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LAND SUBSIDENCE MONITORING IN THE LUCCA PLAI N
(CENTRAL ITALY) WITH ERS 1/2
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AIM

We preset preliminary results d a project sippated by ESA (Categoy 1 n. 308) and ltalian Ministry of
Education, University and égearch(COFIN 2003) in tke Lucca plain, central ItalyFigure 1), to study land
suwbsiderce by integrating satelliteradar interferometry with grourd-truth leveling suveys.

The sulsidernce ajpears tobe relatedo the withdrawal of groundvater ove the last two decaes,which causd
drop of water talbe (Figue 2) andin turn led toelasto-fastic canpaction of fine-grained sedmerts.
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Figure 1. Study area and track & fr ame of the asending and descending paths. Coordinate system: GAUSS-BOAGA
projection, zone W).
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Figure 2. Water table changesn the “Pollino” well field, within the study area, monitored fom 1975 to 2005 (from AdB
Serchio River Authority).

GEOLOGY OF THE STUDY AREA
The Lucceplain is located withirone of the extensnal tectonic bass whid dissect the inner peof the Northen
Apennines Recent continentaeposits ofthe plain are rde up of thicksang gravel cropping otiin the northen
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secto of the plain overlain ty a clayey silt brizon thickening toward the South. These depsits rest uncaformably
over units related to therilassic Verrucano, the TriassigOligocene Tuscan Nappe, the iguridesunits (Cretaceous-
Oligocere) ard the "VillafranchHan' sedments (Late Plicere-Early Pleistaere) (Figue 3).

Normal faults locatedd the S and ¢ the N of theareacontrolled thedevelopment of he plain until recent tines.
Henceregional vertical motions ca be mmbined with subsidencecausé by anthropogenic actons.

Figure 3. Gedogical map of the gudy area (Carta Geologicad'ltalia, sheet D5). Legend of formations: Pf:phyllites and
quartzites ("Filladi e quarzti di Buti", ? Carboniferous); P<: continental conglomeates, phyllites ("Scisti di S.
Lorenzao", |. Carb oniferous - e Permian; Pbr: phyllit es, breccias, comglomerates ("Brecce d Asciano”, ? Permian); Tcg:
guartz conglomerates ard phyllites ("Formazione della Verru ca, m. Trias); Tqz: clorite-seicite phyllites with quartzites
("Qu arziti di M: Serra", Carnian); gr: dolostonesand dolomitic limegones(" Grezzoni", |. T riassic); mg: sandstones and
argillites ("Macigno”, L. Oligocene-E.Miocere); alb + al: clays and marlswith limestones,marly limestores, Imestones
("Alb erex", |. Cretaceots - Paleoene); Cmc marly limegones and sandstones (I. Cretaceois); ar: sandstones with
marls (? Cretaceows); QI + Qfll: gray clays, sandy clays and lacustrine sands with conglomerates conglomerates
lacustrine clays ("Villafranchi an"); Qt + Qtl: reddish sands, coglomerates and gravels (Pleistame); Qfl2: fluvial-
lacustrine gravdly, sandy and dayey deposits (Reistocene); at: terraced deposits (Pleisteene); p + t: peat and marsh
deposits (Olocene); a: recert continental deposits (Olocere). Blue dasheal line: inferred normal fault. Red box: extent of
the orthophoto in Figure 5

DATA
In order to fulfil the ohectives of tke workwe usedthe falowing data:
o Digital Elevation Moddl, cell size: D& m.
e ERS 12 images:
- ascedingtradk 873, frame 215(Figure 1);
- descadingtradk 165, frame 2727
pairs usedin this workare listedn Figure4.
Aerial phaographs and othophotos fram 1.G.M.I. (Istituto Gearafico Militare Italiano) ard Regone Toscara.
Ancillary data from techical reprts o local municipalities, Arro and Serchio river basins autlorities
(leveling, sdl mecharics, statigraphc, hydrogedogical ard geophysicaldata).
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Figure 4. The interferometric dataset for th e descerding and ascerding tracks.



LEVELING SURVEY

Between Sptenber-Decerber 2004we monunented a leving network of 22 nev benchmarks (indicated assin
Figure 5. In order b allow us b monitor any verical ground novements (regional geobgic or anthropogenic)
within the gain, the retwork connects Verrucao and Villafranchian outcrops locatedout of the saith-westernand
nothern borders d the stug area. The network integratesan existing network monitored between1995and 1996
(indicated assv in Figure 5). Both the old and new networks were measured at the beginning of 2005 As grourd
truth we abo took into acmount data from a leveling network locaied n the north-eastern part of the study area
(Figure5).

O)csll

cs10
cs08
cs22

csv27  csv26

cs21

cs20 csl7 csl8
csls
csl4
O} csvll

cs13
cs19

csvl3

cs12

cs04 cs07

cs03

cs05  cs06 csv02 1

cs02

cs01 @O0

Figure 5: On the left the logical scheme of the network. On the right the levding networks used in this works
superimposed to the orthophotos. Red line: profile ofFigure 6.

We followed the piocadures sugesed bythe 1.G.M.I. for high precsion leveling suvey (Muller, 1986):
a. leveling nethodology is bakward-forward.

b. misclosure eror between forward and bakward suwveying sioud be kess han 2.5\/E mm (where L is
distance gpresed n Km);

c. all the benchmarksareclose than1 Km;

In Figure 6 the resuts of leveling are reported

o vertical benchmark displaceanent rates decrease with t&fnonlinear stsidence praeess);
e quite high spatial variability of subsiderce;
e meanvelocities nmeaswed ca. 2-6 mm/yea(higher rates clee to tte water pumping stationof the so
called“Pallino” wells field (Figure2 ard csvi3in Figure 5).
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Figure 6. Vertical benchmarks displacemert measured through leveling. Purple dots: benchmarks measured between 95
and 96; blue dots: benchmarksneasured betveen 1995 and 206



INSAR and TEMPORAL ADJUSTMENT

We catulated the interferograms (Figure 7) using the ©ftware DIAPASON devebpeal by CNES, choosing the wo-
pass pproad (Massonnet eFeigl, 1998). We used the following criteria fa pair selection:

e abs(Ha) >100m

e abs(dDop) <0.2 PRF

e Dtdays < 100.

P -

\ Dtdays=898 Dtdays=981

b «,{%ﬂ

= ' b a® k. R s
§ 10881_23750 ¥ ey 23249 17604
-5 N 8 Ao : em——

tring=256

Figure 7. Exanples of the interferograms calculated.

We wnwrapped the pha® values h a sngle gata dimension (profile) using the Matlab routine wnwrap.
Accordingly, we cawerted he wappel interferometric phaseg from the integer 8-bit value rang [-128 +127] to

an urwrappel rarge change Ap in mm.
For te temporal approah, we analysd he difference in raage tiange Ap ) bewveenpoint K and point 1 o a
profile denoted by AAp; =[Ap; ], —[Ap;], (Feid, etal., 2000 where i repreents the inde of the naster

epot () ard j the inde of the slave poch (). The doible cta denotes two differerces, or intime (t; - t) and
onein spaceg(point K - Point 1). We then performed a smple inversion of the linearmodel

AX = AAp;
where the parameters x petain to epchs and he data AApij pertain 6 the time intervals spanre by the

interferametric pairs. The design matrix A links he daa ard the paaneters. For eat row of A, thevalues are zero
except forthe colunms correspondng to epahsi andj which are —1ard 1, repecively (Usai, 2003). For each
pixel K, the problemis descrbedby n paraneters and nobsrvations. The bstline of A is filled by 1's © introduce

a sipplementary indepeuent equaion (ZAApij =0) to regilarize tre sdution.

1D phaseunwrapping becomes unreliade or difficult to interpret inpoorly correlatedareas lile the sodhernpart of

the Luccaplain. For this reson we selected Pseudo Imient Features (PIFjom amplitude multilook images: we
took into accountfor eat pixel, the ra s betwea themean of lhe image staclkard its stardad deviaton. The

PIF wee locaed by chaosing tose pkels which have highest values of s. An exanple of the reults fa PIF

extraciedasdescribed éowe is shown in Figure 8. We finaly appled the inversion procedure © PIF (Figure 9).

CONCLUSIONS

Displacenents obtainedby invasion of INSAR datawithin the bestPIF areas allowed us teamgnise boh long
tem, low velocity subsidence pocessegabou 20-30 mm for the 19922003 time gan) andrecurrert shat tem
(seasnal) subsdence adrebounddisplacements (alwut 10-20 mm). The btter pheromena carbe beter reognsed
from 19% to 1999 probably as effecf interferograns cderence.Theresults rea®nebly agree wih leveling dat,
which provide maximum subsdencevaluesof abou 35 mm for the 19952005 ime span. Pd& d seaonal vertical
grounddisplacenents inferred in Figure 9 are stongly correlated b peaks of sesonalwater tablevariations(Figure
2). Theresuts suggest that the aqifer under study probably is subjectd to unreoverable conslidation connected
to the long term water tabe depletion and near-elasticdeformation cuseal by seasnal water table varations.
Anyway, cansidering the sgnificant spatial and emporal decarelation of INSAR ERS 12 dat within the stidy
area, tle above hpothesis stould be checked. Sointeresting topics for future investigatians coud be estegion of
INSAR aralysis to ENVISAT, lewling measurerans with higher temporal relution and ground vertical
displacenent nonitoring bymeans of gtensoneters.
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