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Outline

• Future climate

• Impacts on groundwater - examples related to
o Groundwater flooding
o Groundwater recharge
o Groundwater quality
o Coastal aquifers

• Uncertainties

• Key challenges for groundwater management



Future climate – projections
IPCC Emission Scenarios (RCPs)

IPCC – AR5 (2014)



Climate Change
Known trends in Northern Europe

• Temperature: warmer
• Precipitation: changes in seasonal pattern

o Relatively wetter during winter
o Relatively dryer during summer

• Sea level: rising
• More extreme weather events (2018 as the new normal ?)

• Large uncertainty on projections



CC impacts on groundwater (Example 1/4)
Groundwater flooding

• Shallow groundwater table (phreatic 
surface) increases due to wetter climate

• Case from Kolding, Denmark

2071–2100 - GWT less than 0.5 m below surface

2021-2050 – GWT less than 0.5 m below surface

Today – GWT less than 0.5 m below surface



CC impacts on groundwater (Example 2/4)
Change in available groundwater [1961-90] to [2021-50]

”dry” climate model ”Wet” climate model

Projected change in 
annual groundwater
recharge (mm/year)



CC impacts on groundwater (Example 3/4)
Groundwater quality

Complex situation – not well studied
• Increased leaching of non-point pollutants (nitrate, pesticides) 
• Changes in hydrological cycle incl. groundwater flow patterns
• Transport time to deep aquifers – several decades

 Environmental “time bomb” (Cuthbert et al., 2019)



CC impacts on groundwater (Example 4/4)
Coastal aquifers

Saline intrusion depends on e.g. 
• Sea level rise

• Hydrogeology – aquifer type
• Unconfined: everything “just” moved 

upwards
• Confined: No room upwards  saline 

intrusion

• Drainage system

How far inland can saline intrusion 
be for one meter sea level rise
• Unconfined aquifers: almost zero
• Confined aquifers/surface layer 

drained: up to 5 km
Meyer et al. (2018)

Freshwater
aquifer

Saline 
groundwater



Uncertainties
Climate models have biases  Bias correction

ARPEGE-RM5.1 BCM2-RCA3 ECHAM5-RCA3 ECHAM5-REMO ECHAM5-RegCM3 HadCM3-CLM 
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Bias
(model - observed) 

on annual
precipitation for 

1991-2010

Seaby et al. (2015)
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in the ENSEMBLES project (A1B)Seaby et al. (2013)

Uncertainties
Climate models have different CC signals
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Precip

		Precip		Subdomain_2071-2100		Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		Mean		Std.afv		CV

		ARPEGE-CNRM		1		0.96		1.04		0.91		0.85		0.97		0.91		0.78		0.58		0.53		0.9		0.87		1.25		0.88		0.19		0.22

		ARPEGE-DMI		1		1.02		1.02		0.82		0.78		0.79		0.67		0.77		0.66		0.57		0.83		0.83		1.2		0.83		0.18		0.21

		BCM-DMI		1		1.13		0.99		1.41		1.13		1.04		1.28		1.28		1.02		1.02		0.87		1.02		1.05		1.10		0.15		0.14

		BCM-SMHI		1		1.29		0.89		1.2		1.27		1.15		1.07		1.07		1.07		1.1		1.01		1.1		1.21		1.12		0.11		0.10

		ECHAM-DMI		1		1.38		0.89		1.19		1.33		1.24		1.03		1.13		1.14		0.98		0.98		1.41		1.34		1.17		0.17		0.15

		ECHAM-ICTP		1		1.3		1.01		1.03		1.05		1.04		0.98		0.95		0.87		0.91		0.98		1.32		1.23		1.06		0.15		0.14

		ECHAM-KNMI		1		1.33		1.08		1.18		1.09		1.33		0.89		1.08		0.89		0.97		0.95		1.29		1.34		1.12		0.17		0.15

		ECHAM-MPI		1		1.24		1		1.15		1.04		1.19		0.85		1.03		0.86		0.87		0.88		1.26		1.27		1.05		0.16		0.16

		ECHAM-SMHI		1		1.25		1.07		1.2		1.27		1.13		1.03		0.94		0.87		0.93		0.92		1.39		1.28		1.11		0.17		0.16

		HADQ0-ETHZ		1		1.22		1.29		0.87		1.47		0.91		1.05		0.88		0.8		0.91		0.96		1.4		1.44		1.10		0.25		0.23

		HADQ0-HC		1		1.2		1.06		0.92		1.18		1		0.95		0.95		0.76		1.2		0.73		1.09		1.26		1.03		0.17		0.17

		Mean				1.21		1.03		1.08		1.13		1.07		0.97		0.99		0.87		0.91		0.91		1.18		1.26		1.05		0.13		0.12
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Temp

		PET		Subdomain_2071-2100		Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		Middel		Std.afv		CV

		ARPEGE-CNRM		1		1.31		1.27		1.14		1.15		1.07		1.12		1.19		1.29		1.4		1.18		1.45		1.58		1.26		0.15		0.12

		ARPEGE-DMI		1		1.37		1.23		1.09		1.1		1.05		1.07		1.07		1.06		1.08		0.98		1.12		1.51		1.14		0.15		0.13

		BCM-DMI		1		1.52		1.27		1.18		1.12		1		0.99		1.05		1.1		1.08		1.16		1.34		1.47		1.19		0.18		0.15

		BCM-SMHI		1		1.49		1.11		1.13		0.96		0.97		0.99		0.97		0.98		1.07		1.1		1.21		1.33		1.11		0.16		0.15

		ECHAM-DMI		1		1.41		1.25		1.06		0.94		0.98		1.03		0.91		0.94		1.04		1.12		1.33		1.42		1.12		0.19		0.17

		ECHAM-ICTP		1		1.17		1.04		1.03		1.15		1.14		1.16		1.12		1.2		1.12		1.16		1.22		1.1		1.13		0.06		0.05

		ECHAM-KNMI		1		1.4		1.18		1.06		1.1		1.06		1.13		1.09		1.08		1.17		1.1		1.23		1.18		1.15		0.10		0.08

		ECHAM-MPI		1		1.56		1.24		1.05		1		0.97		1.08		1.04		1.07		1.12		1.06		1.25		1.17		1.13		0.16		0.14

		ECHAM-SMHI		1		1.39		1.1		0.95		0.94		0.98		1.07		1.06		1.05		1.09		1.06		1.19		1.09		1.08		0.12		0.11

		HADQ0-ETHZ		1		1.53		1.25		1.09		0.97		0.98		1.03		1.06		1.34		1.28		1.23		1.47		1.58		1.23		0.21		0.17

		HADQ0-HC		1		1.97		1.58		1.35		1.21		1.18		1.2		1.21		1.31		1.34		1.44		1.71		1.85		1.45		0.27		0.19

		Middel				1.47		1.23		1.10		1.06		1.03		1.08		1.07		1.13		1.16		1.14		1.32		1.39		1.18		0.14		0.12
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		Temp		Subdomain_2071-2100		Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		Middel		Std.afv		CV

		ARPEGE-CNRM		1		2.08		2.12		2.01		1.8		1.56		1.78		2.05		2.49		2.42		1.81		2.06		2.92		2.09		0.37		0.18

		ARPEGE-DMI		1		2.22		2.44		1.94		1.82		1.87		1.97		1.86		1.93		1.79		1.32		1.64		2.88		1.97		0.40		0.20

		BCM-DMI		1		2.65		2.79		3.56		2.58		1.32		1.63		1.36		1.35		1.26		1.47		2.14		2.67		2.07		0.77		0.37

		BCM-SMHI		1		2.57		2.82		3.01		2.05		1.45		1.53		1.04		1.61		1.21		1.06		1.78		2.34		1.87		0.68		0.36

		ECHAM-DMI		1		2.73		2.55		1.76		1.51		1.39		1.41		0.78		1.07		1.66		2.44		3.22		3.1		1.97		0.81		0.41

		ECHAM-ICTP		1		2.72		2.45		1.53		2.03		2.3		2.21		1.84		2.33		2.14		2.76		2.86		2.96		2.34		0.43		0.18

		ECHAM-KNMI		1		2.51		2.3		1.91		1.91		2.17		2.09		1.86		2.05		2.03		2.54		2.5		2.85		2.23		0.31		0.14

		ECHAM-MPI		1		2.71		2.6		1.92		1.94		1.97		1.92		1.67		1.98		2.14		2.39		2.59		2.77		2.22		0.37		0.17

		ECHAM-SMHI		1		2.82		2.54		1.86		1.79		1.78		1.87		1.68		1.9		2.05		2.48		2.74		2.88		2.20		0.46		0.21

		HADQ0-ETHZ		1		4.47		2.81		3.28		2.92		2.42		2.41		2.49		3.89		3.53		4.07		4.16		4.32		3.40		0.78		0.23

		HADQ0-HC		1		5.11		3.35		3.17		3.21		3.06		2.75		2.8		3.68		3.66		3.98		3.91		3.81		3.54		0.65		0.18

		Middel				2.96		2.62		2.36		2.14		1.94		1.96		1.77		2.21		2.17		2.39		2.69		3.05		2.35		0.41		0.17
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Precip

		Precip		Subdomain_2071-2100		Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		Mean		Std.afv		CV

		ARPEGE-CNRM		1		0.96		1.04		0.91		0.85		0.97		0.91		0.78		0.58		0.53		0.9		0.87		1.25		0.88		0.19		0.22

		ARPEGE-DMI		1		1.02		1.02		0.82		0.78		0.79		0.67		0.77		0.66		0.57		0.83		0.83		1.2		0.83		0.18		0.21

		BCM-DMI		1		1.13		0.99		1.41		1.13		1.04		1.28		1.28		1.02		1.02		0.87		1.02		1.05		1.10		0.15		0.14

		BCM-SMHI		1		1.29		0.89		1.2		1.27		1.15		1.07		1.07		1.07		1.1		1.01		1.1		1.21		1.12		0.11		0.10

		ECHAM-DMI		1		1.38		0.89		1.19		1.33		1.24		1.03		1.13		1.14		0.98		0.98		1.41		1.34		1.17		0.17		0.15

		ECHAM-ICTP		1		1.3		1.01		1.03		1.05		1.04		0.98		0.95		0.87		0.91		0.98		1.32		1.23		1.06		0.15		0.14

		ECHAM-KNMI		1		1.33		1.08		1.18		1.09		1.33		0.89		1.08		0.89		0.97		0.95		1.29		1.34		1.12		0.17		0.15

		ECHAM-MPI		1		1.24		1		1.15		1.04		1.19		0.85		1.03		0.86		0.87		0.88		1.26		1.27		1.05		0.16		0.16

		ECHAM-SMHI		1		1.25		1.07		1.2		1.27		1.13		1.03		0.94		0.87		0.93		0.92		1.39		1.28		1.11		0.17		0.16

		HADQ0-ETHZ		1		1.22		1.29		0.87		1.47		0.91		1.05		0.88		0.8		0.91		0.96		1.4		1.44		1.10		0.25		0.23

		HADQ0-HC		1		1.2		1.06		0.92		1.18		1		0.95		0.95		0.76		1.2		0.73		1.09		1.26		1.03		0.17		0.17

		Mean				1.21		1.03		1.08		1.13		1.07		0.97		0.99		0.87		0.91		0.91		1.18		1.26		1.05		0.13		0.12
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Temp

		PET		Subdomain_2071-2100		Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		Middel		Std.afv		CV

		ARPEGE-CNRM		1		1.31		1.27		1.14		1.15		1.07		1.12		1.19		1.29		1.4		1.18		1.45		1.58		1.26		0.15		0.12

		ARPEGE-DMI		1		1.37		1.23		1.09		1.1		1.05		1.07		1.07		1.06		1.08		0.98		1.12		1.51		1.14		0.15		0.13

		BCM-DMI		1		1.52		1.27		1.18		1.12		1		0.99		1.05		1.1		1.08		1.16		1.34		1.47		1.19		0.18		0.15

		BCM-SMHI		1		1.49		1.11		1.13		0.96		0.97		0.99		0.97		0.98		1.07		1.1		1.21		1.33		1.11		0.16		0.15

		ECHAM-DMI		1		1.41		1.25		1.06		0.94		0.98		1.03		0.91		0.94		1.04		1.12		1.33		1.42		1.12		0.19		0.17

		ECHAM-ICTP		1		1.17		1.04		1.03		1.15		1.14		1.16		1.12		1.2		1.12		1.16		1.22		1.1		1.13		0.06		0.05

		ECHAM-KNMI		1		1.4		1.18		1.06		1.1		1.06		1.13		1.09		1.08		1.17		1.1		1.23		1.18		1.15		0.10		0.08

		ECHAM-MPI		1		1.56		1.24		1.05		1		0.97		1.08		1.04		1.07		1.12		1.06		1.25		1.17		1.13		0.16		0.14

		ECHAM-SMHI		1		1.39		1.1		0.95		0.94		0.98		1.07		1.06		1.05		1.09		1.06		1.19		1.09		1.08		0.12		0.11

		HADQ0-ETHZ		1		1.53		1.25		1.09		0.97		0.98		1.03		1.06		1.34		1.28		1.23		1.47		1.58		1.23		0.21		0.17

		HADQ0-HC		1		1.97		1.58		1.35		1.21		1.18		1.2		1.21		1.31		1.34		1.44		1.71		1.85		1.45		0.27		0.19

		Middel				1.47		1.23		1.10		1.06		1.03		1.08		1.07		1.13		1.16		1.14		1.32		1.39		1.18		0.14		0.12
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		Temp		Subdomain_2071-2100		Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		Middel		Std.afv		CV

		ARPEGE-CNRM		1		2.08		2.12		2.01		1.8		1.56		1.78		2.05		2.49		2.42		1.81		2.06		2.92		2.09		0.37		0.18

		ARPEGE-DMI		1		2.22		2.44		1.94		1.82		1.87		1.97		1.86		1.93		1.79		1.32		1.64		2.88		1.97		0.40		0.20

		BCM-DMI		1		2.65		2.79		3.56		2.58		1.32		1.63		1.36		1.35		1.26		1.47		2.14		2.67		2.07		0.77		0.37

		BCM-SMHI		1		2.57		2.82		3.01		2.05		1.45		1.53		1.04		1.61		1.21		1.06		1.78		2.34		1.87		0.68		0.36

		ECHAM-DMI		1		2.73		2.55		1.76		1.51		1.39		1.41		0.78		1.07		1.66		2.44		3.22		3.1		1.97		0.81		0.41

		ECHAM-ICTP		1		2.72		2.45		1.53		2.03		2.3		2.21		1.84		2.33		2.14		2.76		2.86		2.96		2.34		0.43		0.18

		ECHAM-KNMI		1		2.51		2.3		1.91		1.91		2.17		2.09		1.86		2.05		2.03		2.54		2.5		2.85		2.23		0.31		0.14

		ECHAM-MPI		1		2.71		2.6		1.92		1.94		1.97		1.92		1.67		1.98		2.14		2.39		2.59		2.77		2.22		0.37		0.17

		ECHAM-SMHI		1		2.82		2.54		1.86		1.79		1.78		1.87		1.68		1.9		2.05		2.48		2.74		2.88		2.20		0.46		0.21

		HADQ0-ETHZ		1		4.47		2.81		3.28		2.92		2.42		2.41		2.49		3.89		3.53		4.07		4.16		4.32		3.40		0.78		0.23

		HADQ0-HC		1		5.11		3.35		3.17		3.21		3.06		2.75		2.8		3.68		3.66		3.98		3.91		3.81		3.54		0.65		0.18

		Middel				2.96		2.62		2.36		2.14		1.94		1.96		1.77		2.21		2.17		2.39		2.69		3.05		2.35		0.41		0.17
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Conclusions
Key challenges for groundwater management

• Impacts, e.g.
o Groundwater flooding
o Groundwater recharge
o Groundwater quality
o Coastal aquifers

• Large uncertainties on climate impacts 
Uncertainties must be accounted for in water management (e.g. by adaptive 

management)
Try to reduce uncertainties
 Improved models and data
 Discard ensemble model members with low reliability 

(see e.g. Climate JPI project http://aquaclew.eu/ ) 

http://aquaclew.eu/
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