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* To assess on the global scale...

1. the current level of quantitative groundwater stress of karst aquifers with
Mediterranean climates

2. their vulnerability (defined as the change in groundwater stress) to expected changes
in temperature and precipitation

e To visualize results in the form of groundwater stress and vulnerability maps
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Karst aquifers with Mediterranean climates (Mediterranean only)
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Csa = Hot-summer Med. clim., Csb = Warm-summer Med. clim., Csc = Cold-summer Med. clim.
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WHYMAP WOKAM
(Chen et al., 2017)

Koppen/Geiger climate zones
(Beck et al., 2018)

Subdivision with HydroBASINS-
data (Lehner & Grill, 2013)

>50% of area assigned to Csa,
Csb, and/or Csc

Selection of 179
Mediterranean karst aquifers



Indicators
— Groundwater recharge
— Groundwater storage
— Groundwater abstractions
— Runoff coefficient
— Climatic water balance

— Groundwater-irrigated cropland
— Groundwater-dependent ecosystems
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Classification parameters

P1 — Degree of karstification
P2 — Land cover
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Groundwater Stress Index

Indicators
|1 — Groundwater recharge
|2 — Groundwater storage
|3 — Groundwater abstractions
|4 — Runoff coefficient
|5 — Climatic water balance
|6 — Groundwater-irrigated cropland
|7 — Groundwater-dependent ecosystems
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I1 — Average annual groundwater recharge [2000-2016] * WaterGAP 2.2d
e * 0.5° resolution (ca. 55 km)
* Monthly intervals
i * mm/s 2 mm/a

Averaged for 2000-2016
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WaterGAP 2.2d

|2 — Average annual groundwater storage [2000-2016]
0.5° resolution (ca. 55 km)
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I3 — Average annual groundwater net abstractions [2000-2016]
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0.5° resolution (ca. 55 km)
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14 — Average annual runoff in relation to precipitation [2000-2019] ¢ ECMWF (ERA5S)
L — ki e 0.1° resolution (ca. 9 km)
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15 — Average annual climatic water balance [2000-2019] * ECMWEF (ERA5S) (P-ETe)
U A N = .+ 0.1°resolution (ca. 9 km)
W

Monthly intervals
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16 — Area of groundwater-irrigated cropland [2005]
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I7 — Average annual area of groundwater-
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Complex attribute table derived for 133 aquifers with 11-7 values (no index was calculated if
the value of at least one indicator could not be determined)

Normalization of each indicator (O = no water stress; 1 = extreme water stress)

Inversion for I1, 2, 5, 7 (inverse relationship between indicator and groundwater stress)

Equal indicator weights

xi — min(x)

Indicators — Normalization Zi _ -
— Groundwater recharge max(x) — min(x)

— Groundwater storage
— Groundwater abstractions
— Runoff coefficient
— Climatic water balance
— Groundwater-irrigated cropland AQ GSI
— Groundwater-dependent ecosystems 1

2

133
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/11 12 I3 14 15 16 17
/11 1
12 0,9920 1
I3 -0,1062 0,0161 1
14 -0,5389 -0,5439 -0,0201 1
I15 0,1978 0,1831 -0,1368 -0,2936 1
16 0,1604 0,2069 0,3442 -0,2033 0,1538 1
17 0,3180 0,3183 -0,0305 -0,2653 -0,0379 0,1177

* High correlation between Recharge (11) & Storage (12)

* Moderate correlation between Runoff coefficient and 11/12

* |2 is notincluded in calculating the GSI
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Vulnerability assessment

Aquifer classification

Classification parameters
P1 — Degree of karstification
P2 — Land cover

v

Class 1 Class 2 Class ...
— AQ37 — AQ5 —
P1: x
— A ——  AQ I
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Classification parameters

* WoKaS; Olarinoye et al., 2020 E;:LDaef;e;\c:;farstiﬁcation
(discharge time series of karst springs)

 Classic hydrograph analysis could characterize the karst
system (recession after recharge events)

* Spring/aquifer association was a problem
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Classification parameters
P1 — Degree of karstification
P2 — Land cover

Characterization of
geomorphology

Derived from DEM products
Variability of terrain (slope)

Direct conclusions about degree
of karstification are impossible
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P2 - Major land cover type [2018]
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100 Mosaic tree and shrub

1
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130 Grassland
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Classification parameters
P1 — Degree of karstification
P2 — Land cover

ESA Land Cover CCI

* Land cover classes
grouped for generalization

 Most dominant class
selected according to
highest relative area



Vulnerability assessment

Climate change “simulation”
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F1 — Average annual temperature [2000-2019]
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Factors
F1 — Temperature (T)
F2 — Precipitation (P)

ECMWF (ERAS5)

0.1° resolution (ca. 9 km)
Monthly intervals
Averaged for 2000-2019



Factors
F1 — Temperature (T)

F2 — Average sum of annual precipitation [2000-2019]
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Relationship between average annual temperature and GSI

y =0,0165x + 0,2678
R?=0,2172

18 19
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Factors
F1 — Temperature (T)
F2 — Precipitation (P)

e Low R?, but GSI shows a
positive trend with
increasing temperature

e R?should increase with
aquifer grouping



Factors

Relationship between average sum of annual precipitation and GSI F1 — Temperature (T)

0,8

0,7

0,6

0,3

0,2
200

ssssssssssssss

%@ Federal Ministry
3 of Education

and Research

GRoW

WATER AS A GLOBAL RESOURCE

F2 — Precipitation (P)

e Low R?, but GSI shows a
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Indicators
|1 — Groundwater recharge

|2 — Groundwater storage
|2 — Groundwater abstractions
|4 — Runoff coefficient

|5 — Climatic water balance

|6 — Groundwater-irrigated cropland
|7 — Groundwater-dependent ecosystems
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Classification parameters

P1 — Degree of karstification
P2 — Land cover
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