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Abstract
Seismic activity in Izvoarele - Galaţi area, identified as a
“seismic swarm” has started at 23rd of September 2013 with
pulses activity. More than 250 earthquakes have been
produced in a month with 19 events of ML>3 and 40 with
ML>2 situated close to the Negrea village. The earthquake
area it is oriented NE-SW perpendicular on the main
tectonic faults Peceneaga Camena (South) and Sfântu
Gheorghe (North). But the events are felt with maximum
amplitude on the Izvoarele village due to local conditions.
Since 4th of October 2013, Technical University of Civil
Engineering by Research Centre on Space Geodesy,
Photogrammetry, Remote Sensing and GIS (GEOS) has
started GNSS studies on Izvoarele – Galaţi area. There are
performed three observations phases in order to detect
crustal movements by a GNSS network situated on that
area. The paper presents results obtained after first two
observations phases with site displacements of few
centimeters.
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On this step, five high sensitivy seismometer stations were
installed, one accelerometer for strong movements, one
acoustic registration system for sound effects in Izvoarele
village, seven GPS stations for ground movements, one
magnetometer for magnetic field registration and one
infrasounds data recorder [1].
It is important also to notice that the number of earthquakes
detected and localized has been increased according to the
increase of the seismic stations placed in the area (2009 – 1
station, 2004-2008 – 2 stations, 2009-2013 – 3 stations, 20122013 – 8 stations).

Keywords

seismic swarm, earthquakes, GNSS observations,
crustal movements
1. Introduction
Since end of September 2013, National Institute for Earth
Physics Bucharest – Magurele (NIEP) has sent in the Galati
county – Slobozia Conachi area, Izvoarele, Negrea and
Schela villages more specialists teams to install monitoring
equipments for a first evaluation of relevant geophysical
aspects and macroseismic effects.
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Fig.1 Location of seismic area (Galati county) [2]

The magnitude of earthquakes in epicentral area was up to
ML 5. The earthquakes have been felt especially in the
villages closed to epicentral area, but extended according to
some witnesses, to Galati (17 km) and Braila (27 km).
Izvoarele-Negrea area it is situated on the West side of the
North Dobrogea block between the Sf.Gheorghe (NE) and
Peceneaga-Camena (SW) faults. Izvoarele village (Fig.1)
included in the Slobozia-Conachi commune it is situated
along of a normal slipping fault, developed on a sedimentary
shell which fits the crystalline basement, along the Suhurlui
valley. On the eastern side of the village there is an ongoing
oil reservoir exploitation (PETROM).
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2. Investigation of seismic swarm

Fig.2 Seismic swarm localization (in red) [7]
Table 1 Statistics of the seismic activity (October 2013)

Seismic activity in Izvoarele - Galaţi area, identified as a
“seismic swarm” has started at 23rd of September 2013 with
pulses activity. More than 250 earthquakes have been
produced in a month with 19 events of ML>3 and 40 with
ML>2 situated close to the Negrea village. The events are felt
with maximum amplitude on the Izvoarele village due to local
conditions. Sound effects(“boom earthquakes”) were reported
by local witnesses associated with seismic events. Seismic
swarm in Galati area it is unusual by its size (magnitude and
duration) if we refer to the data available (from the late
nineteenth century). This phenomenon is not unique, and it is
found in many other parts of the world (eg Western Bohemia
http://www.ig.cas.cz/en/earthquake-swarm-2013-westbohemia) and in Romania (in Foredeep Carpathian arch, the
Sinaia) [1]. The amplitude of movements associated with
sounds produced panic on the people living in that area. Some
old houses are reported to be damaged and some rumors
(about a possible disaster) amplified the effects. The possible
state aids for disastre compensation induced also the increased
„noise” of some citizens against local autorities.
Earthquakes location indicate a NE-SW oriented alignment
along an active fault system known in the area, with focal
depths ranging between 1:10 km.
Currently, seismic activity in the area Galati significantly
reduced frequency and magnitude decreasing starting on
2014.

3. Geodesy contribution to investigation
In order to investigate the seismic events on that area,
Romanian Government and Ministry of Education and
Research, coordinated the activity of more institutions as:
NIEP Bucharest, Romanian Geological Survey, University of
Bucharest – Faculty of Geology and Geophysics, TUCE
Bucharest – Faculty of Geodesy (GEOS), National Institute
for Research and Development in Urban Planning and
Sustainable Territorial Development "URBAN INCERC",
National Agency for Cadastre and Land Registration –
National Centre for Cartography, General Inspectorate for
Emergency Situations, OMV Petrom.
NIEP sent in the area two geophysicists, three physicians and
two technicians. The equipment consisted of four high
sensitivity seismometers installed, one accelerometer for
strong movements, one acoustic recording system for sound
effects in Izvoarele village, 7 GPS stations for soil
deformation movements, a magnetometer for recording
magnetic field and one infrasound station. The equipment
provides the data in real time to Data Center of the Institute
and are still in operation in the area [1].
Geological Institute of Romania (IGR) conducted field
surveys in electrometric prospecting at 4 alignments and
expertised on potential landslides. For these activities went in
the area engineers (geologists, geophysicists) and one
technician with the necessary equipment [3].

Fig.3 Tectonics of Galati area and epicentral area location [7]
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National Center for Cartography - National Agency for
Cadastre and Land Registration conducted a series of
comparative profiles with GPS devices, in the Izvoarele
village to highlight any ground movement. For measurements
were used five permanent GNSS stations. Repeated
measurements were performed (8 measuring points) for
checking stability on Eastern slope of the village [6].
General Inspectorate for Emergency Situations (IGSU),
consisting of three members, verified a total of 15 houses in
the Izvoarele village (October 2013) and found the existence
of damage in 11 of them [5].
Fig.4 NIEP eq uip ment i ns talled on t he f i el d [7]

Fig.7 Cracks on culture house foundation (Izvoarele village) [5]

Technical University of Civil Engineering - Department of
Geodesy and Photogrammetry (GEOS) started on October
2013 to investigate this phenomenon by geodetic methods.
Four specialists (three teachers and one PhD student) has
been
on the field with measurement equipment for
performing geodetic satellite measurements with 6 GNSS
equipments, geodetic class, 2 frequencies, and related
accessories and processing software [1].
According to the dynamics of the phenomena in the course of
the study, GEOS research team proposed satellite geodetic
measurements aimed at capturing displacements with small
time periods (on the order of seconds) and average period (in
order of days / weeks) and later depending on changing
circumstances, to decide whether to continue to perform
measurements for displacements with a long period (up to
several months / years). For this goal it was decided to
perform measurements at a rate of 5 seconds for evidence of
medium period displacements and at a recording rate of 1s
for evidence of small period displacements.
Given the rapid evolution of events and limited available
resources (field points materialization, data storage capacity),
GEOS specialists placed on the field a number of 6 points for
monitoring their movements by GNSS measurements at an
interval of about one week.
The position of these points was chosen taking into account
the information available at that time on the area of influence
of phenomena, provided by colleagues at the NIEP and the
position of points where NIEP already installed or are going
to install GNSS equipment. In this way, GEOS and NIEP
conducted a geodetic monitoring network covering a wide
surface area of interest and the adjacent area (Fig.9a and
Fig.9b) .

Fig.5 Geoelectrical profiles (in red) in Izvoarele village [3]

Bucharest University - Faculty of Geology and Geophysics
(FGG) – provided GPS equipments - Leica SR 500 class
mounted for long periods of time in the area. The
landmarka were established in collaboration with NIEP. At
week 14 to 19 October 2013 was performed a GPS
campaign, with a special focus on the landmarks installed
by FGG in the last 15 years. Other campaigns followed this
first campaign [7].
National Institute for Research and Development in Urban
Planning and Sustainable Territorial Development
"URBAN-INCERC" sent in the area specialists in
architecture, urban and spatial planning, geotechnical
earthquake engineering and engineering to investigate the
local effects [4].

Fig.6 Details damaged interior walls (Negrea village) [4]

5

Journal of Geodesy, Cartography and Cadastre
In parallel, specialists from the NIEP had at disposal similar
satellite measuring equipment and installed in the area for
continuous measurements a number of 7 devices. NIEP
operated and a number of two GNSS permanent stations
operating near the area of interest (Tudor Vladimirescu and
Carcaliu).

sampling rate of 5s for all points and 1s for two of these
points. From NIEP were available data from 2 GNSS epoch
and 2 permanent stations (GPS receivers Leica System 1200 /
Leica System 500) - 4 points. From NACLR were available
sata from 5 permanent GNSS stations in the area..
The time interval for data recording was from 3 hours up to 8
hours. Statistics of the observations (time interval, station
name, antenna type, antenna height et al.) can be observed on
the following figures (Fig.10a and Fig.10b).

Fig.8 GNSS equipments on the field (GEOS) [1]

Fig.9b Geodetic monitor network (second campaign)

Fig.9a Geodetic monitor network (first campaign)
At GEOS proposal, Ministry of Education submitted a
request for GNSS data from permanent GNSS stations of
the National Agency for Cadastre and Land Registration
(NACLR) to be used to establish a geodetic monitoring
network in the area. Satellite data was requested from a
number of 5 GNSS stations (Braila, Targu Bujor, Focsani,
Buzau, Insuratei) for the time intervals GEOS conducted
measurements in the area [1].
GEOS satellite geodetic measurements were performed in
two successive campaigns 04/10/2013 and 11/10/2013.
Seismic activity was more intense at the beginning of
geodetic monitoring and weaker to the time of the second
stage of geodetic measurements.
Observations were performed in static mode, with a

Fig.10a Statisics of sessions for first observation campaign
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introduced as a reference system for geodetic network
(cartesian geocentric coordinates and ellipsoidal coordinates GRS80 ellipsoid – Tab.2);
- relative coordinates between network points (Tab.3);
Table 2 Statistics of absolute coordinates for 2nd and first campaign

- quality indicators of results (standard deviation for relative
and absolute coordinates, error ellipses).
Mean square error of determining the position in the area of
interest (Izvoarele, Slobozia Conachi, Pechea, Cismele,
Negrea) was about 3-5 mm horizontally and 10-15 mm
vertically, values which are normal for technology and
working method (Tab.3).

Fig.10b Statisics of sessions for second observation campaign

GNSS data processing was performed with Topcon Tools
vs.8.2 software package [13].
Processing of data collected in the two stages of satellite
measurements was to determine for each step:
- absolute coordinates of network points; ETRS89 was

Table 3 Statistics of relative coordinates for 2nd and first campaign
Etapa 2

Etapa 1

Bold values on Table 3 indicates the vectors between Izvoarele
point and neighbor points.

SCHE
SMAR
UTC1_Piscu
UTC2_Conachi
UTC3_Pechea
UTC4_Negrea
UTC5_Cismele

Table 4 Differences between coordinates (cartesian / ell.height)
Point name

dX[m]

dY[m]

dZ[m]

Dh[m]*

BRAI
CALI
FOCS
IZVOARELE

0.000
0.003
-0.012
-0.007

0.000
0.000
-0.009
0.010

0.000
0.004
-0.010
0.030

0.000
0.005
-0.017
0.020

7

0.010
0.006
-0.005
0.001
-0.011

0.007
0.001
-0.004
0.006
-0.013

0.015
0.006
0.005
-0.002
-0.004

0.019
0.008
-0.001
0.002
-0.013
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Table 5 Differences between coordinates (plane / height)
Point names

dx[m]
BRAI
0.000
CALI
0.000
FOCS
0.003
IZVOARELE
0.023
SCHE
0.002
SMAR
0.000
UTC1_Piscu
UTC2_Conachi
0.008
UTC3_Pechea
UTC4_Negrea
-0.004
UTC5_Cismele
0.008
* ellipsoidal height
** normal heght

dy[m]
0.000
-0.001
-0.002
0.012
0.002
-0.002
-0.002
0.004
-0.006

point show a greater variation than the neighboring
points of interest: (dX, dY, dZ) (-7, + 10, + 30) mm;
- a comparison was made between the plane coordinates /
normal heights determined on the basis of which it can be
seen that the point Izvoarele shows a greater variation
than the neighboring points of interest: (dx, dy, dH) (+
23, + 12, 20) mm
- a comparison was done between the relative coordinates
determined, and we can see that vectors converging in
Izvoarele point shows a greater variation compared to
other vectors determined (dN, dE, dH).
- displacement values observed between the two stages
are in accordance with standard deviation for GNSS
technology, except those that include the point Izvoarele.
- it is necessary for a long time span to analyze if the
vertical displacement of point Schela is significant, as the
horizontal displacement is not significant (Fig.11).

dH[m]**
0.000
0.005
-0.017
0.020
0.019
0.009
0.000
0.001
-0.013

Table 6 Differences in local topocentric coordinate system
dN[m]

dE[m]

dH[m]

BRAI−CALI

0.001

-0.002

0.006

BRAI−IZVOARELE

0.022

0.013

0.020

BRAI−TUDO
BRAI−UTC4_Negrea

0.004
-0.004

-0.004
0.004

-0.015
0.002

BRAI−UTC5_Cismele
FOCS−TUDO

0.005
0.000

-0.001
-0.002

-0.001
0.002

IZVOARELE−TBUJ

-0.013

-0.009

-0.034

IZVOARELE−TUDO

-0.011

-0.004

-0.012

IZVOARELE−UTC2_Conachi

-0.007

-0.004

-0.025

IZVOARELE−UTC4_Negrea

-0.015

-0.002

-0.016

IZVOARELE−UTC5_Cismele

-0.006

-0.009

-0.012

SCHE−SMAR

0.003

0.003

-0.007

SCHE−TUDO

0.009

-0.005

-0.006

SMAR−TUDO

0.006

-0.004

-0.005

TBUJ−TUDO

0.001

-0.002

0.007

TUDO−UTC2_Conachi

0.003

-0.003

0.005

TUDO−UTC4_Negrea

-0.006

0.007

0.010

TUDO−UTC5_Cismele

0.001

0.003

0.006

UTC2_Conachi−UTC4_Negrea

-0.013

0.005

0.001

UTC2_Conachi−UTC5_Cismele

0.002

-0.003

0.000

UTC4_Negrea−UTC5_Cismele

0.006

-0.004

-0.008

Deplasari in plan si pe cota
25
20
Deplasare [mm]

Nume vector

15
10

dx

5

dy
dH

0
-5

CALI

IZVOARELE

SCHE

SMAR

UTC2_Conachi UTC3_Pechea

UTC4_Negrea

UTC5_Cismele

-10
-15
Punct

Fig.11 Horizontal and vertical sites displacement

4. Conclusions
4.1. Geodetic conclusions
- Technical University of Civil Engineering Bucharest,
the Center for Research in Space Geodesy,
Photogrammetry, Remote Sensing and GIS (GEOS)
conducted in collaboration with the NIEP and NACLR,
determinations of position in the Izvoarele - Galati area in
order to determine the displacement of the Earth's crust
due to episodic events held in this area. For this purpose,
the GNSS equipment were used to measure faster than
conventional methods the position with precision of about
+/- 1.5 cm (3D).
- The two campaigns were conducted observations at an
inteterval of one week in October 2013 and it is proposed
to continue them at intervals of at least 2-3 weeks
according to the decrease in size and repeatability of
movements in the area.
- Points were temporarily materialized by metal stakes,
but for further measurements forced centering systems are
recommended that allow better repeatability of satellite
receiving antenna location.
- In view of the first results, it is proposed location of
several points in the Izvoarele village, including the
eastern slope to highlight the highest possible movements

Based on the results presented in the preceding tables we
can highlight the following:
- absolute and relative coordinates in a geocentric
reference system, but also in a plane projection used in
Romania were determined;
- relative coordinates for all vectors measured in two
stages and connecting vectors from Izvoarele to points
from neighboring villages were determined;
- a comparison was done between absolute coordinates
determined, based on which we can see that Izvoarele
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in this small area and a possible connection with ancient
landslides in the area.
- GEOS with a minimal financial support will continue
geodetic survey in the area of Galati and is open to a
possible proposal to participate in a project integrated
with other disciplines, in order to determine the causes
that led to the phenomena under study in this area.
- Thanks to the institutions (NIEP and NACLR) providing
data that was included in the processing of satellite
measurements collected in the two stages of observations.

not led to reactivation, even local slipped masses, which
have affected homes in the area. Last landslide, now
stabilized, affected the Eastern edge of the village in the
years '95 -'97.
Most of the buildings in Schela, Negrea and Izvoarele are
built according to local practices, traditional, with the
combination of modern materials. The structures are not
designed against earthquakes, not designed at static
loads, less at dynamic demands, even if some of them are
built after 1977 - year of reference for civil engineering
specialists.
A large number of buildings are built directly on the
ground without a foundation. The foundations were
executed at a depth lower than the depth of frost in the
area without a preliminary study of the nature of the
terrain in order to establish its lift.
After inspecting "witnesses" mounted by IGSU on the
affected buildings, were not observed important
differences in monitored cracks.

4.2. General conclusions
The sequence of earthquakes produced in the Galati
during seismic swarm type is investigated with specific
characteristics of these seismic processes.
Seismic swarm phenomenon is unusual in Galati area by
its size (magnitude and duration) if we refer to the data
available (from the late nineteenth century).
Seismic swarm phenomenon is not unique, it is found in
many other parts of the world (eg Western Bohemia
http://www.ig.cas.cz/en/earthquake-swarm-2013-westBohemia) and in Romania (in Foredeep Carpathian arch,
the Sinaia) [7].
In many other cases of seismic swarms were reported
sound effects such as those recorded in the Izvoarele
village ("boom earthquakes").
Currently, seismic activity in the area Galati significantly
reduced frequency and magnitude after 16/10/2013.
Locating earthquakes indicate a NE-SW oriented
alignment along an active fault system known in the area,
with focal depths ranging between 1:10 km.
The earthquakes in Galati-Izvoarele area are produced by
the tectonic and analysis of existing data not shown a
notable influence of other factors (floods, oil
exploitation).
Surface geological observations highlight that Izvoarele
village it is situated in an area with recent deposits hillside and meadow - like sand, loamy sand and loess
resedimentate. These unconsolidated rock material is not
adequate and stable foundation, allowing active
movement in case of water infiltration.
The effects observed at the Izvoarele village are
attributed to the following factors:
- Local effects of amplification of seismic waves due to
soil conditions in Izvoarele village area;
- Local amplification effects due to the topography of the
Izvorele village;
-Accumulated macroseismic effects through repeated
seismic waves;
- Poor quality houses.
The most affected areas appear to be precisely placed
along fracture zones identified by electrical surveys and
detailed geological mapping..
Geoelectrical profiles indicates segments that cross
landslides in the eastern part of the Izvoarele village, and
do not indicate strong water movement and any
configuration that may favor reactivation substrates as
imminent. The recent earthquakes felt in the area have

4.3 Recommendations
It is recommended further execution of drillings with
continuous coring in the affected area in order to
determine the exact thickness and depth of groundwater
deposits.
As recommended protective measures afforestation of
slope instability phenomena affected by land and
execution of vertical drains, collecting the runoff using
concrete ditches.
It is recommended to support and strengthen the work of
the damaged houses consolifation.
In order to monitor areas for future earthquakes with
epicentral impact on the population is necessary to
establish a portable seismic network consisting of 10 to
15 mobile stations [7].
Given the complexity of the phenomenon, both in terms
of the seismic focal area, as well as specific local
conditions in the Izvoarele village, financial support of
priority projects dedicated to solving these problems with
interdisciplinary participation was proposed [7].
Given the high pressure of the media about a possible
influence of oil exploitation in different geographical
areas, was proposed for inclusion in the approval
procedure of exploitation / extraction of seismic
monitoring in the area throughout the duration of these
processes and the development in the next 3-5 years
priority research themes in this direction [7].
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Abstract:
Systematic cadastre is a complex work that combines
technical engineering skills, legal knowledge and skills in
information technology, specific to working with
databases.
In the present article we have presented the practical
aspects and characteristics of a systematic cadastral work,
highlighting the current technical solutions.
Rezultatul practic al lucrării, exprimat prin studiul de caz,
se materializează prin prezentarea problemelor întâlnite în
acest tip de lucrare şi rezolvările abordate. The practical
result of this work, expressed in the case study is
materialized by presenting problems encountered in this
type of work and addressed solutions.

Iune 2016

A property is defined as a land with or without
buildings, located on a territory of the administrativeterritorial unit having at least one owner and identified by
an unique cadastrial number.
Works of systematic registration of real estate in the
integrated cadastre system and land registry is achieved
by identifying, measuring, describing and recording the
real estates in the tehnical documents of cadastre,
identifying legal owners of buildings, public display of
the results obtained, correction of errors reported in
complaints and eventually the opening of new land
register.
The technical documents of cadastre are the cadastral
plan, alphabetical list of real property rights holders, of
the holders whithouth papers and other owners of real
estate and the cadastral registry of real estate.
As geographical location, administrative-territorial unit
Bustuchin is found in the western part of Gorj conty, on
the upper Amaradia river course, bordering Vâlcea
county, located at a distance of 36.5 km from the nearest
town, Târgu Cărbunesti, and 51.5 km from the county
residence, Târgu Jiu City.
Territorial administrative unit Bustuchin has a
population of 3376 inhabitants, most of them Romanians,
97.42%, with an ethnic minority of gypsies.
Bustuchin village consists of eight villages: Bustuchin,
the central village, which gives the name of the village
and villages Cionți, Motorgi, Nămete, Poiana Seciuri,
Poienița, Pojaru and Valea Pojarului. Bustuchin area is
5951.2847 he, of which 513 he within incorporated area
and the remaining 5438 ha unincorporated area; in terms
of cadastral area, in the north of the village is a former
non-cooperativized area, such as Poiana Seciuri and
Poieniţa villages and in the central and southern area,
there was an agricultural cooperative.

Key words:
Cadastre, field, cadastral sector, real estate, parcel.

1. Introduction
As regulated by Law 7 of 13th March 1996, the cadastre
and the land registry forms a unitary and mandatory
sistem of technical, economical and legal evidence of
national importance of all the real estates in the country.
The land registry includes the description of buildings
and land entries on real estate rights, personal rights, acts,
facts and legal relations connected with real estate.
1
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The first phase of work was the campaign to inform
the general public regarding the work that will be done,
paying attention to people from ethnic minorities, elderly
or to people having difficulty in traveling, people who
have relatives abroad, for collecting documents of
property and persons who live outside of the village, this
being accomplished with the support of the Village Hall
Bustuchin. Information was achieved through posters,
flyers and direct discussions with the locals. Therefore,
information points were created at Bustuchin Village
Hall and in large villages, Poiana Seciuri, Poienița, Valea
Pojarului, information being also made at home for the
disadvantaged persons. There recognition and the
topography of the land was also made, in order to
approximate workload and resources that will be
allocated to the execution of the work. The period of the
public information campaign was for one month.
In a second step all the necessary materials to be
incorporated in the work, respectively books existing in
the village, taken in .pdf and .cgxml format, site and
delineation plans issued in the past, cadastral plan of the
village, photogrammes, property titles issued in the
village, incorporated area limits and the village limit
were purchased from the cadaster and land registration
office Gorj . So far there is a number of 637 individual
cadastres registered to OCPI Gorj, as they are presented
in next figure.

Fig. 1 Localization of Bustuchin village in the Romanian
territory

Bustuchin village stands out with a high potential from
an economical point of view, given by the extraction of
oil and natural gas; in this village there is a number of
170 wells, 140 of which are active, belonging to five
petroleum parks, the extraction activity starting from the
50s. In the past, in Bustuchin was being extracted 14% of
the internal production of petroleum gas in Romania, in a
single day, in the village, being extracted the amount of
natural gas consumed by locals in a year. Also until
recently, in the Bustuchin area, there was a mining
exploatation, Seciurile, which stretched also in a
neighboring village, Roşia de Amaradia.

Fig. 2 Component villages of the administrative-territorial unit
Bustuchin
Fig. 3 Sporadic cadasters on administrative-territorial unit
Bustuchin

2. Course of works
Works required for systematic registration in the
integrated cadastre system and land registry for
administrativ-territorial unit Bustuchin started in the year
2012 by the order of the Director General of ANCPI
1095/2012, published in the Official Monitor of
Romania, Part I.

There were also conducted discussions with the
representatives of the Cadastre Office regarding on how
to approach the work, the steps that will be followed, how
the delivery is made and the form of the deliverables.
The minutes of instating of property titles needed to
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locate the real estates contained were scanned from the
Bustuchin Village Hall. It was also determined the
number and approximate limits of the fields, blocks and
cadastral sectors for the village related to the natural and
artificial elements that exist in the field, communication
paths,
waters,
in
generally stable
elements.
Administrative-territorial unit. Bustuchin, with an area of
5951.2847 hectares, was divided into 140 cadastral
sectors.
A third stage in the conduct of the works was the entirely
measurement of the village territory, with the
participation of teams of the contracting company,
consisting of engineers and technicians, and members
from the local committee to establish ownership of the
land, which together with owners helped to identify and
measure real estates, fields and blocks limits, owners of
the real estates in wicht he real estates proposed to be
measured were, being convened by the cadastral sector .
The measurements have been done with G.N.S.S.
technology in the unincorporated area and partly in the
incorporated area, on the back side of the real estates from
the street. In the incorporated erea we used total stations
for measuring real estates and real estates from the street.
As a working method, drawings from measurements were
made in the same day or as soon as possible related to the
measurement time, with the help of the village Hall
employees, based on drawings and information provided
by locals on the field for a more accurate rendering of
existing reality.
Also in this stage, after measurements and drawing up
plans, property titles were collected from legal owners
and records of interview were drawn for real estes,
identity documents of real estate owners were also
collected and statements were signed by possessors, all
these being done at the headquarters of Bustuchin Village
Hall. We called people depending on the area, at the
village hall were four teams designated to collect
documents from locals, considering the village and the
number of real estes owned by a person, being also
situations in which property titles were provided by the
village hall.
The fourth stage of the work was processing the data
obtained in the field, namely the introduction of
information concerning the real estates, the land
ownership, the documents obtained from the owners of
real estates and the tasks related to them when
appropriate, into the database. This step was done in a less
in Bustuchin village hall and mostly in Bucharest at the
contractor's office, based on bookshelves of documents
collected in the field, organized by cadastral sectors.
So we inserted the field data into the database, final
drawings of sectors were made, we verified the
integration of property titles associated in a field, we
provided cadastral numbers and numbers in the field, we
integrated the existing cadastres in a cadastral sector as
well as running the sectors to check and correct any errors
in the topology and files structure. Topology errors were
checked with a company’s software, while structure errors

were identified with WebCadgen application provided by
National Agency for Cadastre and Land Registration. At
this stage of the work, the important thing is the IT part of
the work, being used a SQL database, Structured Query
Language, developed by a colleague engineer in the
company, with special qualities in the development of
programming, applications, IT in general, perfectly
understanding the particularities of the work and how to
develop the database.
Delivery to Cadastre and Land Registration Office Gorj
was done per cadastral sectors, beginning with a test
sector and continuing with cadastral sectors grouped in
villages. As delivery were given for verifying, the
analogue and .pdf interview records, the .cgxml files and,
in each cadastral sector, lists of persons in the agricultural
and fiscal record, and the certification of building
construction, where appropriate, all signed by the town
hall Bustuchin to the Cadastre and Land Registration
Office Gorj Gorj. The City Hall issued a local council
decision for the real estates that could not been identified
from the cooperativized area, a local council decisions at
the level of a cadastral sector. As organizing work, for a
better result, the territory of the village was divided into
two
separate working teams, one
for the
noncooperativized area and onefor the area where there
was an agricultural cooperative. For problematical areas
we have returned to village hall Bustuchin to study the
problems, take measurements in the field, collect
documents that were not made in the first place and
correct the minutes of instating the possession, issued by
the local land resources committe, which contained
material errors.
So far 20,000 real estates were completed, approximately
10,000 real estates in the noncooperativized area,
completed in 95%, and 10,000 real estates in the
cooperativized area, and 90 from 140 cadastral sectors
have been completed and data was given for verification
to Cadastre and Land Registration Office Gorj, estimating
that the entire village to have more than 25,000 real
estates. As a perspective, in the next period all cadastral
sectors of Bustuchin village will be completed and will be
checked by Cadastre and Land Registration Office Gorj,
next the results will be displayed, there will be a
contestation period, solvings of the contestations and
receiving acceptance for work, all this by the end of this
year.

3. Technical problems encountered
The common issues specific to such work relates to the
difficulty of collecting property documents from legal
owners of property, not knowing the limits of ownership
or possession of real estate by the owners, land not being
cultivated for many years, disputes between owners of
real estates, especially in the parks and oil wells, where
are awarded license fees and compensations by SC OMV
Petrom SA. Also problems encountered concerning the
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lack of property documents, lack of applications for
acceptance of works to complete a new construction after
the year 2011, no tax return, or failure to appear at
subsequent civil sentences in 2007 for the judicial
decision .
In performing the actual work, there were relatively slow
periods of work due to the errors from property deeds,
both property titles and acts from civil circuit, sale and
purchase contracts, certificate of inheritance, maintenance
contracts, donation agreements as well as civil sentences.
Material errors were found in the identity documents of
owners respectively code name or number errors, and
errors in death, marriage and birth certificates. The
common errors encountered are erroneous fields in the
property deeds, mistakes of owners name and wrong
parcel numbers in the sequence of acts.
Other errors that have been encountered were sporadic
cadastres that differ in position compared to the field
measurements.
We encountered specific cases where owners were put
into possession in the village Bustuchin but in reality the
land was located in a neighboring village and the opposite
case, the land appeared in documents as being in a
neighboring village, Rosia for Amaradia, but in reality it
was located in range of the Bustuchin village. A situation
worth mentioning is the former Seciuri mining land
affected by expropriation decree in 1989, the mining
company representatives have not brought the land
documents and in no other alternative the land was passed
in the Bustuchin village Hall provisional registration until
further regulation of the situation.

Fig. 4 Example of an error in a property title mentioned in the
database

For the mistakes from the property titles, mistakes
reffering to the name of the owner, such as errors that
refer to one letter, Vergica instead of Vergina, Ion instead
of Ioan, it was decided that the owner shoud give a
statement to the Secretary Hall, in witch to benote that it
is one and the same person, and registering to be done on
the correct name.
For lands that could not be identified or people did not
bring the ownership documents / possession, entry was
made in favor of the non-co-Hall, as a provisional
registration under Law 7 of 13/03/1996, after which the
legal holders of the real estates and lands to appeal and be
awarded.
Thus for the noncooperativized area posesors exist in both
incorporated and unincorporated, in the absence of other
ownership documents, based on the presence in the
agricultural and fiscal registre of Bustuchin village.
For the cooperativized area the possession was enrolled
only in intra-urban area, in extra-urban, land without valid
documents of ownership was provisionally registered for
Bustuchin village by a local council decision, followed
later town hall to assign persons that possess factually the
land.
The focus was put on the integration of valid documents
in the work, so each sector finalized with its field/fields
was checked in DDAPT application, to confirm that the
title deeds from the field are present in the cadastral work.
If the situation for property titles is clear, checking their
integration into work may be submitted with the
application DDAPT, the same thing could not be said
about civil and notarial acts, because there is no database,
and if the owner does not present these types of acts to the
contractor the integration of all existing documents, which
refers to the land in question can not be verifyed.
A great attention has been paid to work mode, after
completing a cadastral sector, it was viewed by the village
hall, to correct any errors, they could see an arrangement
of real estate in the cadastral sector and the holder /
holders of ownership for each real estate. Cadastre and
Land Registration Office Gorj has been a second filter, so
that errors and complaints shall be minimal, any mistakes
we wanted to corrected until display stage.

4. Solving the encountered problems
Regarding material errors encountered in property deeds it
was decided together with the deciding factors, Cadastre
and Land Registration Office from Gorj county and
Bustuchin village hall, that mistakes from land acts that
have entered into civil circulation to be corrected by
writing in the database the correct shape refering to the
land localization, respectively correct field and plot, and
the incorrect forms mentioned in the plot heading from
the database and the future .cgxml, as shown in the figure
below.
Minutes of stating the possession issued by the local
committee for the establishment of ownership have been
rectified so that property titles that will be released later to
owners to contain correct descriptive information.
For buildings with construction authorization, but without
a call for acceptance of works issued according with the
law by the village hall, it was decided that such
constructions to appear in the land register as buildings
without papers, until the entrance into legality.
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Fig. 6 Minutes of stating the possession rectified

5. Conclusions
Realization of the systematic registration in the integrated
cadastre and land registry sistem shows a high degree of
difficulty, due not particularly by the engineering side of
the work but especially by the legal area, the cadastral law
knowledge.
The success of such work is determined by the
qualifications of the personnel from the contracting
company respectively multidisciplinary skills, good
knowledge of specific work by the project manager and
team tasks properly tracing, and its close collaboration
between the contractor and the territorial Cadastre and
Land Registration Office. It is noteworthy that no county
office of cadastre and land registry does not resemble one
another in respect of practices and approaches of such
work, this raising some issues for the professionals; There
are striking differences of approach between the old
kingdom and Transylvania, where there are old land
books, which now are still current in part .
It may retain that in such a work systematically problems
concerning ownership documents occurr namely various
material mistake, this we put it in into account of
mediocre training or lack of interest by the land
measurements specialists in local administrations. We
also believe in the fact that general cadastre works can not
solve all the problems but can bring them in normality
limits in the cadastral situation of an administrativeterritorial unit, some problems remaining in the
jurisdiction of the civil courts.
We believe that it should be considered a better training
of specialists in terrestrial measurements regarding
cadastral law aspects with practical examples, this should
be done at an university level and master's degree
programs but also in postgraduate perfectionating courses.
It should be considered an experience exchange program
under the National Agency for Cadastre and Land
Registration umbrella between contractors and local
cadastre and land registration offices for communion

Fig. 5 Registration in the database

In the integration of existing sporadic cadastres
repositioning based on measurements from field to correct
the wrong position of existing cadastres were performed.
The same way was done for the property titles that have
incorrect positioning in the minutes of instating the
possession, while the actual position resulting from field
measurements was different.
As a way of addressing existing problems, one person
kept in touch with Bustuchin village hall for procurement
of materials that were missing, identity cards, bulletins,
marriage certificates, property titles and any other act
necessary that were missing for the work and also to
correct error in the minutes of instating the possession,
but also for the release of the positions in agricultural
register and tax records necessary for work.
There have been cases when construction intersects the
incorporated area limit; in this case the limit of the
incorporated area was moved so that the construction is
entirely within the incorported area of the village. Also
for the construction from unincorporated area, such as a
shed, it must always be positioned on a plot of
construction yards.
Real estates crossed by the incorporated area limit,
including here sporadic cadastral works, were divided into
two or more real estates.
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mutual experience in developing of such a project, and the
improvement of the working mode.
Given the number of civil sentences issued with
reference to the land, these acts should be organized in a
digital archive, such as DDAPT, for consultation.
It must be put an accent on occuping key positions in
the village halls regarding the application of property laws
by trained people, also at the legislative level the laws
must be correlated with daily realities and not viceversa.

[5] http://www.eupos.hu/map_out.php,
viewed
at
02/06/2015
[6] www.rompos.ro, viewed at 02/06/2015
[7] Cooperation agreement between the Institute of
Geodesy, Cartography and Remote Sensing of
Hungary and the National Agency for Cadastre and
Land Registration of Romania regarding GNSS
reference station data echange
[8] Cooperation agreement regarding GNSS data
echange between the National Agency for Cadastre
and Land Registration of Romania and the Agency
for Land Relations and Cadastre of Moldova
Republic
[9] Cooperation agreement between the National
Agency for Cadastre and Land Registration of
Romania and State Service of Geodesy,
Cartography and the Cadastre Ukraine/ State
Enterprise
«Zakarpatgeodezcentre», regarding
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Abstract
This article emphasizes the steps required for the
application an valuation methodology for land covered
by water. This process is addressed to the public
institution in Romania, that manages this type of land
(swamp areas, artificial lakes or floodable areas). In the
article are followed the rules and the legislation of
Romania, and the principles presented may have large
scale applicability.

Iune 2016

In 1968 was founded the first international document,
named “The European book of water”, which was adopted
by the Council of Europe and it included a series of rules
and principles, as follows:
- the water resources are not inexhaustible;
- the quality of water must be preserved;
- water doesn’t have borders;
- water is a common heritage of all nations;
- water pollution is prohibited [1];
The main normative acts that establish the legal status of
water, regarding the administration, management and
protection of waters and watery ecosystems are: the Water
Law no. 107/1996, as amended by Law no. 192/2001
and by the Government Decision no. 107/2005 , Law no.
18/1991 republished in 1998 regarding the land fund, Law
no. 137/1995 republished in 2000 concerning the
environmental protection and the Government Decision
no. 188/2002 on the regimen of waste waters, the
Romanian Constitution of 2003, etc.
Law no. 107/1996 establishes the following objectives
and standards in this field [2]:
– preservation, development and protection of the water
resources;
– protection against all forms of pollution and alteration
of the characteristics of water;
– complex harness of water as an economic resource, and
its rational and balanced distribution;
– preservation and protection of watery ecosystems;
– protection against floods and other dangerous hydrometeorological phenomena;
– meeting the water demands for industry, agriculture,
tourism, transportation and other human activities.

Key words:
lands covered by water, CMBU (the highest and the best
use), market value, valuation report.

1. Generalities
Water is important for life and for the achievement of all
human activities, being used in alimentation, agriculture,
industries, transportation, navigation, fishing, etc. Long
regarded as an inexhaustible resource, water is not yet
available in sufficient quantities, appropriate for certain
times and regions of the country.
The demographic bursts, urbanization, industrial
development, they all lead to a higher water consumption
and determined the emergence of water usage in various
ways.
For these reasons, the protection of waters is a must,
together with a rational usage and a balanced management
of all water resources.
1
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1.2 Considerations regarding the water
public domain
Under the legislation in force, the administration,
management and use of water in a complex and rational
way, must rely on principles according to which, the
quantity and quality of water must constitute an integrated
whole. According to the provisions of the Water Law no.
107/1996, the water may belong to the public or private
domain.
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The regimen for utilization of the water resources is
established by the Government and is carried out by the
Competent Ministry, regardless of the property type (an
exception being the geothermal waters).
The administration of the national public water domain,
its management in terms of quantity and quality, the water
management exploitation works, the implementation of
the national strategy and policy in this field, are carried
out by the Autonomous Administration “Romanian
Waters” and its regional water branches. [3]
Both the Competent Ministry and the National
Administration “Romanian Waters” are able to take
decisions in order to limit or temporary suspend the water,
in certain situations (ecological accidents, droughts,
floods).
The use of water can be free (for drinking, watering, etc.)
or authorized (for irrigation activities, fishing, navigation
and energy production, for procurement of drinking and
industrial water).
Due to the bond between water and soil, all the works
which are done on water or in relation to it, shall be
subject to the provisions of the land fund Law no.
18/1991, republished, and to the Law no. 137/1995,
republished in 2000; the works for the adjustment of
water courses, irrigations, impoundments, drainage, etc.,
shall be done simultaneously with the works for soil
protection and amelioration.

loss of this right might prevent adequate water usability
(e.g. impossibility to irrigate agricultural lands during
draught periods). Finally, it can lead to a significant
decrease in the market value of the property.
The rights for water management are not transmittable.
The analysis regarding the best usability should include
enough information in order to obtain the market value
derived from the water management rights. This value can
provide or not the benefits of the real estate property.
Depending on the obtained value, for example, if the
value is lower than what can be found on the market, the
property keeps its right to use, but if the value is greater
than the ones existing on the market, the potential
increases, while the utilization manner may change. In
such situations, the seller can obtain a higher net value, if
he would concession the right to use water.
In the situation in which, we would individually evaluate
the water management right then, the assessment report
should mention the values of the indicators for the parcels
covered and/or not covered by water. This information
will help us draw conclusions, while taking into account
that we are assessing the rights for water management.
In such situations, a second opinion from an assessor is
recommended, provided that he has experience in this
field. Assistance from lawyers, engineers, water
engineers, etc., can also be sought.

2.1 Types of valuation approaches

2. Valuation methods

The three types of approaches used in assessing a real
estate property, in order to reach an opinion on the market
value, may also apply for the lands covered by water.

The interest in assessing such lands is fundamental to the
whole valuation process. In order to determine the
problem as accurate as possible, the ownership rights over
the real estate are studied and taken into account, and,
where appropriate, the water management process is also
considered.
The question that arises is the following: “Can only the
rights for water management be assessed?” In this
situation, is there an assessment methodology that can be
applied only for the rights of use? Can lands, which by
their nature offer this possibility, be evaluated?
An assessment methodology of these rights is to compare
the value of the property, which includes the water
management rights, with the value of the property which
doesn’t include them. The difference resulted from the
two values, indicates the contribution it brings to the
property, the value of the lands covered by water, which
by their nature can produce incomes.
Situations are encountered, when it is desired to use only
part of a real estate, in order to create an artificial lake. It
must be taken into account, that the previously mentioned
methodology measures the market value impact over the
full ownership rights, as well as over the dismemberments
of the ownership rights. The estimated value of the impact
may or may not coincide with the market value. For
instance, such an analysis can indicate what impact we
can have in a situation in which an owner loses or gives
up the right for water management. We assume that the

The market approach
In order to apply the market approach we must make sure
there are comparable real estate goods available. The
comparable elements include the best use, transferred
ownership rights, location, water quality, the period when
the water is used. The conclusions concerning the best use
will always be indispensable.
In the market approach, the transferred real estate
property rights should be similar to the ones of the
property in subject. For example, by using a real estate
transaction for which the right to use water is established
under a lease, concession etc. The conditions and terms
stipulated in the agreement, which can be intangible,
might raise issues, and for this reason a careful review is
recommended.
Another important comparison element is the location.
Ideally, the comparable properties should be in the same
water basin. Rational water management, depending on
the season, could result in obtaining benefits throughout
the entire year.
Depending on the way in which it is used, water can be
transported for instance, to be utilized in agriculture. We
must take into account that in such situations, the use of
water in various projects cannot be considered
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comparable when applying the market approach.
The potential water users will also consider the quality of
water. In case the water quality is not within the normal
parameters, treating it involves additional costs in order
for the water to be used for irrigation. Using untreated
water in various projects, can lead to completely
unfavourable results. This can have a devastating impact
over the entire hydrological system in the area.
In the assessment report should be included information
regarding the history of water management, during
different seasons and fields of activity.
If the owner wants to change the water management, for
example he wishes to switch from irrigation to
transportation of water supply, for a farm, this might
produce some changes in the optimal use of water on the
local market. However, other aspects that must be
considered in order to obtain appropriate results are
demography, main designation of lands, and water use
trend in the area.

The income approach
An analysis of the net foregone income from the
agricultural production, can serve as an indicator of the
value of lands covered by water. The cause can be
assumed from various reasons, such as income, which
cannot be associated with water.
The net global income derived from the operations of a
company, involves all the production factors, including
the efforts of the manager or administrator to produce an
income.
One way to determine the value of the land covered by
water is to compare the income obtained from the lease of
the lands covered by water. In this way the contribution
value of the land covered by water is isolated from other
production factors.
The following aspect shall be taken into account:
assessments involve the reflection perspective of both
sellers and buyers. The income approach is generally
applied when real estate properties are seen as income
generating properties.

The cost approach
The cost approach was more often used in evaluating
locations, rather than in evaluating the rights over lands
covered by water.
The lands covered by water should be considered to have
an improvement in terms of land value; for instance the
cost approach can be applied in certain situations,
although it can be noticed that the cost approach is not
used in the assessment reports as much as the market
approach.
Through the cost approach we can obtain additional
information; for example, we can encounter situations
when only this type of approach is recommended, due to
the lack of comparable properties existing on the market.
If we consider that it would be possible to replace the
lands covered by water with clear lands, then the cost of
developing the underground resource could be considered
a substitute for the above the ground land resources.
When using this approach, the assessors should consider
the following aspects:
 The legal restrictions associated with the rights for
water use;
 The depth of the water and its variations depending on
the season, must be taken into consideration;
 The amount of water extracted during pumping;
 Changes in the level of water which appear during a
period of several years;
 Rates amortisation for the use of water in order to
estimate the depreciation.
To reach a credible market value, it’s recommended to
work in collaboration with several experienced assessors,
who activate in that area. Information can be obtained
from local distributors, districts, farms, associations, local
city hall councils, etc.
The costs may be associated with preservation measures,
in order to obtain indicators regarding the value of the
lands covered by water.

3. Valuation methodology
Description of the subject property
The subject property is made up of two parcels, out of
which one is covered by water. The purpose of the
assessment is to establish the market value of the land in
order to administer the water for various activities. The
period during which the water is used is between 1st May
and 1st September. The volume of water transported for
irrigation is of 4m3/s. The amount of water helps
irrigating an area of approximately 100 ha, during 214
calendar days. In that area, the lands are cultivated
especially with wheat, corn, barley, oat, sunflower, etc.
Due to the fact that the property in discussion is often
flooded by the Danube, pipes will be used for water
transportation to the lands which require extra water.

Figure 1 Subject property location

Preliminary analysis
A preliminary analysis of the subject property, as well as
of the comparable properties, will be made. This analysis
consists of water protection methods and enforced
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– the water management authorization, is the legal and
technical regulation which determines the implementation
or exploitation of both the existent and new objectives,
that are built on water or related to water;
– environmental approval and authorization, for the
required activities.
The great importance of water as a natural resource of
economic value derives also from the fact that for its
protection (qualitative and quantitative)[5] are applied
economic incentives, for those constantly preoccupied to
protect it, as well as sanctions and penalties for those who
pollute it.

obligations. The legal protection of water is accomplished
through quantitative and qualitative protection.
The quantitative protection of water resources is achieved
through rational use and protection against dewatering.
The legal regulations enforce the following obligations
on:
– water users to rationally use the water resources;
– central and local authorities, economic operators,
companies, to take measures in order to reduce the water
consumption, the repeated use of water and the
maintenance of water facilities in a proper condition, to
help avoid losses;
– persons who administer and use water, to take
measures and provide adequate water flow measurement
facilities;
The qualitative protection of water aims to maintain the
quality and purity of water. To this end, the legislation
establishes that any kind of pollution of water resources is
forbidden. The Ministry of Environment and Water
approves the drinking water quality standards, issues
regulations, water quality standards, standards for
emission, water treatment and discharge, authorization
procedure for water exploitation, regulations for
development of hydro-technical constructions used for
impoundments, irrigations, regulations, drainage, etc.
The water management bodies, local bodies of the public
administration, natural and legal persons have the
obligation to perform fit-up works, cleaning and
maintenance of the water resources.
The natural and legal persons, as water users, have de
following obligations [4]:
– to seek environmental approval and authorization for
activities such as water navigation, energy production,
etc.;
– to comply with the emission and water quality
standards, and also with the provisions of the
environmental approval / and authorization;
– do not throw or deposit waste, dangerous or explosive
substances, narcotics, etc., on the water banks or beds;
– do not use electric energy or dangerous substances for
fishing;
– do not wash motor vehicles, machineries, packaging
with oily contents, toxic or dangerous substances, etc., in
natural waters;
– if they poses vessels, they should equip with floating
platforms, marine pumps, etc.;
– do not put into service economic objectives or
residential complexes, without sewerage and adequate
water treatment facilities.
Water protection includes beds’ protection, water
management works (hydro technical constructions) and
construction works made on water or related to water.
Another tool for water protection, pollution prevention
and control, is the check up in advance of all the activities
impacting on water, such as:
– site and water management approval notice, are
necessary for the execution of construction works that are
developed on water or related to water;

3.1 Case study
Considering that the water management right is entirely
conceded to an association responsible to provide the
needed water for crops, over a determined period of time,
which is established together with the other contractual
terms, we will apply a methodology taking into account
certain aspects related to the market comparison. The
income approach can be applied, given that there are
investors who would buy/lease these types of land, action
from which an income would be obtained. The cost
approach has no contribution, since there is no possibility
to replace the water source or there are no feasible
preservation measures.
Two types of analysis will be made, one which will
consider the water management rights, and the other one
which will not consider them. [6]
For the first analysis, the comparable properties would
have to be adjacent, in terms of location, and the water
management approach should be the same. If the existing
number of such real estate goods is not enough, then all
the properties that are similar size-wise to the subject
property can be used. The applied adjustments will be
taken into account.
In the second analysis, we will only consider the
neighbouring properties, which are not entirely or
partially covered by water. In this analysis, both the
subject property, as well as the comparable properties
must have the same results after applying the best use
analysis. The analysis of the best use will require two sets
of properties, one set which will contain the properties
partially covered by water, and one set containing the
properties not covered by water.
For the completion of the assessment report, it is very
important to take into account the opinion of an
experienced assessor.
Below are presented the three comparable properties used
to determine the market value:
Comparable property A is similar to the subject property
in many respects. It has some improvements in the
mechanisms of water transportation, but only 30% of the
total can be used for irrigation, compared to the subject
property which can transport about 70% from the water
quantity.

20

Journal of Geodesy, Cartography and Cadastre

Figure 2 Case sudy location
Figure 4 Location for B comparable property

An adjustment will be applied for this difference in
percentage.
First, we assume that for the comparable property A the
value of the land is estimated at 10 euro/sqm. By
multiplying this value with 30 ha, which are considered to
be non-irrigated, we will apply a negative adjustment of
30.000,00 euro. The final resulted value, after the
adjustment is made, will be of 270.000,00 euro, meaning
9 euro/sqm.

Comparable property C requires adjustments made to the
property ownership rights, because the water management
right is conceded for a period of 15 years. The water
management is done in the same way as for the subject
property. However, we can consider the comparable
property C to be similar in many ways to the subject
property.
Comparable property C consists of 4 parcels with high
potential for development. The potential for development
of a real estate property depends greatly on location,
access, road opening, supply and demand, and the period
during which water is used.

Figure 3 Location for A comparable property

The comparable property B is noticeably inferior to the
subject property, being situated in a peripheral area, more
precisely at the border between two townships. It is
located at a considerable distance from the subject
property. It’s the kind of property that is purchased solely
to help extend the neighbouring property. The seller was
constrained to sell and made a discount on the selling
price. All these data require adjustments. The water
transportation percentage is approximately equal to the
one of the subject property. The only disadvantage is the
much too difficult location, thus its use being significantly
reduced. However, the comparable property B is an
indicator of poor value, but it is not unprecedented in an
analysis.

Figure 5 Location for C comparable property

4. Conclusions
In this paper was presented an assessment method of
lands covered by water, from the idea that the water
management rights can be established under an agreement
and in accordance with the law in force.
We can obtain reliable results, if we find information
regarding properties having similar characteristics. In fact,
these will negatively or positively influence the value of
the property.
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The analysis of the best use provides information
regarding the best use of water. As I have previously
mentioned, these uses can vary from one area to another,
depending on climate conditions, geographical location,
and hydrology. According to the study case, the best use
for the subject property is to be a vacant land. The best
use helps the assessor to identify the water management
trends within the area of interest, and also to easily obtain
the necessary information.

these lands represent a source of income, provided that
they are used rationally and according to the requirements
of the respective area. By applying the real estate
assessment principle and in compliance with the
regulations in force, the results obtained will be more
reliable. Also, we have to take into account the
requirements of the area and the trend of the urban
development.[7]
The differences obtained, by evaluating lands which can
be used for irrigation and those which cannot be use in
this purpose, helps us have a starting point in order to
have continuity in the assessment of the lands covered by
water.
In conclusion, we notice that the applied methodology
and the selected methods are appropriate. The available
information for the analysis is considered to be enough.
Moreover, the property in questions is not typically an
income generating one (e.g. commercial space, storage
space, industrial space, etc.) but it is a property with the
designation of vacant land, without any developments,
and the estimation of revenues for comparable properties,
available on the market, may account for poor quality
information on rental values, as it doesn’t rely on a safe
level required to accurately estimate the capitalization
rate, given the actual economic environment and its
implications on the real estate market.
Therefore, it is considered that the value which indicates
the most likely correct price of the assessed property, is
the value obtained from the sales comparison approach.
Based on a hypothetical analysis, we can estimate the
market value between 8 and 10 euro/sq.m. After
reconciliation, we estimate the market value which is
closest to the truth to be of 9 euro/ sq.m. Following the
results obtained, comparable property A meets most of
the conditions.

Tab.1 – Case study – the highest and the best use
Cr
it
no
.

Calculation
element

U.M.

1

Requested rent
(C)

€/month

2

Potential gross
income (VBP)

€/year

3

Vacancy rate
(Gn)

%

4

Actual gross
income
(VBE)

€/year

5

6
7

8
9
10

Owner’s
expenses (Ch)
Tax
Insurance
Management
Maintenance
costs
Real Estate
Agency Fee
Net operating
income (VNE)
Capitalization
rate
(c )
The value of
capitalized
property (V)
Conversion
cost (Cc)
Final value
(Vf)

Calculation
Method

C*12

VBP*(1-Gn)

€/year

Vacant
land

Storage
space

900

1.500

10.800

18.000

10

40

9.720

10.800

2.402

2.568

€
€
€

1,2%*CIN
0,2%*CIN
2%*VBE

996
166
194

996
166
216

€

1%*CIN

830

830

€

2%*VBP

216

360

€/year

VBP-Ch

7.318

8.232

5,0

6,0

146.360

137.200

0

5.000

146.360

142.200

%
€

VNE/c

€
€

V-Cc
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We can see from the above table that the risk to rent a
space as storage space is higher than the risk of vacant
land, while the value of the property used as a storage
space is lower than the value of the property as a vacant
land.
In conclusion, the best use of the subject property is to be
utilized as a vacant land.
These reports can vary in terms of execution time, from
14 working days, to weeks or even months.
The assessors need to have good knowledge of the legal
terms regarding water management. The time spent for
the analysis and inspection of the property, may vary,
depending on the case.
The evaluation of these types of land represents a method
to determine the value of the real estate property, when
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In the laboratories of the National Institute of Metrology
Bucharest the staff is competent both in terms of specific
services and processes perform calibration/verification.
INM staff of the laboratory activities that require control
(legally) authorized by the BRML (Romanian Office of
Legal Metrology) [1,2].
The environment in the laboratory fall within those
required by international organizations representing
reference conditions: temperature (20°C ± 0.5°C),
humidity (60 ÷ 70%), however, we try thrue various
technical methods that during the calibration process to
reduce it to an acceptable level (40 ÷ 45%), atmospheric
pressure (750÷770) mmHg.

Abstract
This article presents some theoretical and practical aspects
of topographic devices
calibration topographic. It
highlights how important it is to pay attention before you
start working with these devices, namely to consider
introducing the atmospheric parameters for setting the
EDM instrument. It is very important to monitor and take
into account the environmental conditions before starting
the measurements?
Keywords
EDM, distance measurement, correlation, precision.

1.

Iune 2016

Introduction

EDM tool is the ability to measure distance by electronic
means, a basic function of topographic instruments.
Many users of surveying equipment, unfortunately, do
not know the importance to be attached EDM
instruments to measure correctly with these devices
without introducing significant errors.

2. Description of the laboratory work
Laboratory Dimensional Sizes and Acoustic of the INM
dealing inter alia with calibrating of the surveying
equipment. Below are some general aspects of the work
to be carried out in the laboratory.

Fig. 1 Thermohygrometer. It is located in the geodesic base to
monitor temperature and humidity.
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Fig. 2 Barometer is located in the geodesic base to monitor
atmospheric pressure.
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The geodesic base of the Lengths Laboratory is mainly
used to calibrate the ribbon and measuring tapes.
Geodetic base consists of the following main parts: the
foundation of the floor plate, the base length is 65 m and
the cross-sectional dimensions are 0.8 m x 0.55 m,
mounted on a concrete foundation frame carrying twoway measurement, the steel plate measuring (-10...10)
mm (placed at equidistant intervals of 0.5 m), and guide
means movable measuring carriage, the carriage moving
on the surface of the geodesic base
measuring
microscope, laser interferometer to register displacement
of the measuring mobile trolley.

3. Calibration of
geodesic
measurement devices with
functions in INM

Fig. 4 Steel metal plate which marks the 50 m point of the
geodetic base

distance
multiple

Before measurements, was determined at 20°C in
temperature correction program of the EDM instrument.
It was of interest to see EDM instrument behavior in
different temperature conditions, in order to know how
the distance measurement accuracy varies throughout the
temperature range of the instrument.

Inside the laboratory are considered three parameters that
have enough influence in the process of measuring
distances in the range (0…50 m), temperature, pressure
and humidity of the environment. Operating temperature
range of these devices is (-20ºC to 40ºC).
Were simulated in laboratory conditions of temperature
and we concluded that the environmental parameters
monitoring is very important.
In a change of 1°C of temperature accuracy has
insignificant influence in determining the distances
indicated by the device, using geodetic reference points
base on which is desired the length calibration.
In practice, the temperature of the calibration process is
the same, so that the measurement accuracy is not
affected by the temperature variation is less than ± 0.5°C.
Different conditions were simulated (artificially) for
environmental values of all three atmospheric parameters
for these devices throughout their working field.

Table 1 Measuring distances in geodesic base with the total
station Leica TCR Power 407
T[°C]
Ppm

-20
-36

0
-12

10
-1

20
9

30
18

40
27

Device indication[m]-forward
0
2,406
2,407
10
12,407
12,407
20
22,407
22,406
30
32,406
32,406
40
42,405
42,406
50
52,404
52,404
Device indication [m]-back

2,407
12,407
22,407
32,407
42,406
52,405

2,406
12,407
22,407
32,407
42,407
52,406

2,407
12,407
22,408
32,407
42,408
52,406

2,407
12,407
22,408
32,407
42,408
52,408

2,407
12,407
22,408
32,408
42,408
52,407

50
40
30
20
10
0

52,405
42,407
32,406
22,407
12,407
2,407

52,406
42,407
32,407
22,407
12,407
2,406

52,406
42,407
32,407
22,407
12,407
2,407

52,407
42,408
32,407
22,408
12,407
2,407

52,407
42,408
32,408
22,408
12,407
2,407

52,404
42,405
32,406
22,407
12,407
2,406

-10
-23

52,404
42,406
32,406
22,406
12.407
2.407

Since the practical point of view it is recommended not
to simulate actual conditions on the range of temperature
(-20°C to 40°C), here refers more to the values given by
extreme limits of temperature range -20°C to + 40°C, it
was agreed that it is useful to be simulated artificially.
All distances are measured at 20°C and then simulating
all the temperature range (-10°C to 40°C). Basically
these values have been entered in temperature correction
instrument of EDM, and for every point measured the
temperatures were simulated. The results of distance
measurement can be seen in the table above. In case of
simulating the temperature at
-20°C, it was observed that the precision of the geodetic
devices with multiple functions for the first 30 m is
relatively good, with deviations of 1 ... 2 mm, this
keeping the whole measuring range. Not applicable to
generalize these errors, they have a purely informational
purpose only practical experiments based on various
geodetic instruments.
Therefore, from extensive research and extensive

Fig. 3 Measuring trolley and support.

The table above shows geodetic Leica TCR device
calibration
under laboratory conditions. Distances
measuring was performed on the geodetic base usable
length on measurement range (0 ÷ 50) m back and forth.
Geodetic apparatus was positioned on a tripod taking
care to level the vertical axis. The points in which the
measurements were made are shown in the table.
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measurements in laboratory we can say that conditions
using these devices is not recommended between the
minimum and maximum operating range in terms of
temperature, as errors in measuring distances in a short
distance (50 m) can vary significantly depending enough
of the accuracy class of device.
Below is the table containing the results of geodetic base
calibration over a distance of 50 m using laser
interferometry (a reference system that is used for the
annual calibration of the geodetic base).
Fig. 5 The way of measuring mobile trolley at the point, '' 0 '' m the
geodetic base

Table 2 Calibration of geodetic base of the INM. The reference
values
The length’s of
the geodetic base
[m]
0
0,5
1
2
3
4
5
10
15
20
25
30
35
40
45
50

Standard values read
on the measuring
scale [m]
0,0116452
0,0497743
1,0458834
1,9999928
2,9998388
3,9998761
5,0760817
10,181172
14,9999495
19,9998146
24,9996155
29,9996155
35,1058525
40,0232697
44,9999884
49,9988637

3.1. Principles of operation of electronic
instrument for measuring distances-EDM.
Electromagnetic energy.

Geodetic base
correction [mm]
0
0
0
0
0,1
0,1
0,2
0,2
-0,1
-0,2
-0,4
-0,4
-0,5
-0,6
-0,8
-0,6

Electromagnetic theory and operation principles of EDM
are well covered in most books and online surveying.
The intention here is to provide a general understanding
of EDM, so that error sources are better understood and
controlate. An EDM tool uses a pulse of electromagnetic
energy (EM) to determine the length of a line.
The energy comes from an instrument at one end of a
line and transmitted to a "reflector" at the other end,
where it is returned to the original instrument. Nature
"reflector" is dependent on the type of EM. If energy is
the type electro-optical (infrared or laser) is used when
EM "reflector" which is usually a passive medium in
which the signal bounces back.
If EM is "microwave", the second reflector is a tool that
captures energy input and re-throughput him back to
instrument.In by origin in both cases, the measurement is
the total distance from instrument to instrument reflector
and back [1, 4].
Many typical errors instrumental and natural distance
measurements are misunderstood. Systematic errors may
be found by "closing" because of the relative error. If
these errors are not removed, distances will be inaccurate
[1, 2]. Some of these are purely systematic errors.
Others are constant and does not change with conditions
variables. But other errors are systematic in nature but
generally random. Such errors can become randomly
distributed.
The first type of error will be simply called
systematically,
the second will be called constant, and the third will be
called quasi - systematic.The errors discussed above are
the most common, but the list is not complete. The aim is
to encourage the achievement of the highest precision
measurements practice. Modern surveying instruments
began to measure distances standardized or correct
relative positions a few hundredths of m (according to
the "class" field and scope of the measurement).
To achieve any particular positional accuracy, distances
should be more accurate than permissible positional error
because the error in effect also contributes to positional
error. To control the systematic errors in the electronic

The table above represents the latest results of geodetic
base calibration process using laser interferometry.
These results were collected during 2013. In the
following measured values are further explained in the
previous table. As described above, based on the geodetic
has a useful length of 50 m, on which are disposed steel
plate spacing of 0,5 m to 0,5 m with a field of
measurement (-10...10 mm). In the left column in the
table are described in (expressing distance in m), the
calibration was performed. Y must say that the
calibration was performed using the most precise method
of measuring the length in a precise way at present, laser
interferometry. In the second column are given the values
measured by the laser interferometer to calibrate these
measuring points. They are provided with the best
accuracy. Results can be displayed with a resolution of 7
digits. In the third column is given their correction,
which is obtained from the difference between the
standard and reference values for length (distance)
measured.
These values are updated annually in the case of the
geodetc base, there use is possible every year and
corrected especially improving results in terms of
distance measurement errors being made using this
instalation in the laboratory.

25

Journal of Geodesy, Cartography and Cadastre
measuring distances, the error constant and scale
instrument must be correctly determined using a baseline
of 4 points must be controlled temperature and pressure
errors, reflector constants must be known and applied
optical tribrach and prisms, must be kept adjusted
circular bubbles and slope measurements should be
reduced accordingly on the horizon.
In many cases (eg, urban studies), the use of reflectors
mounted on a tripod may be necessary to place the
measurement using reflective prisms[1, 2]

temperature and pressure exerted on it (tension force,
tension thereof). the same is true for EDM instrument[1].
To be exact distances, with a band, the surveyor must
calibrate it after that spans a baseline from a known
distance and very accurate, and then must follow the
reading on the tape markings. An EDM instrument
should be checked in the same way. [1, 2]
In a measuring tape, we must take into account the
temperature and voltage. If the instrument EDM, we
must take into account the temperature and pressure.
With a band, we will simply record the calibration
temperature and voltage. These are conditions of
"standardization".
With a total station, we can make natural effects of errors
caused by repeated readings of the instrument to be
negligible.
The EDM instrument calibration in this way, the test will
result in an error and constant scale, which is really an
instrument error affected by temperature and pressure.
To avoid deviations distances less than one millimeter,
we
an apply the above "general rules" for temperature and
pressure. Most baselines for EDM instrument has a full
length of about 1000-1500 meters.
Keeping this error below 1 millimeter distance translates
to an error of about 0.7 ° C and 1,778 mm of mercury. [1,
3]. The second requirement when EDM calibrate the
instrument is to have a tripod, the optical, adjusted by a
margin of about 1 millimeter.
The reflectors must be placed on tripods with stalling
performed. A good calibration would be impossible using
a prism hand (stick topography) [1, 2].
A single reflector is used to calibrate the instrument
EDM, and constant reflector must be known and set in
the instrument. Doing so this constant offset. Thus, the
test can give better results than constant instrument. If the
reflector constant is set to "0" in the tool, the test results
in a "Constant" are only good to use an instrument with a
special reflector[1, 4].

3.2. EDM instrument errors
As a "rule," an error of 1°C air temperature causes an
error of about 1 ppm to as deterministic her. Also, an
error of 2.54 mmHg pressure affects the measured
distance of 1 ppm, as well as a difference in altitude of
100 meters.
Such errors are negligible for surveying, but may be
significant for special cases, such cadastre. Suppose that
the field teams PPM variable will not change the total
station during times when there are large temperature
changes.
If the temperature goes from 5°C to 24°C on a spring day
and PPM correction has not been changed from morning
to afternoon, the team on the ground will have a
difference of 18 mm to 1 m, over a distance of 1000 m in
the two different pressure points.
The atmosphere can also change, several tens of
centimeters in a few hours when the weather is unstable.
Since 3 m elevation difference 2.54 mmHg pressure
difference causes, topography have an additional
problem to constantly look that pressure changes with
altitude[1,3].
Without going into complicated theoretical aspects, we
can say that two EDM measurement errors associated
with: constant error and scale error (PPM).
This tool can measure electronic distances and can be
easily calibrated to discover these corrections. Errors in
future measurements from these sources can be
controlled within a few millimeters.
However, the test must be done carefully and properly.
As a general specification, try not to have more than 1 ...
2 mm error in measuring distances on land. In this way,
once more sources of errors can become perhaps
combined, which is the result of a precise calibration
inaccuracies introducing a few millimeters [1,4].
Generally, the intervals between points are corrected to a
few tenths of a millimeter. It is not important to
understand how these accuracies have been achieved.
Suffice it to say that the ranges published is "truth" where
topography. Values are accurate, in the horizontal plane
in măsuarea distances and at an angle (slope) [1].

Fig. 6 Measuring distances with a total station field length of 1000
m on a outside geodetic base

Minimum a surveyor can introduce and measure many
errors constant and scale of the instrument EDM error is
given by the lengths of up to 1,500 meters.
A data set optimally, which produces better results,
requires six measurement intervals. During this time,
temperature and pressure must be monitored.

3.3 Adjusting EDM instrument errors
For those who remember how we calibrate a steel band,
you know that a measuring tape is not optimal to be
normalized to some given values of textbooks in terms of
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It is best to make calibration daytime, when these
variables are expected to be quite stable and then to work
efficiently to complete all measurements.
It is advisable to about 6 to 10 sets of measurements for
each distance, using an average of the set [1, 2]. You can
use either horizontal or slope distance, as long as you are
consistent.
A total station automatically calculates the horizontal
distance is most useful, because there is no need to
measure the height of the tripod[1, 2].
For old tools do not calculate the horizontal distance
automatically determining the reflector at the same
height as the EDM and slope distances is inconvenient.
After data is collected, used mathematical method of
linear regression, which is to determine the constants
corrections and scale[1].
These numbers are used to correct further distances, the
theory is the same as when using calibration error tape to
correct the altitude difference of distances between the
correction tape and correction EDM ladder.
The existence of the error of the scale creates a need to
take in to consideration the four points of the base line
measurement of six intervals in one place and linear
regression calculations.
The easiest done to achieve topographic measurements is
to go on the field and check intervals along a baseline.
This is insufficient because it does not isolates the scale
error of the constant error [1, 2].
Whether the error was small, EDM readings could check
on the baseline length for short distances, but will begin
to diverge in an inevitable and thus become longer
distances[1].
As an example, the total station has been tested.
Correction constant was 0.4 mm (negligible) and the
correction scale was 21.5 ppm. A reading in the range of
1000.00 meters, should be equal to the reading observed,
plus the correction, the basic
equation is:
T=C+R
(1)
"R" is the reading observed in the EDM instrument, "C" is
the sum of the two corrections.
Constant correction (after conversion units) is 0.001
meters, and scale correction is 19.35 mm, for a total
correction of 19.8 mm. Thus, the nearest one-hundredth,
the exact value of m is T = 1000.0233 [1].

frequently, using one of several simple tests.
The constants of the reflector may be in the range of a
few millimeters, as given by the manufacturer.
The value can be determined by one or two millimeters
by a simple field test.
Most topographic distances are measured on the ground,
and are horizontal, not the slope or surveying.
Unless horizontal distance is calculated using the total
station, ensure that the height of the reflector instruments
and be equalized so that distances slope (slope) is correct.
When it is desired to design a flat surface distances to
other geometric error exists because the earth is round,
not flat.
When using plane coordinates, for example, the altitude
scale factors must be carefully determined by applying
the standard rules in force.
Clearly, any one of the sources may be small and often
insignificant.
If enough mistakes are overlooked, the accuracy may be
far from what is desired to obtain, and minimum
standards of accuracy can be achieved regardless of the
precision indicated by the closing lines of the base (here
referred only to distances geodetic determined straight
and steep (slopes) [1, 2].

4. Conclusions
This article was written in order to highlight the
importance to be given if the correct use of these devices
in terms of their calibration.
We presented some important aspects of the functioning
of these devices that should be considered before
starting the measurement process itself.
It is imperative to take into account general periodic
adjustments of the surveying that must be made to
specialized companies regarding their calibration.
It is also necessary to understand that we can never
measure
perfectly without introducing errors and especially we can
not know the true value of the measurand (the object
intended to be measured).
So we can say that every time we topographic equipment
in measurements we introduce errors and it is important to
take into account, to try to reduce them as much as
possible.

3.4. Systematic errors
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Abstract
Geodetic network optimization (or geodetic network
design) is a notion first introduced by Erik Grafarend (b.
1939). The scope of the optimization is to improve the
geodetic network configuration and the measurements
plan, in order to achieve the desired accuracy for the final
results, in a cost-effective way. In this paper are presented
some of the qualitative indicators used for the
optimization of the tridimensional geodetic networks,
together with a case study which reveals the applicability
of these quantities to the presented situation.

optimization,

(1)

where:
ri – the redundancy number of the measurement i;

qvi vi – the i-th element on the main diagonal of the
cofactor matrix of the residuals, Q vv ;
pi – weight of the measurement i.
In matrix form Eq. (1) can be written as follows:

R = Q vv  P

(2)

and the vector which contains the redundancy numbers is:
(3)
r  diag (R)
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network,
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measurement,

In the case of correlated measurements weight matrix, P ,
will be a non-diagonal one, so Eq. (2) and (3) must be
used to compute the redundancy numbers for the
measurements in the geodetic network. This remark is
particularly important in the case of GNSS measurements
which are, par excellence, correlated observations.
The sum of the redundancy numbers for all measurements
is equal with the total redundancy (the degrees of
freedom) of the geodetic network:

1. Introduction and theoretical aspects
The reliability of a geodetic network is represented by a
set of qualitative indicators which represents measures of
network robustness (network behavior in the presence of
observations affected by gross errors). The deduction of
these quantities is based on the assumption that some
measurement are blunders (affected by gross errors).

r  f

(4)

i

The mean of the redundancy numbers in the network is:
Redundancy numbers
The redundancy number it is a quantity proper to each
measurement and its value is between 0 and 1. This
indicator represents the contribution of the respective
measurement to the total redundancy of the geodetic
network.

r

r

i

n



f
n

(5)

From the above Eq. it’s obvious that the individual values
of the redundancy numbers will be higher if the overall
redundancy of the geodetic network will be higher.
Minimum detectable error (internal reliability)
The minimum detectable error is the minimum value of a
blunder which can be revealed by the used statistical test
[1]. This quantity is proper to each measurement in the
geodetic network. The study of the minimum detectable
error is a way of controlling type II errors, therefore its
value will depend on the power of the statistical test.
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oi 

0
ri

 i , i  1, n

i  

(6)

 0 is called non-centrality parameter and it is determined
by the risk factor  (the admitted probability of making

test in a complementary fashion [2]).
(7)

In literature is recommended a typical value for

 0 [3],

given by (8):

or else

0  4

(8)

Ai  

For a gross error to be revealed by the statistical test, then
it must be higher than minimum detectable error:
| i |  0i
(9)

Corresponding to the measurements vector, another vector
which contains the values of the minimum detectable
errors for each observation, can be drawn:
T

(10)

Observation: Minimum detectable error only depends on
network configuration and stochastic model.
Absorption
The residuals vector of the measurements can be obtained
from the discrepancies vector, weight matrix and the
cofactor matrix of the residuals, with the Eq. below:
v = Q vv Pl
(11)
Assume further that the measurement i is affected by the
 i error. Then the residuals vector affected by this

computed a priori.

blunder from the measurement i, will be:

v = Qvv P  l  eii 

External reliability
The study of external reliability deals with the
determination of a set of quantities which emphasize the
influence of the blunders on the model parameters.
The effect of a gross error that occurred in the
measurement i, on the unknowns is:

(12)

where:
ei – vector of nx1 size which contains 1 on the i-th
position and 0 elsewhere:

ei   0

0 1 0

x  N 1A T Pei i

0  (13)
T

(18)

The worst case intervenes if the measurement i is affected
just by the minimum detectable error [5]:

The effect of a gross error affecting an observation, on the
residual of the respective measurement will be [4]:
vi  ri i
(14)

x 0i  N 1A T Pe i  0i

(19)

Each observation generates a vector of size hx1
expressing the external reliability, corresponding to the
respective measurement, for each parameter:

An estimation for the blunder  i can be obtained
applying a calculation in Eq. (14), knowing that the effect
of a gross error ( vi ) in the residual of the measurement
i is much higher than the effect of the random errors ( v

(17)

within the (0,1) range and shows degree in which the
gross error affecting a measurement will be distributed
throughout the network.
Attention must be paid to the measurements with large
absorption numbers. It is likely for a blunder that affect a
measurement with low control (high absorption) to be
distributed on other network measurements. These
measurements (which have a low control), even if are
affected by gross errors, can have low residuals, so they
must be carefully analyzed before they are accepted as
correct measurements.
Observation: The absorption value can be computed only
by knowing the residuals, therefore only after the
realization of the measurements and the adjustment of the
network. On the other hand, the absorption number is the
complement of the redundancy number and can be

 i – gross error that affects measurement i.

0 n 

1  ri
vi
ri

As it can be observed, absorption is directly related to the
redundancy number of the measurement. The quantity
(1  ri ) is called absorption number [3]. This value is also

where:
 oi – minimum detectable error for the measurement i;

   01 02

(15)

The above Eq. shows that the least square method is not a
robust estimator, because the redundancy number is
strictly less than 1, only a part of the measurement error
will be transferred to that measurement residual. The rest
of the error will be distributed in the geodetic network.
Absorption is a measure of the quantity in which an error
affecting a measurement is absorbed by the parameters of
the model [3]:
Ai  (1  ri ) i
(16)

a type I error) and by the self-imposed probability of
making a type II error,  0 , (related to the power of the

0  0  , 0 

vi
v*  vi
v
 i
 i
ri
ri
ri

x0i   x01i

*
i ).
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Table 1 Tridimensional geodetic network characteristics

If a diagonal matrix which contains minimum detectable
errors for all measurements is considered, then:
0 
 01


02
 (21)
x0  N 1A T P  




0 n 
 0
The matrix from Eq. (21) is of hxn size and contains on
line i the external reliability corresponding to parameter i
for all measurements in the network and, on column j, the
external reliability generated by the observation j.
To synthesize the value of the external reliability, for each
measurement supposed to be affected by a gross error
equal with the minimum detectable error, a global
indicator for the external reliability will be defined:

02i 

xT0i  N x0i

 02

Reference system
Coordinate system
Ellipsoid
Network dimension
Network type
No. of points
No. of fixed points
No. of free points
Position unknowns
No. of stations
No. of measurements
No. of horizontal directions
No. of distances
No. of vertical directions
No. of height differences
No. of GNSS baselines
Redundancy
Rank Defect

(22)

if we perform calculations in Eq. (22), then:
1  ri 2
(23)
02i 
0
ri
Eq. (23) is valid only in the case of uncorrelated
measurements. If in the network the measurements are
correlated (which is the case for the geodetic networks
realized by GNSS technology), then, for computing the
global indicator

The initial data regarding the characteristics of the
distances measurement instrument, the reference ellipsoid
and the a priori standard deviation of the unit weight, are
taken by the developed algorithm, from the file shown
below.

0i2 , Eq. (22) must be used.

For every measurement such global indicator,

WGS84
Local ellipsoidal
GRS80
3D
Inner constrained
5
0
5
15
3
31 (32)
9 (10)
5
5
3
3x3=9
16 (17)
3

0i2 , can be

computed. If the values are of the same order of
magnitude the network is considered homogeneous.
Observation: Both global indicators and local indicators
for the external reliability are independent of the
measured values, so they can be determined before
realizing the measurements and processing the network.

Fig. 1 Initial data file

The file which contains the provisional coordinates
(expressed in geodetic coordinate system) used for
computing coefficients for the observations equations, is
shown in Fig. 2.

2. Case study
In this section a case study regarding the analysis and the
optimization of a combined geodetic network is
presented. The adjustment of the measurements is carried
out using local ellipsoidal coordinate system. To realize
the adjustment and to compute the qualitative indicators, a
MATLAB language application was developed.
Initial data
The initial data (measurements and provisional
coordinates) for this case study are taken from [6]. Some
modifications were introduced in this data in order to
make them suitable for the desired purpose (conversions
between sexagesimal degrees and centesimal degrees, the
introduction of different standard deviations for the
measurements et al). The characteristics of the
tridimensional geodetic network are shown in Table 1.
Block processing of the terrestrial and spatial
measurements from this network was presented as a case
study [7].

Fig. 2 Provisional coordinates of points in the 3D geodetic network

Measurements realized in the geodetic network
The horizontal directions measurements performed in the
studied geodetic network, are shown
Fig. 3. On the last column are shown the standard
deviations for each measurement. This quantities are used
for weights computation.
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Fig. 6 Height differences measurements and their standard
deviations

GNSS baselines measurements are taken by the algorithm
from the file below. On the last three columns the
variance-covariance matrices regarding each baseline, are
shown. These matrices will be used for weight matrix
computation.

Fig. 3 Horizontal directions measurements and their standard
deviations

In Fig. 4 horizontal directions measurements and their
standard deviations are presented.

Fig. 4 Vertical angles measurements and their standard deviations

The distances measurements are shown in the file from
Fig. 5. The standard deviations used for determining the
weights are computed using the characteristics of the
distances measurement instrument with the Eq.:

 D  a  b  D km

Fig. 7 GNSS baselines measurements and their variance-covariance
matrices

The analysis and the optimization of the geodetic
network
With the help of the developed MATLAB language
algorithm, qualitative indicators regarding the reliability
of the studied network, were computed. As it has been
said for computing these indicators only the a priori
functional-stochastic model is needed. This model is
determined by the location of the network points
(provisional coordinates) and by the measurements which
are intended to be made between these points. These
elements were presented so far.
In Fig. 8 are shown the qualitative indicators regarding
the internal and external reliability for the studied
network. The significance of the columns of the table
presented in the figure is as follows:
Columns 1, 2 (dela, la) – the points between which the
measurement is performed;
Column 3 (tip_mas) – measurement type;
Column 4 (r) – redundancy number;
Column 5 (EMD) – minimum detectable error;
Column 6 (A_nr) – absorption number;
Column 7 (Ai) - absorption;
Column 8 (lam0i_2) – global indicator regarding the
external reliability.

(24)

a, b - constants offered by the producing company or
resulting from a calibration process.

Fig. 5 Distances measurements

The file with the measured height differences is presented
in Fig. 6.
On the last column, the standard deviations for these
observations can be found.
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Fig. 10. Horizontal directions provided to be measured - after
optimization

The intention is to optimize the measurements plan in
order to improve the reliability of this measurement. At a
closer look, a potential cause for which that measurement
is unreliable can be identified. In the measurements plan
the “backward” direction, CA, was not provided. The
measurements plan will be improved by adding the CA
horizontal direction. The new file with the horizontal
directions provided to be measured is shown in Fig. 10.
Fig. 8 Qualitative indicators regarding the reliability of the geodetic
network – before optimization

In Fig. 9 an excerpt from the matrix which contains the
local external reliability indicators is presented. The
meaning of the rows and columns of this matrix is
explained in Section 1, Eq. (21) regarding the external
reliability.
Studying the network reliability indicators it can be seen
that the measurement no. (AC horizontal direction) shows
very weak qualitative indicators (beginning with the
redundancy number and ending with the external
reliability global indicator). The consequence is that the
reliability will be lower and the network will be
inhomogeneous.

Fig. 11 Qualitative indicators regarding the reliability of the
geodetic network – after optimization

Fig. 9 Local indicators regarding the external reliability of the
studied geodetic network – before optimization
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geocentric coordinate system or in the geodetic coordinate
system, a conversion from the local ellipsoidal system
was performed.
In Fig. 13 are shown the results in the Cartesian
geocentric system, obtained following the adjustment
performed using the model mentioned above.

Fig. 13 Results in Cartesian geocentric coordinate system

In Fig. 14 are presented the results in the geodetic
coordinate system, obtained following the adjustment
performed using the model based on the local ellipsoidal
coordinate system.
Fig. 12 Local indicators regarding the external reliability of the
studied geodetic network – after optimization

The qualitative indicators regarding the reliability of the
network will be computed again after the optimization of
the measurements plan. These new indicators are
presented in Fig. 11.
Fig. 11It can be seen that there is a significant
improvement of the indicators characterizing the
reliability of the measurement no. 3 (AC horizontal
direction).
Also an improvement of the network in terms of
homogeneity can be observed. The values of the
qualitative indicators are now of the same order of
magnitude.
It can be seen that in the matrix that contains the local
indicators regarding the external reliability there is a
significant improvement of the values regarding AC
direction (column 3).
In practice an iterative method can be considered: first the
lowest redundancy measurement must be identified and
extra measurements will be added in that area until the
qualitative indicators will meet the requirements. Also, to
not unnecessary load the measurements plan, the highest
redundancy measurement can be eliminated. After each
change in the measurements plan the application will be
run in order to estimate again the values of the reliability
indicators. In this way the external reliability indicators
will become of the same order of magnitude for all
measurements, so the network will become homogenous.

Fig. 14 Results in geodetic coordinate system

3. Conclusions
In this paper the qualitative indicators which characterize
the reliability of a geodetic network were presented.
Those indicators can be global or local and they are a
measure of network robustness in the sense of its
resistance when blunders are present in the measurements.
Those indicators can be computed if the a priori
functional and stochastic models are known, without the
necessity of effectively realizing the measurements in the
network. So this indicators must be used to analyze and to
optimize the geodetic network in design phase.
More specifically said, the qualitative indicators
characterizing the reliability of the geodetic networks, can
be determined as soon as the network configuration, the
measurements plan and the instruments to be used (which
determines the a priori stochastic model), are set. So the
study of the geodetic networks in terms of reliability helps
to improve their configuration and the measurements plan
(stages called by E. Grafarend First Order Design – FOD
and Second Order Design – SOD). The indicators
determined in these stages, as it has been said, can be used
to analyze and propose solutions to improve the quality of

Final results and geodetic network plot
Measurement (after optimization) were adjusted together
in the geodetic network. The adjustment was realized
using a mathematical model based on the local ellipsoidal
coordinate system. To express the results in the Cartesian
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the respective geodetic network.
Although the focus is on 3D geodetic networks, the
qualitative indicators presented throughout this paper
characterize the reliability of geodetic networks of any
kind.
Of all network reliability indicators one stands out as
important. It is network redundancy. This should not be
seen only as global redundancy (as the number of
additional measurements carried out in the network) but
especially as local redundancy (given by the redundancy
number). With the help of this quantity, week points of
the network can be identified and also network areas
where measurements are more than necessary. This
indicator is used to compute the other geodetic network
reliability indicators.
Basically the particular importance of the redundancy and
the redundancy numbers, together with their influence on
all other network reliability indicators, means that nothing
can replace the contribution that the additional
measurements have for the realization of a qualitative
geodetic network.
In the case study presented was shown that the developed
algorithms for processing and analyzing geodetic
networks can be useful for the optimization of the
measurements plan.
As it has been seen, computing the qualitative indicators
revealed a lower confidence measurement that was also

leading to a network inhomogeneity.
Then the problem was addressed precisely so, by adding a
single measurement, the indicators which characterized
the reliability and the homogeneity of the network, were
improved.
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Abstract

1. Introduction

This research project aims to identify landscape
evolution trends in Bucharest based on high-resolution
interferometric ground displacement products, using
single and dual-polarimetric satellite data. The results
based on multitemporal InSAR methodologies (initially
applied to ERS, ENVISAT satellite data and later refined
using TerraSAR-X/TanDEM-X satellite data), validated
by ground-based monitoring data and conventional
geological and geomorphological methods will capture
the space-time evolution of the city. The understanding
of these phenomena have long term theoretical and
practical results in the context of climate change, offering
the support to successful risk mitigation actions in urban
areas. The outcome of the project will include validated
interferometric-based ground displacement products in
urban areas and a more effective process of interpretation
of complex dynamics based on a holistic approach
achieved by a multidisciplinary team of scientists and
engineers.

The newest generation of X-band satellites (TerraSAR-X
or TSX, and TanDEM-X or TDX), launched in 2007 and
2010 by the German Space Agency or DLR, have dualpolarized sensors on board. Their satellite data
significantly improves the level of detail of SAR-based
analyses and extends the applicability of space-borne
SAR interferometry to faster ground movements (and
therefore a more comprehensive and better understanding
of different landscape dynamics). Higher performances
are achievable due to higher spatial resolutions (up to 1
m), and shorter repeat cycles (i.e., 11 days) with respect to
the medium resolution SAR sensors, such as ENVISAT.
Initially the InSAR technique was used mainly for
topographic mapping [13, 16, 35]. After 1989, the
technique started being used in another type of
application, which detects changes in the ground surface
by removing the topographic component from the radar
phase signal [14].
The range of applications is wide, varying from tectonics
[20, 29], earthquakes [21], volcanoes [26]; uplifts and
subsidence [15, 19, 24] to land use – monitoring [4, 32]
and changes in land use [1, 10]. The technique is used
also in risk studies, being applied in all situations from
prevention to early response and risk mitigation. In these
cases the applications include monitoring elements at risk
and early response [11], damages after a risk occurred [5],
for a whole range of risks, like landslides, earthquakes
and landslides.
The assessment of instabilities in urban environments
have also benefited from using the InSAR technique.
Patterns of vertical movement have been identified at an
international level [17, 19, 22, 34]. In Bucharest, the
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conventional and radar interferometry techniques started
being used only recently to detect and monitor changes [2,
23, 25] and for DEM extraction [9, 30].
In this project, assessment of recent ground deformations
are focused on using multi-temporal InSAR techniques,
aiming to highlight specific evolution types
(linear/nonlinear), depending on the data availability. The
interferometry techniques, based on high resolution radar
satellite images, are very promising in providing the
support technology for high precision ground
displacements measurements, repeated periodically on
extended surfaces. The project is coordinated by the
University of Bucharest and was submitted in the STAR
competition 2013, in the expertise domain Earth
observation. It is based on the collaborative work of a
multidisciplinary team of scientists and engineers from
Romania and from abroad (USA, Portugal).

important tasks (Fig. 1):
- The identification of instability areas using change
analysis based on optical satellite data (i.e., Landsat
imagery), diachronic cartography and historical radar
satellite images (i.e., ERS-like and ENVISAT) and
TSX/TDX data.
- Complex validation of radar displacement products
based on Global Navigation Satellite System or GNSS,
leveling geodetic measurements, as well as by
conventional geological and geomorphological methods.
- Identifying linear/non-linear landscape evolution
patterns in different spatial and temporal scales.

2. Objective and short description of the
project
The objective of the project is to capture landscape
evolution patterns in Bucharest within the context of the
nonlinear dynamic system (NDS) theory, using single
polarized synthetic aperture radar (SAR) satellite data and
multi-temporal
radar
interferometry
(InSAR)
methodologies. Landscape evolution is generally
nonlinear, being characterized by a number of typical
phenomena discussed in detail by Phillips (2003).
Applications of nonlinear and complex systems analysis
(from stochastic and deterministic point of view) in the
geosciences has been characterized as the natural
importation of ideas and tools from mathematics,
theoretical physics and chemistry, biology and
computation. Terms such as chaos, fractals, selforganized criticality, turbulence and structural breaks are
frequently used and seriously considered in earth surface
systems [27, 28].
Unfortunately, the concept of deterministic chaos has
remained in geosciences, specifically in geomorphology,
more theoretical until now. There are no studies in NDS
(nonlinear dynamical systems) theory applied to
geomorphic systems based on precise spatial ground
displacements measurements to support its evidence.
There are also no spatial deterministic tools in
geosciences to estimate the nonlinear invariants of spatial
data. Our project will adapt/develop/implement spatial
embedding methods for spatial data, which will allow us
to estimate spatial Lyapunov exponents and other
dynamics invariants which give us correct insights of
chaotic and complex motion. Spatial embedding of
nonlinear dynamical systems theory will also permit GIS
integration and correlation of results with all
environmental features of a specific place, creating an
integrated model with a focus on simplicity, usability and
efficiency.
To achieve this aim, working stages will focus on three

Fig. 1 The project structure in a chain of sub-goals

3. Preliminary results
The first task was focused on capturing the spatial
evolution in historic time of the city (Fig. 2), based on
historical maps and change analysis products using
optical satellite data (i.e., Landsat imagery). The aim of the
change analysis study using optical satellite data was to
observe development characteristics of the urban area over a
time period of 30 years.

Fig. 2 St udy a r ea

In this purpose, Landsat (TM) and (ETM) data imagery in 4
differ bent years was used to monitor urban growth in
Bucharest. The satellite images considered for the study
describe the state of the land-cover in the city at the
beginning and at the end of three important periods: 19801989, 1989-2000 and 2000-present. These time periods were
chosen considering important political changes in Romania,
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which were likely to reflect the urbanization process of the
capitol.
The satellite images were geo-referenced and then classified
in four land-use classes: built-up area, water, barren lands
and vegetated lands. The images were classified using a
supported vector machine (SVM) classification. The SVM
method was based on training algorithms of classification
using user-defined training areas for each land-cover class.
The classification results obtained using the SVM method
showed an accuracy rate for classifying built-up areas of
97%. Applying the SVM algorithm allows a higher degree of
automatization of the machine learning process. The change
detection analysis was performed on the classified images
considered as being of higher quality.
The process of multi-temporal change detection resulted in
maps of change for each of the three periods (Fig. 3-6). The
results of this process indicate major changes in the urban
landscape that took place during each time interval. By
looking at the new features that were built during each
period, and to different fluctuations in the density of the
built-up areas between years, we can conclude on how
different political eras impact urban planning decisions. To
identify (structural-) functional historical changes we
employed a diachronic cartography method [31].
The principal development lines of the city from the
perspective of the urban texture were identified based on a
cartographic material (i.e., 1791, 1856, 1900, 1911, 1921,
1940, 1972, 1998, 2008), orthophotoimagery (i.e., 2006,
2007 and 2010 flights) which were later combined with
products generated by analysis of high resolution optical
and radar satellite images.
Specifically, maps of deformation based on radar
interferometry using C- and X-bands were essential in
quantifying the changes from recent years. Consequently we
employed TanDEM-X data and InSAR, focusing on areas of
maximum displacement identified in historical data.

Fig. 4 Map of changes occured between 1989 and 2000

Fig. 5 Map of changes occured between 2000 and 2013

Fig. 6 Relationship between built-up area and population
evolution over time

The second task aimed to complex validate radar
displacement products over Bucharest based on Global
Navigation Satellite System or GNSS, levelling geodetic
measurements. There are few studies that compared radarbased estimations with geodetic measurements [6, 7, 8,
12, 18, 33]. Unfortunately, none of them were conducted
in Romania or by Romanian scientists. GNSS (Global
Navigation Satellite Systems) space technologies were
used in Romania since 1992. An active development has
taken place since 1999 when it was installed the first GPS
permanent station at the Faculty of Geodesy, TUCEB,
Bucharest, giving it a new importance to the
tridimensional
positioning
technologies.
GNSS
determinations had a major application since the 2000s,
when the national forum in the field, National Agency for
Cadaster and Land Registration (NACLR) has established
the national GNSS permanent network as a real support to
the surveying activities in Romania. In Romania, GNSS
satellite technologies are typically used for monitoring
small localized targets. Studies and research have been
made punctual (e.g., dams, landslides) without being used

Fig. 3 Map of changes occured between 1984 and 1989
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in conjunction with other methods (e.g., RADAR,
LIDAR, etc.).
GNSS and InSAR give different results from a
geometrical point of view: GNSS supplies the
displacement vectors in three dimensions (X,Y,Z), while
InSAR gives the variations along the Line of sight, LOS.
Validation was represented by the comparison of the
recent TSX displacement results with field GNSS data.
The project leverage the investment in purchasing a large
number of synthetic aperture radar single look complex
(SAR SLC) data via two successful DLR proposals (i.e.,
LAN1444 and LAND0421) and one ESA AO CAT-1
proposal (i.e., Project 12793), PI’s M. Necsoiu and I.
Armas. Access to a large number of datasets is important
in monitoring long-term processes; in addition this is
important because the quality of results depends on the
number of acquisitions employed for the interferograms
generation, an aspect that is very well researched and
documented in well renowned literature in the field [8,
18].
In 2014, 24 high resolution images acquired from the
TSX satellite (http://sss.terrasar-x.dlr.de) between 2011
and 2014 were processed by Dr. Eng. Marius Necsoiu
from SwRI, USA. The images were selected from a larger
pool of SAR images, after consulting weather databases
which helped eliminating the images acquired under
adverse weather conditions. SAR images were initially
co-registered, then the coherence was extracted and
finally geocoded. The processing of TSX data identified a
high density of Persistent Scatterers, with approximately
600 000 points covering mainly the urban area of
Bucharest. GNSS locations were cross checked on highres optical images and 20 ground points (including 2
permanent stations) were selected. All these points were
(1) characterized by high coherence on radar images; (2)
were on the ground; (3) were situated in large vacant
spaces (i.e., bare soil); (4) far away from radar obstacles
such as trees.
After choosing their location (Fig. 8), the GNSS points
were materialized
and surveyed periodically. The
materialization of the GNSS points was represented by
marks specially built for the current project.

centering of the receptors on the mark, by using metal
bars of fixed height (Fig. 7). This type of materialization
eliminates the errors caused by receptor’s height
determination.
Five GNSS survey sessions were organized in 2014. The
sessions were scheduled according to TerraSAR-X
satellite’s acquisition dates, in order to capture the same
ground movements. The vertical and horizontal
determinations resulted from the GNSS campaigns
represented the initial field data necessary for validating
the displacemetns of the SAR.

Fig. 8 GNSS positioning points of the monitoring geodetic
network

The LOS components derived from GNSS data have been
compared with those of the SAR scatterers closest to the
GNSS markers (never coinciding). For each location, the
vertical reading was projected in the line-of-sight (LOS)
of the SAR sensor. These readings were compared with
displacement values determined at PS locations within
100 m from the GPS nodes, by eliminating all scatterers
on buildings. An alignment of the time scales has been
necessary. The comparison has generally shown a good
agreement.
The third task was to identifying linear/non-linear
landscape evolution patterns. Instability is a common
feature of earth surface processes and many authors have
suggested that chaos is likely in landscape evolution [27,
28]. A dynamical system is nonlinear if the outputs
(responses) are not proportional to the inputs (stimuli, or
disturbances) across the entire domain. Nonlinear
phenomena give rise to complex behavior that is not
possible in linear systems. However, nonlinear systems
may be simple and predictable, and complexity may have
different roots than nonlinearity.
For this task, we chose to monitor the industrial parks,
located toward the periphery of the city and representing
large water consumers during the communist era, in
comparison to their surroundings. The analysis of
displacement trends over important industrial park was
based on three sets of SAR satellite data collected over 20
years, highlighting the situation before and after 2000,
when important water consuming industries were shut

Fig. 7 Materialization system of the GNSS points

The marks consisted in tubes of 50-90 cm, burried in
concrete. The marking system permitted a forced
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down. The necessary water was being extracted from the
deep captive groundwater of the Frăteşti geological strata
(especially bed A). Therefore, shutting down of a great
number of factories in the last two decades might have
had an important influence on the groundwater recharge.
Only in 15 years, between 1990 and 2005, the water
necessity for industrial purposes in Bucharest was halved.
The identified patterns were of subsidence (or stability in
areas of general uplift) for the period immediately
following the communist era, characterized by intense
exploitation of the ground water, and a returning to the
zonal dynamic pattern after shutting down the main
industrial factories and decreasing the water necessity on
the industrial platforms. Results were presented at Fringe,
ESA workshop in Italy [3]. The analysis of the dynamic
patterns was done by mathematician Diana Mendes, from
ISCTE-IUL Lisbon, results showing displacement time
series with very persistent long memory behaviour (work
in progress).

Imagery, 9th International Workshop Fringe 2015
Advances in the Science and Applications of SAR
Interferometry and Sentinel-1 InSAR Workshop, SP371, 2015
[4] Beaudoin, A., Castel, T., & Rabaute, T., Forest
monitoring over hilly terrain using ERS INSAR data.
Paper presented at the ERS SAR Interferometry, 1997.
[5] Brunner, D., Lemoine, G., & Bruzzone, L., Earthquake
damage assessment of buildings using VHR optical and
SAR imagery, Geoscience and Remote Sensing, IEEE
Transactions on, 48(5), 2403-2420, 2010.
[6] Casu, F., Manzo, M., & Lanari, R., A quantitative
assessment of the SBAS algorithm performance for
surface deformation retrieval from DInSAR Data.
Remote Sensing of the Environment 102 (3-4), 195210, 2006.
[7] Colesanti, C., Ferretti, A., Prati, C., & Rocca, F.,
Monitoring landslides and tectonic motions with the
permanent scatterers technique. Engineering Geology,
Special Issue on Remote Sensing and Monitoring of
Landslides 68 (1-2), 3-14, 2003.
[8] Crosetto, M., Biescas, E., Duro, J., Closa, J., &
Arnaud, A., Generation of advanced ERS and envisat
nterferometric SAR products using stable point
network technique. Photogrammetric Engineering &
Remote Sensing 74 (4), 443-451, 2008.
[9] Dana, I., Poncos, V., & Teleaga, D., Comparative
Analysis Of Insar Digital Surface Models For Test Area
Bucharest, FRINGE 19-23 Sept 2011, Frascati, Italy,
2009.
[10] Del Frate, F., Pacifici, F., & Solimini, D., Monitoring
urban land cover in Rome, Italy, and its changes by
single-polarization multitemporal SAR images. Selected
Topics in Applied Earth Observations and Remote
Sensing, IEEE Journal of, 1(2), 87-97, 2008.
[11] Dell’Acqua, F., Gamba, P., & Lisini, G., Rapid mapping
of high resolution SAR scenes. ISPRS Journal of
Photogrammetry and Remote Sensing, 64(5), 482-489,
2009.
[12] Ferretti, A., Savio, G., Barzaghi, R., Borghi, A.,
Musazzi, S., Novali, F., Prati, C., & Rocca, F.,
Submillimeter accuracy of InSAR time series:
Experimental alidation. IEEE Transactions on
Geoscience and Remote Sensing 45 (5), 1142-1153,
2007.
[13] Gabriel, Andrew K., and Richard M. Goldstein,
Crossed orbit interferometry: theory and experimental
results from SIR-B, International Journal of Remote
Sensing 9.5, 857-872, 1988.
[14] Gabriel, Andrew K., Richard M. Goldstein, and
Howard A. Zebker, Mapping small elevation changes
over large areas: differential radar interferometry,
Journal of Geophysical Research: Solid Earth (1978–
2012) 94.B7, 9183-9191, 1989.
[15] Galloway, D. L., & Burbey, T. J., Review: Regional
land subsidence accompanying groundwater extraction.
Hydrogeology Journal, 19(8), 1459-1486, 2011.

4. Conclusions
Characteristic for Bucharest is the weak useful signal in
radar processing, the results needing validations through
complex monitoring measurements on the ground.
The innovation of this project is the interconnected
manner in which data is gathered from various scientific
disciplines in order to integrate the ground displacement
patterns into a dynamic and as accurate as possible
representation of the area’s geomorphological evolution,
which is consistent with other environmental information.
In case of ground displacement interferometry products,
the difficulty is that meaningful information is related to
different spatial-temporal windows. These spatialtemporal windows have to be identified and understood
through inter and multidisciplinary interpretation. The
project is proposing a complex multi-scale approach of
identifying ground displacement trends based on the
integration
of
InSAR,
geodesic,
geologic,
geomorphologic and hydrogeologic -based information
into a unitary and explanatory environment.
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Abstract
The polarimetric synthetic aperture radar (PolSAR)
system emits microwaves on two orthogonal
polarizations (the most often horizontal and vertical) and
receives the backscattered echoes on the same two
polarizations to synthesize recordings of the ground
scene. The information embeded in the four resulted
polarimetric channels fully describes the backscattering
properties of the recorded ground objects. In order to take
full advantage of this information and to extract the
physical properties of the recorded targets, simple falsecolor representations of the polarimetric channels are not
sufficient, so several coherent and incoherent target
decomposition theorems have been proposed in the stateof-the-art literature. All these decompositions assume
the fact that any scattering mechanism can be represented
as the sum of some simpler, ,,canonicalˮ scattering
mechanisms. The aim of this paper is to perform a
comparative survey on these decomposition techniques
and to provide examples using two PolSAR datasets: a Lband PALSAR image over Danube's Delta, Romania,
and a C-band RadarSAT2 image over Brăila, Romania.

1. Introduction
Earth observations from space in the last half century
have a big influence on how we perceive our planet
today. The multitude of passive and active sensors sent
into the space send us back an enormous volume of
remote sensing data, which can provide quantitative
measurements of land elevation, land cover, temperature,
ocean waves, atmospheric gases, natural disasters and
others. The most important passive sensors are the
optical ones, which use the solar illumination to provide
Earth recordings, while regarding the active remote
sensing systems, the synthetic aperture radar (SAR) is the
most relevant one. The SAR is an "all weather imaging
system" which emits pulses in the microwaves domain
and uses the backscattered echoes to produce recordings
of the ground scene. A special type of SAR is the
polarimetric SAR, which emits microwaves on two
orthogonal polarizations (usually horizontal and vertical)
and receives the backscattered echoes on the same two
polarizations. This results in four polarimetric channels,
from which the physical properties of the recorded
ground objects can be extracted. Since simple color,
intensity representations of the polarimetric channels fail
to show these physical characteristics, several coherent
and incoherent target decomposition theorems have been
proposed in the state-of-the-art literature, all of them
assuming the fact that any scattering mechanism can be
represented as the sum of some simpler, ,,canonicalˮ
scattering mechanisms. The aim of this paper is to
perform a comparative survey on these decomposition

Keywords
polarimetric synthetic aperture radar, scattering
mechanisms, coherent target decomposition, incoherent
target decomposition, PALSAR, RadarSAT2.
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techniques and to provide examples using two PolSAR
datasets: a single-look, complex, 1248x18432 pixels,
polarimetric, L-band, PALSAR image over Danube's
Delta, Romania, and a single-look, complex, 2984x4495
pixels, polarimetric, C-band, RadarSAT2 image over
Brăila, Romania.

type of decomposition are the Huynen decomposition [3],
the Freeman decomposition [4], the Touzi decomposition
[5] or the H/A/α decomposition [6] Part of the above
mentioned decompositions will be detailed and
exemplified in the following chapters.

3. Coherent target decomposition
theorems

2. A brief overview on the polarimetric
SAR

a) The Pauli decomposition
As mentioned before, CDT are suitable for representing
ground scenes in which coherent, pure targets are
predominant. A well chosen combination of the
polarimetric channels would show the underlying
physical characteristics of the ground objects. Such a
combination can be obtained through a factorization of
the scattering matrix in the Pauli basis. For the
monostatic PolSAR systems (the ones in which the
emitter and the receiver are collocated), the Pauli
decomposition is shown in equation (2).

A polarimetric SAR system emits microwaves with two
orthogonal polarizations, the most often horizontal (H)
and vertical (V), and receives the backscattered waves on
the same two polarizations. When a polarized emitted
wave is backscattered from a ground target, its
polarization state changes. As a consequence, a
horizontal or vertical polarized emitted wave can have
contributions on both horizontal and vertical receiving
channels. This results in four polarimetric channels (HH,
HV, VH, VV), grouped in the scattering matrix, which
are sufficient to completely characterize the targets
backscattering properties. The relationship between the
scattered and the incident electromagnetic waves is:

(2)
(1)
where 1 denotes the power of the H and V polarized
backscattered waves,

waves propagation through atmosphere,
the scattering matrix and

Furthermore, the Pauli components can be grouped in the

is a term which describes the

so-called scattering vector :

is

denotes the power of the

(3)
The three Pauli components reflect the backscattering
properties of the ground objects. Examples of scattering
mechanisms are given in Fig. 1.

H and V polarized emitted waves. All the four elements
of the scattering matrix are complex-valued. A simple
color representation of the scattering matrix (considering
the intensities of three polarimetric channels as the red,
green and blue color planes) would not show the physical
characteristics of the ground objects, so coherent target
decompositions
(CDT)
or
incoherent
target
decompositions (ICDT) have to be employed. On one
hand, CTD are suitable for representing artificial, manmade scenes, where coherent, pure targets are
predominant. These decompositions can characterize
completely polarized scattered waves, in which case the
fully polarimetric information is contained in the
scattering matrix. Examples of this type of
decomposition are the Pauli decomposition, the Krogager
decomposition [1] or the Cameron decomposition [2]. On
the other hand, ICTD are suitable for representing natural
scenes, which are mainly composed of distributed
scatterers. Unlike CTD, these decompositions are based
on the second order polarimetric representations: the
covariance and the coherence matrix. Examples of this
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Fig. 3. The RadarSAT2 image. a) optical; b) Pauli RGB composition
(red=HH-VV, green=2HV, blue=HH+VV);

b) The Krogager decomposition
In [1] Krogager proposed a coherent decomposition of the
scattering matrix into three components which can be
physically interpreted as sphere, diplane and helix targets:

Fig. 1. Scattering mechanisms. a) Odd (single, triple) bounce;
b) Even (double, dihedral) bounce; c) Volume diffraction;

The first component of the target vector is referred to
single-bounce or odd-bounce scattering mechanisms.
These mechanisms are common to plate, sphere or
trihedral objects. The second component is referred to
double-bounce or even-bounce scattering mechanisms.
These mechanisms correspond to dihedral objects
oriented at 0ᴼ or 90ᴼ. Finally, the third component
corresponds to dihedral objects oriented at 45ᴼ.
This kind of scattering is most often encountered in forest
canopies.
In Fig. 2 and Fig. 3 optical and Pauli color-coded
representations of the two polarimetric datasets used for
experiments are shown. One can notice the presence of
single-bounce scattering mechanisms (water bodies, low
vegetation areas, agricultural fields) in blue, or volume
diffraction mechanisms (forested areas) in green.

(4)

where represents the orientation angle
The Krogager decomposition parameters can be more
easily derived if a prior change of the scattering matrix
basis is computed, from the (H, V) basis to the (Right
circular, Left circular) basis:

(5)

where:

(6),

(7),

(8)
The false-color representation of the Krogager
decomposition parameters of the testing images are
shown in Fig. 4.

Fig.2. The PALSAR image. a) optical; b) Pauli RGB composition
(red=HH-VV, green=2HV, blue=HH+VV);
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eigenvalues and orthogonal eigenvectors. These matrices
can fully describe incoherent scattering processes. The
use of the coherence matrix is usually preferred because it
provides a physical interpretation of its diagonal
components:
is reffered as odd-bounce scattering,
is reffered as even-bounce scattering and
is referred as
volume scattering.
a) The Freeman decomposition
The Freeman decomposition decomposes the covariance
matrix as the sum of three scattering mechanisms:
(13)
In equation (13)
represents the contribution of a
single-bounce scattering component,
represents the
contribution of a double-bounce scattering component and
represents the contribution of a volume scattering
component:

Fig.4. Color representation of the Krogager decomposition
parameters (red= , green= , blue= ). a) The PALSAR image;
b) The RadarSAT2 image

The two decompositions detailed above are valid for
coherent targets. However, with the continuous advances
in the field of SAR imaging and with the continuous
decrease of the resolution cell, the response of most
ground targets spans over several pixels. In this case,
when a particular pixel corresponds to a distributed
scatterer, we can no longer talk about a coherent target.
Therefore, incoherent decompositions of the second order
polarimetric representations have to be employed.

(14)

(15)

(16)
If we replace equations (11), (14), (15) and (16) in
equation (13) we obtain a system of 4 equations with 5
unknowns. In order to be able to solve it an additional
constraint must be imposed, which can be extracted from
the definition of the total power of the scattering process,
the span:

4. Incoherent target decomposition
theorems
The main characteristic of the incoherent scattering is the
fact that it causes a depolarization of the incident wave.
This depolarization can not be taken into account when
performing analysis based on the scattering matrix. This
is the reason why the second order polarimetric
representations have been introduced. The second order
polarimetric representations are the covariance matrix and
the coherence matrix, which can be obtained from the
scattering vector, multiplied with its own transpose
conjugate. The covariance matrix is derived from the
scattering vector (lexicographic factorization of the
scattering matrix), while the coherence matrix is derived
from the
scattering vector (Pauli factorization of the
scattering matrix):

(17)
After solving the system of equations and finding the
contributions of the three scattering mechanisms, ,
and , color representations of PolSAR data can be
simulated. In Fig. 5. one can easily notice the presence of
single-bounce scattering mechanisms (water bodies, low
vegetation area, agricultural zones) in blue, volume
scattering mechanisms (forested areas) in green or doublebounce scattering mechanisms (built-up areas in Brăila) in
red.

(9)
(10)

(11)

(12)
The covariance matrix in equation (11) and the coherence
matrix in equation (12) are Hermitian, positive,
semidefinite matrices and they posses real, positive
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double-bounce scattering mechanisms. The entropy
in
equation (22) represents the statistical disorder, or the
degree of randomness of the scattering process. A value
close to 0 reveals a pure scatterer and a value close to 1
reveals a distributed scatterer. The anisotropy
in
equation (23) is complementary to the entropy. For
entropy values close to 1, the anisotropy can discriminate
certain types of scatterers, otherwise it is very noisy.
The H, A and α parameters of the two testing datasets,
together with false-color representations, are shown in
Fig. 6. and Fig. 7.. In addition to the simple false-color
representation, a joint interpretation of the three
parameters can provide good unsupervised classification
schemes: the H-α, H-A and A-α schemes. In Fig. 8. the Hα scheme is shown, scheme which divides a PolSAR
image into 9 segments (only 8 feasible).

Fig.5. Color representation of the Freeman decomposition
parameters (red= , green= , blue= ). a) The PALSAR image;
b) The RadarSAT2 image

a) The H-A-α decomposition
The H-A-α decomposition is based on the eigen
decomposition of the coherency matrix.
can be
written as:
(18)
In equation (18)
is a diagonal matrix composed of the
real-valued eigenvalues of
, sorted in the decreasing
order, and
is a
unitary matrix composed of the
eigenvectors of
:

(19)
(20)
Furthermore, each eigenvector

can be written as:

(21)
Equation (21) is known as the
decomposition of
the eigenvectors. From the decomposition in equations
(18) to (21) we can extract a set of parameters with a
physical interpretation: the entropy (H), the anisotropy
(A) and the mean angle ( ):

Fig.6. The H-A-α parameters for the PALSAR image. a) Entropy;
b) Anisotropy; c) Mean α angle; d) false-color representation

(22)

On one hand, areas 1, 2 and 3 from Fig. 8. represent
double-bounce scattering mechanisms, areas 4, 5 and 6
represent volume scattering mechanisms, while areas 7
and 8 represent surface (singe-bounce) scattering
mechanisms. On the other hand, areas 1, 4 and 7 represent
quasi-deterministic scattering mechanisms, areas 2, 5 and
8 represent moderately random scattering mechanisms,
while areas 3 and 6 represent highly random scattering
mechanisms. Area 9 is a nonfeasible region. The H-α
classification was applied on our testing PolSAR images
and the results are shown in Fig. 9. and Fig. 10.

(23)
(24)
where
represents the probability of the
eigenvalue .
The mean angle in equation (24) is strongly related to
the physics behind the scattering process. A value close to
0 corresponds to single-bounce scattering mechanisms, a
value close to
corresponds to volume scattering
mechanisms and a value close to
corresponds to
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Fig. 9. PALSAR H-α classification. a) classification result;
b) H-α segmented plane; c) H-α occurrence plane
Fig.7. The H-A-α parameters for the RadarSAT2 image. a) Entropy;
b) Anisotropy; c) Mean α angle; d) false-color representation

Fig.8. The two-dimensional H-α classification plane
Fig. 15. RadarSAT2 H-A-α classification. a) classification result;
b) H-α segmented plane; c) H-α occurrence matrix;

Several scattering mechanisms can be identified in Fig. 9.
and Fig. 10. Bare soils, agricultural fields or areas with
low vegetation, where the radar wave penetrates to the
soil, are mainly characterized by single-bounce scattering
(blue color). Areas covered by high vegetation and
forested areas are mainly characterized by volume
scattering (green color). Finally, built-up areas (the city
inFig. 10.) are mainly characterized by double-bounce
scattering (red color).

5. Conclusions
The polarimetric SAR represents a valuable source of
remote sensing data, especially if we think about its main
advantages: it is not dependent on weather or solar
illumination. Furthermore, this system stands out through
the data type it provides, three or four polarimetric
channels, all of them complex-valued. In order to take full
advantage of this type of data, simple color
representations are not sufficient. This is the reason why
several coherent and incoherent target decomposition
theorems have been proposed, all of the having the same
purpose: to decompose the complex scattering
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mechanisms on the ground into the sum of some simpler,
“canonical” mechanisms. A comparative survey on these
decomposition theorems was made in this paper, showing
the high volume of information that can be extracted. The
different scattering mechanisms corresponding to the
ground objects were provided and explained in the
context of the CTD and ICTD. The higher segmentation
performances of the ICTD were also made obvious, if we
consider the false-color compositions presented in chapter
4. However, no matter what target decomposition theorem
one chooses to employ, this represents the first step for an
accurate, proper analysis of PolSAR data.
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IN MEMORIAM
ION GRIGORE SION, honorable member and former
president of the Romanian Society for Photogrammetry
and Remote Sensing, died suddenly on July 7, 2015. He
was an eminent specialist and associated teacher at
Bucharest Technical University of Civil Engineering,
Faculty of Geodesy.
He was born on July 30, 1935 in the city of Galați where
he attented elementary school during 1942-1947 and later
he graduated from Bucharest Land Surveyors Technical
school in 1954. He was one of the brighest students of his
generation.
During 1954-1959 he attended Bucharest Technical
University of Civil Engineering (T.U.C.E.B.), Geodesy
College, majoring in railway bridge structural
engineering. After graduation, he was assigned to work at
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Galati Civil Engineering Company until 1962.
He embraced science and research since early beginnings and in 1962, after a competitive
selection process, he was offered the Assistant Lecturer and the head of the topography
laboratory positions at College of Geodesy of T.U.C.E.B. from which he graduated in 1959.
This marked the beginning of his work and activity as a great researcher and remarkable
scientist in his area of engineering expertise as well as in other related fields of general
interest.
He continued his education in the fields of law and international affairs, pursuing a career in
diplomacy with Minister of Foreign Affairs. During the time of 1964-1973 he attended Law
School in parallel with a post university program in international affairs and foreign
languages (he was fluent in both English and French) at University of Bucharest. In 1986 he
graduated with a Juris Doctor degree.
Because of his expertise, background and education, he was hired during 1973-1986 by
Romanian National Commission for UNESCO as an editor, and then as a chief editor for
UNESCO journal, making great individual contributions to the newspaper for 16 years by
writing scientific papers and other articles on a variety of topics, and by taking interviews of
celebrities etc.
Despite these achievements, he never lost interest in his former profession in Geodetic
engineering and collaborated on technological engineering and research with Geodesy,
Photogrammetry, Cartography and Territorial Organization Institute, an already well known
institution of that time. This collaboration helped him stay in touch with what was happening
in the Geodetic field.
He made important contributions in the research field of Geodetic science from early
beginning and was able to advanced his academic career from scientific researcher grade I
(the equivalent of University Professor) to the head of research department, department that
included more than 60 research specialists in geodesy, photogrammetry-remote sensing,
cartography-editing and territorial organization.
We can say that Romanian science and research activity reached a peak during 1986-1996
and dr. Ion Sion had remarkable contributions in the field of civil engineering. As the
Institute scientific research director, he coordinated with other specialized institutions
important research programs like Phare – Corine Land Cover program. Later, he served two
mandates as president, and vice president and honorific member of the Romanian
Photogrammetry and Remote Sensing Society (known as SRFT) while at the same time
serving as editor in chief for the SRFT Bulletin. Between 1987 and 1995 he was the news
editor of the IGFCOT Annals and a member of the editorial teams of the mentioned bulletins.
He belonged to professional organizations such as "Romanian Geodesy Organization,"
"Romanian Cartographers' Association," "Legislative and International Relations
Association" and made important contributions to legislative norms in the geodesy field.
Thus, he was nominated and received many awards for his work from professional
institutions.
Having a vast experience in many specialized engineering fields as well as law practice, he
published numerous professional books such as: “Ecology and International Law –
International Cooperation and Strategy in the Field of Environmental Protection,”
“Terrestrial Surveying Fundamentals,” “Legislative Institutions and Cadastral Legislati on”,
"Public and Civil Law Institutions,” “Photogrammetry and Remote Sensing” etc.
He also published many articles about his scientific research in specialized journals, and
presented them at national and international symposiums (in Istanbul, Washington, Beijing,
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Vienna), or at Romanian Society of Photogrammetry and Remote Sensing congresses.
One of his memorable papers is “Romanian Diplomats and Cartographers” that gets an
insight at great Romanian humanists from the XVI-XVIII century such as Dimitrie Cantemir
and his encyclopedia including the first map of Moldavia, Constantin Cantacuzino and his
first map of Wallachia, and Nicolae Milescu, first Romanian diplomat and cartographer. His
work proved him both as a notable scientist and a distinct talented writer.
Because of his love for teaching, in parallel with his activity at IGFCOT, he returned to
College of Geodesy where he taught “Law/Legal and Territorial-Cadastral Procedures” class
until 2014.
From IGFCOT, he advanced his career in business management and worked at National
Office of Cadastre, Geodesy and Cartography (the actual National Agency of Cadastre and
Land Registry, or ANCPI) and later he got promoted to vice-president and general manager
at the Cadastre Geodesy and Cartography State Controller Agency.
After retirement, he remained active at College of Geodesy where he continued teaching with
the same passion while still playing an important role in managing the Romanian Society of
Photogrammetry and Remote Sensing activities.
July 7, 2015 was a fatidic day for dr. Sion’s family. He was driving with his wife to Otopeni
airport to pick up his daughter and grandkids and stopped in traffic cautiously distressed by
high summer heat. His heart stopped beating. The news that dr. Ion Sion died shocked his
colleagues, friends and collaborators and it was an immense suffering for his wife, Liliana.
And if all of us are trying to understand what happened and come at peace with this drama,
his beloved dog, PAPUC, will never understand why his master is not coming back home.
PAPUC has been looking for him everywhere, but he could not find him, and will wait for
him for the rest of his life.
We will always remember dr. Ion Sion for his work, friendship and remarkable personality!
June 2015
Nicolae Zegheru, PhD. in Eng.
Official member of the Academy of
Agricultural and Silvicultural Services
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