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Abstract 
 
The paper brings a methodological contribution useful for supporting the development of predictive models of phenomena and 
human behaviours in the area of environmental protection with respect for history, geo-location, environment boundaries and 
considering further applications in defining corresponding stimulating policies by decision makers and management teams. It 
proposes a handy and easy-to-use technique of deriving spatial variables (e.g. aerial distances to a custom border and belonging or 
not to a chosen area) starting from real data including respondents’ residencies from a survey of Romanian students. The authors 
used Quantum Geographical Information System (QGIS) and a historical map for recreating the coordinates of this border  two 
programming languages and two categories of algorithms: first for computing a minimum aerial distance to this custom border 
based on Haversine (HAV) formula and a proposed Point to Points (P2P) approach compared with another one based on the 
Pythagorean Theorem with corrections depending on the average latitudes using both P2P and P2S (Point to Segments); second 
for finding the belonging to a chosen / defined area considering the corresponding polygon and the Crossing-Number (CN) 
approach of solving Point-in-Polygon (PIP) problems. Aerial distance scale derivations for statistical purposes, online query-able 
map examples for demonstrating the expected spatial alignment of the inputs based on this methodology and execution benchmarks 
for efficiency reasons have been also provided. 
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1. Introduction and literature review 
 

This study proposes a handy and useful 
technique involving minimum technical abilities, in 
the context of many existing methods for computing 
fields related to border proximity. 

Geography was probable the first discipline to 
study borders, one of the possible outcomes of initial 
border research being related to the justification of 
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territorial claims (Kolossov, 2005). However, 
researchers from various fields are now interested in 
studying borders for different problems: ecologists for 
finding the role of borders in determining the human 
impact upon ecosystems (Graybill, 2014); economists 
for discovering links between previous and current 
economic conditions and current and historical 
borders (Becker et al., 2015); cultural researchers for 
observing effects of migration, movement of people, 
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and the spread of cultural ideas; political and 
geographical ones for analysing them in a more 
interdisciplinary approach to observe changing 
societal power relations in terms of territoriality; 
anthropologists for finding different human patterns in 
relation to social categories such as ethnicity (Paasi, 
2009); linguists and others for studying people, places, 
objects, goods, ideas and experiences that exists in a 
particular space and time (Lünen and Travis, 2012). 
Borders are recognized as a complicated social 
phenomenon, one which influence fundamental basis 
of the organization of society and human psychology. 

Research on borders is also achieved using 
Historical Geographical Information Systems (HGIS), 
especially due to the informational capabilities they 
have. They can store attribute and spatial data related 
to any point that exist on Earth. This approach is not 
accepted by all researchers since it involves complex 
methodologies. These methodologies need a major 
time investment for being mastered by new 
researchers. Considering this problem, we have 
developed two more accessible categories of 
algorithms, which can be used by all investigators in 
performing research related to historical and current 
borders. Both are developed and implemented using a 
well-known data oriented Integrated Development 
Environment (IDE), namely Visual Basic for 
Applications (VBA) under Microsoft Excel: (1) the 
first one is built for the biaxial computation of the 
minimum aerial distance, from each pair of 
coordinates from a set of points to a border as a pre-
established or regenerated set of coordinates mainly 
based on the “half versed sine” (HAV) technique; (2) 
the second is useful for determining the belonging of 
each pair to a larger polygon, including the border as 
a polyline, based on the CN approach of the PIP 
problem. 

The paper validates the core hypothesis that for 
reasonable aerial distances to custom borders (up to 
hundreds of Kilometres, as resulting from our data) 
and detailed sets of coordinates generated for them, 
both the P2P and P2S approaches and also both the 
Haversine formula and the Pythagorean Theorem are 
appropriate to use and bring almost similar results. 
The results provided for both categories of algorithms 
are based on the case of the historical border between 
the former Romanian Kingdom and that part of 
Romania under the occupation of the long-gone 
Austro-Hungarian Empire (AHE). This former border 
existed more than one hundred years ago and divided 
Romania into two parts with a balanced coverage in 
the structure of all 3051 responses collected - a ratio 
of almost 8 to 7 in favour of the respondent’s 
residences belonging to the former AHE. Both 
categories of algorithms are proved as very intuitive, 
easy to use and understand and they deliver good 
results even with few processing resources. They can 
be further used to build interactive and query-able 
representations under the form of pushpin-based maps 
of corresponding coordinates and support studies 
focused on the influence of proximity. 

Border related research has evolved in the last 

years due to the appearance of advanced technologies 
and increased processing capabilities. In an 
investigation that analyses the historical perspective 
on border studies and mapping, Kolossov (Kolossov, 
2005) identifies multiple changes regarding border 
research paradigms and also the term of limology for 
the study of borders as an interdisciplinary field. 
Consequently, different specialists pursue different 
goals and the tools they are using are very diverse. 
More, the number of borders increased with the 
collapse of the Soviet Union, Yugoslavia and some 
other countries (Paasi, 2009) and multiple territorial 
changes continue to influence the international 
relations while the focus is no longer only on linear 
borders, but also on multiple theoretical borders 
influenced by world’s dynamics as structural changes. 

The global paradigm concerning border 
research is now more complex covering different 
aspects raised by the replacement of virtual lines with 
economic, cultural and other boundaries. Therefore, 
this paradigm may become a separate interdisciplinary 
field (Kolossov, 2005). Border research has evolved 
from the analysis of border as a barrier line to that of 
"borderlands" as a social construct, reflecting the 
pronounced phenomena of economic, social and 
cultural globalization (Arieli, 2016). Such elements 
are very stable, despite frequent changes of boundaries 
(Kolossov, 2006). Boundaries can also be regarded as 
diverging sets of contextual performances (Paasi, 
2005). 

The usage of GIS in border research has 
extended also in other fields. Two researchers 
(Gregory and Healey, 2007) observe that for historical 
geography. Although mapping is one key capability of 
GIS, they can also store a lot of data (text, images and 
movies) linked to coordinates on Earth and connect 
spatial (point, line or area) with attribute data 
(categories, ranks, counts, amounts, ratios etc.) to be 
used in multiple ways for mapping events and spatial 
analysis with different variables (Bailey and Schick, 
2009). Their growing sophistication allowed them to 
combine the modern computing power with the ability 
to integrate all three components of data: attribute, 
time and space (Gregory, 2002). Many European 
countries / regions created GIS tools for their changing 
administrative boundaries as first step to understand 
the spatial and temporal complexities of long-term 
socio-economic change (Gregory and Ell, 2006). 

The use of historical maps in GIS is 
challenging, as long as an increased level of accuracy 
is required (Levin et al., 2010). Some authors (Bailey 
and Schick, 2009) have performed a study that 
analyses GIS effectiveness in historical research and 
observed the same huge potential of GIS, which is able 
to expand spatial perspectives in other disciplines and 
incorporate the spatial visual insight. Others 
(McLeman et al., 2010) use a complex qualitative 
model based on GIS to analyse drought adaptation and 
migration impact in time. Some mentioned above 
(Lünen and Travis, 2012) provide evidence that the 
old GIS usage of spatial and attribute data for mainly 
quantitative research is surpassed by new 



 
A methodology for supporting exploratory research on the role of geo-location and boundaries in spatio-temporal and environmental studies 

 

 1211

developments in GIS-related science: spatial 
multimedia, GIS-enabled web services, geo-
visualization, cyber-geography, exploratory spatial 
data analysis, and virtual reality, all of them providing 
capabilities that exceed the abilities of GIS on its own. 
Stanev (Stanev, 2013) presents the impact that history 
and geography had on railway development in 
Balkans between 1870–2001 based on data from more 
than 60 statistical publications from 14 different states 
later incorporated within HGIS and grouped into 
different layers related to: population of towns and 
cities, main railways lines constructed and a 
geographical database that included all boundary 
changes that had taken place. Another author 
(Knowles, 2014) argues that HGIS is technically 
demanding for historians and few main-stream 
historians use GIS and HGIS. 

The pros identified in literature for HGIS are 
mainly related to their power to identify historical 
patterns and relationships that otherwise remain 
invisible and suitability for both quantitative and 
qualitative variables while the cons mainly refer to 
their rigidly structured database projects which could 
determine a limited use. 

From another perspective, namely the 
Environmental GIS (EGIS), according with Clifford 
et. al (2016), EGIS refers to the use of Geographic 
Information Systems in environmental science and 
management, one of the fundamental aspects of EGIS 
being to collect, analyse and create new layers with 
environmental data and test hypotheses in science. A 
good example of applying GIS principles and methods 
in environmental research is provided in a scientific 
paper (Buta et al., 2019) dedicated to assessing the 
spatial variability of the apparent electrical 
conductivity of saline soils. These authors also 
mention the spatial variability maps they generated by 
using a geo-statistical method. Another such example 
is available in a new scientific paper (Sestraș et al., 
2019a) dedicated to the presentation of a GIS based 
digitization for a fruit research station benefiting from 
the great advantage of a fully integrated land 
information system. The same authors above 
argument some benefits of using both statistical and 
GIS methods in environmental research through a 
study (Sestraș et al., 2019b) dedicated to assess the 
dynamic potential of a territory. In another research 
related with environmental issues, the authors 
(Houessou-Dossou et al., 2019) determined the return 
periods of major floods in a particular region using 
rainfall frequency analysis and a Participatory 
Geographic Information System (PGIS) as a tool able 
to collect data and support decision making in this 
particular field. More, Nishitateno and Burke (2020) 
assessed the role of registration restrictions in 
improving the quality of the urban air in Japan based 
on a major data source provided by the Environmental 
GIS and compiled by the National Institute for 
Environmental Studies (NIES) and analyses using 
Difference-in-Differences (DD method) statistical 
approach. 

Our paper empowers further studies regarding 

borders by providing simple ways of performing 
custom border definition, determination of belonging 
to resulting areas and calculations of aerial distances 
to it. These results and the entire method can be further 
used to analyse the impact of the closeness to a border 
on other variables (environmental, economic, cultural, 
political, etc.) and identify different boundaries and 
cross-boundary interactions. This paper provides to 
researchers in ecosystems, history, geography, 
economics, social sciences and humanities and many 
others, an accessible alternative of how GIS data can 
be used in different investigations. This way, it fills an 
already identified gap (Gregory and Healey, 2007), 
contributing to the increasing usage of GIS in 
historical and environmental geography and other 
fields. By improving accessibility to GIS through our 
simple algorithms, users will be capable of performing 
more research and increase their trust in related 
methods and tools. 
 
2. Material and methods 

 
We have started this study from a dataset as 

result of a survey designed considering the influence 
of the aforementioned historical border on today 
Romanian students’ various intentions and attitudes. 
One of those was that corresponding to a question 
asking about the clear intention (clear intent) to 
involve in actions concerning environmental 
protection and renewal in the near future. This 
question corresponds to a variable which could be 
analyzed depending on both the rest of the 
questionnaire items and afferent variables, acting as 
input ones, and the additional / external / derived ones, 
including those related with geo-location. The 
corresponding dataset we started from comprises 3051 
unique responses, obtained through a printed 
questionnaire distributed during the previous 
university year to students in economics, who studied 
at that time at Alexandru Ioan Cuza University of Iasi 
(UAIC), Babes-Bolyai University of Cluj-Napoca 
(UBB) and Lucian Blaga University of Sibiu (ULBS), 
and who came from different cities and villages, their 
residencies being wide spread over Romania 
(geographical positions are indicated in the next 
section - Fig. 5a). 

We paid respect to a set of scientific principles 
including: 1) the one of transparency and support for 
replication of results because of combining highly 
suggestive visual representations with online support 
as files containing all the data, source code and 
configurations we have used; 2) support for 
triangulation in research by paying respect to the use 
of multiple approaches and instruments to address the 
same scientific question and get similar results across 
different methods which are less likely to generate a 
false image regarding the specific purpose of the 
research investigation (Munafò and Smith, 2018); 3) 
support for interactivity by emphasizing many 
processing states in the same representation including 
all together tabular data and invoked fuctions in some 
cases and maps together with various filters and 
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numerical results in others (Plopeanu et al., 2018); 4) 
the well-known principle which states that a good 
picture paints a thousand words with examples starting 
from the impact of visual mining when building 
reporting solutions, or the one of distribution maps 
when assesing the statistical representativeness of 
different data samples. 

Our primary goal for this research was to setup 
a technique to determine whether students’ residencies 
belong to a selected historical area or not and, next, to 
determine the aerial distance to a related particular 
border. In another research, Plopeanu and Homocianu 
(2017) already demonstrated a simple way to 
automatically compute road distances from the full 
residences of each respondent (1400 cases) as short 
text blocks (e.g., “Pașcani, Iași, Romania” as 
city/town or village, county or district and country, 
stored in the column MD, from MD2 to MD1401) to 
a certain point of interest such as the city where a 
certain university centre is located (e.g. “Cluj-Napoca, 
Cluj, Romania” to store in a single cell such as ME$2), 
using the importXml powerful function from Google 
Sheets and an Application Programming Interface 
(API) from Google, namely Directions which belongs 
to the Google Maps Platform, 
e.g.=importXml(http://maps.googleapis.com/maps/ap
i/directions/xml?origin=“&MD2&”&destination=”
&ME$2&”&sensor=false&alternatives=false”,“//le
g/distance/value”)/1000. Consecutive auto fill, copy 
followed by paste special as values and sort options 
corresponding to the formula above and its results 
have been also used to ensure persistence and avoid 
duplicate requests and waiting times from Google 
servers for the same input. Moreover, in another 
research paper, Homocianu and Airinei (2017) 
improved a cloud-based generator of portable, auto-
guided and interactive virtual road routes, originally 
called GPS4GISVR - General Purpose System for 
Generating Interactive Street View Routes 
(Homocianu and Airinei, 2016). The results of using 
GPS4GISVR were in fact portable documents with a 
lot of pages (animation sensation at scroll in the 
presentation mode of most .pdf viewers), each having 
info about the current location (e.g. the nearest address 
in the form of city, street and street number and the 
road distance traveled up to the current point 
expressed in Km), a 2D map indicating the current 
point on the entire route (also highlighted) and a 3D 
image captured from and linked to the interactive 
Street View navigation mode of Google Maps. As 
technique, such 3D images have been extracted with 
respect for a simple rule, namely always look ahead 
and progressively enter curves in order to minimize 
the user’s loss of visual perspective mostly when 
meeting wide angle turns (e.g. a 90 degrees one). 

Our current general technique involves firstly 
to transform respondents’ residencies into 
corresponding pairs of coordinates, then regenerate a 
custom polygon (e.g. the one afferent to the historical 
area that previously belonged to the no longer existing 
selected area above, including the custom 
aforementioned historical border) also as pairs of 

coordinates, and finally derive at least two additional 
fields: first for determining if a given respondent’s 
location belongs or not to the interior of the resulting 
polygon (new generated dummy variable) and second 
for computing the aerial distance to the considered 
border as a custom polyline (new generated 
continuous variable to be further translated into a 
scale-based one). 

To automatically extract the precise 
coordinates of the respondents’ residencies, we have 
used the same aforementioned function (importXml) 
and another (API) from Google, namely Geocoding, 
also belonging to the same Google Maps Platform, e.g. 
=importXml(“http://maps.googleapis.com/maps/api/
geocode/xml?address=“&C2,“/GeocodeResponse//l
ocation”). The input cells being referenced (all 3051 
starting from C2) have been used to store the full 
residences for each respondent (the aforementioned 
format above as city / town / village, county / district 
and country). No API key was required at the moment 
of extracting these coordinates (Plopeanu et al., 2018). 

For regenerating the coordinates of this 
particular border as a polyline, we have used QGIS 
3.4.1 Madeira, together with the Geospatial Data 
Abstraction Library (GDAL) plugin for importing, 
calibrating and converting the historical raster map 
(image provided by the Ministry for Culture and 
Heritage from New Zealand, Map of the Kingdom of 
Romania in 1916, updated on August 28, 2014, 
https://nzhistory.govt.nz/media/photo/map-kingdom-
romania-1916) and the Open Street Maps plugin for 
handling geospatial data. To form a polygon that 
contains the part of Romania that belonged to the 
former AHE until one hundred years ago, we have 
added the coordinates corresponding to a part of the 
current Romania’s border (almost the entire Northern, 
North-Western and South-Western extremities of 
Romania - NNWSW) to the ones of the related 
historical border’s polyline. Those corresponding to 
the current Romania’s border were collected from an 
official source (Crăciunescu, “Polygon for the 
Romanian border”, updated in 2016, http://www.geo-
spatial.org/download/romania-seturi-vectoriale). 

Given the large computing power available 
today, and the critical need for intuitiveness and ease 
of understanding of the logic of any proposed 
implementation, by any researcher interested in spatial 
analysis, we have chosen to use VBA under Microsoft 
Excel for deriving those two additional fields. Excel is 
well-known as an easy-to-learn and user-friendly 
environment, while VBA is an IDE with increased 
capabilities to process worksheet data. The VBA’s 
usage offers many advantages related to Excel’s wider 
applications and well-known environment (Afzal et 
al., 2011). For a clear comparison with other IDEs, 
parallel speed tests were performed using 
implementations in C++ under Microsoft Visual 
Studio Ultimate (C++MVSU). 

Two categories of algorithms have been built 
to obtain the above-mentioned derived fields. For the 
first category, represented by computing the minimum 
aerial distances from given data points (respondents’ 
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location) to a border translated into the concept of 
complex polyline, we used HAV (van Brummelen, 
2012) - Eqs. (1-2) and the P2P measuring approach 
(points as the most atomic parts of the border’s 
polyline), with better results for polylines with a 
reasonable accuracy (e.g. at least 1/100 or from Km to 
Km for a polyline corresponding to a distance of 100 
Km). 
 

)2(sin*cos*cos)2(sinHAV 2
21

2   (1) 
 

)HAVsin(a*2*RdHVS       (2) 

 

where, HAV is the Haversine formula; HVSd  is the 
aerial distance computed with the HAV formula; R is 

the Earth’s Radius, R=6367 Km; 1 and 2  are the 
latitudes of the points 1 and 2 converted to Radians; 
  is the difference in latitudes:   = 2 - 1 ; 

represents the difference in longitude. 
Finally, we compared HAV’s results (P2P) with 

the ones resulting after using Pythagorean Theorem, 
and both P2P and P2S. The latter is actually a point to 
segments measuring approach. It considers segments 
as the smaller parts of border’s polyline. It has good 
results for both high and low accuracy polylines 
(Stojanovic and Stojanovic, 2014). This is mainly due 
to permanently aiming the calculation of aerial 
distance corresponding to the perpendicular 
(Kimberling, 2002) from a given point to the 
segment’s line - Eqs. (4,6), when this perpendicular 
intersects the current segment (intersection point 
belongs to segment’s interior / two acute angles at the 
bottom of the segment, where an angle is acute if an 
only if the squared opposite edge (Eq. 3), as provided 
by Daniel Zwillinger in 2012 is less than the sum of 
the remaining squared edges). When the condition 
above is not met (intersection point belongs to the 
outside of the segment / one obtuse angle at the bottom 
of one of the two segment’s extremes, where an angle 
is obtuse if and only if the squared opposite edge is 
greater than the sum of the remaining squared edges) 
the minimum of the two sides is considered - Eqs. (5-
6), as the minimum value of the two corresponding 
aerial distances from the respondents’s point to the 
segment’s extremes. In fact, this means that for an 
obtuse angle - C between π/2 and π (Eq. 3), the cosine 
is negative and consequently the squared opposite 
edge ( 2c ) becomes greater than the sum of the 
remaining squared edges ( 2a + 2b ) and vice versa. 
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where c, a, b are the edges of a triangle (they 
obviously represent positive values) and C is the angle 
opposite to the c edge (C<180 degrees or π as sum of 
those three angles in a triangle - Eq. 3); 

ppdcd  is the 

perpendicular distance; 
Pitagorad  is the distance 

computed by applying the Pythagorean Theorem and 
a correction depending on the average latitudes; Min 
stands for the function computing the minimum value 
of the two arguments; 1 indicates the respondents’ 
location point and both 2 and 3 indicate segment’s 
extreme points; 

ij  is the difference in latitudes 

between points i and j:  ij i -
j ; 

ij  is the 

difference in longitudes between points i and j:  ij

i -
j ; 

ij  is the average latitude of points i and j, 

namely 
2

ji
ij


  involved in computing the 

corrections depending on the latitudes using the cosine 
function and this average indicator as argument. 

When testing with Pythagorean Theorem (both 
P2P and P2S approaches), we have performed only the 
correction (L. McNish, “Latitude and Longitude”, 
updated on November 5, 2018, Calgary Centre of the 
Royal Astronomical Society of Canada (RASC), 
http://calgary.rasc.ca/latlong.htm) of the differences 
of longitudes with the cosine of the average latitude. 
The equations - Eqs. (1-2) behind HAV are used to 
calculate the distance between two points, not as a 
linear distance, but the shortest aerial distance on the 
surface of a sphere. Actually, HAV gives the great-
circle/orthodromic distances between two points on a 
sphere from their longitudes and latitudes, which are 
slightly different from the minimum distances as lines, 
especially for long distances (over the order of 
hundreds of Km). It assumes a spherical Earth and 
ignores ellipsoidal effects, but remains particularly 
well-conditioned for numerical computation even at 
small distances (Manzano-Agugliaro et al., 2013). 

The second category is dedicated to find out the 
belonging to the considered former area, with a direct 
connection with the concept of complex polygon. The 
CN technique applied to the PIP problem was 
considered as a special case of the CN of a graph, 
given the minimum number of edges crossings in any 
drawing of the graph in the plane (Buchheim et al., 
2008). The PIP problem is emphasized (Kumar and 
Bangi, 2018) as one of extreme importance in many 
fields, including geo-science or computational 
geometry. We formalized it below (Eq. 7) using the 
CN approach. 
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 , 
numberven ean  is i_nohen w ),outside/no(0

number  ddoan  is i_nohen w ),inside/yes(1
pip  

(7) 
 

where i no stands for the number of intersections for a 
ray or the number of times a ray starting from a point 
to be checked (P) crosses polygon’s boundary edges 
delimiting its inside and outside. 

Although it is considered a simple geometric 
problem, the need to find out whether a point is inside 
or outside a polygon is extremely useful and has 
received an increased attention during time. We have 
chosen the CN approach (Eq. 7) because it is usually 
faster. Other algorithms solving the same problem 
could encounter difficulties, like singularity 
conditions, the duration for completing these 
procedures usually taking very long time (Kumar and 
Bangi, 2018). 

To derive additional scale variables starting 
from both the distance to the border and the belonging 
to the area under investigation, we further used the 
built-in functions and operators. 

For highlighting the geographical distribution 
of original responses, both as they were initially, and 
separated considering distances to the reconstructed 
historical border, we have used an query-able pushpin-
based map of coordinates corresponding to 
respondents’ location of origin, using the Google 
Fusion Tables (GFT) experimental tool and following 
an interactivity-oriented approach. Because we aimed 
for more persistence in time, we also captured the 
entire functionality of this interactive map as a short 
demo (Homocianu, 2018). 
 
3. Results and discussion 

 
Our main prerequisite was to regenerate this 

former historical border, considering Romania’s 
nowadays map. We have used a historical map (Fig. 
1a) and a specialised GIS tool (QGIS 3.4.1 Madeira - 
Fig.1b) for retrieving the coordinates for many points 
indicated on the tool’s map. We aimed for a good 
accuracy due to statistical significance needs. 
Therefore, we have redrawn this border crossing 
Romania from North-East (Mihăileni) to South-West 
(Orșova), by creating 3192 pairs of coordinates, 
whereas the shortest road distance between these two 
points is 850 Km (e.g. www.distanta.ro/mihaileni-
botosani/ghimes/brasov/orsova). This means, on 
average, the generation of different coordinate pairs 
from 266 meters to 266 meters, and still a high 
accuracy for the custom area reconstruction. 

In the GIS tool, we have firstly calibrated the 
imported raster map (image - Fig.1a), using the GDAL 
Geo-reference module and the coordinates of six outer 
points available on this raster map (the centre of six 
foreign cities: Niš, Sofia, Debrecen, 
Czernowitz/Cernăuți, Kishinev/Chișinău and Varna, 
as provided by the search on 
www.openstreetmap.org). The transformation type 
chosen for the raster map was “Thin Plate Spline”, and 
the resampling method used was “Nearest neighbour”. 
Next, we added the Open Street Map Standard layer 
and we set the level of transparency of the imported 
map to 50%. When capturing the coordinates and 
editing the polyline (Fig. 1b), we ensured more 
accuracy by zooming-in inside the tool’s map. 

For the geographical coordinates of the 
NNWSW extremities of the current Romanian border, 
we have used public data (www.geo-spatial.org) as a 
filter on the polygon, corresponding to Romania’s 
country border, including only 12109 pairs of 
coordinates from Mihăileni (North-East) to Orșova 
(South-West). 
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a) 

 
b) 

Fig. 1. Using QGIS 3.4.1 Madeira to regenerate coordinates (.kml file) of the former border - main layers: (a) the scanned 
historical map of Romania and (b) the current Open Street Map 

 
To indicate whether students’ residencies 

belong to the former area under investigation (value of 
1) or not (0), a derived dummy field was introduced 
using the CN approach of the PIP problem (Fig. 3b). 
Because of our interest in studying the impact of the 
closeness to historical boundaries, another field was 
needed to store the minimum aerial distances from 
residence locations to the former historical border 
(polyline), using the HAV formula (Nordin, et al., 
2012) - Fig. 2b, and not the minimum road distances 
(many changes in the transportation infrastructure 
over decades) which are easy to extract using various 
APIs (e.g. Google Maps JavaScript API- The 
Geometry Library, 
https://developers.google.com/maps/documentation/j
avascript/geometry). 

To perform the actual computations using the 
Haversine technique (GetDistKM function in Fig. 2a 
and 2b), we have benefited from the biaxial design of 
spreadsheets: 

- 3192 pairs of coordinates for the historical 
border from the .kml file resulting from the GIS export 
(Fig.1b), initially copied as they are (columns) and 
then pasted using the transposition option (two rows, 
namely D1:DRW2); 

- 3051 pairs for respondents residencies 
(A4:B3054) extracted using the IMPORTXML 
function from Google Sheets; 

- a matrix of 9.738.792 cells (3192 * 3051), 
populated with values generated by invocations of the 
GetDistKM custom function (Fig. 2a - starting from 
D4); 

- a column (C4:C3054) populated with values 
generated by invocations of the MIN function (Fig. 
2b). 

For the calculation of minimum aerial 
distances, using the custom (GetDistKM - Fig. 2a and 
Fig. 2b) and the default (MIN) formula-based results 
in 9741843 cells (those 9.738.792 above in the matrix 
at the intersection of coordinates and those 3051 in 
column C for computing the minimum distance), we 
tested two hardware configurations. We used 
Windows 8.1 Pro-64 bit and Microsoft Office 2013 
Professional Plus 64-bit in the first configuration 
(https://erris.gov.ro/ccsirfc, Equipment’s section, 
Asus ROG G750JY laptop) and Windows 7 Pro-64 bit 
and Microsoft Office 2010 Professional Plus 64-bit in 
the second one (https://erris.gov.ro/ccsirfc, 
Equipment’s section, Acer Aspire One D255 laptop). 
 

 

 
a) 
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b) 

Fig. 2. Applying a custom function (GetDistKM) for computing (P2P approach) minimum aerial distances from respondents’ 
residencies to the historical border using the HAV formula: (a) actual use and (b) source code definition 

 

 
a) 
 

 
b) 

Fig. 3. Applying a custom function (DotInPoly) to test the belonging of a residence-PIP: (a) use and (b) source code definition 
 

The computation of the minimum aerial 
distances in VBA under Excel took 13.5 minutes in the 
first configuration and 40 minutes in the second one. 
The Excel file containing only the sheet dedicated for 
computing the minimum such distances and the source 
code with the function above has grown from 25.4 MB 
(one invocation of MIN and GetDistKM) to 102 MB 
(entire column of MIN and matrix of GetDistKM 

updated with the actual values). These long processing 
sessions are compensated by the advantages of further 
using Excel, which means above all more 
transparency and almost instant access to all resulting 
atomic values, in case of exceptions – e.g. the copy 
and paste special (values) option, followed by 
automatic searches for a certain value. In addition, the 
user will benefit at least from three other categories of 

Function GetDistKM(lat1Deg As Double, long1Deg As Double, lat2Deg As Double, long2Deg As Double) 
    Const Pi = 3.14159265358979 
    Const R = 6367  'AvgEarthSphereRadiusKM 
    Dim lat1Rad As Double 
    Dim long1Rad As Double 
    Dim lat2Rad As Double 
    Dim long2Rad As Double 
    Dim hvs As Double  'Half_versed_sine 
    Dim inv_hvs As Double 
    lat1Rad = (lat1Deg / 180) * Pi 
    long1Rad = (long1Deg / 180) * Pi 
    lat2Rad = (lat2Deg / 180) * Pi 
    long2Rad = (long2Deg / 180) * Pi 
    hvs = Sin((lat1Rad - lat2Rad) / 2) ^ 2 
    hvs = hvs + Cos(lat1Rad) * Cos(lat2Rad) * Sin((long1Rad - long2Rad) / 2) ^ 2 
    inv_hvs = 2 * Application.WorksheetFunction.Asin(Sqr(hvs)) 'Arcsin(X)=Atn(X/Sqr(-X*X+1)) 
    GetDistKM = Round(R * inv_hvs, 2) 
End Function 

Public Function DotInPoly(X As Double, Y As Double, Poly As Variant) As Variant 
  Dim dot As Long, HowManyCrossedEdges As Long, slope As Double, intercept As Double, P As Variant 
  P = Poly 
  For dot = LBound(P) To UBound(P) - 1 
    If P(dot, 1) > X Xor P(dot + 1, 1) > X Then 
      slope = (P(dot + 1, 2) - P(dot, 2)) / (P(dot + 1, 1) - P(dot, 1)) 
      intercept = (P(dot, 2) * P(dot + 1, 1) - P(dot, 1) * P(dot + 1, 2)) / (P(dot + 1, 1) - P(dot, 1)) 
      If slope * X + intercept > Y Then HowManyCrossedEdges = HowManyCrossedEdges + 1 
    End If 
  Next 
  DotInPoly = CBool(HowManyCrossedEdges Mod 2) 
End Function 
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advantages when using this environment: a large 
collection of default powerful functions for various 
purposes, rich formatting rules for cell values with 
intuitive visual feedback together with different type 
of charts and trend extraction possibilities and many 
add-ins for optimization, representation and data 
analysis purposes such as: Solver, Power View, Power 
Map, Power Query, Power Pivot, Data Mining and 
Analysis ToolPack for statistics. 

An additional test made using the first 
configuration and C++MVSU (source code in Fig. 4) 

instead of VBA under Excel, delivered better 
execution time (45 seconds). In this scenario, we have 
started from two text files for both respondents’ 
location and borders’ coordinates (two tab separated 
values for each record) and we saved the results (3051 
records with the minimum aerial distances) into a text 
file. However, the approach is more complicated and 
less intuitive mostly because it does not benefit from 
visual advantages and common user’s experience (e.g. 
VBA under Excel).

 

 
 

Fig. 4. Applying a similar custom C++ function to compute minimum aerial distances (Eq. 2 – Haversine) from respondents’ 
residences to the historical border (data in text files) 

#include "stdafx.h" 
#include <vector> 
#include <iostream> 
#include <fstream> 
#include <string> 
#include <math.h> 
#include <cmath>  
#define earthRadiusKm 6367.0 
#define pi 3.14159265358979 
using namespace std; 
double deg2rad(double deg) {return (deg * pi / 180);} 
double rad2deg(double rad) {return (rad * 180 / pi);} 
double GetDistKM(double lat1d, double lon1d, double lat2d, double lon2d) 
   {double lat1r, lon1r, lat2r, lon2r, u, v; 
     lat1r = deg2rad(lat1d); 
     lon1r = deg2rad(lon1d); 
     lat2r = deg2rad(lat2d); 
     lon2r = deg2rad(lon2d); 
     u = sin((lat2r - lat1r) / 2); 
     v = sin((lon2r - lon1r) / 2); 
     return 2.0 * earthRadiusKm * asin(sqrt(u * u + cos(lat1r) * cos(lat2r) * v * v));} 
int main() 
{int i = 1; 
 string Xr[3051]; 
 string Xb[3192]; 
 string x, y, d; 
 string Yr[3051]; 
 string Yb[3192]; 
 double min_d, atomic_d; 
 std::ifstream infile1r("D:/3051responses.txt"); 
 std::getline(infile1r, x, '\t'); 
 std::getline(infile1r, y, '\n'); 
 while (infile1r) 
 {Xr[i] = x; 
   Yr[i] = y; 
   std::getline(infile1r, x, '\t'); 
   std::getline(infile1r, y, '\n'); 
   i++;} 
 i = 1; 
 std::ifstream infile2b("D:/3192border.txt"); 
 std::getline(infile2b, x, '\t'); 
 std::getline(infile2b, y, '\n'); 
 while (infile2b) 
 {Xb[i] = x; 
   Yb[i] = y; 
   std::getline(infile2b, x, '\t'); 
   std::getline(infile2b, y, '\n'); 
   i++;} 
  ofstream  outfile3d; 
  outfile3d.open("D:/out.txt"); 
  for (int i = 1; i < 3052; i = i + 1) 
  {min_d = GetDistKM(atof(Xr[i].c_str()), atof(Yr[i].c_str()), atof(Xb[1].c_str()), atof(Yb[1].c_str())); 
   for (int k = 1; k < 3193; k = k + 1) 
   {atomic_d = GetDistKM(atof(Xr[i].c_str()), atof(Yr[i].c_str()), atof(Xb[k].c_str()), atof(Yb[k].c_str())); 
     if (atomic_d < min_d) {min_d = atomic_d;}} 
   outfile3d << to_string(min_d) << endl;} 
 outfile3d.close(); 
return 0;} 
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For computing the belonging of respondents’ 
residencies to this former area (inside the 
corresponding polygon – Figs. 3a and 5c), 15.301 
pairs of coordinates have been involved, including the 
regenerated historical border (3192 pairs) and the ones 
for the present NNWSW Romanian border. The 
calculations in VBA took 22 seconds in the first 
configuration and 3.5 minutes in the second one. The 
Excel file containing only the sheet dedicated for 
computing the belonging to the polygon and the 
source code of DotInPoly has grown from 484 KB 
(one invocation of DotInPoly) to 524 KB (entire 
column). 

In all tests with VBA under Excel, the latter 
seemed frozen, showing a progress of execution 
message in the status bar at the bottom of the window, 
namely “Calculating: (8/4 processors(s)): n %”. In 
Task Manager (Performance tab), the in-use memory 
did not exceed 4 GB (first configuration) and 1.9 GB 
(the second one). 

After storing the results as two separate 
columns (e.g. G for belonging and H for aerial 
distances if previously applying the ABS function to 
obtain an absolute value) in addition to the original 
dataset (3051 records), we can benefit from the use 
(e.g. in column I) of Excel’s intuitive functions to 
support analyses focused on scales from aerial 
distance intervals: e.g. =IF(G2=0,-
1,1)*IF(H2=0,0,1)*IF(H2<10,1,IF(H2<20,2,IF(H2<3
0,3,IF(H2<40,4,IF(H2<50,5,IF(H2<60,6,IF(H2<70,7,
IF(H2<80,8,9)))))))) in the cell referred as I2, for a 
symmetric resulting scale (from -9 to 9, with 0 for 
points on the border) and =I2+10 (in another cell – J2) 
for a scale comprising only positive values (from 1 to 
19, and 10 for points on the border). 

For representing the results (Fig. 5) obtained 
after applying the algorithms above (Fig. 2 and Fig. 3) 
in GFT, we started from a demo value (Fig. 5 – 50 Km) 
as an aerial distance threshold between respondent’s 
location and the historical border. To be able to 
visualise in GFT both the coordinates of the 
questionnaire responses (3051 pairs – Fig. 5a) and the 
ones of the polygon (15301 pairs – Figs. 5b, 5c and 
5d) in most scenarios, we have considered the 
following representation trade-off. In fact, we 
temporary extended the domain of those two 
generated fields by allocating the intermediate value 
of 0.5 (former_Habs_territ – only 0 and 1 for further 
statistical analysis) and the one of 50 Km 
(min_dist2fHt) for coordinates belonging to the 
polygon (former border plus the rest of the present 
Romania’s border: NNWSW). In the latter case, the 
indicated value in Km acted as left or right edge for 
our particular simulations and we reserved it with no 
doubt because it was not effectively obtained as it is 
(two-digit integer) when computing the minimum 
aerial distances. 

Although the visual feedback obtained when 
using GFT (Figs.5a-d) shows a good alignment of 
points for different representation criteria, the HAV-
based P2P aerial distance computation approach still 
has the main limitation of being sensitive to the 
number and precision of the coordinates extracted 
with the GIS tool for the custom borders’ polyline. 
Even with 3192 pairs extracted for this particular case 
we admit there is room for more points and better 
precision. This is the main reason we also included 
what we considered to be a better overall approach, 
namely P2S, less influenced by both categories of 
limitations above (quantitative and qualitative). 

 

 
a) 
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b) 
 

 
c) 
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d) 

Fig. 5. Geographic distribution of responses (all 3051) using the GFT online interactive tool (Homocianu, 2018) (Homocianu, 
2019): (a) all places; (b) dual band near the border with points both inside and outside the polygon and aerial  

distance to border, ad (in Km)<50; (c) inside and ad>=50; (d) outside and ad>=50 
 

The execution time measured when using VBA 
under Excel (first configuration) for P2P and P2S 
(both by following the Pythagoras theorem with 
corrections depending on the average latitudes – Fig. 
6b, lines 14-16) was comparable (almost 14 minutes 
in both cases) with the one when using HAV. In the 
case of P2S, we split the border’s polyline into 
segments connected by two points and performed 

simple computations depending on the type of triangle 
– Eqs. (3,6) and Fig. 6a, generated in combination with 
each respondent’s coordinates as already proposed by 
Stojanovic and Stojanovic (2014), who have already 
done valuable research based on an implementation 
that benefits from high parallel processing power 
using the Compute Unified Device Architecture 
(CUDA) from Nvidia. 

 

 
a) 
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b) 
 

 
c) 
 

 
d) 

Fig. 6. Alternative algorithm (Pythagoras theorem) with corrections depending on the latitudes (line10) to find minimum aerial 
distances: (a) use and (b) definition for P2S, when aiming for the perpendicular distance and (c) use and (d) definition for P2P  

 
Most of the differences in our results, 

synthesized in the COMP_RES.xlsx file (Homocianu, 
2020) as aerial distances in Km computed using all 
three approaches described in Figs. 2 and 6 were 
negligible, suggesting that any of the presented 
methods and even a mixture of them are suitable when 
dealing with custom borders defined with high 
precision and reasonable distances from given data 

points (e.g. residences from questionnaire responses) 
to them. Consequently, the core hypothesis of this 
study is validated. The .xlsm (macro-enabled Excel) 
files hosting both the VBA source code and the geo-
location data used in this methodological research 
paper are available inside two .zip archives at the same 
location above (Homocianu, 2020) to serve for further 
investigations and studies in the light of the attention 

Function GetDistKM2ND(la1D As Double, lo1D As Double, la2D As Double, lo2D As Double, la3D As Double, lo3D As Double) 
    Const Pi = 3.14159265358979 
    Const R = 6367 
    Dim d, dxy21, dxy31, dxy32, dx21, dx31, dx32, dy21, dy31, dy32, la1R, lo1R, la2R, lo2R, la3R, lo3R As Double 
    la1R = (la1D / 180) * Pi 
    lo1R = (lo1D / 180) * Pi 
    la2R = (la2D / 180) * Pi 
    lo2R = (lo2D / 180) * Pi 
    la3R = (la3D / 180) * Pi 
    lo3R = (lo3D / 180) * Pi 
    dx21 = (la2R - la1R) * R 
    dx31 = (la3R - la1R) * R 
    dx32 = (la3R - la2R) * R 
    dy21 = (lo2R - lo1R) * R * Cos((la2R + la1R) / 2) 
    dy31 = (lo3R - lo1R) * R * Cos((la3R + la1R) / 2) 
    dy32 = (lo3R - lo2R) * R * Cos((la3R + la2R) / 2) 
    dxy21 = Sqr(dx21 * dx21 + dy21 * dy21) 
    dxy31 = Sqr(dx31 * dx31 + dy31 * dy31) 
    dxy32 = Sqr(dx32 * dx32 + dy32 * dy32) 
    If (dxy21 * dxy21 < dxy32 * dxy32 + dxy31 * dxy31) And (dxy31 * dxy31 < dxy32 * dxy32 + dxy21 * dxy21) Then 
    GetDistKM2ND = Round(Abs(dx32 * dy21 - dx21 * dy32) / dxy32, 2) 
    Else 
    GetDistKM2ND = Round(Application.WorksheetFunction.Min(dxy31, dxy21), 2) 
    End If 
End Function 

Function GetDistKM3P(la1D As Double, lo1D As Double, la2D As Double, lo2D As Double) 
    Const Pi = 3.14159265358979 
    Const R = 6367 
    Dim d, dxy21, dx21, dy21, la1R, lo1R, la2R, lo2R As Double 
    la1R = (la1D / 180) * Pi 
    lo1R = (lo1D / 180) * Pi 
    la2R = (la2D / 180) * Pi 

lo2R = (lo2D / 180) * Pi 
    dx21 = (la2R - la1R) * R 
    dy21 = (lo2R - lo1R) * R * Cos((la2R + la1R) / 2) 
    dxy21 = Sqr(dx21 * dx21 + dy21 * dy21) 
    GetDistKM3P = Round(dxy21, 2) 
End Function 
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paid to the aforementioned scientific principle of 
transparency and support for replication. 

 
4. Conclusions 

 
We have used Microsoft Excel as a user-

friendly data-oriented tabular environment, as well as 
simple definitions of custom functions under VBA, for 
developing an intuitive technique suitable for deriving 
basic spatial data required for historical and 
environmental border-related research. 

Two categories of algorithms were 
successfully implemented. The first one was used for 
the biaxial computation of minimum aerial distances 
from each pair of coordinates from a set to a custom 
border, for which we also provided a way of 
regenerating the geographical coordinates. Alternative 
approaches have been also provided with negligible 
differences in terms of generated distances and 
processing time required. Therefore, the core 
hypothesis of this study is validated, both the P2P and 
P2S approaches being appropriate for computing 
distances to custom borders, with the condition of 
reasonable such distances (up to hundreds of 
Kilometres) and detailed sets of coordinates generated 
when reconstructing them. More, similar results have 
been obtained by taking into account the consecrated 
Haversine formula and the Pythagorean Theorem. 

The second category of algorithms was used to 
identify the belonging of each pair of coordinates to a 
particular area (polygon), including the regenerated 
custom border (polyline). These algorithms have been 
also tested using different hardware configurations 
and IDEs. 

Additionally, we have also provided aerial 
distance scale derivations for statistical analysis 
purposes, examples of representations using on-line 
interactive and query-able maps of coordinates for 
proving the appropriate spatial alignment of the inputs 
based on the entire methodology, together with 
computation benchmarks useful in terms of efficiency. 

This study demonstrates the effectiveness of 
using spreadsheets and user-friendly programming 
languages in border related research and improves the 
access of researchers to GIS, HGIS and EGIS related 
computation. 

Furthermore, we included and scientifically 
described technical details regarding three additional 
techniques dedicated to automatically extract the 
precise pairs of coordinates of the respondents’ 
residencies, easily compute the road distances from 
such pairs to the ones of a certain point of interest and 
generating portable, auto-guided and interactive 
virtual road routes using different Google APIs. 

In extenso, the entire methodology presented in 
this paper could be used in many other fields which 
deal with exploring and identifying consistent 
influences and patterns. Hence, we consider this 
methodological contribution useful for 
interdisciplinary studies about environmental 
management, engineering and applications of 

advanced tools and techniques when analyzing 
complex phenomena. 
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