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Definitions of Drought

A creeping phenomenon, a “non-event”
A source of confusion in devising an objective definition may be that
drought implies a variety of things to various professionals according
to the specialized field of study (meteorology, hydrology, water
resources, agriculture etc.).

• Operational definitions attempt to demarcate the severity, onset 
and termination point of droughts

• Conceptual definitions attempt to identify the boundaries of the 
drought event 



Vlachos. E.C. 1983; Karavitis, C.A. 1992; Karavitis et al 2014 



Drought

• a usually unexpected and unpredicted time 
period of abnormal dryness which affects 
water supply" (Grigg, N.S., 1988).

• The state of adverse and wide spread 
hydrological, environmental, social and 
economic impacts due to less than generally 
anticipated water quantities (Karavitis, 1992)



Social and Economic Drought / Water resources Engineering

• Gap between supply and demand of economic 
goods such as 
– water,

– food,

– raw materials, 

– hydroelectric power,

– transportation

• depends on the time and space processes of supply 
and demand

• Social Stresses – Economic impacts
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http://nsidc.org/arcticseaicenews/charctic-interactive-sea-ice-graph/

http://nsidc.org/arcticseaicenews/charctic-interactive-sea-ice-graph/


Ανταρκτική 2014 
Maximum of the last 36 years





https://nsidc.org/greenland-today/greenland-surface-melt-extent-interactive-chart/

https://nsidc.org/greenland-today/greenland-surface-melt-extent-interactive-chart/


Some major impacts of melting cryosphere on the Earth system:

• Feedbacks on climate system e.g. albedo, release of methane/CO2

• Changes in ocean and atmospheric circulation

• Changes in ecosystems that depend on snow and ice

Ice sheets also contain a record of our climate for the past 800,000 yrs

The Cryosphere: Why do we care?



The Last Ice Age (20,000 years ago)

 Ice sheets covered much of North America & Europe
 Sea level was 130 m lower than today, exposing land that is covered by ocean today.



THE HISTORY OF THE NORTH AMERICAN ICE SHEETS



LAST ICE AGE IN EUROPE 20,000 YEARS AGO



SEA LEVEL (130.000 YEARS AGO)

Rahmstorf, 2007



SEA LEVEL RISE  IN THE LAST MILLENNIA



PLEISTOCENE :  2.000.000-20.000 YEARS  SHORE LINES DURING THE RECURRING ICE AGES







J Sheffield et al. Nature 491, 435-438 (2012) doi:10.1038/nature11575

Global average time series of the PDSI and area in drought.

Little change in global drought over the past 60 years

a, PDSI_Th (blue line) and PDSI_PM (red line). b, Area in drought (PDSI <−3.0) for the PDSI_Th (blue line) and PDSI_PM (red line). The shading

represents the range derived from uncertainties in precipitation (PDSI_Th and PDSI_PM) and net radiation (PDSI_PM only). Uncertainty in precipitation

is estimated by forcing the PDSI_Th and PDSI_PM by four alternative global precipitation data sets. Uncertainty from net radiation is estimated by forcing

the PDSI_PM with a hybrid empirical–satellite data set and an empirical estimate. The other near-surface meteorological data are from a hybrid

reanalysis–observational data set. The thick lines are the mean values of the different PDSI data sets. The time series are averaged over global land areas

excluding Greenland,Antarctica and desert regions with a mean annual precipitation of less than 0.5 mm d−1
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• Prevailing crisis management attitude

• Natural Hazards Emergency Response 
Procedures

• Protocols for Processes and Procedures

• Create a wider menu of options and 
alternatives

Why are Drought Contingency 
Policies Needed?



Crisis

Management

Risk/Adaptive

Management

NMMC, 2004; Karavitis, C. A., . E. C. Vlachos and N. S. Grigg, 2005

Preparedness

Mitigation

Reconstruction

Recovery Response

Impact
Assessment

Disaster

Prediction
Warning



Analysis for a Risk Management Framework



Adaptation Planning

Source: IPCC Dr. Thomas E. Downing (SEI) 2009



First  Plenary meeting  22-25 November - Nauplion 2011 

FP7 Tomorrow’s answers start today 

Vulnerability

The degree to which a system, subsystem, or

system component is likely to experience harm

due to exposure to a hazard, either a perturbation

or stress/stressor (Turner et.al, 2003)

Vulnerability = F(Hazard , Impacts)

UN-ISDR, 2004



Drought contingency Plan
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What is Smart Water Management

Use of computing devices, information 
technologies, and communication systems (ICTs) 
to manage different types of water systems  



Big picture
Smart cities

Credit:  Smart Cities Council



Smart city digital overlay



Smart irrigation example

https://www.treehugger.com/gadgets/smart-irrigation-and-water-management-system-controlled-app.html



One Water

https://www.slideshare.net/globalwaterpartnership/integrated-urban-water-management



Smart Water Technologies 

• SCADA

• Sensors

• Smart Pumps

• Automated Meter Reading

• Advanced Metering Infrastructure (AMI) 

• Smart Valves 

• Data Analysis Platforms

• IoT (Internet of Things) platforms

• Real to near real time visualization

http://www.coherentchronicle.com/advanced-metering-infrastructure-market-headed-for-growth-and-
global-expansion-by-2025/#prettyPhoto

ECHOLOGICS



IoT (Internet of Things)

The internet of things, or IoT, is a system of interrelated computing devices, 
mechanical and digital machines, objects, animals or people that are provided with 
unique identifiers (UIDs) and the ability to transfer data over a network without 
requiring human-to-human or human-to-computer interaction.

https://internetofthingsagenda.techtarget.com/definition/unique-identifier-UID


Robotics and AI to manage complexity



Drought Vulnerability Index 

The assessment is based on a synthetic SPI-based Drought Vulnerability Index
(SDVI) that was developed by Agricultural University of Athens, in the context
of Drought Management Centre in South-eastern Europe (DMCSEE Project ,
2011).

.
𝑆𝐷𝑉𝐼 = ෍

𝑖=1

𝑁
𝑆𝑐𝑎𝑙𝑒𝑑 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝑠

𝑁

The equation implies that all the components are equally weighted.



Relation between SDVI & drought aspects 
(DMCSEE, 2011)











Water Changing Conditions



• Water Stress Vulnerability Index (WStVI)

• Water Scarcity Vulnerability Index (WScVI)

• Drought Vulnerability Index (DVI)

For each point (sub-area), the web tool can automatically calculate:

1.3 - Calculation + Visualization

46



The results for the whole study area can then be 
represented on the visualization Platform (eg: using 
Kriging - regression)

1.3 - Calculation + Visualization

47



After this initial analysis, the web tool will allow the end-
-user to deeply analyze/improve  the vulnerable 
subareas, towards possible WR&R:

2 - WR&R Evaluation and Policy options

48



South Platte, Colorado, USA,  Oikonomou, P.D., Tsesmelis, D.E., Waskom, R.M., Grigg, N.S., Karavitis, C.A. (2019),



Drought characteristics assessment in Europe over 
the past 50 years



Drought in Europe over the past 50 years

Scope

• Assess and visualize drought frequency, duration, and severity 
in Europe over the last 50 years (1969-2018) using SPI and SPEI 
for the 6 and 12-month scales

• Distinctly portray this representation on a 5-year time step, 
hence visualizing droughts in detail with ten quinquennia.

• Assess results against the already described droughts in the 
literature over the last half-century, an approach not 
performed in a Pan European scale



Drought in Europe over the past 50 years

• Daily E-OBS gridded dataset covers the area of 25 N–71.5 N 
× 25 W–45 E in a 0.25-degree regular latitude-longitude grid 
resolution

• E-OBS daily gridded dataset is considered as the best 
available for continental spatial analysis in Europe 



Drought in Europe over the past 50 years

Run Theory

Reference Drought

• Index < -1.5

• > 3 months

Investigating major 
drought events 



Drought in Europe over the past 50 years



Drought frequency for the 50 year period from 1969-2018

No particular tendencies for more or less frequent droughts in the two 
major geographical domains (north/south) of Europe are present
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Nevertheless, the major challenge for any drought related

research may be the development of comprehensive and

effective drought management and decision making

schemes. In such quests, forecasting may provide some

help…



Scenario Planning

• Small number of equally likely scenarios [A, B, C, D]

• Common strategies (no regrets) 

• Sign posts

58

A

B
C

D

Sign Post

Present

Future

Adapted from Malcolm 

Pirnie,2009



Robust Decision Making

– CIS analysis of many plausible likely scenarios

– Iteration and hedging 

59

Present

Future

Adapted from Malcolm 

Pirnie,2009



IBM Q
press anouncement on 6th of March 2017:

„The First Universal Quantum 
Computers for Business and Science”

press anouncement on 17th of May 2017:

16- and 17-qubit processors

IBM aims at constructing commercial IBM Q 
systems with ̴50 qubits in the next few 
years to demonstrate capabilities beyond 
today’s classical systems

quantum advantage

IBM 16-qubit processor

60 © 2017 IBM



THANK YOU



I’ll be back…


