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Abstract 

This paper describes the results of an extensive statistical analysis of low river flows in the Shannon 

International River Basin District (IRBD) conducted mainly to assess various low flow indices 

relevant to water abstractions and water pollution control. Following a rigorous screening of all 

hydrometric stations in the Shannon IRBD, 24 stations were identified as suitable for this analysis. 

For each of these, the daily mean flow (DMF) series was characterised by calculating its basic 

statistics such as the minimum, the mean, and the maximum values. In addition, a number of low flow 

indices were extracted from the Flow Duration Curve (FDC), including the 50th and the 95th 

percentiles flow. Furthermore, a low flow frequency curve (LFFC) has been fitted to both the annual 

minimum DMF series and the annual 7-day sustained low flow (7SLF) series using the Extreme 

Value Type 1 (EV1) distribution. The resulting LFFC of the annual minimum DMF series was used to 

estimate the dry weather flow (DWF) while the LFFC of the annual 7SLF series used to estimate the 

7SLF value with a 15 years return period (7SLF_15) for each station. For three stations where long-

term records are available the FDCs and the EV1 curves of the 7SLF series were constructed using 

first the full period of records and then using only data from 1976 onwards. Both sets of curves were 

compared to assess the reliability of using the shorter records in determining them, as for many Irish 

hydrometric stations the record is only available from 1976 onwards.  

The main conclusions for the Shannon IRBD from this study are: 

1. In general, the range of the standardised DMF values for most of the hydrometric stations lies 

between lows of 0.01 and highs of 30 mm/day and the means of these values for each station 

are between 1 and 3 mm/day.  

2. The estimated DWF values have a wide range with greater variation in the smaller catchments 

than the larger. The lowest DWF value was found to be in a hydrometric station with 

catchment dominated by poorly-drained soil and poor aquifer.  

3. The 7SLF with 15 years return was found to be below the median of the 7SLF series and 

above or close to the minimum value in this series.  

4. The FDC derived from long-term records does not markedly differ from the corresponding 

curve derived from shorter-term records only covering the period from 1976 onwards. 

5. For two of the three stations tested, the EV1 LFFC of the 7SLF series derived from long-term 

records shows some differences from the corresponding curve derived from short-term 

records covering the period from 1976 onwards. 
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1. INTRODUCTION  

The unprecedented industrialisation, urbanisation and agricultural intensification during the last 

decade have resulted in a dramatic increase in the exploitation of natural resources in Ireland. Fresh 

water resources in rivers, lakes, reservoirs and groundwater have been put under enormous pressure to 

meet the increased demand for water supply, dilution of effluent discharges, environmental flows to 

meet the ecological requirements of water dependent habitats and species, hydro-power generation, 

recreation and transport. As a consequence, the quantity and quality of these water bodies have 

become increasingly vulnerable to adverse changes and continuous assessment is required to form a 

basis for strategic management plans for them to meet the objectives of the Water Framework 

Directive (WFD), the Habitats Directive, and the Flood Directive (FD) which all shape future policies 

on water resources in all European countries.  

 

Assessment of river low flow regimes, in particular, has an important role in designing plans and 

strategies related to the implementation of the above-mentioned Directives. Such assessment is based 

on analysing a wide spectrum of indices used for different water resources planning and pollution 

control purposes. Each index normally characterises a specific aspect of river low flow conditions and 

has specific environmental implications. In Ireland, the most widely used indices are the 95th 

percentile flow, the 50th percentile flow, the dry weather flow (DWF), and the sustained low flows for 

various specified periods (e.g. Brogan & Cunnane (2005); MacCárthaigh (2002; 1989; 1987; 1984); 

Martin & Cunnane (1977)). The first two indices are derived from a Flow Duration Curve (FDC) 

which is constructed using historic river flow records. The other indices are obtained from a 

frequency analysis of specific low flow series extracted from the available river flow records such as 

the annual minimum low flow series and the 7-day sustained low flow series. 

 

This study provides details of the magnitude and frequency of occurrence of a number of river low 

flow indices at gauged sites in the Shannon International River Basin district (IRBD). Similar studies 

have been carried out previously by MacCárthaigh (1989; 1987; 1984) for the Eastern, the Southern, 

and the South-Eastern Water Resource Regions respectively. In this study, the main objective was to 

conduct the following statistical analyses relevant to water abstractions and water pollution control: 

 Analysis of the available daily mean flow records to determine their minimum, mean and 

maximum values; 

 Extraction of the annual minimum flow series and estimating the DWF;  

 Analysis of the FDC for the full record of river flow data; and 

 Constructing Low Flow Frequency Curve (LFFC) of the 7-day sustained low flow series and 

then using it to estimate the 15 years return period value. 

 

This study also investigated the reliability of estimates of low flow indices obtained from short-term 

records by comparing them with results obtained from long-term records.  

 

2. DESCRIPTION OF THE STUDY CATCHMENTS IN THE SHANNON IRBD 

The Shannon IRBD is the largest river basin district in Ireland with an area of approximately 18,000 

km2 (more than 20% of the area of the island of Ireland) and includes an extensive part of central 

Ireland, from its source in County Fermanagh to the mouth of the Shannon estuary. All hydrometric 

stations on natural rivers, which are not regulated or not close to major abstractions or discharge 

points, in the Shannon IRBD were assessed for their suitability for this study using a two stage 

screening process. In the first stage, all hydrometric stations were assessed against two criteria: 
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1. Availability of daily mean flow (DMF) record for a period longer than 10 years; 

2. Reliability of the rating curves used to estimate the DMF values from the available water 

levels.  

Hydrometric staff in the EPA (main and regional hydrometric offices) and in the OPW were consulted 

during the first stage screening process, particularly in assessing the reliability of rating information. 

From a total of 561 stations, this first stage identified 104 potentially suitable hydrometric stations and 

these were subjected to the second stage of screening. In this, all years with substantial gaps in data 

during low flow periods were eliminated and the remaining number of valid years for analysis was 

then re-calculated. This produced only 24 stations with 10 or more valid years for analysis. Figure 1 

shows the catchments and locations of these 24 stations. Full details of the individual stations can be 

found in the EPA Register of Hydrometric Stations in Ireland 

(http://www.epa.ie/pubs/reports/water/flows/registerofhydrometricstationsinireland.html#.VCqzBWd

dXh4).  

 
Figure 1: Location of selected hydrometric stations in the Shannon IRBD 

 

The main characteristics of the catchments of the 24 selected hydrometric stations were determined, 

including standard average annual rainfall (SAAR), soil types, aquifer types, and overland slope. The 

SAAR values for the 24 catchments range between 900 mm and 1400 mm. The dominant soil types 

were classified as either poorly-drained soil, well-drained soil, or peaty soil although most catchments 

contain some soils of each category. In a few catchments one single type (either poorly-drained soil or 

well-drained soil) dominates and occupies more than 70% of the catchment area. The dominant 

aquifer type in most of the catchments is locally important aquifers with a few catchments dominated 

by poor aquifers. The percentage of regionally important karst aquifer type is only significant in the 

http://www.epa.ie/pubs/reports/water/flows/registerofhydrometricstationsinireland.html#.VCqzBWddXh4
http://www.epa.ie/pubs/reports/water/flows/registerofhydrometricstationsinireland.html#.VCqzBWddXh4
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catchments of Tinacarra (Station 26012), Mill Castle (Station 26111), and Ballycorey (Station 27002). 

However it is worth to note that generally in the Shannon IRBD there is extensive limestone geology 

(70% of the area) with karstic features which can be considered significant in some areas of the basin. 

The variation of overland slope within each catchment is shown by the colour coding in Fig. 1. 

 

3. ANALYSIS OF RESULTS AND DISCUSSION 

All flow data shown here are presented as a water depth in millimetres per day (mm/day) which has 

been obtained by dividing discharge values in (m3/s) by the catchment area (in km2 ) and then 

multiplying the result by adjustment factor for the units of 86.4 (= 24*60*60/1000). This 

normalisation enables direct comparison between the values for the 24 hydrometric stations as it 

reduces the effect of catchment area. 
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Figure 2: Box plot showing distribution of DMF values for selected hydrometric stations in the Shannon IRBD 

(expressed as mm over catchment) 

 

Fig. 2 shows a box plot of the DMF values which have been used in the analysis for the 24 

hydrometric stations. The upper horizontal axis shows Station Numbers while the lower one shows 

the area of catchment of each station. Note that when DMF values are expressed as mm/day, small, 

medium, and large catchments have comparable ranges with most of the stations ranging between 

lows of 0.01 and highs of 30 mm/day. The mean of the DMF values for all stations is between 1.0 and 

3.0 mm/day. Among the 24 hydrometric stations, Barrington’s Bridge (Station 25002) has the lowest 

flow value of 0.0005 mm/day and this occurred in 17/04/1998. The rating curve which has been used 

to estimate this flow value is described by the OPW as of a good quality and hence has been accepted 

in this study. 

 

3.1 DRY WEATHER FLOW (DWF) 
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The dry weather flow (DWF) index is used in assessing the dilution capacity of a river to absorb toxic 

pollution loads and hence it is used in Ireland in calculations of assimilative capacity associated with 

IPPC licensing. MacCárthaigh (1989; 1987; 1984) defined the DWF as the annual minimum DMF 

with a return period of 50 years (i.e. with a probability of exceedance of 0.98). In this study, this index 

has been obtained by first ranking the annual minimum low flow series in a descending order from the 

smallest to the largest and then assigning a return period estimated by Gringorten plotting position 

formula (Gringorten, 1963) for each value in the series and interpolating for the 50 year return period 

value. For the shorter duration series, the return period for the smallest value may be less than 50 

years, in which case interpolation is done between this value and an artificial lower point, in this case 

a flow of zero with a return period of 100 years.  

 

 
Figure 3: Dry weather flow (DWF) for selected hydrometric stations in the Shannon IRBD (expressed as mm 

over catchment) 

 

Dry weather flow (DWF), which has been estimated by the interpolation method, as mentioned above, 

is shown for the 24 hydrometric stations in Fig. 3. In the Figure, the catchments have been ordered 

based on their areas from the smallest to the highest. Also for each catchment the dominant soil type 

and the percentage of area occupied by it can be read from a table given below the graph. The lowest 

DWF estimated value was the one for Ennistimon (Station 28001) which is characterised by poorly-

drained and peaty soils and also it has a poor aquifer. These factors are likely contribute to it having 

the low value of the DWF. Moreover it is clearly evident from the Figure that the range of the DWF 

values is wide. However there is less variation between the larger catchments, on the right hand side 

of Figure 3 compared to the smaller catchments on the left hand side. 

 

3.2 FLOW DURATION CURVE (FDC) 

Fig. 4 below shows the FDCs of the 24 hydrometric stations estimated from all available DMF 

records. The shape of the FDCs is not remarkably different for all the hydrometric stations. However, 

it is noticeable that the relative range of values of the 24 hydrometric stations for the lower (high 
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flow) percentiles (e.g. 5th percentile (Q5)) is small compared to the higher (low flow) percentiles (e.g. 

95th percentile (Q95)). The latter observation suggests that while the catchments of the 24 hydrometric 

stations may show similar behaviour during high flow periods, their behaviour may show greater 

differences during low flow periods. The behaviour of a catchment during the low flow period is 

primarily controlled by the subsurface storage which depends mainly on.soil drainage characteristics, 

sub-surface soil permeability, hydraulic characteristics and extent of the aquifers, rate, frequency and 

amount of recharge, evapotranspiration rates from the catchment, distribution of vegetation types, 

topography and climate (Smakhtin, 2001). Ballyhahill (Station 24033) has the lowest Q95 value while 

Syngefield (Station 25022) has the highest value. The catchments of the two stations have locally 

important aquifer as a dominant type. In terms of soil drainage characteristics the catchment of the 

former station has poorly-drained soil while the latter has a mix of well-drained and poorly-drained 

soils. 

 

 
Figure 4: Flow duration curves (FDC) for selected hydrometric stations in the Shannon IRBD (expressed as 

mm over catchment) 

 

3.3 7SLF SERIES 

The 7-day sustained low flow (7SLF) is the lowest flow in a river that is not exceeded for 7 

consecutive days in any year. Kelly & McHugh (1985) reported that at the end of a long period of 

drought, the daily variation in the rate of river flow becomes so small that the 7SLF values tend to 

come close to the minimum flow values. In such periods, very small variations in flow are difficult to 

measure precisely and hence the minimum flow value often cannot be accurately separated from the 

7SLF value. The minimum, median, and maximum of the 7SLF series have been calculated and 

shown as a box plot in Fig. 5 for each of the 24 hydrometric stations. In the Figure, the catchments 

have been ordered based on their areas from the smallest to the highest. The range of values of the 

7SLF series for all stations is between 0.01 and 1 mm/day and the median lies between 0.05 and 0.5 

mm/day.  
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Figure 5: BOX plot of the 7SLF series for selected hydrometric stations in the Shannon IRBD (expressed as mm 

over catchment)  

 

Generally the average of the 7SLF series can be used as a flow index for the driest week during the 

low flow season in a river. Other indices which can be derived from this series are the 7SLF values 

with specified return periods (e.g. 10 or 15 years). The 7SLF value of 15 years return period is the 

most widely used index in Ireland (MacCárthaigh, 1989; 1987; 1984). This value has been estimated 

from a Low Flow Frequency Curve (LFFC) fitted to the annual 7SLF series. The LFFC has been 

constructed by fitting an extreme value Type 1 (EV1) distribution (also known as Gumbel 

distribution) to the annual 7SLF series for the 24 hydrometric stations using the maximum likelihood 

method (Kite, 1977). From the fitted EV1 curve the 7SLF value corresponding to 15 years return 

period has been obtained by interpolation/extrapolation and shown for the 24 hydrometric stations in 

the box plot of Fig. 5. The highest value of this statistic was at Syngefield (Station 25022) while the 

lowest value was at Ballyhahill (Station 24033). Also in general, all values of this statistic are below 

the median of the 7SLF series and above or close to its minimum value. The exception is Ballyhahill 

(Station 24033) where the value of the static is below the minimum value of the 7SLF series. 

 

3.4 COMPARISON OF RESULTS OBTAINED FROM ANALYSES BASED 

ON LONG-TERM AND SHORT-TERM RECORDS 

Flow measurement in many of the hydrometric stations in Ireland commenced in 1976 and, as a 

result, only relative short-term (post-1976) flow records are available at the moment for many of these 

stations. Therefore the reliability of low flow analyses obtained from such short-term records should 

be checked. This analysis was carried out in 3 out of the 24 hydrometric stations where long reliable 

records allowed such analysis. The first analysis involves the full period of record which extends 

considerably before and after 1976 for these three stations and this will be denoted as the long-term 

analysis while the second analysis involves data only from the period from 1976 onwards and this will 
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be denoted as the short-term analysis. The three stations are Listowel (Station 23002), Syngefield 

(Station 25022), and Ballycorey (Station 27002) and are all operated by the OPW. Details of period of 

record and catchment characteristics of the three stations are shown in Table 1 below. 

 

Table 1: Details of hydrometric stations used in the long-terms and short-term analysis  

STATION NO. 23002 25022 27002 

STATION NAME LISTOWEL SYNGEFIELD BALLYCOREY 

AREA (km²) 646.8 147.9 511.4 

SAAR (mm) 1325 1003 1342 

Period of Record 1946-2007 1953-2004 1956-2006 

Soil 

Drainage 

Poorly-Drained (%) 53.6 28.9 18.1 

Well-Drained (%) 8.6 48.1 66.5 

Alluvial-Mineral (%) 3.9 7.9 1.5 

Peat Soil (%) 33.6 15.0 11.5 

Water (%) 0.0 0.0 2.1 

Urban (%) 0.3 0.1 0.3 

Aquifer 

Type 

Poor Aquifers (%) 1.2 20.6 11.2 

Locally Important Aquifers (%) 97.9 65.9 18.7 

Regionally Important Aquifers -

Gravel (%) 
0.6 5.3 0.0 

Regionally Important Aquifers -

Fissured- Bedrock (%) 
0.0 8.1 2.8 

Regionally Important Aquifers - Karst 

(Conduit Flow) (%) 
0.0 0.0 64.7 

Regionally Important Aquifers - Karst 

(Diffuse Flow) (%) 
0.1 0.0 0.0 

 

Results of the analysis indicated that the shape of the long-term and the short-term FDCs does not 

markedly differ for the three stations despite a slight difference in part of the curve between the 10th 
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percentile and the 60th percentile in the case of Listowel (Station 23002) only (Figure 6). This 

suggests that the short records (from 1976 onwards) can be used to derive a reliable FDC comparable 

to the ones derived from longer records in this RBD.  
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Figure 6: Comparison of long-term and short-term plots of flow duration curves (FDC) at Listowel (Station 

23002)  

 

A similar analysis of LFFCs suggested that the long-term and the short-term LFFCs are very similar 

for Listowel (Station 23002) but there are slight differences for Syngefield (Station 25022) and 

Ballycorey (Station 27002) as shown in Figs 7 and 8 respectively. For Syngefield, the short-term 

curve is higher than the long-term curve and for Ballycory the fitted lines have slightly different 

slopes. Thus, the shorter term (post 1976) record may not accurately represent the low flow regime in 

this RBD. 
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Figure 7: Comparison of long-term and short-term plots of 7SLF at Syngefield (Station 25022)  
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Figure 8: Comparison of long-term and short-term plots of 7SLF at Ballycorey (Station 27002)  

 

4. CONCLUSIONS 

An extensive statistical analysis has been carried out on river flows at 24 carefully selected 

hydrometric stations in the Shannon IRBD to assess various low flow indices relevant to water 
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abstractions and water pollution control. First, all hydrometric stations in the Shannon IRBD were 

subjected to a rigorous screening process which resulted in the selection of 24 stations suitable for this 

analysis. For each of these, the daily mean flow (DMF) series (m3/s) was first expressed as a depth of 

water (in millimetres) over its catchment. Basic statistics were calculated from the resulting 

standardised DMF series including the minimum, the mean, and the maximum values of each series. 

Then ordinates of the Flow Duration Curve (FDC), annual minimum DMF series, and annual 7-day 

sustained low flow (7SLF) series were determined. From the FDC, a number of low flow indices were 

extracted, including the 50th, and the 95th percentile flows. Furthermore an EV1 low flow frequency 

curve (LFFC) has been fitted to both the annual minimum DMF series and the annual 7SLF series. 

The resulting LFFC of the annual minimum DMF series was used to estimate the dry weather flow 

(DWF) while the LFFC of the annual 7SLF series used to estimate the 7SLF value with a 15 year 

return period (7SLF_15). For only three out of the 24 stations with long records an analysis of the 95th 

percentile flow and the 7SLF_15 has been conducted using the full period of records and then using 

the shorter period from 1976 onwards. The purpose of this analysis was mainly to assess the reliability 

of using short records in the analysis, as for many Irish hydrometric stations the data is only available 

from 1976 

 

The main conclusions from the analysis in this study are; 

1. In general, the range of the standardised DMF values for most of the hydrometric stations lies 

between lows of 0.01 and highs of 30 mm/day and the means of these values for each station 

are between 1 and 3 mm/day  

2. The estimated DWF values have a wide range with greater variation in the smaller catchments 

than the larger. The lowest DWF value was found to be in a hydrometric station with 

catchment dominated by poorly-drained soil and poor aquifer.  

3. The 7SLF with 15 years return was found to be below the median of the 7SLF series and 

above or close to the minimum value in this series.  

4. The FDC derived from long-term records does not markedly differ from the corresponding 

curve derived from shorter-term records only covering the period from 1976 onwards. 

5. For two of the three stations tested, the EV1 LFFC of the 7SLF series derived from long-term 

records shows some differences from the corresponding curve derived from short-term 

records covering the period from 1976 onwards. 
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