
 

ΙΩΑΝΝΗΣ ΠΑΠΑΝΙΚΟΛΑΟΥ 
 

ΕΠΙΚΟΥΡΟΣ ΚΑΘΗΓΗΤΗΣ 
ΤΟΜΕΑΣ ΓΕΩΛΟΓΙΚΩΝ ΕΠΙΣΤΗΜΩΝ 

ΤΜΗΜΑ ΑΞΙΟΠΟΙΗΣΗΣ ΦΥΣΙΚΩΝ ΠΟΡΩΝ ΚΑΙ ΓΕΩΡΓΙΚΗΣ ΜΗΧΑΝΙΚΗΣ 
ΓΕΩΠΟΝΙΚΟ ΠΑΝΕΠΙΣΤΗΜΙΟ ΑΘΗΝΩΝ 

6 Οκτωβρίου  2016 

ΥΠΟΥΡΓΕΙΟ ΓΕΩΡΓΙΑΣ, ΑΓΡΟΤΙΚΗΣ 
ΑΝΑΠΤΥΞΗΣ 
ΚΑΙ ΠΕΡΙΒΑΛΛΟΝΤΟΣ 

ΤΜΗΜΑ ΠΕΡΙΒΑΛΛΟΝΤΟΣ 

«Climate Change Risk Assessment» 
   



Γεωλογικοί Κίνδυνοι 
και Kλιματική Αλλαγή 

Σεισμοί - 
Κατολισθήσεις-

Καθιζήσεις 
 

ΙΩΑΝΝΗΣ ΠΑΠΑΝΙΚΟΛΑΟΥ 

 

Ass. Professor, 



Natural Hazards 

…. 2011 

365 bn US$ 



The number of “great” natural catastrophes have increased by a factor 
of 4 since the 1950s 

Economic losses have been increased by a factor of 14 



 
Following the year 2000 there is a two fold  increase in the cost of 
catastrophic events since the 90ies and 3 fold increase since the 80ies 



Anthropocene a new geological epoch? 

Geologists today debate on whether to officially 

declare the existence of a new geological epoch, 

the “Anthropocene” to acknowledge that 

humans are radically reshaping the earth’s 

surface processes leading to higher vulnerability 

 

 

More catastrophes  



Sea level change over the last 
500.000 years 

Sidall et al.(2003) Nature 



 





365 A.D. Earthquake in Crete Μ  8̴.2  
( Hellenic Arc– Subduction zone ) 

Shaw et al. 2008 (Nature) 



Uplift vs Distance 

Shaw et al. 2008 (Nature) 



Tectonic Uplift of Cyprus 

• Pleistocene marine terraces 

 (from 1.2-2mm/yr in Early Pleistocene with a 
 decreasing trend in Mid and Late Pleistocene) 

 (Southern Cyprus higher uplift than the Northern 
 part) 

• Holocene notches 

• Archeaological sites 

 (Hala Sultan Tekke, Bamboula and Enkomi 

 1.1-2.7mm/yr (Gifford 1978, Harrison et al. 2013) 



0.7-1.0mm/yr Mid Pleistocene 
 0.2mm/yr Late Pleistocene 
Galilli et al. 2015, Palamakumbura et al., 2016 

0.35-0.4mm/yr  Late Pleistocene – Holocene 
Vita Finzi 1990 

1.2–2.1 mm/year (Harrison et al. 2013) 

Uplifted Archeaological sites Hala Sultan Tekke, Bamboula and Enkomi  
1.1 - 2.7mm/yr (Gifford 1978, Harrison et al. 2013)   



Lisa Wald 
USGS Pasadena 

U.S. Department of the Interior 

U.S. Geological Survey 

USGS Earthquake Hazards Program 

Plate Tectonics 



Plate Boundaries 



? 
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GEODYNAMIC – TECTONIC SETTING 



Simplified map showing the proposed plate boundary 
in the Eastern Mediterranean area  
Papazachos and Papaioannou (1999) 



Map showing the distribution of earthquake epicentres (colour scale 
denotes the magnitude scale) recorded by seismological networks 
during 1896-2010 (source Geological Survey Department of Cyprus).  



Map showing the depth distribution of earthquake epicentres 
recorded by seismological networks during 1896-2010 (source 
Geological Survey Department of Cyprus). 



Magnitude  (Ms)  Return period 

(years)  

No. of 

earthquakes in 

100 years  

4.6-5.0  8  12.5  

5.1-5.5  26  3.8  

5.6-6.0  36  2.8  

6.1-6.5  75  1.3  

6.6-7.0  166  0.6  

 Table : Statistical elaboration of instrumentally seismicity data  
(source Research and Development Center  

Intercollege Unit of Environmental Studies 2004) 
  



Earthquakes and 
Climatic Change 
 
 
 
Glacial isostatic  
adjustment 
 
 
 
 
 
 
 
Source 
Canadian Geodetic Survey 



Source 
Canadian Geodetic 
Survey 

GPS values  
in Canada 



Estimated total postglacial 
uplift in Fennoscandia  
(Morner, 1980,  
Gudmundsson  1999) 



No such processes (e.g. Glacial isostatic adjustment) that are 
climatically driven in Cyprus at present day 
 
Have not occured even during or immediately after the last glaciation  
 
No glacial remains traced in Cyprus during the last glaciation 
 
Some glaciation remains have been reported for Crete and 
Peloponnese only at altitudes > 2000m (e.g. higher elevations than the 
Troodos Mt).  
 
Climate can not directly affect current seismicity levels in Cyprus. 
 
The only mechanism where climate can indirectly affect seismicity is 
the construction of new dams leading to reservoir induced seismicity 
for several years, temporarily increasing seismicity and promoting 
failure to mature neighbouring faults acting as a “clock advance” 
mechanism. 
 
 



Subsidence 

Distribution of clayley soils (1:250.000 scale soil map of Cyprus) 



1:25000 soil texture map of Cyprus through digital and soil mapping 
techniques. The distribution of Clay and Clay loam soil groups are 
displayed, comprising 15,7% of the total area (Zomeni et al. 2014). 



 

Swelling clays of Cyprus are divided into five groups with diverge 
swelling potential (GSD 1995, Atalan and Kilic 2006) 



Subsidence from clay swelling and 
shrinkage phenomena 

No significant damages reported in the literature and the insurance 
industry 

 

Considering the precipitation, temperature and relative humidity 
estimates for Cyprus (Hadjinicolaou et al. 2011, Cyprus Climate 
Change Risk Assessment this study), that indicate:  

 i) a precipitation decrease of 2–8 % in the next         
    four decades; 

 ii) temperature increase by 1,5-2.5 °C; 

 iii) that future relative humidity will be decreased by       
     5% over the worst case scenario;  

 

then the impact of climate regarding the swelling clay occurrences 
is expected to be negligible.  



Groundwater over-abstraction 

Diagram showing the share of groundwater and the level of groundwater 
over-abstraction for the period 1995–2009 (Zoumides et al. 2013). 



Exploitation rate per groundwater body 

 

Map showing the exploitation rate per groundwater body 
(groundwater use over recommended volume), for the dry year of 
2008 (Zoumides et al. 2013).  
The vast majority of the area is overexploited. 



Map showing the spatial distribution of Pleistocene and Holocene 
geological formations, based on the official 1:250.000 scale geological 
map. Pleistocene is regarded as moderate to low risk, whereas Holocene 
are considered of higher risk.  



1:250.000 scale 
Hydrogeological map  
by the Geological Survey of 
Cyprus showing the different 
types of groundwater bodies 
along the island. 



Subsidence risk 

Map showing the potential subsidence risk due to the decrease of the 
groundwater level (due to lower discharge rates or excessive pumping or both) 



Significant stresses 
Higher Water demand and  

lower groundwater recharge 
• Following the expected increase of temperature, then the 

estimated increase in water demand for 2050 and 2080 is 
expected to range between 1.2% and 3.4% for the 2050 and 
between 1.8% and 5.5% depending on the season and 
location  

• A precipitation decrease of 2–8 % is expected in the next four 
decades, while temperature will increase at least by 1 °C in 
winter to 2 °C in the summer (Hadjinicolaou et al. 2011).  

• A 5% decrease in average rainfall will result in 25% decrease 
in average surface runoff and groundwater recharge (In 
Chapter 3.1 and 3.2 of the Water Sector report this study).  



Landslide and Climate change 
• Lower rainfall due to climate change can slightly decrease the 

occurrence of landslides in highly susceptible sites. However, the 
predicted decrease of rainfall is too minor to exert any influence 
on the landslide occurrence. 

• On the other hand, increased evapotraspiration, lower humidity 
and higher temperatures will lead to drought and the generation 
of more wildfires. There is a well-documented expected increase 
of wildfires over the next decades (see Chapter 5.2 of Forestry 
report). An increase in temperature will increase the number of 
days with fire risk (1–4 weeks) (Giannakopoulos et al. 2009). 

• Loss of vegetation due to wildfires will increase slope instability 
phenomena, particularly for shallow slides and will accelerate 
creeping effects.  Climate effects can indirectly impact on 
landslides by the loss of vegetation 



High spatial resolution map, 
showing the landslides (provided 
by the Geological Survey), land 
use and vegetation cover.  
 
 
 
 

Dark green areas are landslide 
areas covered by forest and semi 
natural areas, which imply a 
higher wildfire risk. These areas 
are regarded of higher risk for 
reactivating landslides, due to the 
higher number of forest fires 
expected due to climate change. 

Landslide risk 



Conclusions 
Geohazards and climate change 

 

• Earthquakes (no direct effect in Cyprus), indirectly a 
temporary increase could be expected only if large new 
dams will be constructed 

• Landslides (indirectly due to increase of forest fires) 
Development of actions plans for forest fire prevention 

• Subsidence in recent sedimentary basins hosting shallow 
aquifers due to Intensive groundwater pumping 
Prevention measures for avoiding overexploitation 


