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Climate change Adriatic coast Emilia-

Romagna (Italy): wet and dry seasons more 

distinct.
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Study area, Ravenna, Italy: Apennine river 

basins.
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Subsidence, polders, old and new dunes
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Watertable in Piezometers PZMR1B, PZMR2B, 

PZMR3B and PZMR 4B

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0 100 200 300 400 500 600 700 800 900

Distance from Pialasse measured along profile [m]

W
a

te
r 

ta
b

le
 [

m
 M

.S
.L

.]

Mar 07

Apr 07

May 07

Jun 07

Jul 07

Aug 07

Sep 07

Oct 07

Nov 07

Dec 07

Jan 08

Feb 08

Sea

Pialasse

Pine forest

West East

PZMR4B
PZMR3B

PZMR2B

PZMR1B

A A’



05/02/08

Mollema- Modelli numerici 5

Pauline Mollema Rotterdam Sep/Okt 2010

Salinity at bottom piezometres 2007-2008
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2D SEAWAT MODEL (MODFLOW + 

MT3DMS + DOUBLE DENSITY)

No

Flow

Recharge boundary from 3000-4000 mConstant head = 0

Constant concentration = 30 g/l

Sand K = 6.9E-4 m/s

Sand K = 6.9E-4 m/s
Clayey loam 5.8E-6m/s

Clayey loam 5.8E-6m/s

Clay 3.5E-9m/s

No flow

60 m

Pauline Mollema Rotterdam Sep/Okt 2010

Modified from FAO 1998

How much (natural) recharge ?
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Recharge = Precipitation-Potential 

Evapotranspiration
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DevelopmentDevelopment ofof freshfresh water water lenslens

1515

T= 90 days

T= 1800 days

T= 5000 days

T= 50000 days

(136 yrs)
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Definition thickness fresh/brackish water 

water: depth to 2g/l contour-

2g/l

A

Salicornia Europaea
Pinus Pinea

Antonellini and Mollema, 2010
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Total annual recharge 136 mm

continuous discontinuous

Sand

Sandy Silty 

Loam

Sand
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Total annual recharge 68 mm

discontinuouscontinuous
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Fresh/brackish water depth vs annual

recharge
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0

2

4

6

8

10

12

14

0 100 200 300

D
e

p
th

 t
o

 2
g

/l
 c

o
n

to
u

r 
[m

]

Total annual recharge [mm/year]

Continuous recharge 
(sand 9.5 m)

0

2

4

6

8

10

12

14

0 100 200 300

D
e

p
th

 t
o

 2
g

/l
 c

o
n

to
u

r 
[m

]

Total annual recharge [mm/year]

Discontinuous recharge 
(sand 9.5 m)

0

2

4

6

8

10

12

14

0 100 200 300

D
e

p
th

 t
o

 2
g

/l
 c

o
n

to
u

r 
[m

]

Total annual recharge [mm/year]

Continuous recharge 
(sand 9.5 m)

Discontinuous recharge 
(sand 9.5 m)

Critical recharge

Pauline Mollema Rotterdam Sep/Okt 2010

Critical recharge sand layer of 7.5 m thick.
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Concluding remarks

In areas with little and discontinuous recharge, 
fresh water lens may exist because of 
alternating periods of recharge and no recharge.

Thickness of aquifer influences  value of ‘critical 
recharge’.

Implications for Managed Aquifer Recharge 

Implications for Management of coastal 
Mediterranean aquifers

9/12/2009 P. Mollema

Thank you  for your attention.


