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Abstract

:

Geographic data quality is a complex issue requiring continuous operational improvements. Considering this to be one of the most topical research and technical issues in official statistics and environmental monitoring, this study re-connects the operational dimension of ‘geographic data quality’ with the broader issue of monitoring the quality of official statistics. By estimating the accuracy of public (spatially explicit) data, this study illustrates an operational framework with an exploratory exercise in estimating the geographic data quality characteristic of a specific information source within the official statistical system (i.e., building registry) in a given European country, namely, Italy. The results of this exercise provide a paradigmatic example of profound innovation in the activities of statistical services in Europe and specifically the Italian National Statistical Institute (Istat), transitioning from independent (and poorly connected) field surveys to an integrated system of registries. Since several studies are based on spatially explicit survey units, it is essential to estimate the quality of geographical data, especially those derived from information sources where space is topical information, such as (local, regional, or national) building registers. Thanks to the results of an empirical exercise applied to Italian building registers, the present article will discuss the issue of data accuracy, considered the main issue related to monitoring geographic data quality, from an official statistics’ perspective. Statistical indicators will be proposed for the assessment of systematic and random errors of spatially explicit measures, possibly enabling a quali-quantitative improvement in the semantic content of building registers that address the inherent requirements of official statistics. Such indicators have some positive implications for the entire system of official statistics in Italy and, for generalization, within the European Statistical System.






Keywords:


official statistics; census; sampling survey; public database; precision












1. Introduction


Present (and future) official statistics, especially on the old continent, are primarily (and will be increasingly) based on the information content of publicly available databases that are not specifically collected in the framework of censuses or sampling surveys [1]. Most of them—developed with the general aim of assessing public action and government policies’ impacts—especially those with a spatially explicit dimension, may become accurate and point sources of official statistics [2]. Additionally, such information sources are becoming increasingly relevant in any research field, from environmental monitoring to territorial studies, from regional science to spatial demography, and from urban planning to rural sociology [3]. Applied economics, geography, ecology, and agronomy are likely the academic disciplines benefiting more intensively from such methodological and applied improvements [4]. From this perspective, building registers and (non-statistical) data sources on human settlements may represent a coherent example of public (often freely available) archives that may provide, after accurate verification and testing, relevant official statistics [5]. They routinely display standard requirements and characteristics (e.g., semantic coherence, users’ reliability, easily updating over time, geographical precision, perfectly documented errors associated with any measure, and documented estimates in the case of missing data) typical of such data sources [6]. Additionally, building registers are eminently spatially explicit sources of information, so the verification of their routine use as official statistics is a challenging task for spatial analysis and geographical science at large [7].



The correct positioning of a statistical unit at a sub-municipal level becomes crucial in the context of registry-based censuses, one of the most important applications of public (non-statistical) registers within an official statistics’ operation, namely, the total enumeration of population or economic activities [8]. In a traditional census, the enumerator, armed with a sectional itinerary or map, ensures the accurate geocoding of the collected information by knowing the specific portion of the territory [9]. However, when integrating various sources, such as population and cadastral data, challenges arise [10]. Despite the provisions of the registry regulation that facilitate geocoding at the population section level, the cadastral system operates on a different basis [11]. Consequently, aligning diverse information sources may lead to misalignments stemming from the geographic quality of the utilized registries [12]. It is not merely a matter of measuring the positional accuracy of individual statistical units but a matter of ensuring the coherence of information, a basic feature of any official statistics when released to the final stakeholders (e.g., scholars, practitioners, and general users). This means that individuals recorded in the registry as residing at certain addresses must seamlessly align with the corresponding residences through the specific relationships delineated within the registry system [13]. The substantial difference between various technical and mapping approaches is reflected in the possibly diverging statistical releases of vastly different data sources and informative knowledge [14]. While cartographers’ goal is to represent the complexity of a given territory in a simplified image, considerations about the quality of geographic data as a possible source of official statistics stem from the challenge of cartographic production and are largely overcome, or surmountable, in a world based on Geographic Information Systems [15]. In other words, there is not a unique source that can populate, alone, an official statistics’ building register [16]. Conversely, a complex framework of data sources’ integration should be implemented when preparing a complete building register supporting census operations and other official statistics’ surveys [17]. Among several other issues, matching different information sources implies an intense activity of technical harmonization and a continuous estimation of the degree of completeness of the newly built-up archive, assumed as a proxy of statistical accuracy, likely the most relevant dimension in any official statistical system, e.g., [18]. A practical implementation of these operations is a novel aspect of official statistics dealing with spatially explicit data.



Considered one of the most topical research and technical issues in official statistics, environmental monitoring, and territorial analysis at large, the present study connects this challenging topic with the broader issue of monitoring the quality of official statistics and estimating the precision of public, spatially explicit data—considering both systematic and, eventually, survey errors [19]. With this perspective in mind, we propose an operational framework with a mensuration exercise for spatially explicit data provided by a specific source of the official statistical system [20], namely, a building registry, in a given European country, namely, Italy. This country serves as a paradigmatic example of a profound innovation in the activities of the National Statistical Institute (hereafter, Istat) transitioning from field (sparse and basically independent) surveys to an integrated (and statistically coherent) system of registries, whose degree of spatial integration is actually undergoing active improvement [21]. Focusing on the relationship between public (non-statistical) registers and the intrinsic requirements of official statistics in a spatially explicit world [22], the exercise documents an operational framework assessing—through simplified indicators—the intrinsic quality of various (non-statistical) sources of spatial data taken as multiple examples of building registers [23]. The empirical results of this exercise allow a broader discussion on the methodology for verifying the quality, precision, update, readability, and coherence of non-statistical (spatially explicit) data sources [24]. When reaching complete compliance, these criteria may represent the basic requirements for inclusion in the portfolio of official statistics in a given country (e.g., Italy) or a broader geographical range (e.g., European Union). When reaching partial compliance [25], these criteria can, however, guide statisticians in the final decision of whether such information can be routinely used in official procedures (e.g., population censuses).



In summary, the present work will address the main issues related to monitoring geographic data quality, with a focus on building registers in Italy [26]. Having this framework in mind, statistical indicators will be proposed (and preliminarily calculated) when assessing systematic and sampling errors in spatially explicit measures [27], possibly enabling a quali-quantitative improvement in the semantic content of registers, with positive implications for the entire system of official statistics in Italy and, for generalization, all over Europe. Aimed at filling this research gap—of primary interest for the informed development of any national statistical system facing the challenge of big (spatial) data—the present paper is organized as follows. Section 2 introduces the empirical methodology developed and applied in the present study. Section 3 summarizes the main results, considering important issues for official statistics (e.g., accuracy) and how to cope with varying measurement errors. Section 4 concludes the work by discussing some implications of the present study for academic issues and practical aspects of land surveying. Section 5 delineates some possible (future) lines of academic research and technical implementation.




2. Methodology


2.1. Study Area


Italy is administratively partitioned into 3 geographical areas (North, Center, South), 20 Nuts-2 administrative regions, and more than 100 Nuts-3 provinces, covering a total surface area of nearly 301,330 km2 [28]. While the regions remained basically stable for a relatively long time in Italy, provinces ranged from slightly more than 90 to 110 over the study period. In this work, we considered the administrative regional boundaries according to the last population census, dated 2021, and the corresponding provincial boundaries and local administrative setting, more than 8000 governing units, i.e., municipalities [29]. We extracted the needed information by referring to stable administrative boundaries from territorial databases publicly released by the Italian National Statistical Institute (Istat) in order to facilitate calculations and make statistical analysis fully comparable [30]. From a contextual perspective, Italy displays important territorial disparities in economic growth [31], social development [32], and natural resource availability [33] and thus serves as a relevant case study to address the intrinsic limitations of land cadasters and the complex process of the implementation of spatially explicit public registers with fully documented errors.




2.2. Data Sources


To assess the quality of a building register, given the intrinsic difficulty of verifying each individual building in an ortho-photo, separate scrutiny of a reference archive is needed for comparison purposes [34]. In Italy, there is no single archive that can be used as a full reference in terms of both completeness and positional accuracy [35]. Therefore, it is necessary to simultaneously construct a statistical registry from different archives based on a mixture of administrative and cartographical sources [36]. These sources, routinely used in spatial planning, have undergone rigorous testing in their production process [37]. After the publication of the 2011 population census results, a new (centralized) building register was implemented for official statistics’ purposes (i.e., assisting census operations in the 2020s). This phase was particularly intricate and required the integration of various archives at Istat [21]. Specifically, an integrated system of registers was established. For our purposes, the integration between the land cadaster and the address registry was assumed to be of paramount importance. From 2018 to 2020, all of the buildings recorded in the land cadaster were automatically geo-referenced, having performed a series of automatic and manual quality controls, e.g., [38].



The process implemented various software tools (including, but not limited to, Geographical Information System suites such as ArcMap and QGIS) and extensive visual checks. However, integrating different sources poses challenges related to conflation, duplication, and overlap among sparse data [39], which are combined into a single archive with homogeneous characteristics. The technical details of this complex operation for Italy were provided in a previous work by Salvucci and Salvati [21]. The main building data source alternatives (or supplements) to the land cadaster in Italy include (i) independent (and mostly decentralized) administrative sources individually produced by regions, provinces, or municipalities for their specific governance purposes; (ii) the National Geoportal (geospatial database) released by the Italian Ministry of the Environment for centralized purposes of territorial planning; (iii) data from the Civil Protection Agency for surveillance and national security purposes [21].



Administrative regions have a particular interest in mapping buildings because of their own administrative duties in responding to various landscape and environmental constraints introduced through national or regional laws in Italian spatial planning over time [25]. As a result, the Regional Technical Maps (hereafter, Carte Tecniche Regionali, CTR) identified individual buildings and provide, even now, extensive spatial coverage (Table 1), albeit with some territorial heterogeneities because of slightly different field operations carried out in the Italian regions [26]. The National Geoportal (GPN) is a website of the Ministry of the Environment where buildings from cadastral sources have been identified for provincial town capitals, particularly within the boundaries of urban centers [27]. It represents only a small portion of the cadastral information. Moreover, for Italian buildings, the National Civil Protection Authority recently made available a geo-database containing ‘urban structural aggregates’ covering the entire national territory [21]. These geometries were derived from buildings in various regional topographic databases and have been converted into polygons representing contiguous buildings, each assigned a progressive number for regional identification, e.g., [8].



To precisely evaluate data quality, we used a unified Building Open Data Archive (BODA), which has already been employed in similar works to assess the completeness of OpenStreetMap databases [24]. The process of cartographical integration into a unique database takes account of two research dimensions: (a) data resolution, defined as the ability to identify individual buildings, and (b) data completeness. Based on these considerations, a completely new and updated BODA was implemented using all of the above-mentioned sources (Regional Technical Maps, National Geoportal, Civil Protection, OpenStreetMaps), from which the geometric elements of the buildings were derived in four sequential steps. First, all buildings from the land cadaster were included in the new BODA archive. Second, buildings from regional maps that do not intersect with any buildings from the land cadaster were also included. Third, buildings from the GPN that do not intersect with any buildings from the established archive in the previous operational step were included. Fourth, structural aggregates from Civil Protection data that do not intersect with any buildings from the established archive in the previous operational step were finally consolidated in the new database.




2.3. Logical Framework and Data Analysis


Accuracy is the first foundational element of data quality and involves comparing populations of spatial elements to assess the degree of coverage [40]. In the practical aspects of constructing the registry, the concept of accuracy is broad, and the main question is, ‘what geographical elements should be included?’ The definition of a building can vary across different sources that may be used to populate the geographic component of the registry [41]. The definition provided in census manuals may not align with that provided for buildings in land cadasters, which mainly serve fiscal purposes [42]. Official statistics require that the register’s individual record univocally identify the statistical unit of the building [43]. Conversely, from the cadaster’s perspective, a single record may be divided into multiple parts based on, e.g., ownership, as in the case of semi-detached houses [44].



In accordance with the methodology proposed by Hecht [45], various indicators of data accuracy were preliminarily calculated in the present study, specifically by implementing three sequential steps. The first involves comparing the count of elements present in different databases for reference areas, e.g., the administrative regions (Nuts-2 level in our case). This count does not guarantee that the two archives refer to the same entities. The second step prescribes counting the centroids of the reference database that overlap with buildings in the land cadaster. This comparison is basically more detailed than the first step while not ensuring that elements found in the same locations are exactly the same entity. The third step entails a comparison of the overlapping building surface between the two archives. The comparison is based on the total built-up area, and the two indicators are defined as (i) the number of buildings surveyed in the land cadaster compared to the number of buildings recorded in the BODA in the same area and at the same time point and (ii) the total extent (square meters) of buildings surveyed in the land cadaster compared to total square meters recorded in the BODA in the same area and at the same time point.



In accordance with the operational criteria of the Civic Numbers Survey [21], with a total survey being part of census operations, it is recommended to eliminate all graphical elements with an area of less than 20 square meters, as these are likely not statistical units but technical volumes that fall outside our scope of observation. If subsequent checks on data integration reveal the routine use of such volumes, they could be reintegrated into the dataset individually [46]. If census sections are chosen as the areal unit for this comparison, trends over time can finally be verified by comparing the content of the current register with the content of the previous census(es) [47].





3. Results


The present study provides the preliminary results of an empirical exercise dealing with the complex issue delineated in the methodological section above, considering operations relevant to official statistics. While not all of the proposed approaches and metrics illustrated above were performed or can be computed with the information sources available for Italy, a comparison between the main outcomes from the new Italian building register validated for official statistics’ purposes (BODA) and the land cadaster is presented, initially focusing on the two indicators mentioned in the methodological section. In the following, a preliminary quantification of the role of additional archives acting as the informative ‘donor’ conferring new buildings’ records (not covered by land cadaster) is provided. The final aim of this step was to delineate the most relevant information sources providing original information that were scrutinized and successfully verified to be compliant with official statistics’ standards and thus incorporated into the new building archive.



Table 2 shows the main indicators calculated for the entire national territory. Considering the geographical boundaries of the administrative regions (Nuts-2 level of Eurostat nomenclature), the situation appears quite complex, since the regional data sources originally used to populate the BODA (see Table 1) are the basis of largely different outcomes when compared with the aggregated outcomes (statistics) from the land cadaster. It is likely that the most relevant information stemming from this descriptive analysis is that the total extent of built-up areas in Italy estimated from BODA coverage is 24% larger than the equivalent figure estimate from the land cadaster. Presumably, regional authority maps informing the BODA include (and account for) slightly different settlement objects/elements compared with those under the coverage of land cadaster. Interestingly, the largest discrepancies between land cadaster and Boda sources at the regional level were observed in Sicily (82%), Latium (52%), and Campania (49%), three areas of the country with big cities (Rome, Naples, Palermo, Catania), a huge pressure on new settlements because of a population increase and intense land speculation, and some evidence of informal buildings, specifically realized in the 1950s and the 1960s, that are likely not completely covered in the traditional land cadaster.



Although the land cadaster was a centralized authority in Italy operating under unique rules and common guidelines all over the country, other reasons for such a discrepancy could possibly be traced to the different operational powers of some regional branches of the authority, especially when a large building stock is to be censused in a relatively short time (as occurred in the 1950s and the 1960s with the intense growth of the metropolitan poles mentioned above). Smaller discrepancies were observed in some Central Italian regions, such as Abruzzi, Molise, Umbria, and Tuscany, dominated by rural settlements and some medium-density urban settlements. The discrepancy in the built-up area between the two information sources in these regions was systematically below 10% (higher in Boda, lower in land cadaster). Moving out from the surface area, the difference in the building stock (i.e., the estimated number of buildings) according to the two sources is clearly smaller (6.7%). In the regions mentioned above, the discrepancy was lower in Sicily (30%) and Latium (12%) and had the reverse sign in Campania (−6%). In contrast, the highest discrepancy level was observed in Friuli Venezia Giulia, a region in Northern Italy. In general terms, a differential discrepancy across regions was not observed, and a supposed gradient from Northern to Southern regions was not recorded, failing to support an unverified assumption that data quality from the archives of Northern Italian regions can be higher than their counterparts reflective of Southern regions.



A key indicator for assessing the overall quality of cadastral buildings’ positioning is accuracy, an indicator computed as the ratio between the intersection (Boda–cadaster) built-up area and the built-up area effectively surveyed in the land cadaster. At the national level, 63.5% of the cadaster’s surface area is common to both databases. However, at the regional level, the situation is much more complex. For instance, in Emilia Romagna, built-up areas from regional maps exceed those in cadaster maps in terms of objects/elements (+12%), with the Boda surface area being 22% larger than that in the cadaster, a sign that building blocks are drawn differently within the two sources. Conversely, only 59% of built-up areas overlap in Sicily, and the number of buildings in the Boda is significantly higher than in the land cadaster. Friuli Venezia Giulia is the region with the largest disparity in the number of buildings (Boda surveyed 45% more buildings than land cadaster); however, considering that the overall difference in the built-up area is 24% and the accuracy level is 71%, the huge discrepancy in the building stock is likely due to the different methods of drawing buildings and merging them with adjacent ones. A moderate difference between the Northern and Southern regions was recorded when considering total accuracy. The highest accuracy was similarly observed in a region of Northern Italy, Emilia Romagna (78%); Central Italy, Umbria (77%); and Southern Italy, Molise (76%). However, considering aggregate values of accuracy by macro-regions, Northern Italy is systematically above 70%, Central Italy is slightly below 70%, and Southern Italy is slightly above 65%.



A descriptive analysis of processed data also outlines a difference between large municipalities (i.e., major cities) in Italy and the rest of the country. For the whole country, the average accuracy level stands at around 70%; for major cities (Table 3), the accuracy is, on average, significantly higher, reaching 75%. This result is explained by the assumption that the areas with the highest land revenues (namely, major cities in Italy and, more generally, in Southern Europe) are those displaying the most accurate geographical positioning in the land cadaster. As a matter of fact, the most densely populated areas are those where the land cadaster is updated more frequently, resulting in continuously improved positional accuracy. Milan is the area with the highest value of accuracy (87%), followed by Bologna (84%), Turin (83%), and Genoa (82%), all located in Northern Italy. Florence and Venice, two cities with outstanding potential for tourism and second-home dwellings, displayed accuracy values of around 80%. Unexpectedly, Rome showed one of the lowest accuracy levels (68%), together with four medium cities in Southern Italy (Reggio Calabria, Cagliari, Catania, Messina). Naples, Bari, and Palermo showed intermediate accuracy values. Similar to what has been observed for the national building stock, the accuracy experienced a moderate decline when moving from Northern to Southern Italy.



The geographical process of integrating buildings’ records from different sources/surveys involves addressing the issue of conflation through geographic integration. This is a process of vertical conflation, in which the land cadaster clearly serves as the main reference source, and buildings from other sources are added only if they do not intersect any buildings already present in the cadaster register. The order in which buildings are added is predetermined. In other words, the registry is built up according to a predefined hierarchy of sources that aims at enhancing the authority (and the documented quality) of the individual (producing) object/element while maximizing the completeness of geographic data. To assess the level achieved, the building footprint in total square meters was calculated for the total building stock. Table 4 highlights the percent composition of the final (integrated) building register’s surface area. Starting from the land cadaster, whose building coverage is fully incorporated into the new official statistics’ archive, all of the buildings present in other ‘donor’ sources that do not geometrically intersect with those already in the register were included as new buildings (i.e., not covered in the land cadaster).



By the end of the process, 82% of the surface area of the building stock surveyed in the final register had come from the cadaster, 12% from regional data, and 5% from Civil Protection structural aggregates, while only a minimal proportion had come from OpenStreetMap and the Ministry of the Environment sources. As a reference source, it was expected that the percentage of buildings sourced from the cadaster would be very high in almost all Italian regions. Only Basilicata, Campania, and Latium displayed percentages slightly below 80%. In these cases, the main contributor is regional cartography. Interestingly, the OpenStreetMap source contributed slightly and only in some Northern Italian regions and Tuscany in Central Italy. Considering big cities, the composition of the register was predominantly of cadastral origin. Reggio Calabria has the lowest percentage (82%). In contrast, Turin has 95% of the register’s surface area derived from cadastral sources, indicating an almost perfect correspondence between the land cadaster and other information sources (Table 5). In both analyses, regional cartographies were confirmed to be the only relevant—and spatially homogeneous—source of buildings’ information in addition to the land cadaster. The remaining sources proved to be marginally informative and possibly representative only in some specific contexts, demonstrating residual local heterogeneity that merits consideration in a specific step of the integration procedure aimed at producing a complete building archive for official statistics’ purposes.




4. Discussion


The increasing use of geographic data in official statistics prompts a reflection on their intrinsic linkage within the qualitative levels of statistics derived from the positioning of geographic data [48]. From this perspective, our work addresses a topic of great interest: the harmonization of geographic information, particularly cadastral information related to buildings, for the generation of complete databases addressing official statistics’ requirements at the national level, e.g., [49]. From a modern perspective that considers well-defined reference systems and includes the corresponding quality measures, this is an operational issue of interest in a large number of countries [50]. In this context, two approaches can be considered to be of special interest: the first is the use of frameworks that propose a methodological contribution, i.e., how to match and make different cartographies and lists of alphanumeric information unique in a single geographic database that integrates the different components [51]. This is a very interesting subject, since, in the end, it is necessary to correct different types of errors that are not always homogeneous. These errors frequently derive from the fact that such cartographies usually have a complex history as a background, in which different methodologies, instruments, tools, and procedures are brought together [52]. The second approach is to check the real quality of the integrated information [53]. This is a scheme that may be methodologically articulated (namely, requiring the accurate definition of quality measures), but it is certainly not easy to apply because, as mentioned above, errors do not have to be continuous, and in some cases, we may even have specific errors that are difficult to detect and delineate [54].



The linkage between statistical units and territorial units involves the geocoding process, where the statistical unit is matched, for instance, to a census tract. It is essential to consider that a geographic datum is the statistical characteristic measured and recorded at a given location. This involves pairing a statistical unit that belongs to the collective under investigation with a given territorial unit. The latter, at various levels of resolution, determines the positioning of the surveyed statistical unit in the territory [1]. In the context of building registers, various statistical units, such as dwellings, buildings, and addresses, will be identified and located in a given territory with a specific position, determining the maximum level of resolution [2]. As the precision of the positioning decreases, these statistical units will be geocoded at the level of, e.g., parcels, census sections, cadastral sheets, and municipalities [6]. From a qualitative standpoint, this involves ensuring a series of considerations related to the statistical unit and its consistency with the related territorial unit [11].



A specific assessment should be carried out for those buildings recorded in any specific survey that is not a land cadaster and absent from this last source [49]. These elements should not necessarily be interpreted as illegal/spontaneous/informal constructions (i.e., outside the scope of land cadaster). While these buildings may not be uncommon in the landscape of Southern Europe [34], a well-known region because of limited planning policies and limited regulations and controls between the 1950s and the 1970s [32], all of these elements should be properly identified to determine whether they can be primarily associated with the information available in the cadaster [14]. Lastly, it should be considered that a significant number of added elements from ancillary sources on a particular cadaster map sheet could (indirectly) document (systematic) poor positioning within the cadaster data source [27]. This discussion should benefit from the assumption that data quality is a substantial characteristic of any given geographical source, because the production process differs between a cadaster and crowdsourced geographic information, such as OpenStreetMap [54].



The assumption is that an OpenStreetMap user produces less accurate spatial data compared to those produced by cartographic (public) institutions, which have dedicated (and skilled) personnel (enumerators), appropriate field tools/instruments, and a clear official commitment to operate [53]. Additionally, geographical elements (e.g., buildings) derived from administrative processes and surveys (both statistical and non-statistical) are subject to a series of checks, while open data typically undergo no specific controls [44]. If this is acceptable, the quality assessment becomes more challenging when comparing a geographical element from a cadastral source with one from a regional administrative source [36]. Having the accuracy of the building register as the main operational target with official statistical purposes, the evaluation should prioritize the maximization of the specific use of cadastral sources, uniquely including references that serve as key linkage with other archives [38].



At present, it is difficult to propose a specific evaluation process for data quality characteristic of various and multiple geographical sources for buildings without considering the land cadaster as the basic source [25]. The traceability of the origin of any geographical element is a fundamental aspect of any registry and can be operationalized from multiple perspectives [46]. The first is the integration of (possibly divergent) information sources, which is a core dimension of the registry system [20]. Different integrated sources may (or may not) have a key link, namely, a primary key in the language of databases [48]. The absence of an individual building in the cadaster does not mean that real estate units cannot be associated with that parcel based on cadastral anchoring [50]. Therefore, while integrating (missing) geographical elements is crucial for completeness (and, thus, accuracy), it is essential to maintain a clear record of the ‘lineage’. In particular, ‘lineage’ refers to the organization of information contained in metadata, with specific reference to (i) the producing entity of the cartography used, (ii) the original reference system and projection, (iii) the spatial characteristics of the original database, including coverage, scale, and resolution, and (iv) license of use.



In cases of integration, buildings will have derived cadastral codes, meaning they will only reference the cadastral parcel in which they are located [51]. With this perspective in mind, an evolutionary perspective aimed at keeping track of the development of the various components that have contributed to the creation of the registry can be adopted [26]. Another aspect to be taken into account is the need to establish (improve or consolidate) references to European regulations in terms of digital data management. In this regard, the INSPIRE directive marks some aspects that should be operationally considered not only in the field of geographic data but also in the specific dimension of official statistics and, more precisely, the ISO 19157/2013 standard (INSPIRE directive), generally delineating quality measures and their definition. The same applies to positional accuracy, for which we would like to recommend the use of the Accuracy Standards for Digital Geospatial Data (ASPRS) Guidelines, especially the most recent version. Operational means and tools should be developed from this perspective when integrating data sources that only partly meet such criteria, such as the land cadaster in Italy [21].



In conclusion, the main issue of this contribution is the need to envisage accuracy and completeness as two faces of the same medal but, at the same time, a very complex and multi-dimensional challenge, including problems of translation between different layers of information [39]. They may involve multiple criteria and technical aspects, including (different) projection systems and data that require extensive harmonization work. Completely automatic procedures allowing translation from the (more or less) complete knowledge of the source coordinate system to the target coordinate system are particularly relevant in this direction [37]. Finally, renewed dissemination eliciting a complete awareness of their importance in the world of official statistics is particularly appropriate, especially in Southern European statistical systems.




5. Conclusions


A reflection on the potential of using geographic analysis to improve official statistics and, thus, census operations can be derived from the comparative scrutiny of the empirical results presented in this article. These findings reveal evident complexity in the analysis plan when official statistics’ criteria for completeness, accuracy, and precision have to be applied to (non-statistical) public sources of spatially explicit information. However, while individual indicators—appropriately presented and calculated here with the aim of a preliminary assessment of data source integration—may highlight significant differences, these tend to diminish with the level, intensity, and pervasiveness of data integration procedures. Therefore, a simplified, comparative procedure has been adopted in order to ensure the completeness of the survey for the construction of an integrated building registry. According to this approach, a reference source has been identified (Regional Technical Maps, in this case), and buildings from other (ancillary) sources have been added, controlling for the eventual overlap with those buildings previously included in the statistical register. Those records displaying an (even minimal) overlap with entities already present in the register and previously ‘donated’ from the most representative source are to be removed. Overall, the register that was built after these operational steps has achieved acceptable quality standards. Based on these findings, our study finally encourages the implementation of new (automatic) geo-referencing techniques for the integration of buildings’ official statistics and field surveys and the related (improved) control processes.
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Table 1. A list of regional administrative sources for the construction of a Building Open Data Archive (Boda); all links below accessed in June 2024.
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	Code
	Region
	Buildings





	1
	Piedmont
	https://www.geoportale.piemonte.it/cms/progetti/progetto-mosaicatura-catastale (accessed on 1 August 2024)



	2
	Aosta Valley
	https://mappe.partout.it/pub/geonavitg/geodownload.asp?carta=CTR (accessed on 1 August 2024)



	3
	Lombardy
	https://www.geoportale.regione.lombardia.it (accessed on 1 August 2024)



	4
	Trentino Alto Adige
	http://www.openkat.it/ (accessed on 1 August 2024)



	5
	Veneto
	https://idt2.regione.veneto.it/idt/downloader/download (accessed on 1 August 2024)



	6
	Friuli Venezia Giulia
	http://irdat.regione.fvg.it/consultatore-dati-ambientali-territoriali/search (accessed on 1 August 2024)



	7
	Liguria
	https://www.regione.liguria.it/open-data/item/7099-carta-tecnica-regionale-1-5000-dal-2007-ii-edizione-3d-db-topografico.html (accessed on 1 August 2024)



	8
	Emilia Romagna
	https://geoportale.regione.emilia-romagna.it/download/download-data?type=dbtopo (accessed on 1 August 2024)



	9
	Tuscany
	http://www502.regione.toscana.it/geoscopio/ (accessed on 1 August 2024)



	10
	Umbria
	http://www.umbriageo.regione.umbria.it/pagina/fabbricati-sistema-ecografico-catastale-regione-um (accessed on 1 August 2024)



	11
	Marche
	https://www.regione.marche.it/Regione-Utile/Paesaggio-Territorio-Urbanistica-Genio-Civile/Cartografia-regionale/Repertorio/Carta-tecnica-numerica-110000/opendata (accessed on 1 August 2024)



	12
	Latium
	http://dati.lazio.it/catalog/it/dataset/carta-tecnica-regionale-2002-2003-5k-roma (accessed on 1 August 2024)



	13
	Abruzzo
	http://opendata.regione.abruzzo.it/content/dbtr-regione-abruzzo-scala-15000-edizione-2007-formato-shp (accessed on 1 August 2024)



	14
	Molise
	Not available



	15
	Campania
	http://sit.cittametropolitana.na.it/downloads.php (accessed on 1 August 2024)



	16
	Apulia
	http://www.sit.puglia.it/portal/portale_cartografie_tecniche_tematiche/Download (accessed on 1 August 2024)



	17
	Basilicata
	http://dati.regione.basilicata.it/catalog/dataset/database-topografico-tema-edificato (accessed on 1 August 2024)



	18
	Calabria
	/ftpopendata/CartaTecnicaRegionale5KPDF (accessed on 1 August 2024)



	19
	Sicily
	https://www.sitr.regione.sicilia.it/download/download-carta-tecnica-2000/ (accessed on 1 August 2024)



	20
	Sardinia
	http://www.sardegnageoportale.it/areetematiche/databasegeotopografico/ (accessed on 1 August 2024)










 





Table 2. A comparison (based on indicators) between the information content of the land cadaster and Boda by administrative region in Italy.
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Land Code

	
Administrative Region

	
Boda (m2) Surface Area

	
Cadaster (m2) Surface Area

	
No. Buildings (Boda)

	
No. Buildings (Cadaster)

	
Intersection Area (m2)

	
Difference (m2) between Boda and Cadaster

	
Difference (no. Build.) Boda vs. Cadaster

	
Accuracy




	
(a)

	
(b)

	
(c)

	
(d)

	
(e)

	
((a − b)/b) × 100

	
((c − d)/d) × 100

	
(e/b) × 100






	
20

	
Sardinia

	
117,997,448

	
98,066,496

	
513,365

	
684,868

	
62,274,348

	
20.32

	
−25.04

	
63.50




	
19

	
Sicily

	
528,491,616

	
290,210,848

	
3,236,704

	
2,473,018

	
172,431,760

	
82.11

	
30.88

	
59.42




	
18

	
Calabria

	
168,693,520

	
129,288,872

	
1,052,487

	
1,097,207

	
86,677,328

	
30.48

	
−4.08

	
67.04




	
17

	
Basilicata

	
65,117,308

	
45,351,400

	
373,077

	
368,758

	
28,675,412

	
43.58

	
1.17

	
63.23




	
16

	
Apulia

	
286,672,992

	
240,625,168

	
1,523,100

	
1,522,340

	
165,759,712

	
19.14

	
0.05

	
68.89




	
15

	
Campania

	
389,408,320

	
260,497,424

	
1,467,142

	
1,565,318

	
157,948,608

	
49.49

	
−6.27

	
60.63




	
14

	
Molise

	
27,931,490

	
26,675,126

	
159,655

	
234,373

	
20,337,080

	
4.71

	
−31.88

	
76.24




	
13

	
Abruzzi

	
110,239,912

	
101,602,072

	
586,517

	
682,748

	
76,177,552

	
8.50

	
−14.09

	
74.98




	
12

	
Latium

	
385,837,920

	
253,106,224

	
1,779,197

	
1,593,053

	
164,478,176

	
52.44

	
11.68

	
64.98




	
11

	
Marche

	
132,732,496

	
114,961,736

	
560,871

	
691,995

	
78,655,576

	
15.46

	
−18.95

	
68.42




	
10

	
Umbria

	
76,429,072

	
73,302,024

	
496,034

	
500,483

	
56,605,780

	
4.27

	
−0.89

	
77.22




	
9

	
Tuscany

	
259,194,496

	
247,479,792

	
2,058,064

	
1,665,684

	
169,979,328

	
4.73

	
23.56

	
68.68




	
8

	
Emilia Romagna

	
398,939,968

	
356,597,184

	
2,158,413

	
1,768,253

	
276,977,856

	
11.87

	
22.06

	
77.67




	
7

	
Liguria

	
79,973,288

	
70,779,688

	
541,241

	
599,796

	
52,516,100

	
12.99

	
−9.76

	
74.20




	
6

	
Friuli Ven. Giulia

	
138,695,824

	
111,529,800

	
951,570

	
658,198

	
79,282,136

	
24.36

	
44.57

	
71.09




	
5

	
Veneto

	
469,670,144

	
420,581,472

	
2,557,998

	
2,083,220

	
299,694,272

	
11.67

	
22.79

	
71.26




	
3

	
Lombardy

	
740,176,128

	
656,650,752

	
3,509,140

	
3,098,234

	
481,084,544

	
12.72

	
13.26

	
73.26




	
2

	
Aosta Valley

	
13,508,645

	
11,243,489

	
81,784

	
115,017

	
7,561,153

	
20.15

	
−28.89

	
67.25




	
1

	
Piedmont

	
446,466,592

	
364,934,048

	
1,571,266

	
2,205,359

	
265,508,544

	
22.34

	
−28.75

	
72.76




	
Italy

	

	
4,836,177,382

	
3,873,485,703

	
25,177,627

	
23,607,928

	
2,702,625,265

	
24.85

	
6.65

	
69.77











 





Table 3. A comparison (based on indicators) between the information content of the land cadaster and BODA by major city in Italy.






Table 3. A comparison (based on indicators) between the information content of the land cadaster and BODA by major city in Italy.





	
Land Code

	
City

	
Boda (m2) Surface Area

	
Cadaster (m2) Surface Area

	
No. Buildings (Boda)

	
No. Buildings (Cadaster)

	
Intersection Area (m2)

	
Difference (m2) between Boda and Cadaster

	
Difference (no. Build.) Boda vs. Cadaster

	
Accuracy




	
(a)

	
(b)

	
(c)

	
(d)

	
(e)

	
((a − b)/b) × 100

	
((c − d)/d) × 100

	
(e/b) × 100






	
1272

	
Turin

	
28,518,100

	
24,276,800

	
38,132

	
68,885

	
20.041.000

	
17.47

	
−44.64

	
82.55




	
10025

	
Genoa

	
14,209,800

	
14,070,800

	
64,755

	
68,216

	
11.500.600

	
0.99

	
−5.07

	
81.73




	
15146

	
Milan

	
33,504,700

	
31,250,800

	
96,123

	
82,330

	
27.301.400

	
7.21

	
16.75

	
87.36




	
27042

	
Venice

	
15,991,005

	
13,527,925

	
72,423

	
64,009

	
10.583.839

	
18.21

	
13.15

	
78.24




	
37006

	
Bologna

	
13,432,200

	
12,819,000

	
69,137

	
38,610

	
10.753.100

	
4.78

	
79.07

	
83.88




	
48017

	
Florence

	
13,385,500

	
12,819,400

	
95,448

	
64,591

	
10.352.000

	
4.42

	
47.77

	
80.75




	
58091

	
Rome

	
81,620,496

	
69,409,904

	
270,865

	
276,920

	
47.480.900

	
17.59

	
−2.19

	
68.41




	
63049

	
Naples

	
22,551,300

	
17,540,600

	
47,731

	
56,767

	
13.126.900

	
28.57

	
−15.92

	
74.84




	
72006

	
Bari

	
11,107,200

	
10,225,500

	
41,735

	
39,440

	
8.066.830

	
8.62

	
5.82

	
78.89




	
80063

	
Reggio Calabria

	
8,962,440

	
7,376,890

	
52,122

	
50,882

	
4.694.370

	
21.49

	
2.44

	
63.64




	
82053

	
Palermo

	
17,736,200

	
15,302,400

	
72,820

	
74,031

	
10.851.000

	
15.90

	
−1.64

	
70.91




	
83048

	
Messina

	
9,685,540

	
8,565,330

	
67,319

	
63,399

	
5.552.840

	
13.08

	
6.18

	
64.83




	
87015

	
Catania

	
13,168,700

	
11,664,900

	
93,996

	
45,942

	
8.031.680

	
12.89

	
104.60

	
68.85




	
92009

	
Cagliari

	
6,101,030

	
5,082,270

	
13,512

	
19,979

	
3.541.880

	
20.05

	
−32.37

	
69.69




	
Total Municipalities

	
289,974,211

	
253,932,519

	
1,096,118

	
1,014,001

	
191,878,339

	
14.19

	
8.10

	
75.56











 





Table 4. Percent coverage of integrated cartographic sources in the building register by administrative region in Italy.
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	Land Code
	Administrative Region
	Land Cadaster
	Ministry of Environment
	Regions
	OpenStreetMap
	Civil Protection
	Total





	1
	Piedmont
	92.61
	0.39
	5.50
	0.88
	0.62
	100



	2
	Aosta Valley
	91.50
	0.09
	6.31
	1.82
	0.28
	100



	3
	Lombardy
	89.16
	0.20
	7.62
	0.90
	2.12
	100



	5
	Veneto
	90.55
	0.10
	5.88
	3.48
	0.00
	100



	6
	Friuli Venezia Giulia
	86.26
	0.03
	12.45
	0.51
	0.74
	100



	7
	Liguria
	86.55
	0.60
	3.91
	3.25
	5.69
	100



	8
	Emilia Romagna
	91.32
	0.24
	2.05
	1.00
	5.38
	100



	9
	Tuscany
	90.62
	0.19
	3.34
	3.98
	1.86
	100



	10
	Umbria
	94.67
	0.12
	5.07
	0.00
	0.14
	100



	11
	Marche
	90.03
	0.23
	7.11
	0.00
	2.63
	100



	12
	Latium
	69.46
	1.03
	8.27
	0.00
	21.23
	100



	13
	Abruzzi
	92.97
	0.27
	6.76
	0.00
	0.00
	100



	14
	Molise
	94.53
	0.70
	4.77
	0.00
	0.00
	100



	15
	Campania
	69.71
	0.39
	3.91
	0.00
	25.99
	100



	16
	Apulia
	83.16
	0.51
	16.33
	0.00
	0.00
	100



	17
	Basilicata
	69.72
	0.16
	30.11
	0.00
	0.00
	100



	18
	Calabria
	79.03
	0.48
	20.49
	0.00
	0.00
	100



	19
	Sicily
	56.06
	0.37
	43.57
	0.00
	0.00
	100



	20
	Sardinia
	80.31
	0.14
	19.54
	0.00
	0.00
	100



	Italy
	
	81.81
	0.34
	12.14
	0.94
	4.77
	100
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