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A bstrackt

T heam ofthis pgperis mainly amethadolbg@alae. W eusadindividLal bwel ek
rIpective data from the Iallan Fertiity and Fami ly suney, based an the infomatian
provided by respadatts. | inking individual el data with geogrephical darecter
istics of the cmmunity, we .. 1Istly usad nan parametric methods, ad in partiaulier
e bi-dmensiaall 0 ESS (. aally weidted regressian) methad, 1o bui ld smaothed
maps of the trarsition O .. iIst sedal interaaurse. Seaadly we used a disaete time
muli el evlathistory madel (With kg tsped. catian), alloning Torthe presence of
undoserved heteragerai ty arthbemunidpality el W e used HEiitude’, “longtude’, and
dmersian of the munidpality as agpgrecate bwel epbratay \aricbks in the madel
T hus we auld builH spatial pro. ks and amep, wsing predicted valles or tre by
aoddk ratiq and we aould study ahartdyremics too 0 urresulis an.m thatl@alyis
aheterageass auntry; when lbdding at ace at tre .. ist seaal interaourse Wwanen
are mare intuencd by theiraontext then men.



1 Intocductian

T he study of demagrgphic evants has traditianally been besad an thair empirical inves
tication oer ime and spae. T he aeanral ok of time (in partiaular of individual time
epressad by age ar other relbvant duration \arieblkes, together with adhart and periad)
hes bean reaognized by researdhers, who develped diessical tedniques, sudh es K tebkes.
T he develppment of more recant tedniques that deal with individual el time tbevent
data (i.e. elenthistry anabysis), hes bd 1 a spedalized set of tednicues of stafistical
demagrephy. 0 N the other hand, spatial agpects have aoapied a peripheral pasitian in
fomal and statistical demagrephy, and even mare so does the interactian betneen space
and time.

A nalyses ofdemagrgphic phenanerna aatss space and the ripresentation ofsudh phe
nonena Lsing maps, hae substatially aattributed © magjar researdh e arts in demay
rphy. T he P rinceton project (Caake and W atlkinrs, 198 6§ extarnsively relled an maps to
desaibe the dynamics of the demagrgphic transition and tosupportepbnatary idess. A s
ithss bean pdnted autby | estteeghe and |l eek (2000) "magps produce good narratives,
ad these in thartum are valliebe Tor theory Tomatian as well’. T hus, spatial analysis
hes hed an importait ok in the develkpmant of key thearies that eplEN danagephic
behaviar: ¢ IS padades, similartothose we eldtin this pgper; provde unioLe features
Tordraning mgps using lkw Ievels of geogrephical agprecation.

D uring the st ety years, spatial statistics hes develpped into a spedalized ..eb
and several mahaggphs have bean published an this subject R ipky, 1981;D igde 1983;
Ripky 1988 ; Cressig 199 3). Il oststudies relte to epidemiolgy, and theirauthars make
wse of aggecate bel spatial datas T he spatial anabysis of (bio)demaggphic data is
another devekping ..ed (S begars and ¢ cethals, 199 3; B aoopetl ppeletal, 1996. 0 ne
ofthe key issues in this stream of research is the ink betinean space and time (the tter
is de..ned both in tarms afsodetal ime and individual ime). T he same inkis disaussed
in epidemiolbgcally ariented demagrephic studies (see Torinstance Cangdan, 2000). Far
individual el datg non paramnetric or semi- parametric methods have bean used (fara
reviewsee D iggke (2000) and the bibliagephic rekrencss sted there).



T he a@am of this pgper is mainly a methodologal ae. U sing the most widespreed
set of statistical tednigues usad in madem demagregphic researdy, event history analysis
(Caurgeau and L elievie 1989 ;B bssEld and R dwer; 1995), weincapaated in auranaly
sis aspatial gpproedh. |n evathistory analysis, the spatial coneltion anag individuaks
is sametimes tEken iMoo acoount insofar as space intraducs a hierardhical struciure
data T his ideais embeddaed in so called mulilevel madcek. In these macek, conelatian
is alloned anag units in the same areg, butindgpendance is assumed amang aress. BEx
ampks of this gpproach incduide Steck etal (199 ©§ and B arberetal (2000) fordisaete
time andB obsted and |l anda (2001) forantinuas ime. A spatial disaete ime evat
histary madel thatalbons akofortime varyinger ects, is develped within afullB ayesian
Tramenork by Fehmeirandl ang (2001), whouse auni..ed gppraach TorB ayesienll Gl C
inerace in gereralized additive and semiparanetric mixed modek.

6 iven the impartance of retragpective suneys in denagrephy we eplbtrert ity ad
Family Surney data. ' e presaritan gpplication to age at... istseaal intercourse of allan
men and wanen. Far behaviars sudh as .. ist seaal intercourse whare 1@y is a ek
tively trediticnal country acoording © W estern standarcs, thaudh lrge and ieltively
stebke dir eratiak abo existbetnen cauntries B azan and Katulg, 199 7). Cultural acom-
paat such as sadal nams, religaity, and lohg standing mily structures plby a key
roke in sheping geogrephical diz erencss in the timing of the .. istsexual inteyraourse (see
eg Buzi, 1998). T he lHtieris a bdaviorforwhich the aultural heterageety of 1 aly
can emarce fian spatial analysis, with the passibi ity of atssing traditianal administria
e categxizatias being an advantece. A sauthnorth gradientis plausibk at bsst for
women, gven that southem [@ly is a rather trediticnal part of the counry, Togwe an
eampk accoding o Cazzoka (1999), northresstarn riegas have an estimated odcs ratio
of 3460.ersauthem regas, regading 1o .. istsexual interaourse by the age of 19 .

T he methads we pragpase albo allovoran investigatian of the passibi ity thata spatial
din usian proess aaaurs. W e fam the hypathesis that new behaviar; Torinstance seaal
debut at an earfier agg dllons a din usian procsss aacss spae. W e disass this pdnt
epliatly when we anallyze cdhartdynamics.

T he pgperis structured as TOllons. A fter a brief desaiption of the data (Sectian 2),
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we use nan parametric methods 1o dravw mgps of [taly based an the timing of the ... 1st
seaalinteraourse (Sectian 3). InSectian4, we useamuli- Beldisaete imeevethistory
mackel in ader 1o estimate a spatial pro. E by Htitude and bhgtude. Sectian 5 autlines
asadetal time perspective by amparing lrge graups of aharts Section 6aondludess the
paper and sugests aaues Tor further researdh.

2 Data

W e use individual level retrospective data fram the [ tallan Fertility and Familysuney Q e
Sandie etal, 1997). A total numberof4,824 femalks and 1,206malks, were interviensd,
represanting a atss sectian of residarits baom betwneen 1946ad 1975. A mang other
questias an ripraductive health, the respandents were asked ebauttheirage at. iIstsexual
interaourse (ifthey hed any). T heinterviens were aonducted betineenl o.ember199 5 and
January 199 6and the ace at .. 1istsexual interaourse wWas reparted in aampleted years. A
rance of dhadks shoned thatt the data quality wes \ery satistectory (Cazzolg, 1999), and
the self rigported ace att.. istinteraourse hes bean shonn tobe a relicbke indicator © une
etal, 1997). In gneral the datashonaed that .. rstsexual interaourse in l'aly Ees plbee
at a higher age than in atherwestem Eurgpean aountries. T he pgperby Cazzdia (1999)
anntars adeta Bd desaiption of the data and sane aralyses.

In arder o nk individual data 1o the geogrephical atext; we wsed the informatian
provided by respadarts who resiced in amunidpality formast oftheir ime forthe .. 1st
15 years oftrar FE. ( iven that ampEte residatial histaries are notava Ebke fran the
suney, this methad proved 1o be the best dxdae vwhen studying .. iIstseual interaourse.
I'thes dvias achentagss ampared 1o the allemative solLition of using ss aaiterion res
idence atthe time tre interviewtakes place. 0 faaurse we an naitherbe ampEetely sure
thatthe .. 1istsexual interaourse wes expeariencad atthe place of residences nardowe know
forsure thatitheppened after dange of residence (ifary). W e inked the indivicual el
datawith data ofthe munidpality ofmain residence far... 1st15 years ofae’s g tsingge
aggphical coadinates (Etitude and Ingtude) togetherwith dimensicnal dnaracteristics
(ppuHEtion atthe 1991 aBLs).



3 M gosoflaly. A mparanetric spatial gopraedh

W e ..rsthuiltmaps of the trarsition © ... iIst sexual intleraourse. tEking a non parametyic
Fopraadh whidh takes epliatly into acoount the geogrephical coadinates ofthe conmu
nity, Essatially; this imlvoles the gpplicatiaon ofFtno dmasianal smoothing tedniques
the dataofthe suney, Lsinga o stEp procedure. [N the .. 1Iststep, we ampute estimates
of the quatities ofintarest at the area bel 1N the seaod step, we use naparametric
smoothing tednigues 1 bu b a Visual represantation of the gpagrephical pattem of the
procss. T hus, the am of aur analysis is not 1o produce estimates at the el of small
aress, butto draw mgps that desaibe-in a asistentway-the dis erencss in the timing
of the event under study aacss the whoke cuntry.

31 M ethods

W e asidared tho separate procsdures, whidh provide o diz erenit indicators of the
timingof.. istseaal interaourse. 1N the .. istprocsdure e shoned spatial patterms based
an nanparametric estimates of the survival function. T his gppraadh is gppropriate for
the datlaaa Bbke o us. Farthis purpoe and gven the size of the sampkE we aamputed
agoecate messures. | n particular, we aamputed the median ege ofthe . 1stinteraourse far
each Itallan provnce (103 vales). W e then gpplied the smaothing tedniques, by using
the eantral coordinatie of the province as the bcation Torthe naparametricestimates. T he
estimated vallies were subsaopently extended 1o eech munidpality;, with the passibi ity of
having diz erantvalles Toreach province.

IN the second pracsdure we bui ltaur spatial patterms starting directly fran data ss
signed o the geogrephical coardinates of the munidpality. Foreadh munid pality; fonnhidh
tereis at bsst ae e in the sampk we alulied the freguency of .. st interaourse
belbwagwen ace. 4 tthis bl itis impasibe t ampute the median survival el
Casequantly, frequendes Tor this indicator potertially ranged from 0 ©100% 1. Subse
quently, we gpplied smoothing tedhnigues to dotain an estimated vale Toreary I'alian
munidpality. A s Tarthe ages sebcted, we usad the median ace (1o the dossstintecey) Tor

1T he fiequency of .. rstinteraourse bebwa gven age wes usad in the anallysis by Cazzola (1999).



each s2x thatis 18 years Tormaks and 19 years foremaks.

In both Gsss we usad the smoothing methad L 0 ESS (doust L 0 callly weidted re
ogESSia) (Ckeld 1979) 2. T he estimator is besad an the q pdints of the sampke
that are nearest 1o the aunently estimated dosernetion (Wth!l - g - nvwhaerenis the
sanpk size). A  bal polyanial of degree dis .. tied uising weighted st suares, where
e nearestpadnts are the mostimpartant aes in the amputation of .. tied vales. T he
regressian aet dents are estimated in ader 1 minimize the olloning epressiat

where w(X) is derived fiam the siteblke karmel functian W) whidh weigts doser
\atias acoading o thar distence fram the aunentpdnt T his estimatoris builtby a
iterative procedure that repeatedly donnwagthts autliers fran the aune estimated in the
previas step. In aur goplicatian, we goted Tor a saaond ader polynamial functian. W e
wsed the so called “tri-weidhttfunctian de.ned as

wWeO=C i pPY i< L WGE=1 -1

IfAQq) is the vedtor of estimated paraneters the estimated valble Tory; is 9 =
RN 53
T he gareralizatiaon 1o higherdmeasian surEass is desaibed in Clevelrd and D evin
(1988). In this = the methad gves a multhvariate surbae in p+ | dmesias ifp
regessars ae usad. 1N a multivariate aaiext a p-dmersianal nedbahood must be
sekcted in the pradidor space. T he sebdted padnits are the g neasrsst pants o the p
\ariate pdnt ¢4) reltive 1o the i- th dosenation aunantly estimated . 0 nae agein, eech

2| 0 ESS was initially introduced in arderto produce asmootherversion of scatterp bits, i.e. 1o acoom-
maodate data forvwhidh yi = g(Xi) + i where s represents a randam \arieble with 0 meaen and acastant
scak and g() represats a snooth Tinction.



pdntis weigtted acooding to its distance % ;>4 fram the aunent dosenation by the
wadit fnction ofthe previas type. T he metric used here is the usual Eudideen nom.
In this cee abg the Weidhts are dotained as WG = Wi X ))-hy where hy; is the
distence fiam the p-variate pdntx from its oth nearestpanS.

32 Reults

T he magps that result filam aur analysis are shoan in Figures 2 and 14, Formaks, ae
can parceive agpatial tred firam sauthesst o northwese-forboth indicatars (Figure 2-
(¢ ) adFguel-¢ )), with areersal ofthe tread in the Brnorth west 1N s ofmalkes,
the spatial trend gppears 1 be mudh Ess eddant H ere we doservad a mare unifom
distribution ofearly intercaurse (ar; oftte bbnermedian ageg) aatss the courtry.

Ingeeral bl Eatures ply amare importantroke formaks then toremaks. Incese
offemalks, the treditianal sauth narth gredientappears tobe relbvant. T hese resulis arein
Inewith the eedtatians presaried in the existing ierature an thissubject | everthekess,
we shall kegp in mind thattbecause ofthe smalkrsampkesize the aralysis formalks sue ers
fian a lwgeraniabi ity Botor then the ane orEmaks.

H6 URES1AND 2AROUND HERRE

4 A parametricdisacete time evatthistory spatial goproedn

41 | etthocs

3In aur analysis, we used the L 0 ESS algorithms implementted in S-P s 2000 (V enebkes and R ipkey,
2000). A feature of the aboxittm is that predictias fran L 0 ESS are an..ned to the range of the data,
both on the X and the y axis. W e imputed autof range \valles with a spatial trend amputed with a
¢ enexalizedh dditivell adel G A I ). 6 A Il is atpe oFnonparametricmadel widely used in the statistical
Iterature (H astie and T ibshirani, 1990). 6 A Il is agneralization of the (0 enaralized L inearll acel; the
Inearpredictoris replced bygﬂ additive prdictor: I1n the Gese ofp eplbnatary variabks a6 A Il maoadel
anbede.nedasg®)= 0 + Fiplfi(x); where the respase Y is assumed 1o belng 1o the epanattial
Bmily 1 = E(Y) adg(X) is a regularfunction calked Ink functiaon.

4In ader 1o build maps at a munidpality vel for this and subsecpent sectias, we use the h 1ty iew
6 1S softnare padece 7]



INn adar 1o study the spatial pro. ke of the hezard of .. st seal inlercourse we used a
muli el (\ariance ampaat) disaete time evatthistory madel-belongng tothe mily
of gereralized inear mixed madek (sseeg ¢ oistain 1995 and Steck etal, 1996. W e
bui Ita persan year datsset and we inked area: lbvel spatial varicbks® with the individual
kel ggagephical data T he area el ve use is the munidpality. |ndividuak who have
notyetepeariencd .. 1Ist sexual interaourse atthe time of interview are HgEcasored.

6 iven that the ..1Istsexual interaourse is a nan igpeatiebke et itis notpassibe ©
identify avariance ampaarttwhidh represants undoserved heterogena ty actre individual
kel Itis reverthelss passiblke o idatify such acompaeaitatte area bel T his mears
thatwe an estimate at the area bvel the presence of undoserned fectars whidh infuence
e timing of te .. ristsaaal interaourse. W e use anly spatial daraderistics (induding
the size of the aree) as area bvel waiates, with near plines or the sped..catian of
terpro. E W e dsigied separate maoek farmen and wanen.

T he general Tamulation of the madel we used is the olloaing

Prifty=! X
by 89 = g4 O i+
1 iPr’fYX§i=1g o
X k- X< X 19
Tk@inCre il Pi Lt
T, < Lo
% . i i ¢ ¢
ke min teadlh 5otk t
'ﬁC:")Z<Mjg
H@inCie 1P D i I+ s
i< Bg

where Y,;j is the indicator for the .. istsexal interaourse attage X or the individual
iintheasaj, @) represats the baseline Ibg adds ratiq X ¢ is the indicator forage dess
k=1;:; Iwth the baar Imitog and the upper Imit4e 1 With>g. 1 =1 ) ad@k isthe

log odds ratio of the age diess K 1| asoverwe put

R emamberthat the place of resicenae is aastant aacss time because we can anly Lse &5 a rerence
te ..1st15 years of an individual



k@inCie 15l Pi . Tnearsplire Tor EHiitude wWith knots . >ed at |
i, K Lig

(starting firam the sauthein mostpantin I@ly). | represatss the skpe betneen | and
.k 1 andl j represats the Htitude ofarea j ;

P i ¢ ¢
° K 'min '1%1;M j itk Inearspirefor bgtude with knots .. >ed att
it <M 59

(starting fram the westem mostpdntin Italy). ° . represants the skpe betnean 1 ad
11 andll 5 represents the longtuce ofarea j;
H@inCie 1:P P i ) Enearspline Torthe ppulatian, with knots .. xed at

fichic P9
Yk ik rEpresants the skope betineen ¥« and Y 1 ad P j is the ppulatian (in the unitof

thousancs) ofarea j: Finally ™ represants the random residual atcthe area level distributed
i ¢
asN 0
W eused afull Eikelhood sped.. catian, whicdh canbeimpbmented by thedl | padage
(¢ ppliedil @dmuml ikelhood) ( ileridandP anis, 2000). S tandard enrars ofthe estimates

are conrected using al uber type procedure ( uber; 19 6).

42 R esults

INn same ofthe spad...catias we ... tied a subsstof the madel justpreseried. || odek 1 and
2 (Tabks 1 ad 2) were designed, 1o both maks and fmaks, in order 1o see whether
tere is a sigi.. cant ampanent of undoserved heteragaa ty at the area el 1N other
words, we wanted 10 see Whether space (and space relted determinats) matters for this
behaviar: T he oy otbervarieble whidh we arsidered in these macek is the age gaup.
A sweepedted thare dearly wes an age trend, with anarmanonic shepe of the hezaxrd
reeching its madmum atages 18 and 19 formalkss, and 20 and 21 forfemaks. W henwe
Toausad an undosened heteragenei ty at the areas el (estimated in madel 2), we gained
same interesting insigtts. Farmakes, the estimated stendard devation of " is 0.24. 1tis
dno et fion zeroanly at the 5%  signi..cane bwel and the lkelihood ratio test igjects
the madel with undoserved heteragereity (the pvalle is 0.16. T his resultis aasistent
with the ..ndings in the nan paranetric part. spatially related aspects phy a s ekbvat



roke formen than they do Torwamen. In et when we analyze maodel 2 forwomen, the
sd. isestimated at0.41. Itis dir ererntiiom zero towth ap \vale baerthen 1% , whidhis
ako the eee Tarthe likelihood ratio st H aving dotained aur.. istresults, we proaseced
by using macek with undosernved heteragenaty at the areaa madel or femakss oy, In
what ollons, mcstly Tor reesas of aamparisas, we aatinue aralyzing maks.

TABLES 1, 2AROUND HRRE

S patial coordinates are used inmadek 3 4 and5 (the resuls are reparted in T bk 3 Tar
malks and T bk 4 for fmaks). In madel 3 we axsidered anly the sauthy narth grediant;
wsing Htitude (Whidh is belleved 1 ply the mostimpartant rokE); we then inrocuiced
Ingtude ss afurtherdmeasian (madel4). In madel5, we dheded aurresults, aatroling
forthe size of the place of Issidence at the 15th birthday.

T heindusion of Etitude and lngtucke splines improved the madel withautundoserved
heterageaty atthe conmunity el farmen (the ikelihood ratio testiormaockel 4 acainst
madell is2&28 with 15 d.f , pvabe= 0.04). A sweepeded thisisesenmoesote e
Torwanen (the ikelihood ratio testformaodel 4 againstmaodel 2 is 2248 ewith 15 d.f, p
vabes 0.01). T hese resulls justify the indusian of the splines Tar geogrephical coordinates
o both gadars. T he resulis riegarding estimates Tor the parametars of near plines
are notessily intempretebke. | eerthekss, they allonad us 1o praduce spatial pro. Es by
plotting them. W e abo introducad the size of the place of residence as a aorol varieblke
1o drawv spatial pro. ks net ofits eéectt Farboth genders, it doss notadd signi. cantly
10 the macel (lkelhoad ratio tests oFmackel 5 \vs. madel 4 are 3.66frmen and 5.34 for
wamnen, with 4 d.f and p-\values of0.45 and 0.25 respectively).

TABLES 3 4AR0OUND HRRE

In FHgure 3, we plotied the sauth north pro. e of the Iog adds ratics Tor the hezaard of
..1Istsaual interaourse ftormaks, derived from mackel5, and in Figure4 thesamepro. Eis
shonn forthewsst esstdirection. Figures 5 and Grepresentspatial pro. ks forfemaks. Far
reerence purpass, We indicatied overthe plots the bbaation ofsame dties. A s itgppeared
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fran the non parametric analysis, the sauth north gredientis evidantand itis impartant
forfemaks. Farboth maks and femalkss, the pesk of the risk of .. Ist sexual interaourse is
araund the |tituce caonespading (more ar Bss) 1o the dty ofR imini, with an odds ratio
ofebaut? .6regarding the sauthammaostpant Il udh Ess variatian is doserved when the
Igtucke pro. Eis drann.

FIt URES3 45AND & ROUND HERRE
T he achventege of the method we prapose is that, by using spatial coodinaes, we

are abke o dav mgps wsing g adds derived fran the madel In Figress 7 and 8 we
reproducd the mgps of I aly fram the madel T he pictures we dotained are not - fram
e aes drann, using non paranetric methods. T he acheantece here is thatwe used a
Tlkinfamatian maximum likelihood gopraedn, and parametric methacs allbbw or mae
texdbility, eg camadl fortime\arying cowiakes, abo using standard existing padaedss
which embed mulilevel madek. In aur s maps heb 1 anect the resuls of the
disaete ime evait histary parametric model 1o those of the non parametric gopraach.
T he sauth north gredient orvwamen, forinstanee still dearly shons up, and for both
s the peaularities of the aanral narthern aress are sibke

H URES7AND 8AROUND HERRE

5 Cdoartdyrmamics

W e then foasad aur attetian an sodetal dange and spiit the data into o gaups
accodingbirth ahat ¢ iven thesize ofthe samp ks and the resulis ofaurpastanalysis
(tte bwimpartance of space attributed O maks), we perfamed this eerdse fTorEmaks
aly. T he oder ahartis ampased ofFfemalkes ban v 1 19 6, whilke the yaungercdhart
axsists of Emaks ban after 19 &. W e thus doteined graups that are ainast balenced
(466 ofthe toal Emake sampke is in the obderadart). Cdartanalysis is uselull sinae
itproJidess insightinto the questian whether behavior thattis relted 1 the .. 1stsexdal
interaourse is intuenaed by a spatial die usian process. Folbning the sane path we used
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before we then ... Istanalyzad the spatial aspects oFcdhartdynamics, usingnan parametric
methacs in the same Bshiaon as shoan in section 3. T hen we aasicered parametric
event histary mockek in ader to study the aantribution of the spatial coordinates 1 the
epbnation of ahat dangs 4. In the st subssctian, we akbo usad a mare detai ied
cke. nitian of adhart, in thattwe alloned for achart trendks.

51 N gpoping ahortdynamics wsing nMaparamnetric methoos

A s wes the ese Tor the TUll samplke we .. st perfomed an analysis based an the median
survival amputed aggrecating data in proJdnass. W e then caied aut an an analysis
besad an the munidpal frequency of eardy” .. Istintercourse.

T he mgps in FHgure § shaw the gaagrgphic shepe of the median survival ece Tor the
oer and younger ahart Cut pants are dosen 1o be equal 1o the aes O whidh we
reenad in the e of the wnhole ssmp e T hese maps are thus directly acomparebkewith
mep (¢ ) inFigure 1. T he maps in Figure 10 showvthe geagrgphic shepe of the frecuacy
with respectio the autparnts used in thewhoke samp ke ase. T hus these mgps are directly
amparcbeEwithmegp (¢ ) inFigure 2.

H6 URES9 AND 10A ROUND HERE

A acss thewhoke cauntry, ageneral shiftoearly . istinteraourse is vsibke. 4 remark
abE stabilty is presaitin the sauth whi E in the aater and in the narth we doserved
atend tonarts a beraiar that is mare hanageneaus, whidh might be due to dic usian
procsses. T his process gppears o startfran the o pales of the extrame narth esstand
EmilaR anaga 4 similarand st develpmait @kes ple in the islad of Sadinia
T he nan paranetric analysis of adhartdata thus proAdes evidence Toradic usion er ect

5.2 P aametricaalsis of adhartdyremics

In this part we Imited aur attertian © the dic eratial ok of spatial coadinatss in
ephlning \aidi ity at the time 1O .. 1Ist sexual interaourse at the ahartbwel T he idea
is that, ifaspatial diz usian process uncerfies partofthe doserved dynamics, geagrephical

12



coadinates shauld eplin a lrger share of the ammunit vel ariabi ity (Which ako
ret ects sodo econanic and auliwral fectors).

W e ths .. tied sgparate madel, fomulbaied as madel 4 in past analyses, Tar both
adharts. R esulsarepresantedinT abke5. Intheolderadhort, ebauthalfofthe conmunity/
bel estimated variance is e Eined when we introduce |tituce and logtude splires. In
e yaunger ahart, this share raises to mare then 70% . T he resuls are aosistatwith
those found when using the naon parametric method, and they provide same evidence that
agpatial dir usian procsss is Bkdng plee

T o furtherinestigate the roke ofspatial coordinaties, we allioaed the munidpali - el
\arigbi ity tobe attinuasly varyingaacss birth ahats, uisinga inearsplire torepresaic
the standard daviation as itvaries aatss aharts (We usad year and manth ofbirth, and
knots are putevary .. fth year). T he resullts ofthis analysis are shonn in Figare 11.

H6 URE11AROUND HERE

Simi larly 1 tebk 5, we introducsd geogrgphical coodinates subsequatly anby. T he
..gure shons avesk butstillinteresting evidenae of1) the inaessing roke ofmunidpalits
kel Bators aacss aharts, with 2) an inaessing partofmunidpalit el ctars whidh
are e Enad merely by geogrephical coadinaes.

TABLES5AROUND HERRE

6 Caxdieias ad dsassian

In this paper; we ambined the tednigues of evant history analysis and spatial analysis
Jantly inadertoaalyze the age at.. istsaaal intercourse in I'aly. B ystarting from FFS
surey data inked 1o the geagrgphical coadinates ofthe place of residence ofrespandentts
during their.. 1stl5 years of e we usad nan parametric methaok 1 dravmagps Gpturing
this phaonaan in @y, Subseouently we usad disaete time event history madek,
incuding geaorephical coadinates s a munidpalits beel cariate. In aur view the
smp ke use ofF gaaggphical co adinates as area bvel wariates, whidh is essily gpplicabe

13



tootherstudes with the use of standard softnare alloning formulti Belstatistical maceks,

is the majarinnowatian of this pgper- T his gpproach alko allons 1o bui ld megps of reltive
adds ofepeaeriandngacartainevantt. Fnally we canied autan analysis ofadhortdynamics,

mainly in adartoelae the presence ofspatial dic usian procssses. 0 urprgpasaks janing
twwoimpartaitand so fr rather separated streams of researdn, and we belleve this is thar
main strength and noelty.

Canduding this pgper; we wauld abko ke tostiess the imitatias ofthe praposed g
praech and oftte analysis wewere abke tocany adt ¢ iven the imitatias ofaurdata we
did notfully eldtthe passibi Fties of the propased gppraach. |n partiauler; individuaks
were attached to ae munidpality anly whike the plae of residenee is diearly a time
\arying mwariate during the e aaurss espedally ifae bds atyaungadults. In general
we did not eplat the passibi ity of sing timevarying cmwariates. Sudh goportunities
shaud be eplated in Utire researdh e arts Tolloning the gppraedh we propcee.

Fan the tednical side the namality assumptias uncerling the distributian of
undosened heteraenaty may be oeraome by other; Ess stingait assumptias. W e
Dlloned a stendard gppraach because we warited 1O anphesize other espects and we
auld notenterinto the debate an assumptias ancming the distribution ofundoserved
dnarecteristics. A nother pant, anected 1 the improved eplatation of geogephical
infomatian systams, is the use of gaaorephical coodinates. ITmiao kel data allov for
tat ..ner relerenas (eg Tor lage dties) an be usad in future researdn, and this willl
allbwformore predsion in the de. nitian of a dedsiat rebvantaontext

Fon the bdaviaural sice itis dearthat this gpproedh toanalysis amnotbe ameans
Wwan ad. BEpEning gaagephicalvariatian is the nexttesk || gos and pro. E materiak
provice a subject for subseguant researdn, both an the theaetial and an the anpirical
sice. Farinstenae amore re.ned analysis is necssary 10 Turther investigate the spatial
din usian of earfier .. 1Ist sexual interaoursss in Italy. 0 ur methods, honever; allbw us o
analyze the dynamics of the roke of space Torbehavias Tonnhidh evlenthistory analysis is
an gppropriate sdnigLe.
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P arameters I adkell I ael
sstimate stdenar stmate stdenar

Castant -2.63r 00833 -2.66** 0.0883
A oe (referencs= 14-15)

1617 11732**  0.1098 1186** 0.1098
18-19 1.7941**  0.1009 1830** 0.1010
20-21 1.803* 0.1128 17343+  0.1140
22-23 12941+ 0.1847 1.37a&3* 0.1850
24-25 1523** 02165 1.&89** 02243
26 0.3368** 02101 0463+ 0.2208
Yiue 0.23H2* 0.09 45
g llkelihod -2638 54 -2683 53

. pvabex 001, *: pvabec 0.05

Tebk 1: D isaete time eatthistary madek 1-2. || alks

P arameters I adell I aoel
estmate std enor estmate std. enar
Castat -38504* 0.0723 -39125**  0.0738
A e (referenas= 14-15)
1617 1422 00824 15182**  0.0828
18-19 2.3740* 0075 2484+ 0073
20-21 25083* 00836 2837 0.0840
22-23 2.3823* 0.0882 25093* 0.0877
24-25 25518**  0.0950 28119**  0.0972
26 1.7543* 0.0898 2.0995**  0.0910
Yion 04056+ 0.0200
g llkelinod -11453.41 -113%9 .30
** pvabes 0.01

Tebk 2: D isaete time eventhistary madek 1-2. Femalkes.
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P arameters I aelB I ael I ateb
stimate st enmar etimate sd enor estimate  stdenor
Castait -27370 **  0.3627 -1.7202**  0.5008 -1.800** 05331
A e (referencs 14-15)
1617 1.1855*%* 01116 1.1804* 0.1118 1.1828**  0.1127
18-19 1834+ 01016 1823**  0.1030 18270**  0.1042
20-21 1.7304 * 0.1144 1.7204* 0.1144 1.7211**  0.1158
22-23 1.3725** 01906 1.3603*  0.1922 137 01976
24-25 1.8+ 02222 15971** 02206 1.806* 02340
26 04684 02314 0.4255+ 0.2191 0.4471* 0.2228
L atituce spline (orign= 36%38N )
Skpe-3 0.0736 071 0.0212 0.3175 -00556 0.391
Skpe3X-3 -0.6654 015 -08804  0.3v47 -08914  0.387
Skpe3I-40 05116 0.3315 0.7477+ 0.4357 0.7980+ 0.4552
S kpe 40-41 0.1837 02488 0.1329 0.34 0116 0.4025
Skpedl-42 0.0019 0236 -0.0320 0.2841 -0.1412 0.2899
Skped-43 0.0088 03102 -0026 0.394 0.1368 0.330
Skped3 44 0.2375 03072 0.1790 0.3009 0.1&0 0.2035
Skpeds 45 -0.5030% 0226 -0.a87 02476 -0.851** 02516
S kpe 45- 0.1218 01801 0.2704 0.2013 0.2722 0.19 79
L angtuck spline (origre 6437 )
S kpe-) -0.3275¢ 0.1425 -0.3195*  0.1503
Skpel-11 0.0016 0.086 -0.0228 0.0926
Skpell-13 -0.032 0.1172 -0.003 0.1179
Skpel315 -0.0970 0.1371 -0.1030 0.13%6
Skpel5-17 0.1593 0.1471 0.1849 0.140
Skpel7- -0283 0.3057 -0.3377 0.3140
P cpulation spline (orign=10)
0-5,000 0.0251 0.0373
5,000-20,000 -0.0138 0.0094
20,000-100,000 0.0009 0.0018
100,000-1,000,000 0.0001 0.0001
1,000,000-
/0 ole4 0.1122
g lkelinod 26526 -2635.40 -26357

o pvalex 0.01, ¥ pvalle 005, + 0 pvalex 0.1
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P arameters I akeB I aelh I aceb
sstimate std enar stmate std. enar stmate std. enor

Canstant 447 02815 -4.1571% ¢ 0.3360 -41341% ¢ 0.3476
A e (referencs 14-15)

1617 151&F* 00835 15168** 0083 15170 0086
18-19 24aB7*  0.0809 2.468**  0.0809 247068 00814
20-21 2G877* 00854 2.6892** 0.0852 2.601** 0.0858
22-23 2.854* 0.0885 2.478**  0.0885 2.490** 00896
2425 28475¢*  0.1010 2844* 0.1005 28489**  0.0995
26 21430%*  0.0940 2133**  0.0928 21377** 00930
L atituce spline (orign= 36%38N )

Skpe-3 -0.0305 02573 -0.0328 02368 0.0272 0232
Skpe3-3 0231 02191 02836 02213 0.2555 02240
Skpe3-40 -0.0574 02263 -0.0016 0260 -0.0073 02746
Skpe40-41 -0.08& 0.1550 -0.1737 0.1740 -0.2072 0.1859
Skpedl-& 0.7996* 01281 05790** 017 053168* 01929
Skped-43 -0.2921+ 01754 -0.2784  0.1955 -0.1820 02046
Skped344 05586* 0.1853 05471** 01925 0.4 48* 01924
Skped4 45 044 011 -0.28768  0.1378 -0.2430 0.1403
S kpe 45- 0085 0.0851 -0.0080 0.0856 -0.0038 0.0877
L angtuck spline (origre 6437 )

Skpe-I -0.1515+  0.0855 -0.226**  0.0850
Skpel-11 0.19568* 0.0485 02041**  0.0504
Skpell-13 -0.0555 0.0581 -0.086  0.0599
Skpel315 -0.1406 0.0775 -0.1378+  0.0800
Skpe15-17 0036 0.0815 0.0301 0086
Skpel?- -0.0872 0.1778 -0.0842 01816
P cpulation spline (orign=10)

0-5,000 0.0153 0.0215
5,000-20,000 0.0001 0.0058
20,000-100,000 0.0011 0.0012
100,000-1,000,000 0.0000 0.0001
1,000,000-

/. 02909**  0.0254 o2&+ 0.0270 02&2** 00297
g lkelinod -11257.55 -1124&87 -11244.20

* pvabex 001, *: pvalux 0.05

Tebk 4 D isaete time eventhistary madek 3-5. Femalks.
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a b c=1 i@ iB)d

I adel withaut I adelwith Variance (% ) eplnsd by
coadinates coadinates geaoephical coordinates
Cdorss estimate stdenor estimate stdenor
1946196
/. 0.31&** 0.0370 02233* 0.0527 50.1%
19&-1975
/. 0.4801** 0036 02503* 0.0501 72.8%

**: pvalle 001, *: pvalex 0.05
Tabkb5: D isaete ime evatthistary madek 1-2. || aks

Figuel: | edanage at..istineraourse () fmaks B) maks

(A) (B)

<= 1914 . <=17.38
B 19.14- 1942 N 17.38-17.74
N 1942 - 1961 N 17.74 - 1806
[ 19.61- 19.8 [ 18.06 - 18.41
19.8 - 20.02 18.41-1859
20.02 - 204 18.59 - 18.88
204 -21.48 18.88 - 19.88
2148 >19.88
Femarem
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Figure 2: Freqpency of ‘early” . istinteracourse (¢ ) Bmaks B) maks

(A) (B)

Figure 3. Spatial pro. E by Htituce |l aks
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Log-odds-ratio

Log-odds-ratio

FHgure 4 Spatial pro. Eby ongtude Il aks
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Figare5: Spatial pro. ks by Htitude Femaks
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Log-odds-ratio

FHgure 6 Spatial pro. ks by ongtude Femaks

Figue7: | gp ofbbgadds Femaks
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Figues: Il gp ofbbgaddcks Il akes
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Hgure: | gos ofFmedian age at.. istintercourse forober (¢ ) and yaunger B ) achart
Femaks

(A) (B)
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Fgure10: | gos of’early’ .. 1stirtercaurse 0 bHer () and yaunger B ) adhart Femaks

(A) (B)
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. > 065 > 065

Figure 11: Standard deviatian by ahart (nearspline)
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