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Abstract: Management of archaeological sites in Tulcea County using an integrated geospatial system for

their positioning and protection. While conservation is a key component of sustamatdvelopment, cultural
landscapes preserve traditional interactions betweature and culture. Within the cultural landssapthe
protection of historical monuments presents an im@pee underlined by numerous international andopesn
political documents. The importance increases whistorical monuments receive additional educatioaiadl
informational value through their inclusion in taic circuits. Consequently, different institutistarted their
involvement in historical conservation all over theorld. New technologies, particularly the Geogiaph
Information Systems (used to integrate spatialfgrenced data in a problem solving environment) twedGlobal
Positioning Systems (used to accurately positiod eapresent different objects in a geodatabasej, fband
applications in the conservation of historical mmmunts. Unfortunately, approaches differ by placed @o
common methodology could be used for a joint mamesge of the worldwide heritage. Two pieces of lkgien
tackle the issues related to the protection obhisdl monuments in Romania, and each of themdhites different
classifications. This paper introduces a novel w@ttogy that has a potential of integrating othgpraaches and
databases, and also for being used in conjunctitim ather planning and research instruments. Ththouwology
had been applied in Tulcea County, due to its eslrin historical monuments, to build and quergadgtabase of
all historical monuments, regardless of their is@u in other databases. The database consistsedbliowing
elements: literature reviews, archeological datapalgital elevation model, thematic maps, satellihagery,
digital maps, integrated maps, and WEB site. Ressliggest that the methodology allows for integcatew
elements to existing database, join databases obpatifferent agencies, easily update informationd @erform
spatial queries for informative, research or plagrnpurposes. Furthermore, the project leadingeéatkation of the
PATRIMON database had proposed a lighting systeed disr the possible inclusion of identified monurtseim
touristic circuits.

Keywords. geodatabase, GIS, GPS, historical monument, cllarrdscape

Introduction 1987) implies the conservation of biodiversity fiature

The concept of sustainable developmenyenerations. The concept of biodiversity embedk bot
defined as "development that meets the needs of Biglogical and ethno-cultural diversity (A.-l. Rdr,
present without compromising the ability of future2008), since the environment could be seen agensys
generations to meet their own needs" (G. H. Brandfl
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composed out of four types of capital: naturalneodc, section on protected areas, defining 150 monuraedts
social and cultural (BSRIA-1997). The connectiosites grouped in Paleolithic assemblies, Neolitmd
between the two concepts is revealed especially wHeneolithic settlements, settlements and necropotise
analyzed from a spatial perspective: landscapdéise bronze age, fortifications and settlements ftioen
including cultural landscapes, are defined theeRlme first iron age, Dacian fortifications, necropolisasd
Convention (2000) and the Faro Convention (2005) sacred areas from the second iron age, casteriviliad
the result of a long term interaction between math asettlements, antique cities, edifices, medievalumamts
nature, including their perception by population-I(A (archeologically identified), and archeologicaleress.
Petrior, L. E. Petgor, 2008). The European Charter otaw no. 5 of 2000 identifies historical monuments o
the architectural heritage and resolution (76) 2&@® national monuments (over 20.000), grouped in:
Council of Europe's Committee of Ministers definearcheological monuments, architectural monumerts an
integrated conservation as actions aiming to pregee assemblies, art monuments and assemblies, and
cultural heritage as part of the environment (ahtoin  memorial buildings and monuments.
anthropic), use and adapt it to the needs of thietgo New recommendations of the Ministry of
Therefore, conservation implies the participatidh cCulture envisage the implementation of spatial
population, and tourism enhances the increasethnologies (Geographical Information SystemsS Gl
awareness of population towards the value of thaau and Global Positioning Systems - GPS) in managitey d
heritage. on spatial monuments. GIS systems represent aecisio
The importance of protecting the culturabupport systems involving the integration of sibatia
heritage, including historical monuments, had beeeferenced data in a problem solving environmentl(D
underlined by numerous political documents of th€owen, 1988) and can be used in conjunction with
European Union, including without limiting to, theremote sensing methods, representing the acquisttio
European Cultural Convention (Paris-1954), theformation about an object without being in direct
Convention concerning the Protection of the Worldontact with it (J. R. Jensen, 2007).
Cultural and Natural Heritage (Paris-1972), the Even though some steps were takeg 10,326
Convention for the Protection of the Architecturamonuments included in the Archeological Reperioire
Heritage of Europe (Granada-1985), the Europe&®mania, started in 1949 by the Institute of Hystord
Convention on Offences Relating to Cultural PrgperPhilosophy and continued by CIMEC Institute for
(Delphi-1985), the European Conventon on theultural Memory, available in GIS format at
Protection of the Archaeological Heritage - revidesl http://ran.cimec.ro/sel.asp?Lang=EN), there aréocel
Valetta-1992),the European Landscape Conventifgsources and personnel to complete this work..

(Florence-2003), and the Territorial Agenda of the This paper proposes a geospatial methodology
European Union (Leipzig - 2007). for marking and coding historical sites in order to

The United Nations Education&cientific and Preserve them and also introduce them in the fiouris

Cultural Organization (UNESCO) define three types dfircuits. The methodology is applied to a caseystud
cultural landscapes: landscapes clearly designed drcea County. Benefits include a better managebyent
created by man, landscapes developed organic&Ratial and urban planning authorities, as well better
(including vestigial and continuous landscapes) af@iowledge of the sites, avoiding their deterioratimd
associative landscapes (UNESCO-2006). allowing for a better management of archeological
UNESCO had elaborated based on inputs frogtivities. Tulcea County possesses most archealogi
experts of the 39 member states a list with 87@qieni  Sites (488 are enlisted as historical monumentsiated
sites from all over the world. Seven sites are frodfe available for other 40). However, not all sitese
Romania: the churches of Moldova, the monastery Bfluded due to the lack of topographical documents
Horezu, the villages with fortified churches irfesulting into an increased risk for their detation.
Transylvania, the Dacian fortresses of theigger Furthermore, only 2% have GPS/GIS based topographic
Mountains, the historic centre of Sighira, the wooden documents, mostly based on obsolete and impretise d
churches of Maramugeand the Danube Delta ReservéJpon the creation of the PATRIMON geodatabase for
of Biosphere (UNESCO-2009). Tulcea, spatial queries are used to answer specific
Two pieces of the Romanian legislation regulaf@Uestions.
historical monuments. The National Spatial Plandas
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Code in the National Archeological Repertoire (NAR)
Code in the List of Historical Monuments (LHM)

Unique local identifier

Identifier of the site (usual name or reference @am
Category of the site, according to NAR

NAR shape or function (amphitheatre, rupestralrabbgetc.)
Period / Age (precise, interval, period)

Century

Date when filed

10. Last update

11. Name of county

12. Name of administrative-territorial unit (ATU)

13. Name of commune or village

14. SIRUTA Code

15. Postal code

16. Name of street, if applicable (urban areas)

17. Street number

18. Street milestone

19. Water course milestone

20. Cadastre parcel

21. Type of property

22. Name of owner

23. Cartographic localization procedures

24. Reference system (WGS84, Stereo70)

25. Type of file containing topographic reference (DXRVG, TIFF, JPG, shape)
26. Topology (point, line, polygon)

27. Precision of cartographic coordinates

28. X coordinate (center of the site - E-W)

29.Y coordinate (center of the site - N-S)

30. Z coordinate (center of the site - altitude)

31. Land use

32. General conservation status

33. Threats

34. Judicial protection

35. Urbanistic regulations

36. Valorization (arrangements, lighting, other accesspsignaling)
37. Position, images, archeological remarks (attacbetfile)

38. Images

39. Remarks (includes name of person recording infaonah the database)
40. Code in the National Archeological Repertoire (NAR)

41. Code in the List of Historical Monuments (LHM)

42. Unique local identifier

43. Identifier of the site (usual name or reference @am

44, Category of the site, according to NAR

45. NAR shape or function (amphitheatre, rupestralragbgetc.)
46. Period / Age (precise, interval, period)

47. Century

48. Date when filed

49. Last update

50. Name of county

©CoNoTOrwWNE
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51. Name of administrative-territorial unit (ATU)

52. Name of commune or village

53. SIRUTA Code

54. Postal code

55. Name of street, if applicable (urban areas)

56. Street number

57. Street milestone

58. Water course milestone

59. Cadastre parcel

60. Type of property

61. Name of owner

62. Cartographic localization procedures

63. Reference system (WGS84, Stereo70)

64. Type of file containing topographic reference (DXRVG, TIFF, JPG, shape)
65. Topology (point, line, polygon)

66. Precision of cartographic coordinates

67. X coordinate (center of the site - E-W)

68. Y coordinate (center of the site - N-S)

69. Z coordinate (center of the site - altitude)

70. Land use

71. General conservation status

72. Threats

73. Judicial protection

74. Urbanistic regulations

75. Valorization (arrangements, lighting, other accessosignaling)
76. Position, images, archeological remarks (attacbetfile)

77. Images

78. Remarks (includes name of person recording infdonah the database)

Table 1 - Information recorded in the study forlehistorical monument. Each line corresponds to a
field contained by the database, and filled indach monument.
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Cetatea [CC1€2 |epicaly [BADAGAC o i, JENISAlA qo e [TUmnul cet Basilica
Name ) ._ [Argamum ~ |Dealul zid . |bizantine |Port antic .~
Dinogetic g Palanc: . [Cetate . Halmyris . Niculitel
(Origame), Cetatuia lexterior Proslavita
NAR Cod [160635.03160653.03161197.01159669.01161197.04161197.04160920.02161062.12161062.09161044.07
LHM Codé TL-I-s-A- [TL-I-s-A- [TL-l-s-B- |TL-I-s-A- [TL-I-s-A- [TL-l-s-A- [TL-I-s-A- [TL-I-S-A- | TL-1-m-A-
05795 |05808 05780 05734 |05785 05785 05844  |05864 05862

Data filed [23.04.08 | 10.07.08| 10.07.08 10.07.08 10.07.08 1@80710.07.08 | 10.07.08| 10.07.08 10.07.08
Last updat|03.05.09 | 03.05.09| 03.05.09 03.05.09 03.05.09 0390503.05.09 | 03.05.09| 03.05.09 03.05.09
County  [Tulcea |Tulcea | Tulcea | Tulcea | Tulcea| Tulcea Tulcea IceBu |Tulcea | Tulcea

ATU Jijila Jurilovca | Sarichioi | Babadag Sarichioi Saigh Murighiol [Nufarc ~ [Nufart  Niculitel

Place Garvan | Jurilovca| Enisala | Babadag Enisala Enisala rigWiol [Nufar.  [Nufaru  |Niculitel

SIRUTA (160217 |11679 11657 11622 11657 11657 11697 11708 70311 |11701
Canalul

\Water Garla L. Ra29|mEnisaIa, UL Bal-- RazelmL. RazelmlL. SaratugDanube, Danube, |, .. |,

L. BalL. Ba|Mica, Sf|Sf. Gheo#Sf. Gheot|

milestone Mare y . Razelm, Lb;':ldag lancu
Golovita Babadag badag |badag Gheorghelghe ghe

# Parcel [0 0 0 0 0 0 0 0 0 0

Property [0 0 0 0 0 0 0 0 0 0

Positioring (GPS GPS GPS GPS GPS GPS GPS GPS GPS GP$
Reference STEREO [STEREO |[STEREO |[STEREO [STEREO [STEREO |[STEREO [STEREO [STEREO |[STEREO

system 70 70 70 70 70 70 70 70 70 70
File shape shape shape shape shape shape shape shapepe shshape
Topology [L L L L L L L B B L
Precisior 3 3 3 3 3 3 3 3 3 3
X 75000000 830837,84 802425,5 795407,2 803026,9 8030B330834,7| 808354,3 808290| 773864,1
Y 44000000| 400282, 383493,7 385980,7 383272,9 38324D0274,1| 413212,4 413362|5 415598,8
z 44 48 51 50 135 135 38 36 32 103
Regim: Civil Housin Civil Civil Civil Civil Civil Civil Civil Relicious
9 housing 9 housing |housing |housing |housing |housing |housing |housing 9
Type Citadel Fortified Settlemenr ortified Citadel |Citadel | Citadel | Citadel | Citadel| Basilicg
settlement Settlement
Hallstatt,
Enedithic, Medieval,|La Téng
Greek, . .
Roman, Roman, [Hellenis- . . Byzartine, . |Roman-
AQe Roman, . . IMedieval |Medieval| Roman . Byzantine .
Roman- . Hallstatt, tic, medie- medieval Byzantine
. _Imedieval N
Byzantine La Téne yal, Ro
man
XIV-XV, XI-VII, V-
I, IV-VLV-IV, lI- . ; X-XI, XII 4
Century X VI X-XII I)YI-II, X-;Y, IV- L XV-XVIE XV-XVIIL VI Il X-XI V-VI
‘JUd'C'a.l true true true true true true true true true true
protectior

Lengtt 666,0443 | 1394,282 485,4246 632,455 269,4147 284,9597,776 | 2,670213 164,821 120,2198
Postal cod (827110 |827115 | 827191 | 825100, 827191 827191 8271p071782 (827170 | 827165

. [IDN22E . E87 DJ229,
fgf]eet milereg7), rDOJazdzz, dilhy202  |(DN22), Pc81  |Dcg1l | Dco ggg'zzc ng’zzc Dc84,
DJ222M railroad Dc62
Non-arabl¢gNon-arable Non-arablg Non-ar- [Housing |[Housing [Housing
Land us' |agricul- [agricul- |Pastures |agricul- [Pastures | Pasturesable agr(urban |(urban |(urban
tural tural tural cultural [tissue) fissue) fissue)
Gradual Deplor- Included Restora-
IAdvanceddegrada- P Restora- |[Restora- | . Protected | . tion, con|
Conserva- . able, paiSeverely |. . in Nationa -Dig  for__.' .
- degrada- ftion, covi. tion, conftion, con by  builf . Isolidation,
tion . tially defaffected - S IRestora- protection :
tion ered b solidation [solidation |.. body protective
. istroyed tion Plan L
egetation building
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Cetatea . Babada¢ . Enisala -
Cetatea Enisala - Enisala -_. . |Basilica
Name ) ._ [Argamum ~ |Dealul zid Port antic | . .
Dinogetie . Palance . |Cetate . Niculitel
(Origame), Cetatuia exterior
\Vegeta- Falling ._lnsuffi-  |Insuffi- Walls deSlope,
. Mud  ex{due to high . . stroyed
tion, \Vegeta- . ciently [ciently X dwelled
Threats . - . traction, o) deliber-
falling fion, climey "+ e \water (Ba_conservedconserved Ltel p(2red
stones foundationfoundatiory y Ncrossroad
badag) owner
Urban Protected |Protected [Protected |Protected |Protected [Protected Protected |Protected
regulationsjarea area area area area area area
Conserva4 . ConservaiMuseum,
. - Delinea- Uncover- {Uncover- - .
\Valoriza- |Restora- ftion, tion Conserva—in relin tion, vakalready i
tion tion cleaning, ' 9, 9, orization, [touristic
> research search  [search . I AV
restoratior dellneatlor[urcmt
Remark UP, PopeUP, PopedP, PopeUP, PopedP, PopeUP, Pope UP, PopeUP, Pope
scu, Tachecu, Tachescu, Tachescu, Tachescu, Tachescu, Tachescu, Tachescu, Tachescu, Tachescu, Tache
. _|poze_dingpoze_argapoze_enispoze _Babjpoze_enispoze_enis poze_nufgpoze_nicul
Images file|” " N
getia mum la la la ru itel
R . . Babadag, | . . . .
Descriftion|dinogetia. rgamum.EnlsaIa_bIJ)ealul Enisala_blEnisala_b proslavita{bazilica_n
file oc doc n.doc Cetatuia n.doc n.doc nufaru culltel_buT

Table 2 - Sample results of the study. The firstimm includes fields present in Table 1, and thd ne
columns indicate how columns are filled in for s#ripcations. Fields that had not been filled in fo

most selected records are not shown

e ATUNIME —== Railroad H Citadels
Churches
County limit —— Highway

Country limit

io\d harbor

Water body

SARICHIO!

K Tumuli g

Fig. 1 - Graphical representation of the PATRIMCiatbase. The image displays the main objectives,
classified by type (citadel, church, old harbotupnulus), as well as the milestones (main roadsads and
water bodies), and the limits of administrativeriterial units, county, and country. Some of thelsnents

M ethods

are not contained in existing databases of thestfinof Culture
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2002) had showed that worldwide few institutioresiar
Several papers presented in a UNESCO 200Barge with documents related to the cultural dugit

conference (A. Del, 2002; L. Bianchini, 2002; Jand use different methodologies, and proposedcaeini

Counsell, 2002; C. Diekmann, 2002; R. ElI Hassamodel for all data bases. This study had recorded t
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following information, presented in detail in Tah. spatial database, in order to show its utility. Slam
name of the site, local administrative-territoriadit, results of the first type are presented in Talbh2.table
archeological methods, names of researchers, periddplays 10 sample records, indicating how theldiel
extension area of the site, chronology of occupatithat could be filled in with information for mosttbese
and/or use, type of site by chronological peri@hegal records appear in the database. In addition, Fig. 1
remarks from the review of literature, and refeesnc ~ displays the main objectives contained by the

GIS archeological maps are produced takingATRIMON database, classified as either citadel,
the following steps: (1) literature review based ochurch, old harbor or tumulus, as well as the toites
publications or maps referring to a specific per{@ (roads, railroads and water bodies) used to igezdith
build archeological database, allowing for updating of them, and the limits of administrative-terrigbrinits
queries; (3) build a digital elevation model (DEMXxontaining these monuments. Some of these records
based on satellite imagery; (4) create geolodamat] represented in the figure are not contained irtiegis
use and other thematic maps of the area of int€sst databases of the Ministry of Culture. In the paldic
derive site information from satellite imagery atase of the citadels, their contour was digitiz@dgithe
different resolution; (6) build digital maps remetng GPS and GIS technology. An example is provided in
the sites using points, lines, and polygons; (@ater Fig. 2, showing Citadels Enisala and Enisala-Palanc
integrated maps for all sites (1:50,000), addirgjlary The image also includes the limits of protectecdsare
information in the same coordinate system; (8)teraa and land use, classified according to the thiréllef
WERB site with maps and metadata. the CORINE scheme (N. de Lima, 2005).

Upon the construction of geodatabases, GIS The second type of results relate to the
could answer specific research and/or managemeatticular usefulness of the PATRIMON geodatabase.
questions, using specific spatial analysis proesdurQuerying a geodatabase is different from the classi
However, geodatabases include two types ekample operating with tables through the facilify
information. Spatial information (based on the GIB%  performing spatial querieis., obtain information about
technology) allows for precise drawing and positign a specific objective by simply selecting the olbject
of each objective and is used to create maps.lamcil from a digital map. Such an example is presentBajin
data are included in the table of attributes andtidoe 3, where information on the Halmyris Citadel is mad
displayed on larger maps using different symbatedba available in an opening window following the setmtt
on the spatial data. The objective of the projexs W  of the objective from the digital map displayedFig. 1.
create a geodatabase of historical monuments @ed.ul Moreover, the complexity of performing such queries
However, this paper presents several analyses baseceeds in GIS the simple level of selecting inldial
upon the geodatabase in order to underline ityutii  objects. Fig. 4 displays a map derived from the map

In order to identify monuments on site for thalisplayed in Fig. 1, where different symbols intidhe
inclusion in touristic circuits, a lighting systemas period (group of centuries) when first dwellingeafch
proposed through this study, consisting of eitadel occurred. Such analyses allow for mapgieg t
photovoltaic panel IS75P 75Wp 12V, a controllerdRig age of monuments and could find particular relexanc
12, aled lamp, an acid battery 55Ah, and a netatih  to archeologists.
with the inner diameter 6.5 cm and adjustable angle In conclusion, the flexibility of the GIS
(10-30°-45°). technology and the scientific value added by tligyab

] ) to perform spatial analyses represent an important
Resultsand discussion research tool for archeologists, but could find

This paper presents two types of reslts, Tha{epplication in integrated urban management (if such

first ones present the geodatabase created thtbeigh. ‘ o di o ith planninol
project, while the second type consists of GlSdasiiormation is used in conjunction with planning 8),

analyses answering specific research questiorg thein conservation of monuments and other areas as well.
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Citadels Enisala and Enisala-Palanca

e e e < ! Natural heritage
e o e
RS
SoE e o
SRR

Sttt
R
\ s Sites of Communitary Importance

-] Special Protection Areas

i

MNational and natural parks
N Citadel included in PATRIMON database

GPS Positioning

@ GFS points marked by user

. GF'S points automatically recorded every 5 s,

Land use according to CORIME classification

Discontinued urban fabric
Fastures

Bl nnerwetlands (lakes)

] o 5 HKilom eters

Fig. 2 - Details on the exact mapping of CitadelssBla and Enisala-Palanca, including the use & GP
technology. The image also displays the limitsrot@cted areas and land use, classified accorditiet
CORINE scheme
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Identify Results 3]

Layers: ‘cTop—mostlaye» j
=0 bid_cetati Location: (330533,076337 400240,535330)
=8 Field Value

FID 6
Shape Palyline
ETID 5
COD_REM 16082002 ST
£OD_LMI TLAs4, 05844
£oD_LOcAL

MUME_SIT Cetate Halmyris
DATA_RED 07.10.2008
DATA_ACT 05.02.2009
NUME_JUDET TLLCEA
NUME_UAT MURIGHIOL
NUME_LOC MURIGHIOL

PR ROINA

SIRUTA 11697

DEM_STRADA X S i
NF_STRADA Y T UL
REPER_HIDR L Saraturs Mica br SEGhe T S i
NR_PARCELA O

REGIM_PROF 0

NUME_PROPR

MOD_LOCALI  GPS

SIST_REFER  STEREO7D

FISIER SHAPE

TOPOLOGIE L

PRECIZIE 3

COORDX 83083468

COORDY 400274.11 1

COORDZ 3 H MURIGHIOL 3

CATEG_SIT locuire civila H SFANTU GHEORGHE
TIP_SIT cetate i B

EPOCA neprecizata iomana

SECOL 11411

PROT_JURID 1

LEMGTH 597, 77027

COD_POSTAL 827150

REPER_RUTI Dc3

ExPL_TEREN  zana agric.nearabila

STARE_CONS  inclusa in Planul National de re

AMEMINTARI  vegetatie spontana

REGL_UURE zona de protectie

PUNERE_VAL  protectie iestaunare, consclidars

RAEEGEIE\‘JATH INCD URBANPROIECT Popescu,Tach f MAREA NEAGRA
poze_halmyris 3

DESCRIERE halmyris_bun

Fig. 3 - Use of the digital database. GIS technpkltpws for visualizing ancillary information in a
separate window upon the selection of a speciffeative from the digital map.

—w=w Railroad Century when dwelling starts
—— Highway . 2 + 12-15

Water body *— 3.5‘ 16-19

-ee-ee-- ATU it

CHILIA VECHE

County limit

Country limit PARDINA

MaLUC

MURIGHIDL
SFANTU GHEQRGHE
SARICHIO|

MAREA NEAGRA

Fig. 4 - Spatial analyses involving the PATRIMONatzase. The image displays the citadels classified
based upon the century when first dwelling of tihedel occurred, using different symbols for each
group of centuries.
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