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Desertification Risk: 
Introduction
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Desertification is land degradation in arid, semi-arid, and dry sub-

humid areas resulting from various factors, including climatic variations and 
human activities.

It is a detrimental process that brings about a gradual and an unnoticed reduction in the 
productive capacity of land over a period of years (Kannan, 2012)

Is a global phenomenon of land degradation which reduces the natural potential of the ecosystems and 
makes rural populations vulnerable to food shortages, to changes of weather and natural disasters. 
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The costs of desertification are most often measured in terms of loss productivity, which
includes the reduced crop yields, grazing intensities, etc. Secondary costs are the loss of
ecosystem services and ecological functions that affect the very sustainability of the planet
(Sherbinin, 2002).

As confirmed by UN, desertification is to consider the most serious emergency in recent
decades, impacting the socio-economic conditions of millions of people living in the drylands,
which account a significant part of the Earth.
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CONFERENCE ON DESERTIFICATION
Auditorium in to the Italia building, Expo Milan August 26, 2015 

EUROPE: HIGH RISK FOR 20 MILLION HECTARES OF LAND

72% of drylands fall in 

developing countries

The dry areas cover more 

than 41% of land area

Poverty and aridity 

are highly correlated

There are approximately 

2 billion people
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41% of the South

Sardegna, Marche, Emilia 
Romagna, Umbria, Abruzzo e Campania

between 30 and 50%

«Impressive numbers that tell of a dramatic problem which is discussed very little»
Mauro Centritto, Director of the Institute for the exploitation of wood and tree species CNR

21% of the country is at risk of desertification 

70%  Sicilia

57% Puglia

58% Molise

55% Basilicata
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Desertification Risk: 
Methodology
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MEDALUS (Mediterranean Desertification And Land Use) to 
identify Environmentally Sensitive Areas (ESAs) through a 
multifactor approach based on both a general and a local 

knowledge of the environmental processes acting.

METHODOLOGY

European research project
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DETAILS OF INFORMATION

50x50 m 

(Basic unit of Earth)

One pixel

(Picture 

element) 

Image in output raster

10.250.000 pixels

NDVI Normalized  Difference Vegetation Index (NDVI)

(in input)
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DATABASE

One layer = 10.250.000 pixels

25 layers elaborated 

256.250.000 PIXELS
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KEY INDICATORS OF DESERTIFICATION AT THE ESA SCALE

MEDALUS PROTOCOL
Parameters are used for the definition and mapping of the ESAs to desertification
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Fragment - Soil Depth -
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Drainage - Slope

Gradient

SOIL QUALITY

Rainfall

Aridity Index 

Exposition

CLIMATE QUALITY 

Fire Risk

Erosion Protection

Drought Resistance

Plant Cover

VEGETATION QUALITY 

Intensity of Land Use

Management Policies

Land Protection

MANAGEMENT QUALITY 

4 CATEGORIES 
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ESAI Type Subtype Characteristics

< 1,17 NON AFFECTED N Areas not subject and not susceptible to desertification

1,17 – 1,22 POTENTIAL P
Potential risk areas, where are necessary policy and planning precise and

concrete.

1,23 – 1,26

FRAGILE

F 1 Areas with very steep to steep, moderately fine-textured, stony to slightly 
stony, moderately deep to deep, well drained soils formed mainly on marble, 
schist, ultrabasic materials.

1,27 – 1,32 F 2

1,33 – 1,37 F 3

1,38 – 1,41

CRITICAL

C 1
Areas with mainly very steep, moderately fine-textured, stony, shallow to 
moderately deep, mainly well drained soils formed on marble, limestone.

1,42 – 1,53 C 2

> 1,53 C 3

MEDALUS LEGEND
Map of Environmental Sensitive Areas to desertificati on
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Desertification Risk: 
Sicily
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RECENT WORKS
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Map of Environmental Sensitive Areas to desertification
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5,7%

7,1%

23,6%
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6,2%
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37,7% 3,5%
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YEAR
DYNAMIC GIS

MODEL

STATISTICS MODEL 

WINTERS

2030
compared with 

average
1951-1990 - 27%+ 1,4°C
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Sensitive Areas of Desertification – expectation 2030

SIMULATION OF SCENERY ON DESERTIFICATION RISK

BASED ON CLIMATE CHANGE

53,7%

Évora, February 2-5 -2016

Seventh Workshop Dynamical Systems Applied to 
Biology and Natural Sciences

An Index Monitoring The Sensitivity To Desertification: ESPI

SPEAKER:  M.A. Ragusa

maragusa@dmi.unict.it 18



Desertification Risk: 
Municipalities of Sicily
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EXAMPLE OF 

WORSENING

MILITELLO IN VAL DI CATANIA
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EXAMPLE OF 

STABILITY

MALETTO
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EXAMPLE OF 

STABILITY

SCICLI

Évora, February 2-5 -2016

Seventh Workshop Dynamical Systems Applied to 
Biology and Natural Sciences

An Index Monitoring The Sensitivity To Desertification: ESPI

SPEAKER:  M.A. Ragusa

maragusa@dmi.unict.it 22



EXAMPLE OF 

IMPROVEMENT

FLORESTA
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http://www.gioenia.unict.it/
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Desertification Risk : 
The mitigation role of parks
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Desertification Risk 
Madonie Park

Extension

39.941 ha

Classes ESA
Non affected
Potential
Fragile1
Fragile2
Fragile3
Critical1
Critical2
Critical3
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Desertification Risk 
Nebrodi ParkExtension

85.687 ha 
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Potential
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Critical3

First half of the 20 th century Second half of the 20 th century

SPEAKER:  M.A. Ragusa

maragusa@dmi.unict.it 27



Desertification Risk 
Etna ParkExtension

58.367 ha

Évora, February 2-5 -2016

Seventh Workshop Dynamical Systems Applied to 
Biology and Natural Sciences

An Index Monitoring The Sensitivity To Desertification: ESPI

Classes ESA
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Potential
Fragile1
Fragile2
Fragile3
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Desertification Risk 
Sicani Park 

Extension

43.687 ha
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Classi ESA

Variations

Nebrodi Park

Variations

Madonie Park

Variations

Etna Park

Variations

Sicani Park

Non affected + 53,6% + 38,6% + 26,9% + 15,8%

Potential - 1,1% + 11,8% + 1,0% + 8,6%

Fragile - 3,9% - 11,4% - 3,4% + 17,4%
Critical - 48,4% - 39,8% - 1,0% - 41,2%

Variations of Sensitive Areas to Desertification in Sicilian’s Parks
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Desertification Risk: 
The mitigation role of wooded areas
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WOODED AREAS
Land use (CNR – TCI) – 1958 

Wooded Areas  9,6% - 244.022 haWooded Areas 4,5% - 113.227 ha

Land use (CLC) – 2000 
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Desertification risk on wooded areas (end of the 20th century)
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CHANGES ON WOODED AREAS

from the beginning of the last century to today

Increase of wooded areas ha 130.795Increase +61,6%

Reduction -17,4%

Unchanged 21,0%

Change extension woods
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ROLE OF WOODED AREAS ON MITIGATION OF RISK DESERTIFICATION 

Classes ESA Areas

Non affected 34,3%
Potential 10,3%
Fragile 1 9,2%
Fragile 2 10,0%
Fragile 3 6,1%
Critical 1 3,9%
Critical 2 12,7%
Critical 3 10,2%

Reduction of wooded areas -17,4%

Évora, February 2-5 -2016

Seventh Workshop Dynamical Systems Applied to 
Biology and Natural Sciences

An Index Monitoring The Sensitivity To Desertification: ESPI

SPEAKER:  M.A. Ragusa

maragusa@dmi.unict.it 35



Classes ESA Areas

Non affected 61,7%
Potential 7,9%
Fragile 1 7,1%
Fragile 2 8,1%
Fragile 3 5,2%
Critical 1 2,7%
Critical 2 6,5%
Critical 3 0,6%

Increase of wooded areas + 61,6%
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Classes ESA Areas

Non affected 99,1%

Potential 0,3%

Fragile 1 0,2%

Fragile 2 0,2%

Fragile 3 0,1%

Critico 1 0,1%

Critico 2 0,1%

Critico 3 0,0%

Unchanged of wooded areas 21,0% 
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International action to deal with 
the advance of deserts
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THE GREAT GREEN WALL OF AFRICA
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THE GREAT GREEN WALL OF CHINA
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Desertification Risk : 
monitoring
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LIMITATIONS OF THE MEDALUS METHODOLOGY

Expectation 20301961-901931-60

Objective difficulties in comparing risk areas in t he different time and / or space

It does not allow to create an environmental sensit ivity index
There isn’t a unique and numerical parameter

It is possible to compare only between pictures
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Overall assessment of the global sensitivity to desertification of an 
area, regardless of its extension (country, region, province, 

municipality, river basin, etc.)

NEW ESPI: 
ENVIRONMENTALLY SENSITIVE PATCH INDEX

It gives possibility of producing ranking and  easy comparison of different areas and different periods

1 10010 20 30 40 50 60 70 80 90
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POTENTIALITY OF ESPI INDEX

Update, flexibility and efficient thanks to the use of Geographic Information Systems (GIS)

Rankings immediately understandable
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INSTRUMENT FOR THE APPLICATION OF DECISION-MAKING STRATEGIES FOR THE MAINTENANCE OF 

TERRITORY

Correlatori: Prof.ssa A. DURO

Prof. V. PICCIONE

Dott. V. VENEZIANO

MONITORING OF LAND AND ENVIRONMENT
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APPLICATIONS OF ESPI INDEX 

Regional planning

Instantaneous quality control of a territory

Qualitative and quantitative environmental 

monitoring
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I half of 20 th century II half of  20 th century

ESPImed = 65,8ESPImed = 72,6

Comparison between Sensitive Areas of Desertificati on 
I and II half of XX century
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YEARS MEANINGFUL

1976   YEAR WITH LESS SENSITIVITY DESERTIFICATION RISK

BEST CONDITIONS

 Subtype  Range of ESAI Ʃp Ʃv Ʃv/Ʃp ESAI I  F

0 424545 0 0 4,2 0

Mn < 1,17 1605994 1781628 1,11 15,9 17,60 1,74

P 1,17 - 1,22 1047258 1251807,9 1,20 10,3 12,37 2,02

F1 1,22 - 1,26 892155 1106622 1,24 8,8 10,93 2,12

F2 1,26 - 1,32 1273812 1642571 1,29 12,6 16,23 3,64

F3 1,32 - 1,37 1005529 1354694 1,35 9,9 13,38 3,45

C1 1,37 - 1,41 649056 902619 1,39 6,4 8,92 2,50

C2 1,41 - 1,53 2286715 3357096 1,47 22,6 33,16 10,57

C3 > 1,53 1041122 1655759 1,59 10,3 16,36 6,07

Ʃ 10226186 13052798 10,63 101 128,95 32,12

average 1,33

max 2,05 ESPI 57,5
min 0,81

1976

ESPI = 57,5
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ESPI = 80,8

YEARS MEANINGFUL

1952 YEAR WITH HIGHER SENSITIVITY DESERTIFICATION RISK

WORST CONDITION
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DESERTIFICATION RISK IS FALLING FROM 1931 TO 2000

1962

1977
1981

CHRONOLOGICAL ORDER OF ESPI INDEX IN SICILY (1931 – 2000)
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Desertification Risk: 
Climate in Sicily
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Regional average from 1921 to 2000 = 713 mmc

Annual rainfall : SICILY REGION

Val max = 1071 mm

Val min = 393 mm
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Annual average temperatures : SICILY REGION

Regional average from 1921 to 2000 = 16,6 °C Val max = 18,3 °C

Val min = 15,5 °C

Annual averages
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ANNUAL TREND HUMIDITY - INTENSITY IN SICILY
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CHRONOLOGICAL ORDER OF ESPI - CQI INDEX IN SICILY 

(1931 – 2000)
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Every year an average of 117 km2 of territory are 

in addition to the 14,886 km2 already at risk of 
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