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Abstract 
Currently the official land parcel map of Uruguay does not allow a suitable geomet-
ric interoperability with other available geographic information. There is an ongo-
ing photogrammetric flight which will produce an orthomosaic for the whole coun-
try through high resolution and high accuracy images. This dataset might be used in 
two ways: either to support the creation of a brand new land parcel map or to allow 
amending the existing one. In particular, the present work is part of a set of experi-
ments which considers different techniques to amend the existing land parcel map. 
In order to perform a fair comparison it is necessary to have test cases produced 
with a reference procedure properly and objectively evaluated. Irrespective of the 
metric of success, its value will be used as attainable goal for any other alternative. 
Using a controlled orthomosaic in order to identify the apparent limits of parcels in 
the land parcel map we were able to modify its location, thus making the map inter-
operable with the image. In order to measure the accuracy of the fit, we used the 
relative difference between the area declared as attribute of the parcel map (taken as 
the reference value) respect to the one computed from the GIS. In this paper we will 
show that, using the available orthoimage and after careful edition, the discrepancy 
between the areas computed from the initial and the final dataset w.r.t. the declared 
area decreases, but not down to our expected level. If we take aside those parcels 
with unlikely discrepancies the remaining ones follow a normal distribution, where 
its bias and standard deviation varies from (-0.65%, 11.24%) before editing to 
(-1.72%, 8.59%) later. The conclusion is that using the agreement in area as a met-
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ric the improvement after the procedure is marginal, despite the drastic change in 
planimetric accuracy. Considering the admissibility criteria of the Uruguayan Na-
tional Cadastral Office, for the legacy dataset only 39.4% parcel maps could be 
accepted, a value which improves up to 49.7% after the manual edition. It is still far 
from the goal of 100%, and the reasons for such pessimistic finding will be dis-
cussed. 
 Keywords: Geometric Interoperability, Land parcel map, Area Accuracy, Ap-
parent Cadastre, Orthoimages 
   
Resumen 
El parcelario vectorial oficial del Catastro de Uruguay actualmente no permite una 
adecuada interoperabilidad geométrica con el resto de los datos geográficos dispo-
nibles. Está en ejecución un vuelo fotogramétrico que suministrará un ortomosaico 
de imágenes de alta resolución y alta exactitud para todo el país, el cual podría 
utilizarse de dos formas: o bien para apoyar la creación de un nuevo parcelario 
vectorial o bien para intentar corregir el existente. En particular, el presente trabajo 
es parte de experimentos que analizan diferentes técnicas de corrección geométrica 
del parcelario existente. En ese sentido, se han realizado una serie de propuestas en 
busca de un modelo matemático que permita su corrección semiautomática. Para 
valorar lealmente la bondad de esos procedimientos, es necesario generar un caso 
de referencia con un procedimiento también de referencia y medir objetivamente la 
exactitud obtenida, la que luego se utilizará como meta en el proceso alternativo. 
Utilizando un ortomosaico controlado para identificar en el terreno los límites de las 
parcelas que aparecen en el parcelario vectorial se pudo corregir el mismo, hacién-
dolo así interoperable con esa base geométrica. Para medir la bondad del ajuste, se 
utilizó la discrepancia relativa de las áreas de la mensura y la calculada por el SIG. 
En este artículo se muestra que con las imágenes disponibles y los procedimientos 
utilizados la discrepancia entre las áreas de las parcelas derivadas del parcelario y 
las declaradas en las mensuras disminuye tras la edición, pero no tanto como se 
esperaba. Si se filtran los casos de parcelas con errores descomunales el resultado es 
de distribución normal, y sus parámetros (media, desviación estándar) pasan de (-
0.65%, 11.24%) antes de la edición a (-1.72%, 8.59%) luego de ella. La conclusión 
es que la mejora tras este procedimiento de edición es marginal, al menos cuando el 
error es medido en relación al ajuste del área de la mensura. Con los criterios de 
Catastro serían admisibles hoy apenas el 39.4% de las parcelas, subiendo ese valor 
en el nuevo parcelario a 49.7%, aún muy lejos del 100% que sería deseable. Se 
plantea una discusión sobre las posibles causas de este resultado pesimista. 
 Palabras clave: Interoperabilidad Geométrica, Parcelario, Exactitud de áreas, 
Catastro Aparente, Ortoimágenes 
 



Introduction 
In Uruguay, the Cadastre has covered all the country for more than a century (Guer-
ra Daneri, 1999; Erba, 2005) with the sole exception of the public access areas 
which are administered separately. The cartographic base is the survey map, a doc-
ument which describes the geometry of the parcel made by professional surveyors 
working as freelancers. The National Cadastre (Dirección Nacional de Catastro 
DNC) collects all the individual parcel maps into a single graphical document (the 
land parcel map) which is updated continuously (Erba, 2005) by adding any change 
as soon as it happens. 
Aside from its geometry, the attributes of the parcel include a numerical id, owner, 
critical dates, etc., as well as side lengths and the declared parcel area. The impor-
tance of the latter is because of its effects on taxes. The declared area is computed 
by the acting surveyor using raw field data and not from the parcel map. Due to this 
system/method, this number is deemed to be a highly accurate value. 
The current land parcel map of Uruguay, which was developed in its digital form 
from 1995 to 1999, holds nearly 250.000 rural parcels. According to Barreto et al. 
(2010) and Faure Valbi et al. (2010) it has a planimetric accuracy of the order of 
200 m in the 95% confidence level, a value which precludes its use in conjunction 
with other geographic information of similar scale. In addition to this problem (re-
lated with absolute coordinates) it is important to take into consideration the local 
regulations. In Uruguay, the DNC does not pose any requirements on the positional 
accuracy of survey map. Instead, any update of an existing parcel map should differ 
in relative area with the old one by no more than 5% and any parcel side length 
should not differ in more than 2% (Resolución 24/996) unless the surveyor provides 
good reasons to dismiss the old value. In the legacy land parcel map presently in 
operation only 36% of its 250.000 rural parcels has geometric area that differs less 
than 5% w.r.t. its declared area. It is difficult to compare this with other countries, 
because the accuracy of a land parcel map in terms of the parcel area is barely men-
tioned in the specialized literature. Common practice gives priority to the planimet-
ric accuracy and do not report neither the area nor side length accuracy. 
If there is no legacy dataset to work with, the best procedure to build a land parcel 
map is to use high accuracy technologies widely available today. In practice, such 
approach is impracticable due to cost, time and even legal reasons. Once we discard 
this extreme solution, a feasible technical alternative is to build the land parcel map 
using a high resolution and high accuracy orthoimage. 
Assuming that the manual edition would be the ideal procedure for this (although 
not necessarily the cheapest), our aim with this work is to measure the accuracy that 
could be achieved using metrics related with the parcel area and not merely the 
absolute coordinates. The outcome of this work could be used as a reference to 
compare with other alternative procedures, such as parcel boundaries identification 



through automatic image processing, building from scratch using individual survey 
maps, mathematical massive transformation of the coordinates of a legacy land 
parcel map, etc. 
State of the Art 
Historical aerial imagery is very important to detect changes in ecological factors, 
forest, land use administration and coastal management (Ratcliffe, 2001; Nagarajan 
and Shenk, 2016). They are also important to develop a Land Administration Sys-
tem (Cadastre) offering a suitable base for either manual or automatic map making 
(Ali et al., 2012). 
A land parcel map is a live dataset, having daily changes that imply a costly, per-
manent and thorough task. In addition, to assure geometrical interoperability be-
tween their own data and the land parcel map, public services companies such as 
waterworks, electric power, sewage, etc., needs to regularly update their own in-
formation (Merrit and Masters, 1999). 
It is possible to adjust the geometry of a land parcel map using an orthoimage both 
by automatic procedures and manually. As a first step, it requires to properly match 
homologue objects that exist in both datasets. Ruiz-Lendínez et al. (2017) reported 
the process used to automatically identify objects like control points related with 
crossing roads. The authors claim that the algorithm described improved the per-
formance over earlier results, still with some difficulties in urban areas. They do not 
offer any quantitative result in terms of area or positional accuracy. Trías-Sanz et al. 
(2007) went beyond that reporting algorithm able to identify borders in the image 
(likely related with parcel limits, roads or avenues, walls, etc.) and matching such 
linear features with the corresponding limits existing in the land parcel map. Even 
though they offer some experimental results, they are not presented in terms of 
positional or areal accuracy but just in the matching stage. In the same topic, Kohli 
et al. (2017) recently quantified the probability of finding parcel limits as a function 
of the landscape type observed from high resolution images. They concluded that 
such probability is highly dependent on the morphology but also in social issues. 
Thus, the possibility of building a land parcel map from an image is a function of 
the landscape. 
The possibility to properly and accurately interpret the parcel limits from the image 
is usually taken for granted in the literature. Burns and Brown (1978) developed a 
statistical model based upon the binomial distribution to characterize the interpreter 
perception. The problem researched was the accurate identification of lines and 
other geological discrete events in optic images. Their experiment required over-
lapping a transparent film over an image, drawing the detected lines with three 
independent interpreters and later scanning the film with a 0.5 mm resolution. Each 
pixel with a mark is denoted to 1 and otherwise it is set to 0. Using all three inde-
pendent datasets, they estimated the parameters of the binomial distribution. After-



wards, they used them to assign a probability to each pixel instead of mere counting 
black and white ones. With this method they characterized the probability of the 
true line going through a particular pixel, which is close but not exactly our prob-
lem because they ignored the positional error of the line. Unfortunately, to the au-
thor’s best knowledge, this topic has been barely reported in the literature. 
The method used in this paper has some links to the ones used by Ondulo and Ka-
lande (2006) and Sengupta et al. (2016). They evaluated the discrepancies in terms 
of areas between the survey plan and the land parcel map considering its technical, 
legal and economic impact. They worked with aerial photographs from Kenya 
which were scanned, rectified, georreferenced and later projected in UTM using 
WGS 84, Ondulo and Kalande (2006) reported a parcel area discrepancy in some 
cases larger than 50%. For further analysis they filter out those cases which differ 
more than 20% from the recorded area value. They claim that the area accuracy can 
be improved if the planimetric accuracy of the land parcel map is less than 2 m. To 
achieve that, they suggest using as reference panchromatic images of 1 m resolution 
or multispectral images of 4 m resolution. They also reported that there is direct 
relation between the relative error of area and the area itself. 
Sengupta et al. (2016) also edited the position of the corners of the parcels in a 
legacy land parcel map using orthoimages as the reference. The corners were modi-
fied through an affine transformation taking into consideration the location of 10 to 
15 control points. In this case, the declared area value was not very accurate be-
cause it was computed from the survey map and not from the field data book. De-
spite the relative errors after the geometric transformation were almost always be-
low 2%, the errors before the transformation were not reported. 
Srinivas et al. (2012) built a brand-new land parcel map using an orthoimage at 
scale 1:10.000. They reported the resulting accuracy in terms of relative error of the 
parcel side length. The legacy and the new land parcel map have discrepancies in 
length of the order of 5%, but unfortunately, they did not mention the area. The 
relative error w.r.t. the image was of the order of 0.07%. 
In this paper we took into consideration the literature to assess the relative error of 
the legacy land parcel map. Also, we requested an expert opinion from professional 
surveyors regarding their accuracy expectations in terms of parcel area. In relatively 
modern survey maps, the field data is uploaded to the CAD and the area computa-
tion is performed there so the error is negligible. In older survey maps, the declared 
area was calculated directly from the field data book without considering the draw-
ings. The experts claim that the relative error of the area might be not more than a 
few per cents, well below the 5% limit stated at Resolución 24/996.  
Data and Methods 
The reference base used to edit the land parcel map both at suburban and rural areas 
was an orthoimage scale 1:25.000. The flight by the Uruguayan Air Force took 



place in 1987 over the Canelones county in lines parallel to the coastline. It covered 
a geological structure associated to a paleorelief with heights not exceeding 20 m, 
leading to a smooth and undulated geomorphology (Goso et al., 2017). Its pre-
Holocen and Holocen sediments give pace to valleys oriented NNW-SSE of fluvial 
cycles of the Solís Chico and Solís Grande rivers, used as East and West limits for 
the orthoimage (see Figure 1). The scanning process was performed to 15 micres in 
the Military Geographic Service (SGM) and the aerotriangulation was generated 
with the Trimble Inpho Match-AT (Aerial Frame Triangulation version 7.1.3) spe-
cifying a pixel size of 50 cm. After that, a Digital Terrain Model (comprising a 
Digital Elevation Model and a Digital Surface Model) was built using 26 control 
points. Then, a second field work campaign was performed gathering 24 new inde-
pendent control points and with them, the NSSDA (FGDC, 1998) planimetric accu-
racy was estimated as 3.2 m at the 95% confidence level. The parameters (accuracy 
and resolution) of this orthoimage are comparable to those of an ongoing national 
flight, which by contract requested images of 0.50 m resolution and 3.0 m planimet-
ric accuracy. 
The legacy land parcel map for the rural area has known geometric problems. Its 
accuracy was computed for some areas giving values of the order of 200 m (Faure 
Valbi et al., 2010; Barreto et al., 2010), 276 m (Barbieri y López-Vázquez, 2019) or 
even 136 m (López-Vázquez, 2014). Comprising nearly 250.000 parcels, only 36% 
of the survey plans has a declared area that differ less than 5% with the existing 
digital land parcel map. On the other side, nearly 15% has discrepancies larger than 
50%, differences that cannot be attributed only to graphical problems. From the 
national land parcel map, only those parcels completely included in the image were 
further considered. For each parcel the polygon’s area were evaluated before edition 
(Figure 2) and after edition (Figure 3), both using Arcgis 10.0. 
The legacy land parcel map was edited to match the apparent limits in the image 
through a manual process. Without independent information, we should estimate 
the planimetric accuracy of the final product to be of the order of the one of the 
orthoimage.  
Methodological Issues 
Both systematic and random errors are unavoidable while digitizing land parcel 
maps (Tong et al., 2005). We found some large outliers after analyzing pre and post 
edition relative area errors. Such disagreement might be related to an identification 
problem of the proper survey plan. Despite having the same parcel number it might 
have suffered some fusion/division that was not adequately recorded in the land 
parcel map, or a yet unexplained error while digitizing. In any case and for this 
work, such cases were removed from further consideration. 
It always should be kept in mind that we are building an apparent cadastre. During 
the edition stage, we found some issues associated to the visual interpretation of 



parcel limits (typically denoted by fences). In some cases, some fences do not indi-
cate a parcel limit but some internal ones, delimiting cattle area, different crops, etc. 
In others, no fences could be identified as the parcel limit. There might be a number 
of reasons for that. Neighboring parcels might have the same owner, so there is no 
need for a fence. For parcel with a river as natural boundaries either the fences 
might have been removed by a flood or probably never existed. Finally, we must 
mention the trivial case of some parcel fences that simply cannot be discerned in the 
image, due to the lack of contrast between textures, similar color or by rocky bed. 
In such cases, those parcels were removed from further analysis, because finding a 
solution might require a specialized effort that cannot be considered in this research. 

 

 
Figure 1. Location of the study area. The Canelones county is denoted in colour. The West 

and East limits of the panchromatic orthoimage are the rivers Solís Chico and 
Solís Grande. 

Source: Own elaboration 
 



Results 
The results have shown that, given the available images and the procedures fol-
lowed, we were able to diminish the overall discrepancy between the areas com-
puted from the land parcel map geometry and those declared by the surveyors in the 
survey plan. For the experiment we have considered nearly 9600 ha, being 80% of 
them rural parcels. Individual parcel areas range from 293 to 0.018 ha in rural areas 
and from 13.5 to 0.017 ha in urban areas. 
The probability density function of the relative errors of the area is a mix between a 
normal distribution and other with more extreme values. If we remove all those 
cases with an absolute relative error larger than 25% (a discrepancy which safely 
we can attribute to non-geometric problems) both the initial and final relative error 
distribution verifies the Kolmogorov test of normality with a 95% confidence level. 
The initial sample comprises 477 parcels, but only 399 survive the first filtering. 
After the last edition we had 415 cases (Figure 4). The parameters of the normal 
population for the initial land parcel map were -0.65% as bias and 11.24% for the 
standard deviation, while in the edited version they were -1.72% and 8.59% respec-
tively. The associated histograms are presented in Figure 5. 

 

 
 

Figure 2. Illustration of a part of the land parcel map before edition, with the image as back-
ground. Notice that there are displacements which easily exceed 200m. 

Source: Own elaboration  
 



 
 

Figure 3. Illustration of the resulting land parcel map after manual edition to fit the image. 
Source: Own elaboration  

 
 
 
 
 

 
Figure 4. Location of each parcels with extreme discrepancies in relative area error. In green 

we show those parcels which relative area error belongs to the interval [-
25%,+25%] and in red those with larger values. Non colored cases denoted par-
cels without enough information to perform the computations. 

Source: Own elaboration 
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Figure 5. Histogram of relative area errors before (top) and after (bottom) the edition (in %). 
Source: Own elaboration  
 
Discussion 
Before starting the research, we anticipated small differences between the legacy 
land parcel map parcel areas and those values declared in the survey plan. We also 
expected that such discrepancies could be drastically reduced after the edition. Both 
assumptions proved to be false. Some large discrepancies, exceeding 25%, forced 
us to remove some parcels from further analysis because it was assumed that the 
differences are not due to geometrical problems. We confirmed through the Kolmo-
gorov test at the 95% confidence level that the remaining relative errors belong to a 
normal distribution. We estimated the standard deviation before and after the edi-
tion, rendering values of 11.24% and 8.59% respectively. With such results at hand, 
we confirmed that, as intuition states, the relative error in area diminishes after the 
edition, but not in the expected amount.  
In the literature the geometric accuracy of a land parcel map is measured by its 
positional accuracy. In Uruguay, the regulations state that a new survey plan for an 
already existing parcel might differ from early values in no more than 5% in area, 
and up to 2% in lengths in order to be accepted by the DNC without further expla-
nation (Resolución 24/996). We thus can build a second accuracy metric to assess 
the improvements after the map edition. 



The planimetric accuracy of the image (according to FGDC, 1998) is of 3.2 m, 
slightly larger than the recommended value of Ondulo and Kalande (2006) which 
suggested 2 m. The pixel size of the image was 0.50 m, while Sengupta et al. (2006) 
used a similar orthoimage with pixel size 0.45 m. We might suspect that both the 
orthoimage accuracy and resolution might explain the remaining relative error of 
the parcel areas, but there is not enough information in the literature to confirm it. It 
is important to notice that the planimetric accuracy of the land parcel map was dras-
tically improved, decreasing from something of the order of 200 m down to 3.2 m. 
However, the accuracy in terms of area did not improve as much. 
Some authors claim that there might be other reasons to consider. The Apparent 
Cadastre, edited after interpretation of the orthoimage, only has planar coordinates 
X and Y because the height was dismissed. According to Rodríguez (2000) area 
computed from the field data book considers the terrain height and thus might not 
coincide with the former.  
Conclusions 
Most of the literature related with cadastral accuracy focuses on the planimetric 
error. In this work, however, we attempted to quantify the impact of a particular 
methodology, namely manual edition with interpretation of a background reference 
image, in terms of the relative error of the parcel area. After filtering out outliers, 
we confirmed that the initial relative error follows a normal distribution, with stan-
dard deviation 11.24%. Taking into consideration the uruguayan regulations, if the 
land parcel map was used as the reference, only 39.4% of the survey plans consid-
ered in our experiment will be admissible by the DNC. This result for a limited 
region is representative of the situation for the whole country, which accounts for 
36%. The workaround of using the apparent parcel limits inferred from the image 
was not as efficient as expected, just lowering the standard deviation of the result-
ing population from 11.24% to 8.59%. The number of parcels that verify the 5% 
criteria increased in turn to 49.7%. The planimetric accuracy was not measured 
independently of the image but was deemed to be drastically better than the legacy 
values (3.2 m vs. 200 m).  
There are a number of parcels that differ considerably from their geometric coun-
terpart, a difference that was not solved after the edition. Thus, in order to perform a 
Cadastral Upgrade Project, a first step must identify and solve through a careful 
analysis of the available documents by surveyors before going into the edition step. 
Finally, it should be mentioned that since the Decree 318/995 the surveyor must 
include in the survey plan a table with coordinates of every corner of the parcel in a 
local, orthogonal system. Although this is a good start point to improve the situation, 
it might not be enough. One possible improvement for the future could be that, 
aside of the polyester analog map already requested, the surveyor should provide a 
digital file with the parcel corners in absolute coordinates. In this way, it will be 



possible (and hopefully easier) to check parcel side lengths against the neighbors, as 
well as to check the area against earlier information, all during the admission proc-
ess of the survey map at DNC.  
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