rating equation or curve. Flow gauging is undertaken 
regularly to establish this relationship, where speed of vertical sections of water is 
measured using a handheld meter and repeated moving across the whole river. 
Combining the velocities of each section together gives an overall �ow across the 
full cross-section of the channel at that speci�c water level. The rating equation 
requires data from extremely high to very low �ows, and the more times gauging is 
completed, the more accurate the equation is. The process is consequently repeated 
for different water levels, giving an accurate overall rating curve relating river height 
with the volume of water leaving the catchment.   
 
As the ACP catchments are small, shallow V shaped weirs have been installed to 
facilitate low �ow calculations. The de�ned shape of the weir makes the cross-
sectional area easier and more accurate to work out. Bridges adjacent to the weirs 
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Flow guaging in Castledockrell, Co. Wexford. A stage board at the outlet.
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provide access from above to safely measure high �ows during �ood events. This 
�ow data is a key part of catchment science and is used to calculate the amount of 
nutrient leaving a catchment area. The volume of water multiplied by the 
concentration will give the total mass of the item measured, typically N, P or 
sediment. For example, as the monitoring is continuous and at a high frequency it 
is possible to determine how much nitrogen left the catchment during the closed 
period, or how much phosphorus after a particular storm event. Average per hectare 
values can be calculated by dividing the total amount leaving the catchment by its 
area.   
 
The water level loggers used by the ACP measure and store water level and 
temperature data with integrated pressures sensors and data loggers. Each 
catchment outlet also has a physical �stage board� (essentially a giant outdoor ruler) 
and both systems are used to accurately measure the stream water level. 
�HydrometCloud� is used to access live level logger data whenever necessary.   

The shallow V weir in Dunleer, Co. Louth.



Diatoms are sampled following 
the guidelines of the United 
Kingdom Environmental Agency 
(Kelly et al., 2001). Five cobbles are 
sampled from the stream section 
which are fully submerged and 
are not under heavy shade. These 
cobbles are vigorously brushed 
with a toothbrush, rinsed and the 
sampled material is preserved 
with a 10% Lugol iodine solution. 
The material is then digested to 
remove organic content from the 
diatom cell and permanent slides 
are mounted with Naphrax. 
Species are identi�ed and 
counted under 1000× 
magni�cation with a minimum 
counting of 300 undamaged 
valves. Diatoms are identi�ed to 
species level with the help of 
literature. Diatoms species are 
classi�ed in categories of 
sensitivity to pollution considering their growth favouring in nutrient conditions 
following Kelly et al., (2001). 
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4.8 Biological Status 

Sampling for macroinvertebrates and diatoms occurred in each spring (May) and 
autumn (September) starting in autumn 2009 to autumn 2021. One to �ve sites 
were sampled in each catchment during this period considering the availability of 
watercourses for sampling. The samplings continued in May and September from 
spring 2023 onwards in one to three sites in each catchment. Macroinvertebrates 
have been sampled in Cregduff catchment from 2023 onwards. The stream 
stretches sampled consist of �rst to third order streams.  
 
Macroinvertebrates are sampled following the standard protocol of Ireland�s 
Environmental Protection Agency (Toner et al., 2005) with a two-minute kick net 
sampling followed with an additional one-minute hand search for 
macroinvertebrates attached to rocks. The two-minute kick net sampling is made 
continuously in different parts of a 10 to 50 m section (depending on stream 
width). The sampling focuses on rif�e and run microhabitats, but glides, margins 
and pools are included according to their proportional presence. The kick net 
sampling is conducted with a 250 mm wide hand net with a 1 mm mesh size. The 
individuals sampled are preserved in 70% ethanol solution and identi�ed under 
stereomicroscope with the help of literature. Individuals are counted to the 
lowest taxonomic level identi�ed expressing their taxa abundances. 
Macroinvertebrates taxa are classi�ed in categories of sensitivity to organic 
pollution following Toner et al., (2005).  

Biological surveying in Corduff, Co. Monaghan.
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	Monthly multi‑level piezometer sampling (shallow → weathered bedrock → bedrock). total phosphorus (TP), ortho‑P, TON, Nitrite, total N, alkalinity, metals, TOC, water level and temperature. 
	Monthly multi‑level piezometer sampling (shallow → weathered bedrock → bedrock). total phosphorus (TP), ortho‑P, TON, Nitrite, total N, alkalinity, metals, TOC, water level and temperature. 

	Figure
	Grab samples
	Grab samples

	Monthly grab sampling at multiple upstream sites. TP, TRP, TON, Nitrite, Ammonium, TOC.  
	Monthly grab sampling at multiple upstream sites. TP, TRP, TON, Nitrite, Ammonium, TOC.  

	Figure
	Outlet automated kiosk
	Outlet automated kiosk

	Continuous (~10‑minute) automated monitoring at catchment outlets: Total Phosphorus (TP), TRP, Total Oxidised Nitrogen (TON/ nitrate), turbidity, electrical conductivity, temperature, Total Organic Carbon (TOC). Submersible pump → header tank; instruments include Phosphax, Nitratax, Solitax, UVAS.
	Continuous (~10‑minute) automated monitoring at catchment outlets: Total Phosphorus (TP), TRP, Total Oxidised Nitrogen (TON/ nitrate), turbidity, electrical conductivity, temperature, Total Organic Carbon (TOC). Submersible pump → header tank; instruments include Phosphax, Nitratax, Solitax, UVAS.

	Figure
	ACP Monitoring – What We Measure 
	ACP Monitoring – What We Measure 
	Focused overview of monitoring elements  
	(soil, water, weather, GHG, biology and Farm Data).

	Flow / Discharge
	Flow / Discharge

	Macroinvertebrates and diatoms sampled (May & September), taxa identiﬁcation and sensitivity indices calculated. Hydromorphology and ﬁsh survey every four years.
	Macroinvertebrates and diatoms sampled (May & September), taxa identiﬁcation and sensitivity indices calculated. Hydromorphology and ﬁsh survey every four years.

	Figure
	Stage (water level) loggers and gauging to produce rating curves for computing discharge and nutrient loads (kg/ha) v‑notch weirs for low ﬂows.
	Stage (water level) loggers and gauging to produce rating curves for computing discharge and nutrient loads (kg/ha) v‑notch weirs for low ﬂows.

	Figure
	GHG & Eddy covariance
	GHG & Eddy covariance

	5 eddy covariance towers (10 Hz) measuring CO2 and water vapour ﬂuxes; ammonia monitored at two sites; in situ soil moisture sensors (cosmic‑ray) at some sites. Farm management logs recorded for context. 
	5 eddy covariance towers (10 Hz) measuring CO2 and water vapour ﬂuxes; ammonia monitored at two sites; in situ soil moisture sensors (cosmic‑ray) at some sites. Farm management logs recorded for context. 

	Figure
	Data management
	Data management

	WISKI time‑series database, GIS, acpmet.ie, and eddy‑covariance archives. Automatic uploads, QC checks and manual validation; long‑term storage by ACP team. 
	WISKI time‑series database, GIS, acpmet.ie, and eddy‑covariance archives. Automatic uploads, QC checks and manual validation; long‑term storage by ACP team. 

	Quick facts
	Quick facts

	•6 catchments (approx. 10 km² each);  
	•6 catchments (approx. 10 km² each);  
	•>300 participating farmers;  
	•automated kiosks sample ~10‑minute frequency;  
	•monthly grab samples;  
	•river biological status and soil science; carbon and gaseous emissions;  
	•biophysical and socio-economic research and knowledge transfer. 

	Biological status
	Biological status

	Figure
	Socio-economic & farm practice
	Socio-economic & farm practice

	Figure
	Customised farmer surveys (2009, 2015); National Farm Survey sampling from 2021, records include fertiliser and slurry use, stocking rates, farmer attitudes and adoption of mitigation measures. Farmer engagement through advisory service.
	Customised farmer surveys (2009, 2015); National Farm Survey sampling from 2021, records include fertiliser and slurry use, stocking rates, farmer attitudes and adoption of mitigation measures. Farmer engagement through advisory service.
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	Introduction
	Introduction

	The Agricultural Catchments Programme (ACP) was initiated in 2008 and is funded by the Department of Agriculture, Food and the Marine. It operates across six small, intensively farmed agricultural catchments in Ireland, each approximately 10km² in area. The programme collaborates with over 300 farmers to provide a scientiﬁc basis for measures in Ireland’s Nitrates Action Programme (NAP). Ireland’s NAP applies the European Commission’s Nitrates Directive, which aims to prevent water pollution from agricultur
	The Agricultural Catchments Programme (ACP) was initiated in 2008 and is funded by the Department of Agriculture, Food and the Marine. It operates across six small, intensively farmed agricultural catchments in Ireland, each approximately 10km² in area. The programme collaborates with over 300 farmers to provide a scientiﬁc basis for measures in Ireland’s Nitrates Action Programme (NAP). Ireland’s NAP applies the European Commission’s Nitrates Directive, which aims to prevent water pollution from agricultur
	 
	Regulatory measures are implemented through the Good Agricultural Practice for the Protection of Waters Regulations, more commonly known as the GAP Regulations. Non-regulatory measures also play a signiﬁcant role in the protection of water quality from agricultural nutrients, as it is not always possible to target and enforce regulations at the required scale. Advisory and ﬁnancial incentives are both used to complement the regulatory measures, encouraging farmers to put the right measure in the right place
	 
	Nutrient transfer from agricultural land to water takes place at different times of the year and at different scales. From ﬁeld level impact on water leaving the root zone “upstream”, to the “downstream” ecological impact at a catchment scale. Agronomic studies inform best practice at ﬁeld scale to optimise output and minimise nutrient loss. Such studies often use lysimeters, suction cups and replicated plots to investigate different rates and timings of agricultural practices. Results from such trials have
	 
	No two catchments are the same as they are unique and inherently unreplaceable. Geology, soil type, topography, farm systems and practices, weather and size all inﬂuence nutrient loss and vary from one catchment to the next. To gain an understanding of the linkages between “upstream” signals and “downstream” impact, catchment science uses empirical data from high frequency (sub-hourly) monitoring over as long a time series as is available.  
	 
	The ACP uses the “Nutrient Transfer Continuum” (Haygarth et al., 2005) to address the difﬁculties linking land management with water quality across contrasting catchments and scales. This approach studies the SOURCE, MOBILISATION, DELIVERY and IMPACT of nutrients in a catchment and is dependent on extensive empirical data. The purpose of this document is to set out the core monitoring programme undertaken by the ACP to provide the data required for this research. It will outline what is measured, where and 
	Understanding farming behaviour and what motivates practice change is key to achieving the objectives of the Nitrates Directive. Surveys into farmers behaviour and attitudes to regulations and water quality issues provide data to investigate this key aspect of catchment science. Social and economic implications of farming practices in the six catchment areas is researched using the National Farm Survey protocol to gather data and facilitates comparisons with the national situation.  This key aspect of catch
	 
	In more recent years catchment farms have been used to site monitoring equipment for carbon ﬂux, soil moisture and ammonia gas. The farm practice, nutrient management, soils and weather data already key to catchment science complements this work and it is a very logical approach to have this subject included in the remit of the ACP. 
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	Figure
	Figure
	Figure
	Met station in Ballycanew, Co. Wexford.
	Met station in Ballycanew, Co. Wexford.

	Scope of Monitoring
	Scope of Monitoring

	The ACP was originally designed to gain an understanding of all the processes that inﬂuence water quality in an agricultural setting, with a view to informing policy. This differs from other funded water quality projects, in that its primary objective was not to achieve the best possible water quality for the catchment but, rather to gain a full understanding of why the water quality is the way it is. These learnings can then be used to inform land management practice throughout the whole country.   
	The ACP was originally designed to gain an understanding of all the processes that inﬂuence water quality in an agricultural setting, with a view to informing policy. This differs from other funded water quality projects, in that its primary objective was not to achieve the best possible water quality for the catchment but, rather to gain a full understanding of why the water quality is the way it is. These learnings can then be used to inform land management practice throughout the whole country.   
	 
	Six catchment areas were selected to represent mainstream Irish agricultural enterprises with as few non-agricultural inﬂuences as possible present. All the catchments chosen include the headwater and the main channel at the outlet is stream order three or less. Peat soils were avoided as the catchments were chosen to be reﬂective of conditions in intensive farming areas. Grassland catchments were chosen from locations of almost all, if not 100% forage area and having as high an overall stocking rate as pos
	 
	In order not to miss any process that inﬂuences water quality the ACP operates a "whole catchment approach," monitoring all relevant processes from the source, continuing along the pathway to what is delivered into the receiving water, at the outlet of the catchment area. Data collected includes:  
	•Meteorological data  
	•Soil type, soil fertility and chemistry   
	•Soil water, surface water and groundwater – quality and quantity  
	•Stream hydro-morphology and biological Status  
	•Farm management and practices  
	•Farmer attitude and behaviour  
	 
	The expansion of the programme to include gaseous emissions has added the following parameters to the data collection remit:  
	•Carbon dioxide (CO2) and water vapour concentrations in air   
	•Ammonia  
	•Additional meteorological measurements  
	 
	There are ﬁve sites across the ACP catchments with CO2 and gaseous emission monitoring. 
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	Key Monitoring Techniques
	Key Monitoring Techniques

	4.1Soil and Field Monitoring 
	4.1Soil and Field Monitoring 
	 
	4.1.1Soil Fertility Analysis 
	Five of the ACP catchments (Ballycanew, Castledockrell, Dunleer, Sreenty-Corduff and Timoleague) are soil sampled on a ﬁeld scale, or smaller, every four years (2008/09, 2012/13, 2016/17, 2020/21, 2024/5). The agricultural area of each catchment is divided into deﬁned ﬁeld or sub-ﬁeld sampling units (soft limit of 2 ha.) and soil samples (n = 460–568 per catchment) are repeatedly taken. For each sampling unit, soil cores are collected to the standard agronomic depth of 0–10 cm, bulked, oven-dried (40°C) and
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	Figure
	Soil sampling locations in the ACP.
	Soil sampling locations in the ACP.

	4.1.2Topographical Mapping 
	4.1.2Topographical Mapping 
	In 2011 a survey of the catchments was undertaken to obtain accurate and reliable terrain data to provide information on hydraulic pathways and drainage. A combination of airborne LiDAR and ground-based control methods were used to collect the necessary data. LiDAR (Light Detection and Ranging) uses laser pulses to measure distance to objects from an airborne source. For this survey the data was collected using a light single-engine helicopter ﬂying 275 meters above mean sea level at 70 kts. The data collec
	 
	The DTM produced a “bare earth” model, excluding above ground objects such as vegetation and buildings, giving an enhanced 3D representation of the bare ground surface which is very useful for investigating hydrology. The DEM contains all features captured during the survey, including buildings, vegetation, water etc. and is more suitable for studying the wider catchment. Both models are gridded at 0.25m. 
	 
	Aerial photography was also collected at the same time as the LiDAR data. This was secondary in importance to the LiDAR survey and the quality of imagery depended on light conditions and cloud shadow at the time of ﬂight.   
	4.1.3Soil Classiﬁcation 
	In 2018 the soils in each of the six catchments were mapped based on the soil proﬁle character at a scale of 1 to ~10,000 resolution. In advance of the ﬁeld work, a review of the catchments bedrock geology and quaternary deposits was carried out. This information was coupled with the Irish Soil Information soil map (Creamer et al., 2014) and where available (Castledockrell and Ballycanew), the higher resolution (1:127,560) National Soil Survey of Ireland county maps. These details on soil groups and series 
	 
	Soil auger boreholes were used to ground-truth the predicted soil series and subgroup. A dutch auger was used to bore the soils and classify each horizon down to approximately 80cm depth. Where necessary, up to 20-30 auger points were taken per 1km2, with more samples taken in locations where the soil transitioned from one type to another. Polygons delineating areas of similar soil type combined to provide a map of the dominant soil subgroups in each catchment, along with a table describing the main attribu
	 
	Teagasc-EPA National soils map https://data.gov.ie/dataset/national-soils-map   
	 
	Creamer, et al., 2014. Irish Soil Information System. Synthesis Report (2007-S-CD-1-S1). EPA STRIVE Programme, Wexford.  
	https://www.epa.ie/publications/research/land-use-soils-and-transport/EPA-RR130-WEB.pdf   
	 
	Geological Service of Ireland, Quaternary and Generalised bedrock [rock unit groups] Map.  
	http://dcenr.maps.arcgis.com/apps/webappviewer/index.html?id=de7012a99d2748ea9106e7ee1b6ab8d5&scale=0  
	 
	Historical legacy soils data County Soil Maps – Teagasc | Agriculture and Food Development Authority.

	Figure
	Sreenty/Corduff Catchment (2407/7402) 
	Sreenty/Corduff Catchment (2407/7402) 
	County Monaghan
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	Figure
	Dunleer Catchment: Instrumentation and Soils
	Dunleer Catchment: Instrumentation and Soils

	4.1.4Geophysical Survey 
	4.1.4Geophysical Survey 
	In 2010 a geophysical survey was undertaken by Minerex Geophysics Ltd., in four catchments, Dunleer, Ballycanew, Castledockrell and Timoleague. The survey was designed to determine ground conditions, depth to rock and overburden thickness and to help understand water and nutrient pathways. Results were also used to make decisions when installing groundwater monitoring wells.   
	 
	On each site a variety of methodologies were used to measure different below ground physical parameters. For example, resistivity data is better at resolving composition while seismic data is more suited to identifying horizontal layering, particularly depth to bedrock. The survey provided details on near-surface (< 2 m depth) features primarily associated with soil and subsoil layers, weathered rock horizons and deeper bedrock. EM31 ground conductivity, 2D Resistivity, Ground Penetrating Radar (GPR) and Se
	 
	EM31 ground conductivity determines the bulk conductivity of the subsurface over a typical depth between 0 and 6 m and over a radius of approx. 5m around the instrument. Conductivity is the inverse of resistivity and low values indicate more gravel rich or rock deposits while higher conductivity values suggest increases in clay or water content.   
	2D-Resistivity surveying data is acquired using over 30 metal electrodes spaced at 3 to 5 meters apart along a linear proﬁle. A current is injected into the ground via a pair of electrodes, and the potential difference is measured across a second pair of electrodes. Resistivity values indicate the composition of material, with high resistivity values associated with rock or rock fragments / gravel etc and low resistivity values associated with more clay rich or saturated material. This provides a detailed c
	 
	Ground Penetrating Radar (GPR) sends electromagnetic radio pulses into the ground. When the pulses hit a change in material density (e.g., soil shifting to a buried pipe or concrete meeting a void), they reﬂect to the surface. The returning signal strength and travel time is used to create a visual cross-section or 3D map of the subsurface. Heavy and wet soils weaken the signal and consequently this method was not used on the sites dominated by clay rich soils.  
	4.2Meteorological & Climate Monitoring 
	There are seven meteorological monitoring stations (met stations) across the six catchments. The Cregduff catchment in Co. Mayo has two strategically located met stations as it is larger than all other sites. This gives a better understanding of weather patterns across the full catchment area.  All other catchments have one centrally located station.  
	 
	Campbell Scientiﬁc BWS 200 models are used to measure the parameters listed below in high resolution, recording data every 10 minutes. Potential Evapotranspiration is calculated from this data. Live hourly data and daily data for the previous 90 days from each of these stations is available for public viewing on the ACPmet.ie webpage.  
	 
	1.Rainfall  
	2.Wind speed  
	3.Wind direction  
	4.Relative humidity  
	5.Air temperature  
	6.Soil temperature at 10cm  
	7.Solar radiation  
	 
	The met stations in each catchment are complemented with upland rain gauges. As the description suggests, these rain gauges are in the upland part of each of the catchments of Castledockrell, Ballycanew, Timoleague, Dunleer and Corduff. Again, due to the size of the Cregduff catchment in Co. Mayo, two extra rain gauges are strategically located. The additional rain gauges record any variation in local rainfall amounts that may occur. 

	Figure
	Geophysical surveying in Castledockrell, Co. Wexford.
	Geophysical surveying in Castledockrell, Co. Wexford.
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	AGRICULTURAL CATCHMENTS PROGRAMME – Monitoring Programme
	AGRICULTURAL CATCHMENTS PROGRAMME – Monitoring Programme

	Interpretation of Geophysical Data.
	Interpretation of Geophysical Data.

	Figure
	The seismic refraction survey measures the travel time of refracted seismic (sound) waves. Very simply, by striking a metal plate on the ground surface with a sledgehammer, a seismic wave is sent into the ground. When the wave hits a boundary between two different materials (like soil and solid rock), it is refracted (bent) and travels along the boundary. The waves radiate energy back up to the surface where they are recorded by an array of sensors called geophones. Low seismic velocities indicate soft loos
	The seismic refraction survey measures the travel time of refracted seismic (sound) waves. Very simply, by striking a metal plate on the ground surface with a sledgehammer, a seismic wave is sent into the ground. When the wave hits a boundary between two different materials (like soil and solid rock), it is refracted (bent) and travels along the boundary. The waves radiate energy back up to the surface where they are recorded by an array of sensors called geophones. Low seismic velocities indicate soft loos

	Figure
	Weather station in Ballinrobe, Co. Mayo.
	Weather station in Ballinrobe, Co. Mayo.


	4.3Soil Solution – Lysimeters and Suction Cups 
	4.3Soil Solution – Lysimeters and Suction Cups 
	4.3Soil Solution – Lysimeters and Suction Cups 
	Since 2021 four sites in Timoleague have been monitored for soil solution. The Timoleague catchment represents one of the most intensively managed dairy farming areas in Ireland with predominantly well-drained soils vulnerable to nitrate leaching. Sites with different annual organic N loadings and grassland management were selected from ﬁelds with similar topographic and soil properties. The objective is to monitor and report on soil solution N concentrations and loads, comparing derogation and non-derogati
	 
	Two systems are used to sample the soil water. Percolating Lysimeters collect leachate that drains naturally under gravity in a container positioned beneath the soil column being investigated. Ceramic Suction Cups use a vacuum to draw water out of the soil and are much less disturbing to install compared to the percolating lysimeter. Each of the four sites consist of 6 passive lysimeters and 12 ceramic cup samplers, with a total of 24 lysimeters and 48 ceramic cup samplers installed. While ceramic suction c
	 
	The monitoring equipment is designed to remain permanently underground, with only sampling points located at the soil surface. This ensures that monitoring equipment does not interfere with grazing or any other farming operation and thus provides a representative assessment of N leached from in situ farming and grazing scenarios. Samples taken are analysed in Teagasc’s lab in Johnstown Castle.

	Figure
	Installing a passive lysimeter in Timoleague, Co. Cork.
	Installing a passive lysimeter in Timoleague, Co. Cork.

	4.4Groundwater Wells 
	4.4Groundwater Wells 
	Groundwater sampling is carried out monthly across four of the catchments (Ballycanew, Castledockrell, Dunleer and Timoleague). The purpose of the groundwater sampling is to better understand below surface water movement and chemistry, by sampling at different depths using a series of small diameter pipes with perforated tips, installed in a borehole.  
	 
	Typically, there are three piezometers in each borehole, one shallow, located just below the subsoil, one mid-level for sampling in weathered bedrock and the deepest piezometer in the bedrock itself. 
	 
	The boreholes are situated along transects cutting through the landscape, one by the river side, one mid-slope and one close to the catchment boundary on high ground. The “transect” locations are representative of the catchment as a whole and where possible there are two transects in each catchment. 
	 
	A “bailer” is used to sample each piezometer monthly. Each sample is ﬁltered into a 50 ml vial using a 0.45 micrometre water ﬁlter on site and then sent to Johnstown Castle’s lab and analysed for the following dissolved parameters: 
	 
	1.Total phosphorus 
	2.Ortho-Phosphate P (or molybdate reactive Phosphorus) 
	3.TON 
	4.Nitrite N (NO2⁻) 
	5.Total Organic Carbon 
	6.Alkalinity 
	7.Metals 
	The depth of the groundwater in each piezometer is also recorded as part of the sampling process. The monthly water levels, along with continuous water pressure and temperature, recorded using in situ level loggers, gives an understanding of the hydrogeology in each catchment transect (water pressure is compensated for changing atmospheric pressure, also measured at the groundwater well site). The level loggers are downloaded manually every month, and the data is uploaded to the share drive in Johnstown Cas
	 
	As part of the monthly groundwater sampling, a handheld water quality analyser is used to measure parameters such as pH, electrical conductivity, REDOX, Dissolved Oxygen, water temperature, turbidity and nitrate concentration. These results are stored on the unit and uploaded to a shared drive in Johnstown Castle, further complimenting the lab results of the physical samples taken at the same time. 
	 
	4.5Grab Sampling 
	Adding to the main chemical water quality parameters that are measured every 10 minutes at the outlet of each catchment, monthly grab samples are taken at strategically located sites upstream from the kiosk. The number of sampling sites across the six catchments can range from one in Corduff up to twelve or more in Dunleer, depending upon the size of the catchment, accessibility and hydrological activity of the catchment. Naturally it’s not possible to sample a tributary that is not ﬂowing following a prolo
	 
	Unﬁltered samples are analysed for concentrations of; 
	 
	1.Total Phosphorus 
	2.Ortho-Phosphate P 
	3.TON 
	4.Nitrite N (NO2⁻) 
	5.Total Organic Carbon 
	 
	Filtered samples; 
	1. Total Dissolved Phosphorus 
	2.Ortho-Phosphate P 
	3.TON 
	4.Nitrite N (NO2⁻) 
	 
	In addition to the monthly sampling, grab samples are also taken in May and September to coincide with the biological sampling of the stream and tributaries. These are taken at the biological survey sites in each catchment and are analysed for a 5-day Biological Oxygen Demand (BOD) and alkalinity. 
	4.6Surface Water Quality at Catchment River Outlet  
	The surface water quality at the outlet of each catchment is measured at high frequency using a suite of water quality instrumentation housed in a kiosk which is supplied with 230 volts AC mains power and operates continuously, 24 hours per day, seven days per week. Surface water from the stream at the outlet is delivered to a header tank in the kiosk via a submersible pump anchored to the riverbed. The sensors and automated samplers are placed in the header tank.  
	 
	The analytes being measured continuously at approximately 10-minute intervals are:  
	1.Total Phosphorus                –     chemical analysis on site  
	2.Ortho Phosphate                 –     chemical analysis on site  
	3.Total Oxidised Nitrogen     –     sensor (reagent free)  
	4.Turbidity                              –     sensor (reagent free)  
	5.Electrical conductivity       –     sensor (reagent free)  
	6.Temperature                       –     sensor (reagent free)  
	7.Total Organic Carbon         –     sensor (reagent free)  
	 
	Below is an outline of the water quality instrumentation in each of the six catchments and the parameters measured on a continuously at a high frequency. Most of the monitoring equipment in the kiosk is supplied by Hach.  
	 
	Total Phosphorus and Ortho Phosphate-P  
	Using a combination of vacuum and pressure, a “Sigmatax” unit takes in a raw unﬁltered sample of stream water from the header tank and prepares it for analysis. The sample is homogenised using ultrasonic vibration. 
	  
	The sample is analysed for total digested P and total molybdate-reactive P alternately, by a “Phosphax Sigma” unit. The method uses high temperature and acid in a small tube-like container and measures concentrations between 0.01 and 5.00 mg L-1. The preparation and analysis of each sample takes 12 minutes, giving approximately three total and three reactive phosphorus readings every hour. An automated cleaning and calibration cycle occurs daily, and the equipment is routinely maintained and serviced. The a
	 
	Total Oxidised Nitrogen (TON)  
	Total oxidised nitrogen is recorded every 10 minutes using a “Nitratax” probe, which projects UV beams across a gap, through which the water being analysed is ﬂowing. It measures the total oxidized nitrogen (nitrate plus nitrite) in the range between 0.1 to 50 mg N L-1. A calibration equation is used to convert ultraviolet absorbance into total oxidised nitrogen concentration. It is worth mentioning that the nitrite portion of total oxidised nitrogen is usually very low and the result is often used to expre
	 
	Turbidity (NTU)   
	Turbidity is also measured using spectrophotometry, based on how much light is absorbed or transmitted. A beam of infrared light is passed through the water sample, and two receptors detect the amount of light that is scattered at an angle by the particles in the water. The standard unit for turbidity is an NTU, which stands for Nephelometric Turbidity Unit. Higher NTU values indicate murkier water and the range that can be measured is between 0 and 2000. Turbidity is used to indicate levels of sediment los
	 
	Total Organic Carbon   
	The probe used to measure Total Organic Carbon was not part of the original experimental design and was added to the instrumentation at the catchment outlet in 2018. This probe is designed for reagent free determination of organic load via the spectral absorption coefﬁcient (SAC) in the water it is measuring.  
	 
	Temperature and conductivity   
	A sensor records the temperature and electrical conductivity of the water every 10 minutes. 
	All the sensors are connected to a Controller Display Module for data recording and visualisation purposes. Data are held in an internal logger and transferred to a GPRS data-push system to hold on a web-enabled server for real-time and historic data visualisation.  
	 
	 
	4.7Flow / Discharge 
	River height, also called “stage”, is closely related to the ﬂow, or discharge at a speciﬁc point in time. The ACP monitors the catchments discharge (volume per unit time – usually m3 s-1) by using a data logging device that continuously measures water level. The relationship between water level height and volumetric ﬂow is used to calculate river ﬂow using a rating equation or curve. Flow gauging is undertaken regularly to establish this relationship, where speed of vertical sections of water is measured u
	 
	As the ACP catchments are small, shallow V shaped weirs have been installed to facilitate low ﬂow calculations. The deﬁned shape of the weir makes the cross-sectional area easier and more accurate to work out. Bridges adjacent to the weirs provide access from above to safely measure high ﬂows during ﬂood events. This ﬂow data is a key part of catchment science and is used to calculate the amount of nutrient leaving a catchment area. The volume of water multiplied by the concentration will give the total mas
	 
	The water level loggers used by the ACP measure and store water level and temperature data with integrated pressures sensors and data loggers. Each catchment outlet also has a physical “stage board” (essentially a giant outdoor ruler) and both systems are used to accurately measure the stream water level. “HydrometCloud” is used to access live level logger data whenever necessary.   

	Figure
	Ground water sampling and level logging.
	Ground water sampling and level logging.

	Onsite data storage.
	Onsite data storage.

	Figure
	Catchment outlet and kiosk in Corduff, Co. Monaghan.
	Catchment outlet and kiosk in Corduff, Co. Monaghan.

	Figure
	A new platform in Ballycanew, Co. Wexford for ﬂood protection.
	A new platform in Ballycanew, Co. Wexford for ﬂood protection.

	Figure
	Ballycanew catchment kiosk.
	Ballycanew catchment kiosk.
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	Flow guaging in Castledockrell, Co. Wexford.
	Flow guaging in Castledockrell, Co. Wexford.

	Figure
	A stage board at the outlet.
	A stage board at the outlet.
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	The shallow V weir in Dunleer, Co. Louth.
	The shallow V weir in Dunleer, Co. Louth.

	Diatoms are sampled following the guidelines of the United Kingdom Environmental Agency (Kelly et al., 2001). Five cobbles are sampled from the stream section which are fully submerged and are not under heavy shade. These cobbles are vigorously brushed with a toothbrush, rinsed and the sampled material is preserved with a 10% Lugol iodine solution. The material is then digested to remove organic content from the diatom cell and permanent slides are mounted with Naphrax. Species are identiﬁed and counted und
	Diatoms are sampled following the guidelines of the United Kingdom Environmental Agency (Kelly et al., 2001). Five cobbles are sampled from the stream section which are fully submerged and are not under heavy shade. These cobbles are vigorously brushed with a toothbrush, rinsed and the sampled material is preserved with a 10% Lugol iodine solution. The material is then digested to remove organic content from the diatom cell and permanent slides are mounted with Naphrax. Species are identiﬁed and counted und

	4.8Biological Status 
	4.8Biological Status 
	Sampling for macroinvertebrates and diatoms occurred in each spring (May) and autumn (September) starting in autumn 2009 to autumn 2021. One to ﬁve sites were sampled in each catchment during this period considering the availability of watercourses for sampling. The samplings continued in May and September from spring 2023 onwards in one to three sites in each catchment. Macroinvertebrates have been sampled in Cregduff catchment from 2023 onwards. The stream stretches sampled consist of ﬁrst to third order 
	 
	Macroinvertebrates are sampled following the standard protocol of Ireland’s Environmental Protection Agency (Toner et al., 2005) with a two-minute kick net sampling followed with an additional one-minute hand search for macroinvertebrates attached to rocks. The two-minute kick net sampling is made continuously in different parts of a 10 to 50 m section (depending on stream width). The sampling focuses on rifﬂe and run microhabitats, but glides, margins and pools are included according to their proportional 
	4.9GHG, Eddy Covariance and Ammonia Monitoring 
	Since 2020, ﬁve eddy covariance ﬂux towers (EC) have been deployed in four catchments across a range of agricultural land uses and soil types, from freely draining soils in an arable setting to an intensively managed dairy catchment with poorly drained soils (Table 1). The towers provide in situ, high resolution (10 Hz) measurements of carbon dioxide (CO2) and water vapour concentrations in air. The main objective was to monitor long-term CO2 ﬂuxes at agricultural sites under different management regimes an
	The EC ﬂux towers were installed at approximately 2 m above ground at each study site. CO2 and water vapour ﬂuxes, along with 3-D wind components, were measured using standard eddy covariance instrumentation. Additional meteorological measurements included air temperature, rainfall, humidity, shortwave incoming radiation, and photosynthetic photon ﬂux density (PPFD), which is a measurement of the amount of light used by plants during the photosynthesis. Soil measurements include volumetric soil moisture con
	 
	Ambient atmospheric ammonia concentrations have been actively monitored at two of the ﬂux tower sites (Ballycanew and Castledockrell – Cropping) since 2022. This complements the EC tower measurements by providing essential nitrogen emission data that the EC system alone cannot capture. Also, in situ cosmic ray soil moisture sensors are installed at two sites (Ballycanew and Cregduff), providing additional data for quality control and gap ﬁlling of soil water availability measurements recorded by the EC syst
	 
	Detailed farm management on the ﬁelds where this instrumentation is established is recorded. This includes dates of key soil management practices at both sites, fertilisation type (e.g. inorganic fertilisers and slurry) and rates, grain, straw and grass yields. The weather stations located within each ACP catchment provided essential meteorological data for quality control of air temperature and rainfall, as well as for gap ﬁlling certain environmental parameters (e.g. PPFD) recorded by the EC towers.  
	loggers.

	Figure
	Biological surveying in Corduff, Co. Monaghan.
	Biological surveying in Corduff, Co. Monaghan.

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	Catchment name       Location            Land use                                         Soil type 
	Catchment name       Location            Land use                                         Soil type 
	Ballycanew                  Co. Wexford       Intensive dairy grazing                   Poorly drained 
	Castledockrell             Co.Wexford        Cropping                                            Well drained 
	Castledockrell             Co. Wexford       Zero-grazing/silage                          Well drained 
	Cregduff                       Co. Mayo            Extensive sheep & beef grazing     Well drained 
	Timoleague                  Co. Cork             Intensive dairy grazig                      Well drained

	Table 1: Locations, land use, and soil types of the ACP eddy covariance ﬂux tower sites.
	Table 1: Locations, land use, and soil types of the ACP eddy covariance ﬂux tower sites.
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	4.9.GHG, Eddy Covariance and Ammonia Monitoring contd...
	4.9.GHG, Eddy Covariance and Ammonia Monitoring contd...

	Figure
	Eddy covariance tower, where (1) is the enclosed path CO2/H2O analyser, (2) is the 3-D sonic anemometer, (3) is the humidity sensor, (4) is the rainfall gauge, (5) is the net radiometer, (6) is the quantum sensor, (7) is the battery box, and (8) are the data loggers.
	Eddy covariance tower, where (1) is the enclosed path CO2/H2O analyser, (2) is the 3-D sonic anemometer, (3) is the humidity sensor, (4) is the rainfall gauge, (5) is the net radiometer, (6) is the quantum sensor, (7) is the battery box, and (8) are the data loggers.
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	4.10.Socio-Economic and Farm Practice Data 
	4.10.Socio-Economic and Farm Practice Data 
	 
	4.10.1.    Customised Surveys 
	Farm data is a key component of the Agricultural Catchments Programme research. In the initial years farm level activity data surveys were carried out by external professional survey companies. Summary details of the data collected are presented in Table 2. 

	 
	 

	 
	 

	Section                      Topic                    Main Areas Covered
	Section                      Topic                    Main Areas Covered

	Table 2: Summary details of data collected in 2008 & 2015 catchment surveys.
	Table 2: Summary details of data collected in 2008 & 2015 catchment surveys.

	1. Farm Proﬁle
	1. Farm Proﬁle

	Farm structure and production systems
	Farm structure and production systems

	Farm ownership status, land area, leased land, crop types, fragmentation, livestock numbers, horses, pigs, poultry, deer. 
	Farm ownership status, land area, leased land, crop types, fragmentation, livestock numbers, horses, pigs, poultry, deer. 

	 
	 

	3. Awareness & Effects of GAP / Nitrates Directive 
	3. Awareness & Effects of GAP / Nitrates Directive 

	Regulatory awareness and impacts.
	Regulatory awareness and impacts.

	Familiarity with regulations, perceived effects on farming, environmental investments, fencing and buffer zones, adequacy of information and advice. 
	Familiarity with regulations, perceived effects on farming, environmental investments, fencing and buffer zones, adequacy of information and advice. 

	 
	 

	5. Objectives
	5. Objectives

	Farming priorities and motivations.
	Farming priorities and motivations.

	Proﬁtability, environmental protection, succession, efﬁciency, fertiliser reduction, pollution prevention, risk management, farm maintenance.
	Proﬁtability, environmental protection, succession, efﬁciency, fertiliser reduction, pollution prevention, risk management, farm maintenance.

	 
	 

	7. Preferences for Buffer Zones
	7. Preferences for Buffer Zones

	Environmental scheme participation.
	Environmental scheme participation.

	Watercourses on farms, willingness to fence buffer zones, compensation preferences, reasons for participation/non-participation.
	Watercourses on farms, willingness to fence buffer zones, compensation preferences, reasons for participation/non-participation.

	 
	 

	2. Nutrient management
	2. Nutrient management

	Environmental and nutrient practices.
	Environmental and nutrient practices.

	Water sources, livestock access to watercourses, REPS participation, organic farming, nitrates derogation, advisory services, soil testing, nutrient plans, slurry/manure management, fertiliser use, inspections and penalties.
	Water sources, livestock access to watercourses, REPS participation, organic farming, nitrates derogation, advisory services, soil testing, nutrient plans, slurry/manure management, fertiliser use, inspections and penalties.

	 
	 

	4. Attitudes
	4. Attitudes

	Farmer beliefs and opinions.
	Farmer beliefs and opinions.

	Attitudes toward production, pollution, environmental responsibility, regulations, fertiliser use, sustainability, government, and farming success.
	Attitudes toward production, pollution, environmental responsibility, regulations, fertiliser use, sustainability, government, and farming success.

	 
	 

	6. Sources of information
	6. Sources of information

	Advisory and learning networks.
	Advisory and learning networks.

	Advisers, discussion groups, producer groups, farming media, internet use, benchmarking, organisations, inﬂuences on decision-making.
	Advisers, discussion groups, producer groups, farming media, internet use, benchmarking, organisations, inﬂuences on decision-making.

	 
	 

	8. Demographics
	8. Demographics

	Farmer and household characteristic.
	Farmer and household characteristic.

	Gender, age, marital status, children, education, experience, income, debt, diversiﬁcation, labour, off-farm employment.
	Gender, age, marital status, children, education, experience, income, debt, diversiﬁcation, labour, off-farm employment.

	4.10.2   National Farm Survey 
	4.10.2   National Farm Survey 
	As of 2021, an initiative to collect Teagasc National Farm Survey (NFS) data has been rolled out across a sample of farms in all six of the catchments. This extensive data set will add depth and explanatory power to existing water quality and soil data. Data collected covers all the key ﬁnancial and physical indicators at farm level viz. inventories, sales, purchases, costs, subsidies, liabilities, assets, cropping programme and yields. A wide range of physical, socioeconomic and farm demographic attributes
	https://app.powerbi.com/view?r=eyJrIjoiNDg0MTFlNjAtYWQ1Zi00MDQ1LWE3ODgtNDg0MjEyNDA5YTJhIiwidCI6IjQ1MmE2ZjYyLTgyNDktNGQwZi05MjA3LTZiMzNiNmNkZmQ2NCIsImMiOjl9&pageName=ReportSection701984cde3b988fa51e0  
	 
	4.10.3   Speciﬁc Purpose Data 
	Several students pursuing a master’s degree in Agricultural Innovation Support (MAIS) have also collected data speciﬁc to their projects, these include:   
	 
	•Enhancing Water Quality Management in Agricultural Landscapes through Pollution Impact Potential maps  
	•The role of advisors in supporting locally led cooperation between livestock and tillage farming systems.  
	•Farmer preferences for actions needed to adhere to changes in the Nitrates Action Programme  
	•A study of farmer’s attitudes towards growing catch crops in a catchment with high stream water concentrations of nitrate N, whilst developing KT methodology to further adoption.  
	 
	4.10.4   Department of Agriculture, Food & Marine Data Sharing 
	A data sharing agreement with the DAFM has provided the ACP access to historic land use and organic N and P data for the farms located in the six catchment areas. This anonymous data is now available to the public from the department’s web site and is stored in their “Land Parcel Identiﬁcation System” (LPIS).  
	 
	4.10.5   Farm Practice Data from Advisory Contact 
	The ACP provides a general farm advisory service to the farmers with land in the catchment areas. While not all farmers avail of this service, it does provide a detailed insight into the farming activities undertaken across the catchments. With the consent of the farmer, details on all aspects of farm practice are shared through the advisors with the ACP researchers.   
	 
	All socio-economic and farm practice data used in the programme is conﬁdential, anonymous and used speciﬁc purpose of the ACP.


	Data Management  
	Data Management  
	Data Management  
	& Archiving

	5.1WISKI 
	5.1WISKI 
	To store, manage and utilise the vast amounts of data collected by the ACP, proprietary software called WISKI (Water Information System Kisters) is used. This software is widely used by water authorities, utilities and environmental agencies worldwide. It functions ﬁrstly as an oracle database to securely store the data and provides a user interface displaying the data in timeseries which can be viewed graphically and in tables.   
	 
	WISKI incorporates a rating curve model to calculate ﬂow using river level (stage) and ﬂow gauging data from the catchment outlet. Automatic quality control checks take place when data is being imported but most quality checking and validation is done manually by ACP researchers in the WISKI user interface. In addition to the water quality and meteorological data, the WISKI database has two modules used for biological and pesticide data.   
	 
	Across all six catchments there is data records from 370 different station types being recorded on the WISKI database, measuriong 784 parameters. The frequency of this data ranges from every 10 minutes for automated water quality data at the catchment outlet, every two weeks for pesticide monitoring, monthly for well and river sampling to twice annually for the biological survey. 
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	Figure
	Example of WISKI ﬂow gauge outlet time series and station data overview.
	Example of WISKI ﬂow gauge outlet time series and station data overview.

	5.2Geographic Information System (GIS) 
	5.2Geographic Information System (GIS) 
	A lot of the data collected in the ACP is attributed to a location in the catchment area. This is referred to as spatial, or geospatial data and the details are linked to physical coordinates. This is managed by a Geographic Information System (GIS) where different layers of information can be overlayed, and the inﬂuence of interactions studied on interactive maps. An example is where soil fertility, topography and drainage status are combined to identify critical source areas that have a higher risk of con
	 
	5.3acpmet.ie  
	The ACP Met website was established to give the catchment farmers access to weather data generated from seven met stations in our catchment areas. Data is transferred from each met station every hour to the website where hourly mean and total data is displayed for Rainfall, Air Temperature, Soil Temperature, Wind Speed, Wind Direction and Potential Evapotranspiration. Daily data for up to the previous ninety days is available for each catchment station and it can be downloaded in csv (comma-separated values
	 
	Other information shown on the acpmet.ie website include weather warnings, forecasts and current farming commentary via Met Eireann. Volumetric Soil Water Content derived from satellite sensing is also available.  

	Figure
	Other Monitoring
	Other Monitoring

	The monitoring and data outlined above is mostly core to the overall objective of the ACP and ongoing since the programme started. As the programme has well established sites and relationships built up with landowners and farmers it is usual that other collaborative research projects and post graduate students are also working in the six catchment areas. This has added to the types of data being collected and some examples are given below.  
	The monitoring and data outlined above is mostly core to the overall objective of the ACP and ongoing since the programme started. As the programme has well established sites and relationships built up with landowners and farmers it is usual that other collaborative research projects and post graduate students are also working in the six catchment areas. This has added to the types of data being collected and some examples are given below.  
	 
	6.1Passive Sampling for Pesticides   
	Chemcatcher® is a passive sampling device that is left in situ, anchored to the riverbed, usually for two weeks. A receiving membrane can then sequester target compounds, herbicides in this case. The device is replaced every two weeks and sent to the lab for analysis. This method captures very low concentrations of transient pollutants and ﬂuctuations in levels over time. As the ﬂow is measured at the catchment outlet both ﬂow-weighted and time-weighted average concentrations can be calculated for the deplo
	 
	6.2Hydro-morphological Assessment   
	While a routine hydro-morphological assessment is undertaken once every four years in conjunction with the biological survey, a more detailed one-off survey was carried out as part of a PhD study investigating the potential for restoring hydro-morphology to a more natural condition in small, lowland streams within agricultural areas, using the Ballycanew and Timoleague catchments. This study involved collecting samples of substrate from the streambed and banks, walkover surveys to assess the condition of th
	 
	6.3Mitigation Measures   
	The programme now acts as a "test bed" for innovative mitigation measures. To evaluate the effectiveness of various practices (such as in-ditch measures, cover crops etc.) at local and sub-catchment scales, targeted grab sampling, lysimeter and ﬂow modelling data has been used.  There is a growing demand for this type of assessment and the experience of routing monitoring methods undertaken in the ACP enables best practice when designing and setting up experiments to evaluate targeted actions additional to 
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	Figure
	Harvesting in  
	Harvesting in  
	Castledockrell, Co. Wexford 
	Pic: Jimmy Staples
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