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Climate change, landslide risk assessment and
adaptation policies: the urban area of Ancona
municipality

Spizzichino Danielé, Capriolo Alessid, Di Gioia Fiorina®

1 |SPRA - GEOLOGICAL SURVEY OF ITALY, Via Vitalian®rancati 60, 00144, Rome,
Italy

2 Comune di Ancona. U.O. SIT — Settore Informatidarevazione

Adaptation, together with mitigation, is one of ti® complementary actions that
preferably must be undertaken jointly to cope wiith problem of climate change.
As stated by the IPCC (Intergovernmental Panel lima@e Change), mitigation
aims at avoiding the unmanageable impacts, whisptadion aims at managing
the unavoidable impacts and increasing the resiesf natural and human sys-
tems to current and future impacts of climate clear®arting from this idea, the
scope of the present work is to describe the metlogital approach adopted to
run a geological (quantitative) risk assessmemuding an economic valuation,
for slow landslide and develop a cost-benefit gsialof adaptation measures at
local level in the urban area of Ancona municiyalMarche Region, Italy). Such
activity has being carried out within the framewarkthe Life Project “ACT”
(Adapting to Climate change in Time), that dealthwhe development of Local
Adaptation Plans based on predictable climate swenand environmental, social
and economic impact assessment of climate changome of the most vulner-
able urban areas in the Mediterranean basin.

Keywords: Adaptation, Climate Change, LandslidekRiditigation.

1. Theoretical background and rationale

Climate change has a significant impact on the dlpdiical cycle and all its re-
lated phenomena. In Italy, between 1279 and 20@2,Ahe AVI catalogue [1]
had been recording 4521 extreme events in terndsaumiages. In the same period
we had 13.8 victims per year due to landslides 4@ victims per year due to
floods [2]. These phenomena in the environmentel amhropogenic settings re-
sulted in significant economic losses and caswa(eg. Piemonte 1994, Versilia



1996, Campania 1998, Golfo Ligure 04/02/2003, B&10/2005, Vibo Valentia
3/7/2006, Cagliari 22/10/2008, Giampilieri (ME) @0/2009, Veneto Region
01/11/2010). At present, it is quite difficult tefthe a strong correlation between
current climatic trend, natural and anthropogenipacts and forecasting model.
The correlation should consider the relationshipveen meteorological trigger
mechanisms (still not very well associated to ctenghange) and related impacts
for different types of phenomena. Natural hazaptasents a conflicting interface
between natural-physical system and social andldewent setting, and conse-
quently determines a fundamental imbalance for [adijom safety. The likely in-
crease in frequency and intensity of extreme weaghients [3], especially in the
Mediterranean area, might lead to an increaseanauic, environmental and so-
cial damages if no preventive action is taken.

2. Methodological approach and dataset

The present impact methodologies and risk asse¢dmsrbeen proposed and
developed by ISPRA [4], while the data for the iempentation has been provided
by Ancona municipality and carried out through gdatnalysis with GIS tools.

Figure 2.1. Spatial intersection between slow liddgIFFI) and Land Use (CLC
2006) along the Ancona municipality



The work followed two main approaches:

1) Site scale approach for the Ancona landslidereugh the definition of
triggering thresholds for the landslide displacetaeand related stability model
for the risk assessment (developed by Ancona Mpality with the technical
support of University of Rome and supervision®PRA);

2)  Municipality approach scale:

. looking at the 2011 assessment developed by @ilSit overlays poten-
tial slow landslide [5] hazard areas and exposedhehts (e.g. population, land
use, road network, urban settlement), in ordereiind the actual landslide local
risk assessment (see Figure 2.1);

. looking at the 2050 — 2100 scenario, a GIS budfalysis has been used
to take into account the increases of future cinegnds (ISPRA and Municipal-
ity, joint simulation).

The Local Impact Assessment has been carried oatigh the use of the fol-
lowing dataset: CLC2006 project, The Italian Laidislinventory (IFFI project)
[6], and the municipal geo database.

3. Slow Landslide Risk Assessment

A spatial analysis has been implemented in ordecréate future scenarios
starting from the actual landslide area (area tdteby slow landslide in 2011).

The analysis shows that the landslide susceptilaliinges in a range that goes
from 21,6% to an estimated landslide susceptibdiual to 30,5% (with an aver-
age increase to year 2100 for all the Corine Laode€ codes equal to 30%, and a
more than 50% for commercial and industrial area).

The impact assessment, developed for specific €pekements (e.g. popula-
tion, barracks, railways, schools and Roads net)ytids been carried out for two
different Future Landslide Scenario (year 2100 agenA and scenario B) with
precipitation varying from 10% to 40% [7].

The residents in unstable area changes from 10B4%oin the worst case sce-
nario. Railways increase their vulnerability movifigm 12,3% to 18,7% (of the
total length). Nursery and primary schools in thaufe seem to be less resilient
than secondary and high schools.



Tab.3.1. Summary table for the impact with the eesmf investigated exposed
elements.

Year 2011 Year 2100 FLSA Year 2100 FLSB
Exposed ele- total affected by landslide % affected by landslide % affected by landslide %
ments
Resident 102.926,00 10.301,00 10,0 11513,00 11,2 15.333,00 14,9
Barracks 14 3 21,4 3 21,4 3 21,4
Nursery 22 2 9,1 5 22,7 5 22,7
Preschool 32 1 3,1 6 18,8 7 21,9
Primary 24 - 0,0 2 8,3 3 12,5
Secondary 12 - 0,0 - 0,0 1 8,3
High 19 - 0,0 2 10,5 2 10,5
Roads and total (km) affected by landslide % affected by landslide % affected by landslide %
Railways
Railways 91.991,00 11.276,89 12,3 12.533,29 13,6 17.239,49 18,7
Municipal 352.880,8 53.159,35 15,1 48.483,04 13,7 65.459,79 18,6
Local affili- 504,3 372,1 73,8 380,09 75,4 436,76 86,6
ated
Local not af- 121.618,50 19.063,90 15,7 20.952,01 17,2 27.899,68 229
filiated
Private 112.417,93 23.434,49 20,8 25.981,63 23,1 34.555,14 30,7
Provincial 38.554,70 4.349,54 11,3 4.785,87 12,4 6.264,61 16,2
ANAS road 27.355,00 5.648,92 20,7 6.051,17 22,1 7.111,71 26,0

4. Local Adaptation Plan based on a Cost-Benefit Anabis

For the final Local Adaptation Plan an estimatidriuture costs of inaction on
Ancona urbanized area has been developed. The soape of the analysis is to
identify the future spatial distribution of the llings (in the urban area of An-
cona) affected by slow landslide and compare thade®@ costs (mainly economic
value of buildings) with the landslide risk reducticosts, in order to plan the due
adaptation policies to address future Climate Chang

First, the assessment of CC impacts on geologezdrd (slow landslides) was
carried out in order to identify future impact sagas on specific segments of so-
cial infrastructure (e.g. residential and commerialdings) and the best adapta-
tion measures in case of action.

The analysis was based on the collection of tHevidhg data:

. Future urbanized area affected by slow landgfiderst case 2100 sce-
nario) in the Ancona urban area (H=Ilandslide sphtaard);

. Different land use in urban area classified aeadwed from Corine Land
Cover project 2006 (E = Exposed Elements);



. The building vulnerability was supposed consiarthis stage (V = Vul-
nerability =1);

. Building value (estimated cost pef)nderived by the Italian Real Estate
Observatory Market.

In order to estimate the benefit (in terms of tawét avoided), the total direct
costs due to the loss of residential and commeesis because of future land-
slides (year 2100) has been estimated, considémmgirbanized area potentially
affected by landslide and the unit cost derivednfibhe main Real Estate Market
Observatory. In order to estimate the total cdst, urbanized affected area (de-
pending on the type of destination code) was miigtipby the unit value taken
from the Market Observatory, assuming a standaifilihg composed by four
floors (ground floor for commercial/office destirtat).

Tab 4.1. Total loss estimate for residential anamercial building (2100).

Ancona Municipality (surface km? = 124,43

Continuous urban fabric 0,00 18.920.000,00
Discontinuous urban fabric 2,40 19.213.039.792,0D
Industrial or commercial unit 0,19 377.111.778,00
Harbor areas 0,07 131.520.000,00
Total 2,66 19.740.591.570,00
102.926,00 15.333,00 15

The adaptation costs were estimated consideringtdtag costs needed for
landslide risk reduction (superficial and deep slawdslide restoration works).
With regard to the adaptation costs from landslithegacts within the Ancona
municipality, a site specific analysis was carred.

All the technical literature (e.g. regional prigst lof works, guideline of resto-
ration works and countermeasures) has been tak@adaeount in order to provide
the unit cost of measures for slow landslide (tysiperficial landslide and type 2
deep landslide). Calibration of costs has then eade on real cases available on
the ReNDIS [8] [9] project database developed BBRA since 1999.

This analysis has identified the costs of meas(pes nf) that can be applied
in order to reduce the urban area affected by latedgsk.

Table 4.2 Total estimated cost for landslide ris#uction in the Ancona Munici-
pality

Urban area affected by future landslide (yga8,5 Kn?
2100) equal to 3% of the entire territory
Min estimated cost of measures 254,000,000 £
Max estimated cost of measures 315,000,000 4
Average estimated cost of measures 280,000,000 €




5. Conclusions

From the above analysis it is quite clear thatitlation cost (damage caused
by slow landslide in the future) that the municigabf Ancona will have to incur
without adaptation plan are much greater than tstscof landslide risk reduction
(table 5.1).

Table 5.1 Cost/benefit inaction/adaptation

Expected damage of total
exposed elements (year 2100)

€ 19,740,591,570.00

Adaptation costs (risk reduction measures)

€ 315,000,000.00

Percentage of adaptation costs respect to theéwssring in the inaction scenarig

1.6 %

The treatment of the temporal dimension has nosidened benefits (avoided
costs) as emerging from gradual adaptation durireg reference period 2011-
2100. The analysis is unable to predict the timemthe various landslides would
be triggered and consequently to establish whets aoitl be avoided over time.
However the study provides an estimate, in thegmess of different climate sce-
narios [7] (increase in average seasonal predimitatof the total perimeter of the
surface that in 2100 will presumably slide down.

More in detail the adaptation costs are 1.6 % efttital inaction costs referred
to the complete loss of property, giving evidenkat tadaptation cost are lower
than cost of inaction.

Through this simple approach it has been possiblestimate future costs of
inaction (expected damage) that such a kind oftsweitl have on the assets taken
into account and also the costs (adaptation mesjsimerisk and vulnerability.
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