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Recharge estimates are needed to:

• quantify groundwater resources within River 
Basin Districts and Groundwater Bodies

• issue abstraction licences

• assess baseflows and contributions to wetland 
habitats (groundwater-dependent terrestrial 
ecosystems)

• assess groundwater vulnerability

• delineate Source Protection Areas

• identify implications for groundwater resources 
of changes in land use and/or climate



What is recharge?

• Recharge can be defined as: ‘downward flow of 
water reaching the water table, adding to 
groundwater storage’ (Healy, 2010)

• Types of recharge:

– Direct (diffuse)

– Indirect (point, focused)



Groundwater recharge

(USGS image)



Groundwater vulnerability concepts in Ireland

(Diagram prepared by GSI; in Misstear 2023)



Factors influencing recharge:

• precipitation

• topography

• vegetation and evapotranspiration

• soil and subsoil types

• flow mechanisms in unsaturated zone

• bedrock geology

• available groundwater storage

• presence of influent rivers

• presence of karst

• irrigation schemes

• urban areas



Approaches to recharge assessment
(see Section 2.6 in Misstear et al. 2017)

• Inflow estimation e.g.:
– Soil moisture budgeting

– Darcy flux calculations

– Recharge coefficients

– Tracers

• Aquifer response analysis
– Well hydrograph analysis

– Darcy throughflow calculations

– Dupuit-Forchheimer calculations

• Outflow estimation
– River baseflow analysis

– Measuring spring flows

• Catchment water balance and modelling



Inflow estimation (direct recharge)

• soil moisture budgets

• infiltration coefficients (recharge coefficients)

• soil moisture flux approaches

• lysimeters

• tracers

• direct observations

We can also estimate inflows from rivers that lead to indirect recharge

These methods mainly provide estimates of potential recharge



Indirect (focused) recharge

Indirect recharge includes:

• Infiltration from losing streams

• Infiltration of runoff in arid areas

• Infiltration from swallow holes in karst limestones

• Infiltration from leaking pipes, sewers etc

• Irrigation return flows



Direct recharge: soil moisture deficit concepts
(Image from Misstear et al. 2017, based on Lerner et al. 1990)



Evapotranspiration reduces when the soil moisture 
deficit increases beyond the readily available water 

(Image from Misstear et al. 2017, based on Rushton 2003)



Recharge coefficient: the proportion of effective 
rainfall that forms recharge

(Hunter Williams et al. 2013)



Methodology for preparing Irish recharge maps using estimates of 

effective rainfall, recharge coefficient and aquifer storage recharge caps

(Hunter Williams et al. 2013)



Subsoil permeability is one of the main geological factors 
influencing direct (diffuse) recharge
(Fitzsimons & Misstear, 2006)



Generating recharge maps using GIS layers (Hunter Williams et al. 2013)



(Hunter Williams et al. 2013)

These maps show direct (diffuse) recharge

They provide initial estimates of recharge



Updates between 2011 and 2020 recharge maps

(Hunter Williams et al. 2021)



(Hunter Williams et al., 2021)



The recharge coefficient approach can be used to investigate the 
sensitivity of results to values of RCs and caps, and to future climate 
change scenarios. The example below shows impact of increasing or 
decreasing rainfall intensity (Nuenna catchment, Co Kilkenny)
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The AQCLIMATE project is currently looking at the vulnerability 
of recharge to climate change. This EPA and GSI funded project 
is using Met Éireann’s TRANSLATE project dataset to 
investigate climate change scenarios and prepare recharge 
maps. The project leader is Patrick Morrissey (TCD) and 
partners include SETU Carlow and the ICHEC

See: (https://www.epa.ie/our-services/research/epa-funded-research/epa-funded-

projects/research-data-table-dev/evaluating-the-vulnerability-of-aquifer-recharge-
to-changing-climate-across-ireland.php)



Aquifer response analysis

• Can estimate recharge from water level 
fluctuations:

 

 where R is the recharge, h the change in water table elevation,  the 

specific yield, Qa the groundwater abstraction during the period 
under consideration, and Qout and Qin are any other lateral subsurface 
outflows and inflows during the same period

• Major difficulty is getting a reliable value for Sy 
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Well hydrographs

Tedd et al. 2012:

Borehole cluster (BM photo)



Aquifer throughput analysis

(UK Groundwater Forum image)
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The flow per unit width through the vertical section of unconfined 

aquifer illustrated above is given by:

Can use Darcy or the Dupuit-Forchheimer equations

Aquifer throughput analysis



Application of D-F relationship to recharge estimation
(See Box 2.8 in Misstear et al. 2017)
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Outflow estimation

Various methods for estimating the groundwater 
contributions to river flows including:

– hydrograph recession curve analysis

– digital filters

– minima turning point methods

– chemical end member mixing analysis 

– models



Master recession curves

(O’Brien et al., in Hydrological Processes 2013)



Physical hydrograph separation methods

• River hydrographs can be successfully split into their main 
flow pathways using physical methods and a lumped 
hydrological model

• These physical hydrograph separations are based mainly on 
response times to rainfall

• Where different pathways have similar response times, then 
physical methods on their own are not sufficient and chemical 
methods can be used



Example of digital filter algorithm for separating out flow 
pathway components

(O’Brien et al., 2013)

(O’Brien et al. 2013)



Principles underlying chemical hydrograph separation

• Chemistry of rainfall evolves as water moves 
through the ground

• During an event, stream chemistry changes 
reflecting contributions from different pathways

• Pathways often have distinctive chemical 
signatures 

• If you can isolate the pathway’s signature, then 
you can calculate its contribution to total flow



Chemical pathway separation at the Mattock outlet (June 2012)

Archbold M, Deakin J, Packham I, Mockler E, Orr A, O'Brien R, Maher P, Thompson J, Cocchiglia L, Kelly-Quinn M, Desta M, 

Misstear BDR, Bruen M, Gill L, Ofterdinger U, Flynn R (2016) Contaminant movement and attenuation along pathways from the 

land surface to aquatic receptors – Final report Volume 1, Field investigations and catchment conceptual models. STRIVE 

Report, Environmental Protection Agency, Wexford, 180 pp



(Archbold et al., 2016)

Chemical separations NAM model



A simple water balance relationship for an aquifer:

gabsdisoi QQQQw ++=+

where w = recharge to the aquifer, Qi = any other lateral or vertical inflows from 

adjacent aquifer units, Qabs = groundwater abstraction, Qdis = discharge of 

groundwater to the surface as springs or river baseflow, Qo = any other outflows 

to adjacent aquifer units (or direct evaporation from water table) and = the 

change in groundwater stored in the aquifer. 

 
g

Catchment water balances and modelling



Models

Various mathematical models can be used to 
estimate recharge, including:

• Lumped or distributed models

• Unsaturated zone models

• Groundwater flow models

• Catchment models

Whatever modelling approach is used, we need to start 

off with a proper conceptual model



Recent pan-European modelling study (Seidenfaden et al., 2023)

The models produced different recharge estimates. The results 

were improved when local information on the system was added 

(including water balance)



Curragh aquifer case study: summary of effective rainfall 
and recharge estimations (Misstear et al. 2009)



Take home messages

• Recharge is one of the most difficult components 
of the hydrological cycle to evaluate

• Important to distinguish between methods that 
give estimates of potential recharge and methods 
that indicate actual recharge

• Different approaches often give different answers, 
so best to use a combination of methods when 
estimating recharge
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