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1. Introduction

According to the last survey
conducted in 2016 (Smiraglia and 
Diolaiuti, 2015), 903 glaciers are 
present on the Italian territory, 
mainly along the Alpine arc, except 
for the Calderone Glacier, located 
in Abruzzo, with a total surface 
area of 368 km2. They are cha-
racterized by different sizes, eleva-
tion, slope and exposure, and also 
by different geology and feeding 
methods.

Glaciers are exploited for nu-
merous human activities, both 
indirectly, through water supply, 
reservoir feeding and irrigation, 
and directly, through sports-re-
creational activities and tourism. 
Therefore, glaciers are a resource 
to be conserved and protected.

Italian glaciers began to melt 
due to natural causes in the second 
half of the 19th century, at the end 
of the “Little Ice Age” (Lamb, 1972; 

Mann, 2003; Carturan et al., 2016). 
Over the last century, and in parti-
cular from the 1980s, the melting 
rate has increased significantly, 
mainly due to global warming cau-
sed by the enormous emissions of 
greenhouse gases. Also, the glacier 
darkening (Fugazza et al., 2019), 
caused by the deposit of polluting 
dark particles carried by the atmo-
sphere on the surface of glaciers, 
and the formation of unicellular 
reddish algae Ancylonema norden-
skioeldii (Di Mauro et al., 2020) in-
creased the melting. In fact, both 
these two factors reduce the albe-
do of the frozen surface, increasing 
the absorbed solar radiation and, 
therefore, accelerating its melting.

The quantification of melting 
over time has been described in 
Glaciers Inventories. The first Ita-
lian one, compiled by the Italian 
Glaciological Committee (CGI), 
was published in 1959-1962 (CNR 
and CGI, 1962). Thereafter, the 

World Glacier Inventory (WGI) 
was published in 1989 (Haeber-
li et al., 1989), with full details at 
the dedicated web page hosted by 
the World Glacier Monitoring Ser-
vice. The Italian data entered in 
the WGI derived from aerial pho-
to analysis, but in some cases the 
used images proved to be affected 
by a not negligible snow coverage. 
Anyway, a decrease in glacier area 
was observed between the CGI 
and the WGI inventories (Ajassa 
et al., 1997; Diolaiuti et al., 2012).

In 2016, a new Italian Glacier In-
ventory was published (Smiraglia 
and Diolaiuti, 2016), exploiting hi-
gh-quality and high-resolution or-
thophotos derived by flights betwe-
en 1999 and 2011. Orthophotos 
were characterized by low or absent 
cloud coverage and were acquired 
in late summer, when glaciers 
show minimum snow cover and, 
therefore, their boundaries appe-
ar clearer and are more detectable. 
Few exceptions occur in case of 
debris covered glaciers (Smiraglia 
and Diolaiuti, 2011), making more 
difficult and uncertain to detect 
and map the glacier outlines. Or-
thophotos planimetric resolution 
varies between 0.5 and 1 m, the 
planimetric accuracy stated by the 
manufacturers varies between 1 m 
and 2 m, depending on the perfor-
med flight (Smiraglia and Diolaiu-
ti, 2016). Instead, the planimetric 
accuracy of the oldest data (1958-
1989) was estimated equal to 5 m 
(Ajassa et al., 1997).
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The present research aims to 
contribute to the understanding 
of the dynamics governing glacier 
melting as a function of different 
glacier types and geomorpholo-
gical parameters, analysed in GIS 
environment.

Thirteen glacial systems were 
chosen to represent the different 
features and including the most 
significant and particularly inte-
resting ones (red dots in Fig. 1). 
Automatic image classification 
was applied to the orthophotos of 
such glaciers, so to evaluate their 
spatial variation over time. Mo-
reover, on-site inspections were 
carried out to identify portions 
of the glacier covered by debris, 
hence not identifiable by image 
classification, as well as any pecu-
liarities and boundary conditions. 
Then, the results of image classi-
fication were integrated with the 
data already present in the CGI 
(1959-1962) inventory, in the 
WGI and in the New Italian Gla-
cier Inventory (2016), to highli-
ght the amount of glaciers area 
reductions. Hence, the influence 
of geomorphological parameters 
and boundary conditions were in-
vestigated. In order to assess the 
influence of some parameters, the 
morphological analysis was ex-
tended to 15 additional glaciers 
(orange dots in Fig. 1). Conclu-
sions summarize the results and 
mention criticalities, that can oc-
cur both in the short term in form 
of sudden events, and in the long 
term, as a result of a trend that has 
persisted for many years.

2. Analysis of the
phenomenon in GIS
environment

The workflow in GIS environ-
ment can be divided into two pha-
ses. The first one consisted in the 
automatic classification of the ae-

rial photos for the identification of 
glacier mass boundaries. Possible 
classification errors highlighted 
by on-site inspections were cor-
rected before calculating the gla-
cial surfaces and evaluating their 
temporal evolution. In the second 
phase, the average morphological 
characteristics of each glacier, such 
as elevation, slope and exposure, 
were extracted from the available 
Digital Terrain Models (DTMs) 
and then analysed, together with 
site-specific features, in order to 
highlight correlations between 
each parameter and the melting 
intensity.

Supervised classification of the 
images was performed using the 
Sequential Maximum A Posterio-
ri (SMAP) algorithm (Bouman and 
Shapiro, 1992 and 1994) in the 
Free and Open-Source software 
GRASS GIS. SMAP exploits the 
fact that nearby pixels in an image 
are likely to have the same class. 
The algorithm works by segmen-
ting the image at various scales or 
resolutions and using the coarse 
scale segmentations to guide the 
finer scale segmentations. This 

allows SMAP to produce segmen-
tations with connected regions 
larger than a fixed class, reducing 
the number of classification er-
rors. This is particularly useful in 
the present case, where it is not 
necessary to identify individual 
objects.

The classes are defined by the 
operator thanks to a training map, 
from which the spectral signatu-
res are extracted. A spectral class 
Gaussian mixture distribution 
model improves the segmentation 
performance by modelling each in-
formation class as a probabilistic 
mixture with a variety of subclas-
ses, identified by clustering.

In the present research, no more 
than three or four classes were in-
dicated by the operator in the trai-
ning maps, depending on each site: 
glacier and rocky area are always 
present, sometimes also lakes, ve-
getations or shadows (Figure 2).

Then, the spectral average values 
and the variance and covariance 
matrix relative to the three visi-
ble spectral bands (red, green and 
blue), calculated for each class and 
the relative subclasses, were used 

Fig. 1 – Geographical position of the Italian glaciers (in blue). The 13 ones analysed by 
image classification (red points): 1) Goletta; 2) Grivola; 3) Trajo; 4) Rutor; 5) Planpincieux; 
6) Vofrede; 7) Mont Blanc du Creton; 8) Tzere; 9) Adamello; 10) Presena; 11) Fradusta; 12)
Marmolada; 13) Calderone. The 15 ones analysed from the morphological point of view
(orange points): 1) Clapier; 2) Vallanta; 3) Galambra; 4) Vallonetto; 5) Bard; 6) Carro; 7) Gran 
Tournalin; 8) Camposecco; 9) Trobio; 10) Sissone; 11) Occidentale di Val Viola; 12) Forà; 13)
Corni di Venezia; 14) Occidentale del Sorapis; 15) Occidentale Canin.



12 Aprile 2021

environment

by SMAP algorithm to classify the 
images. If necessary, the results of 
the classification were corrected 
manually, either to insert areas 
covered by debris inside the gla-
cial boundary that were classified 
as rocks, and to exclude areas co-
vered by snow that had fallen into 
the class of glacial masses. Hence, 
the surface extension of the glacial 
apparatuses was computed and 
compared with previous measu-
rements coming from the Glaciers 
Inventories (Smiraglia and Diola-
iuti, 2016; CNR and CGI, 1962; 
Haeberli et al., 1989), to evaluate 
the spatial variation over time (Fig. 
3). Figure 4 shows images demon-
strating the spatial reduction of 
Goletta Glacier, taken as example.

During the second phase of the 
GIS analysis, the average or cha-
racteristic values of different para-
meters and boundary conditions 

influencing the melting process 
were identified for each site by 

analysing technical and thematic 
cartography. From the Digital Ter-

Fig. 2 – Training areas for supervised classification (on the left), related to the Goletta Glacier in 2012: glacier (green), rocky area (dark 
green) and lake (brown). Classified map of the Goletta Glacier (on the right): glacier (dark blue), rocks (light blue) and lake (yellow).

Fig. 3 – Boundaries of the Goletta Glacier in 1999 (green) and in 2012 (red), identified by image classification (on the left). Trend of the 
spatial variation over time (on the right) coming from the Glaciers Inventories (blue) and the present elaboration (red).

Fig. 4 – Goletta Glacier in 1998 (above) and in 2019 (below).
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rain Model (DTM) of each site, the 
slope and aspect maps of glaciers 
were created, from which average 
values were extracted for compa-
rison over time, to study if and 
how the melting rate is related to 
the inclination and exposure of the 
glacier masses. To assess the in-
fluence of geographic location on 
Italian glaciers, 15 glacial appara-
tuses were identified, 8 belonging 
to the western sector and 7 to the 
eastern sector, having comparable 

characteristics in terms of size, 
exposure and average altitude. In 
the following section the influence 
of such parameters is analysed.

3. Results

Glaciers exhibit very different 
area variations (Tab. 1), due to 
their different morphology and 
boundary conditions. Ten of the 

thirteen glacial systems, analysed 
by automatic image classification, 
have undergone areal reductions: 
on average, the relative surface 
loss was 37.1% between 1958 and 
2016.

The glaciers that underwent 
the greatest relative reductions 
between 1954 and the last decade 
were the Fradusta (-93.8%), Tzere 
(-81%), Presena (-68.3%), Vofrede 
(-62.9%) and Calderone (-51.9%) 
Glaciers. Instead, Planpincieux 

Tab. 1 – Percentage variation of the analysed glaciers compared to 1958: values derived by the present work (in bold) and by the Glacier 
Inventories. Surface compared to 1958 [%].

Glacier 1958 1964 1973 1980 1982 1994 1999 2000 2006 2007 2009 2011 2012 2015 2016

Goletta 100 - - 100 - - 79.6 - - - 72.5 - 65.4 - -

Grivola 100 - - 129.2 - - 124.3 - - - 97.9 - 104.6 - -

Trajo 100 - - 111.7 - - 105.5 - - - 100.5 - 101 - -

Rutor 100 - - - - - - 93.9 - - 88.6 - - - -

Planpincieux 100 - - - - - 95.7 - - - 93.9 - 77.4 - -

Vofrede 100 - - 74.2 - - - - 51.6 - 41.3 - - - 37.1

Mont Blanc 100 - - 160 - - - - 80 - 114 - - - 114

Tzere 100 - - - - - 50.6 - 34.6 - - - 25.5 - 19

Adamello 100 - - - - - - - - 74.3 - - - - -

Presena 100 - 95.1 - - 65.9 - - 39 - - - - 31.7 -

Fradusta 100 - 55.4 - - 30.8 - - 15.4 - - 10.8 - 6.2 -

Marmolada 100 95.4 - - 78.2 - - 67.5 55.6 - - 50.2 - - -

Calderone 100 - - 83.3 - - - - - 66.7 - - - 48.1 -

Fig.  5 – Influence of glacier initial area on melting: glaciers with initial area > 1 km2 (continuous line) and with initial area < 1 km2 (broken line).
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and Rutor Glaciers have under-
gone minor surface reductions, 
–22.6% and –11.4%, respectively.
Finally, some apparatuses show
slight positive areal variations,
such as the Trajo (+ 1.0%), Grivola
(+ 4.6%) and Mont Blanc du Cre-
ton (+ 14.0%) Glaciers.

From the dimensional point of 
view, smaller glaciers, with an ini-
tial area lower than 1 km2 (broken 

line in Fig. 5), had on average a hi-
gher percentage areal variation.

A similar behavior was observed 
on glaciers located at mean altitu-
des below 3000 m (broken line in 
Fig. 6). Note that the Fradusta gla-
cier, characterized by initial area 
lower than 1 km2 and a mean al-
titude below 3000 m, underwent 
the greatest areal reduction and it 
is now close to disappear.

The analysis of minimum and 
maximum elevation of each glacier 
highlights that minimum glacier 
elevations increased on average 
from 1958 to the recent years, due 
to increased melting of the lower 
elevations (Fig. 7). On the other 
hand, there is no trend in the ma-
ximum elevations, as they are in-
fluenced by other factors.

Higher melting rates was also 

Tab. 2 – Geographical differences of 15 glaciers belonging to different Alpine sectors.

Glacier Geographical location Average height [m] Exposure 1958 area [km2] 2006 area [km2] Residual area [%]

Clapier Piemonte, Valle Gesso 2775 north 0.3 0.04 13.3

Vallanta Piemonte, Monviso 2925 north-west 0.15 0.06 40

Galambra Piemonte, Val di Susa 2950 north-west 0.5 extinct 0

Vallonetto Piemonte, Val di Susa 3050 north-west 0.14 extinct 0

Bard Piemonte, Val di Susa 3050 north-west 0.41 extinct 0

Carro Piemonte, Valle Orco 2769 north 0.34 0.18 52.9

Gran Tournalin Valle d’Aosta, Valtournanche 3075 north-west 0.12 extinct 0

Camposecco Piemonte, Valle Antrona 2890 north-east 0.3 extinct 0

Trobio Lombardia, Val Seriana 2614 north-west 0.19 0.09 47.4

Sissone Lombardia, Val Marenco 2878 east 0.6 0.54 90

Occ. Di Val Viola Lombardia, Val Viola 2970 north 0.19 0.1 52.6

Forà Lombardia, Val Zebrù 2980 north 0.5 0.45 90

Corni di Venezia Trentino, Val di Bon 2636 north-east 0.32 0.17 53.1

Occ. Del Sorapis Veneto, Dolomiti 2538 north 0.25 0.18 72

Occ. Canin Friuli, Alpi Giulie 2387 north 0.09 0.06 66.7

Fig.  6 – Influence of glacier elevation on melting: glaciers located at altitude > 3000 m (continuous line) and at altitude < 3000 m (broken line).
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observed in those glaciers which 
are geographically located along 
the western Alpine sector (Fig. 1 
and Tab. 2). This could be related 
to the lower snowfall rate during 
the winter season in the western 
sector with respect to the easter 
one. Hence, glaciers in the western 
sector have less supply and less 
protection from solar radiation 
during the summer months.

Furthermore, the highest mel-
ting rate was found in south-facing 
glacial systems, as Tzere and Vofre-

de Glaciers, due to the higher solar 
radiation reaching these surfaces. 
This aspect is particularly relevant 
in the Valle d’Aosta region, where 
many glacial systems exposed to 
the south are present, due to the 
orographic conformation and the 
high altitudes.

In terms of feeding, glaciers can 
be divided into three types (Fig. 8):
- 	�glaciers that are fed exclusively

by snowfall;
- 	�glaciers that receive additional

input from adjacent slopes (in

the form of snowmelt dischar-
ge) or from upstream glacier 
mass flow;

- 	�glaciers that once belonged to
the former type, but now are
separated from the main glacial
mass and no longer receive the-
se additional contributions.
On average, the glacial masses

belonging to the third type have 
the greatest area reductions, while 
those belonging to the second type 
have the lowest area losses because 
summer melting is partially com-

Fig. 7 – Minimum (blue and orange) and maximum (green and red) glaciers elevation [m] in 1958 and 2016, respectively.

Fig. 8 – Examples of glaciers with different feedings systems: the Goletta Glacier (left) is fed exclusively by snowfall because it is located 
on a plateau; Planpincieux Glacier (center) is fed by snow discharges from the adjacent steep slopes; the lower Fradusta Glacier (right) 
was detached from the upper portion that no longer feds it.
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pensated for by additional snow 
contributions (Fig. 9).

Another important parameter 
that influences the melting rate 
is the coverage of glaciers with 
snow or debris. The snow cover 
was analysed on the basis of snow 
measuring stations, and the de-
bris cover by means of on-site in-
spections.

With regard to snow cover, the 
thicker it is, the more protection 
it gives to the underlying glacier 
during summer. The greatest co-
verage was recorded along the ea-
stern Alpine sector and in glaciers 

located at the base of steep slopes, 
from which they received snow 
drifts. Concerning debris cover, a 
double effect was found, depen-
ding on its thickness:
- 	�in case of a moderately thick de-

bris cover, e.g., Fradusta Glacier
(Figs. 10-11), the underlying
glacier experienced higher melt
rates because the thin debris
layer is unable to protect the
glacier from solar radiation, and 
also causes a reduction in the
albedo factor with a consequent
increase in absorbed radiation;

- 	�in presence of considerable de-

bris cover, as in Calderone Gla-
cier (Figs. 10-11), the melting 
rate was lower, because the de-
bris protected the underlying 
glacier from solar radiation.
The geological composition of 

the bedrock was also a significant 
parameter in defining the melting 
dynamics. In case of a dark-colou-
red bedrock, e.g., Vofrede Glacier 
(Fig. 12), the glacier experienced 
higher melt rates due to the low 
albedo values of the surrounding 
rock and the consequent higher 
amounts of absorbed radiation, 
causing an increase in tempera-
ture. Instead, the light-coloured 
bedrock produces higher albedo, 
hence lower surface temperatures 
of the surrounding rock and less 
glacier melting, as in Mont Blanc 
du Creton Glacier (Fig. 12).

4. Conclusions

Italian glaciers are undergoing a
significant areal reduction, caused 
not only by a natural trend, but 

Fig. 9 – Influence of feeding differences on areal reduction: glaciers that feed exclusively with snowfall (broken line), glaciers that also 
receive snow discharges from the surrounding slopes (continuous line), fragmented glaciers that were once also fed by discharges from 
the surrounding slopes (dotted line).

Fig. 10 – Debris covering differences: modest debris cover of Fradusta Glacier (dark blue) 
and considerable debris cover of , while Calderone Glacier (light blue).
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also by the global warming and the 
darkening of their surfaces.

Supervised contextual classi-
fication of aerial images showed 
that ten of the thirteen analysed 
glacier systems experienced areal 
reductions, and the relative area 
lost between 1958 and 2007-2016 
was 37.2% on average.

In addition, a GIS analysis of 
the main characteristics of Italian 
glaciers showed a greater tendency 
to melt in glaciers smaller than 1 
km2, located in the Western Alps, 
at low to medium altitudes, facing 
south. Moreover, the lack of fee-
ding from the surrounding slopes 
and from glacial masses located at 
higher altitudes, the lack of snow 
cover or thick debris during the 

summer season and a dark geolo-
gical bedrock increase the pheno-
menon.

The general trend of glacier 
melting is generating several cri-
ticalities on the territory and on 
numerous anthropogenic activi-
ties (born in the past thanks to the 
presence of glacial systems), that 
will become increasingly marked if 
this trend is not halted. Criticality 
can occur both in the short term, 
in the form of sudden events, and 
in the long term, as a result of a 
trend that has persisted for many 
years. They can affect areas close to 
glaciers as well as those far away 
but in the same drainage basin. 
The repercussions on the territory 
in the short term were of greater 

intensity but easier to manage and 
control, also thanks to geomatics 
monitoring techniques. On the 
contrary, the criticalities linked 
to long-term trends are more 
complex to manage and more im-
pacting from a socio-economic and 
environmental point of view.

Short-term criticalities include 
glacial mass detachments, rock 
fall from slopes, in the form of 
rockfall or debris flow, depending 
on the type of material and the 
degree of fracturing of the rock. 
In addition, the formation of epi-
glacial and subglacial lakes is very 
dangerous for the possible rupture 
of their glacial perimeter and the 
generation of a massive flood wave 
towards the valley.

Long-term trends may genera-
te water scarcity in the summer 
months, an increase in solid tran-
sport due to the release of sedi-
ments present in the solid matrix 
of the glacier with the consequent 
silting up of water courses and 
reservoirs (Lindsey and Comiti, 
2019), the progressive disappea-
rance of the summer ski area and 
the reduction of the landscape 
and environmental value. In order 
to avoid these problems, at least in 
part, a better management of wa-
ter resources will be increasingly 

Fig. 11 – Lower portion of Fradusta Glacier (left) covered by a modest debris layer and Calderone Glacier (right) covered by a conside-
rable debris layer.

Fig. 12 – Geological differences in the bedrock: Vofrede Glacier (yellow line) is located on a 
bedrock consisting of dark-coloured paragneiss, Mont Blanc du Creton Glacier (blue line) is 
located on bedrock consisting of light-coloured marbles, dolomitic marbles and dolomites.
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important to maintain the current 
economic and social models even 
when there is less water. To achie-
ve this goal, structural and mana-
gement measures will be needed 
on reservoirs, on the urban water 
network, with the modernisation 
of existing networks, and in agri-
culture, with the use of innovative 
techniques that allow less water to 
be wasted.

Finally, a solution to prevent the 
rapid melting of limited areas of 
glacier of high economic and land-
scape value consists in the use of 
geotextile sheets of white non-wo-
ven material (mainly polypropyle-
ne and polyester) placed over the 
ice surface (Senese et al., 2014). 
This solution allows to increase 
the albedo of the surface, and the-
refore to reduce its surface tempe-
rature and, consequently, the mel-
ting rate of the glacier during the 
summer months. Among the first 
examples of this application, there 
are portions of the Presena Glacier 
in Italy, covered to preserve the ski 
slope below, and portions of the 
Rhone Glacier in Switzerland, to 
safeguard the ice caves present in 
its terminal portion.
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1. Introduction

The current state of provision
of the territory of Ukraine with 
topographic maps of the entire 
scale is characterized as critical 
because the works on the natio-
nal topographic mapping of the 
entire country have not been car-
ried out for a long time (Karpin-
skyi & Lazorenko-Hevel, 2018; 
Karpinskyi and Lazorenko-Hevel, 
2020a, 2020b). Adoption of the 
Law of Ukraine “On National In-
frastructure of Geospatial Data” 
on 13th April 2020 and its imple-
mentation emphasized the urgent 
need and urgency in creating the 
Core Reference datasets, which 
form a unified digital coordina-
te-spatial basis for production, in-

tegration and other activities with 
different thematic geospatial da-
tasets (The NSDI Law of Ukraine, 
13.04.2020).

The research is related to the 
implementation of the Ukrai-
nian-Norwegian project “Maps 
for good land governance” (herei-
nafter – project).

The seamless topographic da-
tabase of the Main State Topo-
graphic Map is being created for 
the first time in Ukraine within 
the framework of the project, the 
input data of which are the upda-
ted digital topographic maps of the 
scale 1:50 000, which will public on 
the Geoportal for providing access 
to the Core Reference datasets of 
the national level of the NSDI of 
Ukraine, metadata and GIS servi-

ces on the Internet. There is one 
of the main peculiarities of the 
created digital topographic maps 
of the scale 1:50 000 that they are 
hybrid because of the updating 
of features with clear contours 
(networks of roads, streets, dri-
veways, blocks and houses, power 
lines (voltage over 35 kV)) is per-
formed with detail and accuracy of 
the scale 1:10 000, and updating 
all other features – with an accu-
racy of 1:50 000. Certain peculia-
rities were defined by authors in 
the process of creation (updating) 
digital topographic maps of the 
scale 1:50 000/1:10 000: automa-
ted creation of new virtual and as-
sociated features, use rules of the 
digital description of topographic 
features and rules of topological 
relations between features of a 
digital topographic map, provi-
ding of automated quality control 
of updated digital topographic 
maps, development the Geoportal 
project monitoring and support 
system for production process 
automation, control of implemen-
tation and simplification of access 
to information exchange between 
project participants.

The purpose of the article is 
to research the peculiarities of 
creation (updating) of digital 
topographic maps of the scale 
1:50 000/1:10 000 which would 
satisfy the requirements for the 
development of the seamless To-
pographic Database of the Main 
State Topographic Map.

DX.DOI.ORG/10.19199/2021.162.1121-9041.019
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2. Results

2.1. The virtual features of 
digital topographic maps

The new requirements to create 
topographic database defined the 
need to create new features that 
do not belong to real-world fea-
tures (Kainz, 1987; Armenakis, 
C. et al., 2002; Jakobsson, 2006;
Mosharaf Hossain, 2008; Lüscher, 
2011; Geoscience Australia, 2012;
García et al., 2013; Olszewski R.
et al., 2013; Kent & Hopfstock,
2018), the so-called virtual, for
updating digital topographic maps 
for example watercourses. Water-
courses are created automatically
products of equidistant – the lines
equidistant from the banks of ri-
vers and waters, which are present
by a segmental-nodal model and
create tree-networks (rivers, in-
flowing streams of the first and
second rank, etc. with possible
contours around the islands) (Fig.
1). The watercourses will be used
during the creation of the seam-
less topographic database for the
construction of a model of an ag-
gregate hydrographic network.

The new feature “Watercourse” 
was added to the data set “Hydro-
graphy and hydraulic structures” 
to ensure the construction of a 
continuous hydrographic network 
in the ArcGIS and Classifier geo-
database. The rules of digital de-
scription of watercourses are given 
below:
- 	�virtual watercourse lines are cre-

ated using the Production Cen-
terline tool of the ArcGIS 10.5
software during the creation
of polygonal feature of hydro-
graphy;

- 	�watercourses are vectorized on
polygonal features of hydro-
graphy that have a headwater,
for example, in lakes without a
headwater, the watercourse line
is not displayed;

- 	�on the main watercourse in a
place of connection the nodal

point is created at connection 
of two linear watercourses;

- 	�the features are separated by a
virtual line that separates the

outflows of the inflow and the 
main course in the areas of con-
nection of polygonal features of 
the main course and inflows;

- 	�virtual watercourse lines are not 
carried out through polygonal
features of hydrography which
without a drain etc.
The associated complex features

are created at the stage of upda-
ting digital topographic maps, for 
example, blocks and boundaries of 
the settlements due to the automa-
ted production of equal distances 
(streets) and buffer zones around 
the different type of streets (Fig. 2).

2.2. The Geoportal project 
monitoring and support 
system

The authors and the staff of Sta-
te Enterprise “Research Institute 
of Geodesy and Cartography” were 
developed the Geoportal project 
monitoring and support system 

Fig. 2 – Example of the vector models of blocks and settlement.

Fig. 1 – Example of the vector models of 
watercourses.
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for production process automa-
tion, control of implementation 
and simplification access to infor-
mation exchange between project 
participants, which includes the 
following modules: register of the 
map sheets, register of executors 
and cartographers; the subsystem 

of the Executors’ personal cabinet; 
subsystem of cartographic ma-
terial delivery; the subsystem of 
control works delivery terms; onli-
ne maps of performing works/map 
sheets. Figure 3 shows a cartogram 
of the status of works by executors.

The Geoportal contains the fol-

lowing modules:
1. 	�schematic maps of the project:

mapping map sheets status
(Fig. 3), mapping of categories
of complexity (Fig. 4), mapping
map sheets of distribution by
performers, mapping of work
schedule;

Fig. 3 – The cartogram of the status of works by executors.

Fig. 4 – The cartogram of complexity categories.
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2. 	�the initial data: reference mo-
dels of digital topographic maps 
of scale 1:50 000, orthopho-
tos PlanetScope, orthophotos
1:10 000, topographic maps
1:50 000. The initial data for the 
project is published on the Geo-
portal, which can be accessed by 
a registered user;

3. 	�executors’ office (Fig. 5), news
(commissions, results of work);

4. 	�Executors’ office guide and Geo-
portal user guide;

5. 	�The Technical Support
6.	�FAQ.

2.3. Automated quality 
control

Quality control of the work is 
carried out as a result of testing 
with the use of ArcGIS software 
and consists of the following sta-
ges (Preparatory works, 2019):
1. 	�completeness check – the pre-

sence or absence of features,
their attributes and relation-
ships;

2. 	�verification of logical consisten-
cy of data;

3. 	�the degree of compliance of the
data with the logical rules of

data structure defined by the 
rules of digital description of 
topographic data;

4. 	�control of compliance of the va-
lues of the attributes of the ran-
ge of permissible values;

5. 	�assessment of the planned loca-
tion accuracy of the topographic 
features;

6.	�establishment of attributive
(thematic) accuracy – accuracy
of quantitative attributes and
correctness of non-quantitative
attributes and classification of
features and their relations;

7. 	�checking the topology classes;
8. 	�metadata check and availability.

The peculiarities of using topology 
rules:
1. 	�Topology rules apply to geospa-

tial features of the same feature
class or to geospatial relation-
ships between features of diffe-
rent classes;

2.	�Topology rules take into ac-
count the topographic code of a
geospatial features;

3.	�The rules of topological relations 
take into account the attributi-
ve data of geospatial feature
classes, which allows you to add
exceptions to the rules, so the to-

pology is not performed entirely 
for the whole class, but taking 
into account the condition to it.
The 141 rules of topological 

relations between the spatial fe-
atures are formulated in ArcGIS 
to ensure the correctness of the 
creation (updating) of digital to-
pographic maps, editing spatial 
features based on topographic co-
des, attributes of spatial feature 
classes: Must Be Larger Than Clu-
ster Tolerance; Must Not Overlap; 
Must Not Have Gaps etc. The auto-
mated quality control of updated 
digital topographic maps is per-
formed using ArcGIS 10.5 and the 
software package “Validate”, whi-
ch was created using the Python 
programming language to verify 
logical consistency, compliance 
with the rules of topological rela-
tionships between features on the 
map, availability and content of 
metadata, edge matching of adja-
cent map sheets (Lazorenko-Hevel 
et al.,2020).

Besides, the process of estima-
tion the accuracy of the planned 
position of features is automated 
using the Python programming 
language by comparing 20 coordi-
nates of control points which were 

Fig. 5 – The interface of the executor’s office.
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determined by the orthophoto 
with the coordinates of the cor-
responding points of the updated 
digital topographic map and calcu-
lating the root mean square error 
(RMSE) of the feature. The root 
mean square error of the updated 
digital topographic map is calcula-
ted by the formula (1):

M M Mf s= +2 2 � (1)

where: Ms is the RMSE of the or-

thophoto of the scale 1: 10 000, 
which is 0.5 mm on the scale of the 
orthophoto (5 m – on the ground); 
Ms is the RMSE of the position of 
the control point of the digital to-
pographic map.

The RMSE of the control points 
of the digital topographic map Ms 
is calculated by the formula (2):

M M Ms x y= +2 2 � (2)

where: Mx, My are the RMSEs of 

the position of control points in 
the coordinates X and Y.

The RMSE of the position of 
control points in the coordinates 
X and Y is calculated by the formu-
las (3, 4):

M
nx
i
n

xi=
å D2

(3, 4)

M
ny

i
n

yi=
å D2

where: Δxi and Δyi are the increase 
of coordinates of X and Y.

Figure 6 shows an estimation of 
accuracy for one of the updated di-
gital topographic map M-36-51-B. 
In the same way, 1288 updated 
map sheets were estimated for the 
territory of Ukraine within the 
project.

3. Conclusions

The creation of the seamless to-
pographic database formulates the 
need to increase the intellectual 
level of creation spatial data of to-
pographic features. So, the authors 
offer some peculiarities for the clas-
sical technology of creation (upda-
ting) digital topographic maps: cre-
ation virtual features that do not 
belong to the real world, such as 
watercourses, blocks, boundaries 
of settlements; development of 
the Geoportal project monitoring 
and support system for automa-
tion of the production process and 
exchange of information between 
project participants; implementa-
tion of automated quality control 
of digital topographic maps. Upda-
ted digital topographic maps will 
be used for the formation of the 
Main State Topographic Map as a 
set of interconnected structured 
geospatial data in the topographic 
database and arrangement it on 
the Geoportal for the development 
of NSDI in Ukraine.

N. Xmap Ymap Xortho Yortho ΔXi ΔYi ΔX2i ΔY2i RMSE
1 6359724.668 5593026.534 6359724.759 5593025.959 009 –0.53 001 0.33 0.53
2 6368050.944 5597674.428 6368048.028 5597671.872 –2.92 –2.56 8.50 6.53 3.33
3 6370730.306 5597660.42 6370723.62 5597660.239 –169 –0.11 2.84 003 1.70
… … … … … … … … … …
19 6358439.707 5530346.563 6358440 396 5580346.353 069 –0.20 0.47 004 0.72
20 6369449.545 5539756.171 6369451.761 5539755.556 2.22 –0.61 4.91 0.33 2.30
∑ 14.58 –14.90 61.14 4120 40,21
Root-mean-square error (RMSE)
Mean error

Mx = 1.75 m
My = 1.45 m
Ms = 2.27 m

M = 5.49 m
θ = 4.39 m

Fig. 6 – Estimation of accuracy of the updated digital topographic map M-36-51-B.
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