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COMBATING DROUGHT, LAND DEGRADATION AND DESERTIFICATION .
l‘ g FOR POVERTY REDUCTION AND SUSTAINABLE DEVELOPMENT
9-12 MARCH 2015, CANCUN, MEXICO

U NCCD MONITORING LAND DEGRADATION & DESERTIFICATION in LESVOS ISLAND with the ESAI & MULTIWAY DATA ANALYSIS Manchester
3 rd Scientific Conference  gyqs symeonakis & W. Edwin Hars Mstropalia

School of Science & the Environment, Manchester Metropolitan University, UK (E.Symeonakis@mmu.ac.uk , E.Harris@mmu.ac.uk)

i

*
* *
* w
* ok SEVENTH FRAMEWORK
PROGRAMME

BACKGROUND: According to the UNCCD, Greece has a marked problem of desertification over large areacs. ,
. . e . Indicator Classes Score
Unfortunately, the breadth, complexity and dynamism of the desertification process has so far precluded the — T ]
development of a comprehensive model and methods of assessment and monitoring have involved the use of | > 280-650 1 5
indicators. c?i <280 2
The most frequently applied indicator-based system for assessing LDD in the Mediferranean is the o  Ardity = Precipitation / Potential >0.65 1
Environmentally Sensitive Area Index (ESAI) framework (Kosmas et al. 1999), mainly due to its simplicity in model g  Fvapofranse. (F/PET) 265‘50'65 ‘;
building as well as its flexibility in the use of relevant variables as indicators. O aspect NNENW, plain (<5%) ]
AIM: To modify and improve the standard ESAl method that can be used to monitor the dynamic nature of
environmental sensifivity of Mediterranean environments to land degradation and desertification.
Drought Evergreen forests (exc. coniferous); mixed Med. Maquis- |
AREA OF STUDY: the 73 sub-municipalities of the Island of Lesvos (Greece) resistance - evergreen forest {wifh Q. llex); bedrock; bare so
Lesvos is an island of Greece in the Aegean Seaq, in the eastern Mediterranean. It covers an area of 1,633 Conifer forests; Deciduous forests; Olives 1.2
km?2. Maximum altitude of 947 m. Climate is characterised by strong seasonal and spatial variations of Almonds; Orchards; Vines 1.4
rainfall and high oscillations between minimum and maximum daily temperatures. Perennial grasslands; Pastures; Shrublands I
f Medit hrubs (M . h . dd id K f ; I . Annual crops (annual grassland; cereals; maize; sunflower); 2
Olive groves, Mediterranean shrubs (Maquis, phrygana), pine and deciduous oak forests as well as various Horficulture; Very low vegetated
ICUITU U I . Erosion Evergreen forest (except conifers); mixed Med. Maquis- 1
types of agricultural uses dominate the landscape
protection evergreen forest (with Q. ilex); Bedrock
Med. Macquis; Conifer forests; Perennial grasslands; 1.3
>
DATASETS & METHODS . . % Pastures; Olives; Shrubs
Estimation of 21 indicators belonging to & main V1: FIRE RISK > Deciduous forests (oak, mixed). 1.6
environmental Quality Indices related with: ST 5 Almonds: Orehards . .
. . . | = Vines; Horticulture; Annual crops (cereals, maize, annual 2
Climate, Vege'l'q'l'IOn, Soil, Groundwater, SN o grasslands, etc.); Very low vegetated; Bare soils
° ° o« gy - O
SOClO-eCOnomlc characfterisfics c2ARIDITY = Fire risk Bare soils; Bedrock; Almonds; Orchards; Vines; Olives; |
Indicators were standardized from 1 (:|qu’r VRSE:SDE(T)AL\:&':_'ET Irigated annual crops (maize, sunflower, etc.); Horticulture
sensitive) fo 2 (=most sensitive) according to the SERL IR Perennial grasslands; Pastures; Cereals; Annual grasslands; 1.3
ESAlI scheme (TCI bles 1 -5) . V4 VEGETATION Deciduous forests (oak, mixed); Mixed Mediterranean
According to the ESAIl, the Quality Indices are SOVER oL CMATE Maquis-Evergreen forests (with Q. ilex); Very low
estimated as follows: (C1 x C2 x C3)1/3 vegetated; Shrublands
. AC{E&E\,TSE'XOT, N = Mediterranean Maquis 1.6
Ak o Pines and other conifer forests 2
CQl = (rainfall * aridity * aspect)!’3, VQI = (drought \ Plant cover >40 1
res. * erosion prot. * fire risk * plant cover)'/4, etc... (%) 1040 18
ENVIRONMENTAL Parent material Shale; schist; basic; ultra basic; conglomerates; ]
final Environmental Sensitive Area Index is then SENsITIVE AREA INDEX (ESAI) = unconsolidated; clays; marl (with natural veg.)
estimated as (Figure 1): (CQIx VAl x SQI x GQl x SosQI)1/> Limestone; marble; granite; rhyolite; ignibrite; gneiss; 1.7
siltstone; sandstone; dolomyte
i i ” ” 1/5 T Marl; Pyroclastics 2
ESAl = (CQI *VQI * SQI * GQI * SEQI)!/ Texture LSCLSLLS,CL 1
SOCIO-ECONOMIC SOIL . SC.SIL,SICL 1.2
ESAl widely used, BUT: (Sos1 x Sos2 x 5033 x Sosé x S6s5)15 (152 S3x S4 % 5915 Si,C.SIC 1.6
(] (] (] S 2
» The ESAI assumes ’rh.o’r all indicators used in the CSROUNDUATER NP S 2 soildepth(cm) >75 ]
system are equally important and hence, assigns o a4 'LEVEL MATERIAL § 30-75 1.2
an equal weight (=1.0) to them all = 15-30 1;
<15
o . - . G SODIL S ORPTION Sos2: SOLD AGE INDEX S2: SOIL DEPTH - Water erosion  <0.000] 10
« This issue has been identified as a potential flaw (mm/year) 0.0001-0.0087 12
of the ESAI approach and was addressed inifially 2 CHLORIDE Soss: POPULATION S5 SLOPE 0.0087-0.026 1.5
by Salvati & Zitti (2009) CONCENTRATION DENSITY GRADIENT 0.026-0.07 1.7
>0.07 2.0
G3: ELECTRICAL Sos4: POPULATION Slope gradieni <6 ]
« We employ a modification of the ESAI that CONDUCTIVITY > GROWTH S4: SOIL TEXTURE 6-18 1.2
combines the multivariate analytical framework 12‘535 ‘;
' itti ' i _ Sos5: SENSITIVITY TO S5: WATER SOIL

SUQQGSTed t).y SO'VOT' Clﬂd Z|TT| (2009, MU"’IWCIY . G4: WATER TABLE HEIGHT 0s T S o el e 5315 :

Data Analysis, MDA) and the work of Leibovici PP —

(201 O) on P"nCIPGI Tensor AI‘\CI'YSIS Figure 1. Flowchart of the methodological framework for the estimation of the , , _ - SZics Z

* We compare the results from bofh approaches modified Environmentally Sensifive Area Index (ESAI) (Symeonakis et al., 2014) sOdujlr;s)Adsorpnon Ratio (SAR; <10 1
meq/I" 10-18 1.3
,_? 18-26 1.6

Multiway Data Analysis (MDA) Results (Figure 2), Discussion S >26 2
The freely available R-package P-tak (Leibovici, 2010) was used to A Agreements g Chloride concentrafion (mg/l) <250 1
implement the multivariate, multitemporal analysis. The weights were | Both methods of estimating the indicator weights [ iggfggo 12
computed for each indicator i by multiplying the conftribution of each ' agree in that: £  £00.3000 o
indicator to the m most important (i.e. explaining>10% of totall '« Vast majority of island: fragile or critically 5 3000 5
variance) factorial axes by their proportion of explained variance (for sensitive Electrical conductivity <250 1
! : epps . i pumohs/cm 250-750 1.2
further details see Salvati and Zitti, 2009). » Most critical areas are in the western part. In | ) e e
199 — Change (2000-1990) Ogreemen.’r with Kosmas et al. (1999). G —

Symeonakis et al. 2014) 5000 2

a

« The eastern part of the island is degrading fast Population density (people per km?) ;:550 ]‘2

= Disagreements 50-100 1.4
2 When he MDA weighi - : ied: 100-200 1.6
5 en the weighing scheme is applied: 00-400 18
2 . « In 1990 (Figure 2d), a large number of S — Z;‘OO f

pr : o o oy . opvuidarion growitn rare (7

5 “"y“'e”e B i 5 Se— mumapahhes in the Wesferrj and central part g ? 5.4 19
 reninsuic B Fregie F) | -0.50-0.50 Std. Dev. of the island appear as Critical rather than 4-6 1.4

v 2;:31:;:;;2 20;5195';2_55‘;?6"- Fragile, as in the case of the equal weights > 2:?0 };

(Figure 2a) (‘:; ~10 5

A « In 2000 (Figure 2e), a number of municipalities O [Qleiage =200 |
LG : : : £ 200-400 1.3
2= IN the eastern part of the island appear to be in § YT s
2 a Critical rather than a Fragile stafe, as in the 9 >500 2
43._’*;3, g case of the equal weights (Figure 2b) 2 Education level (%) >40 1
£ MR, , . , o 30-40 1.2
g3 — Mgl « In 2000, the entire Peninsula of Amali, south of | 25-30 14
= LD | 1-0.50-050 Std. Dev the capital of the island (Mytilene, Figure 2¢), 20-25 1.6
2= - — i — S appears fo degrading fo a Critical state, due L —
=2 otAmal [T Fragie (F2, F) B 2550 Deu to vegetation and climaftic factors as well as sensitivity to grazing (sheep and <0.0066 :

d B i) (1,52 o f A S the growth in human population. goats per km?) 0E0ETS | e
Figure 2. Environmental sensitivity in 1990 and 2000 according to: (a, b) the original Environmentally Validation 0.013-0.019 1.6
Sensitive Area Index (ESAI); (c, d) the modified version with weights estimated with a Multiway Data i i i i i i i

Analysis. (e): Change in sensitivity between 1990 and 2000 according to the original ESAI; (f) change in Flel.d validation is currenﬂy Cgmed. Oout 1o |den’r|fy >0.017 -
sensitivity according to the modified method. which method pl’OdUCGS more reliable results Tables 1-5. Main indicators & adopted scores used in the GIS to
assess environmental sensitivity fo degradation & desertification
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