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Abstract

The sustainable use of municipal territory, complying with ecological and social-
economic features, is among the top-ranking directions of modern regional policy. 4 key
problem here is the evaluation and controf of the territories subject to intensive anthropogenic
activity. The paper presents a methodology for performing such type of study. Using
conventional-source data and satellite imagery integrated in a data base, a spatial model to
evaluate the man-induced transformation of the land of Novi Iskar, Sofia Municipality, was
designed. The ranking of land-use categories and the maps of the man-induced transformation
distribution index were created after Goffmann s methods adaprted for Bulgarian territory by
Hiev-Hieva. As a result of the dyramic urbanization process and the intensive agricultural
and industrial-transport activity, the landscape structure of the studied land has experienced
material changes. The calculated regional man-induced transformation index {Ual = 554}
is close to the index of Sofia Municipality, which is the highest for the country. It is strongly
affected by the high values of the index of fields that were utilized for residential and industrial
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purposes. Based on the generated digital terrain model, a series of derivative morphometric
cartographic models was created, which reveal the nature and features of the relationships
between the relief s plastics and the spatial distribution of the individual land-use categories.
The created geodaia base provides for express retrieval of thematic information from mulfi-
channel satellite images Jor the purpose of moritoring the examined territory s man-induced
transformation. Obtaining regular unbiased information is of great importance for the
Municipality 5 adequate policy formation and funding.

Keywords: man-induced transformation, remote sensing, geographic information
systems, spatial modeling.

1. Introduction

The sustainable use of municipal territory, complying with ecological
and social-economic features, is among the top-ranking directions of modern
regional policy. A key problem here is the evaluation and contrel of the
territories subject to intensive anthropogenic activity. The Town of Novi Iskar
15 one of the four towns located on the territory of Sofia Municipality. It was
proclaimed a town in 1974, as a result of merging the Villages of Kourilo,
Koumaritsa, Slavovtsi, and Gnilyane. The Town of Novi Iskar falls within the
Municipality’s northern industrial area which incorporates as well the industrial
settlements of Svetovrachane and Kremikovtzi.

The main objective of the study is the design of a spatial model to evaluate
the man-induced transformation of the territory of the Town of Novi Iskar,
Sofia Municipality. To achieve it, three interrelated tasks must be solved,
namely: 1, To create a geodata base for the territory of the Town of Novi Iskar
containing information on land-use; 2. To generate digital terrain model (DTM)
and to create a series of derivative morphometric cartographic models, revealing
the nature and features of the relationships between the relief’s plastics and
the spatial distribution of the individual land-use categories. 3. To identify
and analyze the man-induced transformation of the examined territory.

2. Methods and information background of the study

In implementing the specified tasks, the basic technologies used were
geoinformation technologies (Burrough A., 1996, Lillesand T., Kilfer R., 2000,
TuxynoB B., 2004), involving geoinformation systems and data processing
technologies applied in remote sensing of the Earth. The work methods
comprise eight major stages, which are shown in Fig. 1.
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Fig. 1. Work stages

To achieve the objective of the study, the following information sources
were used: large-scale topographic maps in scale M 1:10,000; satellite images
from Landsat ETM* and IKONOS taken in 2000 and 2003, accordingtly, and
data from the National Institute of Statistics. The topographic maps and satellite
images were georeferenced to a unified coordinate system (Bulgarian
coordinate system, 1970) into a geodata base. By digitizing the topographic
maps and visual computer-aided interpretation and photo-revision of the
satellite images, vector layers were created. The vector data base was used to
generate a digital terrain model and its derivative cartographic models of
topographic surface slope and aspect. The performed modelling using GIS
tools helps to reveal the relation between the man-induced transformation and
the morphographic features of the land of the Town of Novi Iskar. As a resuit
of the performed operations related to information input and preliminary
processing, layers of geodata bases were created, required by the subsequent
spatial analyses (Table 1). A series of derivative morphometric cartographic
models was created, describing the relation between man-induced
transformation attributes and relief characteristics. Upon analysis and
generalization, the obtained spatial quantitative evaluations were presented in
the form of maps (Figs. 2), graphs and tables.
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Table 1. Data distribution by layers in the data base

Name of layer Type of layer
Satellite images from Landsat ETM and IKONOS | Raster
Large-scale topographic maps Raster
Land boundary Vector-polygon
Boundary of the guarters’ territory Vector-polygon
Triangulation points Vector-Points
Ground control points measured by GPS Vector-Points
Rehef isohnes Vector-Line
Forest territories Vector-Polygon
Natural meadows Vector-Polygon
Pastures Vector-Polygon
Perennial plants (vineyards, orchards) Vector-Polygon
Fields Vector-Polygon
Water areas, streams, and hydro-melioration
equipment (rivers, dams, gullies, capals, etc.) Vector-Polygon
Transport and infrastructure territories Vector-Polygon
Built-up lands for residential and industrial
purposes Vector-Polygon
Disturbed lands (mines, quarries, landfills etc.) Vector-Polygon
Ground measurements 2006-2008 Vector-Points
Digital terrain model Raster
Slope Raster
Aspect Raster
Man-induced transformation Raster

3. Major results

The spatial analysis and evaluation of man-induced transformation was
performed after Goffmann’s methods adapted for Bulgarian territory by Iliev-
Ilieva (Mnues M., M. Unuesa 1998). In it, the number of land-use categories
is reduced to 10, and each category is assigned an appropriate man-induced
transformation rank (r). The values of the man-induced transformation ranks
(r) for the respective land-use categories are as follows: Protected territories
(protected natural territories, archaeological sites, sanitary-protected areas
etc.) — 1; Forest territories — 2; Natural meadows - 3; Pastures — 4; Perennial
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plants (vineyards, orchards) — 5; Fields — 6; Water areas (rivers, dams, gullies,
canals, etc.) — 7; Transport and infrastructure territories — 8; Built-up lands for
residential and industrial purposes — 9; Disturbed lands (mines, quarries,
landfills etc.) — 10. The proposed man-induced transformation index {(Uam) is
equal to the product of the man-induced transformation rank (r) of the respective
land-use category and its portion of the overall territory in %. The sum of the
man-induced transformation indices of the individual categories represents
the local index (Ual).

Within the boundaries of the examined territory, 9 land-use categories
were identified, whereas only protected territories (Fig. 2) were not identified.
These categories have been formed under the influence of both natural and
social-economic factors.

Forest territories

Forest territories are of great ecological importance as a factor
maintaining natural equilibrivm. The greater portion of mountain lands in the
northern part of the region accounts for a greater portion of forest-occupied
territories compared to the plane southern part. This land-use category occupies
30.2 % of the region’s territory. It is lacking in the Koumaritsa and Slavovisi
quarters. The forests are located mostly in the low mountainous area (altitude
of 600 - 1,000 m), along southern slopes with inclination from 10° to 30°
{Table 2). The man-induced transformation index is 60.32, which is close to
the average value for Sofia Municipality (58.4). Its relative share ranks third
in significance to the formation of Ual.

Natural meadows

The relative portion of natural meadows is 5.52 %, whereas in the
Slavovisi quarter it is less than 1%. They are located mostly in planc territories
with altitude of 500 - 600 m (Table 2). Part of the natural meadows is located
on the flooded terrace of the Iskar River, which creates marshes at spring
water maximum, Another reason for the marshes, particularly in the Gnilyane
area, is the high level of underground water.

The man-induced transformation index is 16.56, which is higher than the

average for Sofia Municipality (11.7). This relatively high index evidences of
available favourable conditions for development of pasture stock-breeding.
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Table. 2. Percentage of the area distribution by land-use
categories conformity with the relief characteristics on the land
of the town of Novi Iskar

Land-Use Catepories
e o
. . , strearrs | oport | B Br}
Relief cloracteristios F‘?m? Natural Postires| Peremal Felds| and | and resklertal Dinabed

temiorks| meadows phuts hidromeliod riﬁ*asmmre . arl:ll hnds

rative terrdores | dustrial

aqispment PLpOses
. 200m-600m | 213 | 995 | 661 | 329 [ 967 995 9% 953 | 667
BE‘;‘:" 600m- 1000m| 786 | 05 | 339 | 671 | 33| 05 40 47 | 133
1000 m- 1600m| 0.1 0.0 0.0 0o | 0o | oo 00 00 0.0
0 -1° 95 855 | €33 | 143 | e04] 831 56.8 s04 | 254
Pe-3e 4.1 8.4 1521 37 | 240 102 356 257 | 374
3o 10.0 16 80 [ 204 | N8} 54 35 137 | 57
FNT 101 20 99 | 300 | 30 10 0.7 56 06

Slope()
0~ - 15" 237 04 95 | 24p | 07| o2 Li 35 06
15 -20° 202 0.1 24 57 | ot . 0.9 09 0.8
20" -30° 19.4 0.0 14 15 [o0] op 1.0 0.3 L4
>3 34 00 02 04 {00 f 00 04 00 0.1
Fht 8.6 751 | 246 | 129 | 68| 624 293 137 | 95
North 31 0.9 1.8 01 | os | ol 12 05 06
Northeast 46 6.6 14 ] o4 | 18] o9 2.1 337 94
Fast 106 31 5.8 17 | 27| 25 49 132 | 95
Aspect - .| Southeast 160 03 |13 f 137 | 6o 13 17 | 312 | 380
Souh 16.2 26 | 24| 280 [ 216 a0 389 131 | 306
Souttmest 179 | 78 | 03] 181 | 00| 118 57 108 | 23
. West 14.8 34 94 | 146 | 81| 124 5.0 08 | 01
Notiwest | 84 0.2 no | w4 | 24| 27 1.1 31 00
Pastures

This category occupies 3.44 % off the overall area, whereas most of
the pasture territories are located in areas featuring altitude of 500 - 600 m and
inclination of 0° to 3° (Table 2). The man-induced transformation index is
13.76, which is by 24 points less than the average for Sofia Municipality. The
relative share in Ual formation is among the lowest ones - 3 %.
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Perennial plants

The land-use category of perennial plants on the territory of the Town
of Novi Iskar occupies only 1.4 % of the overall area. The greater part of these
is located on the territory of the Gnilyane Quarter, at altitude of 600 to
1,000 m, along slopes of southern exposure featuring inclination of 3° to 15°
(Table 2). A look-up into old topographic maps in scale M 1:10,000 issued in
1970 reveals that its territory used to be occupied by vineyards and orchards.
The relative share of this category’s Uam in the formation of Ual is only 1 %,
notwithstanding the value of Uam (6.95) for the examined territory which 1s
nearly threefold greater compared to the respective value for Sofia Municipality
(2.5).

Fields

The greatest relative share in the territory’s structure is occupied by
the field category - 33.94 %. The man-induced transformation index (203.64)
for the considered land-use category is substantially higher than the average
value for Sofia Municipality (152.4). Its relative share in Ual formation is
highest — an overall of 38 % for the whole land of the Novi Iskar region. This
tendency is not uniform for the lands of the individual quarters, varying from
30.36 for the Kourilo Quarter to 422.04 for the Slavovtsi Quarter (Table 3).
The fields are located in plane areas with altitude of 510 - 600 m.

Currently, the structure of arable land shows that the greatest part of them
is occupied by fields planted with grain crops: maize, barley, wheat, and fodder
— mainly alfalfa. Vegetable-planted areas rank second.

Water areas, streams, and hydro-ameliorative equipment

Water areas occupy 3.4 % of the overall area, which points to a relatively
well organized irrigation system. This parameter is strongly affected by the
Iskar River, which flows through the lands of the Quarters of Koumaritsa,
Kourilo, and Gnilyane. Notwithstanding the erected protective embankments,
part of these quarters’ territory was damaged by the floods of June 2005
(Fig. 3). The man-induced transformation index is 23.73, which is close to the
average for Sofia Municipality (23.1).
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Table 3. Man-induced transformation index (Uam) on the territory of
the Town of Novi Iskar

Land-Use Categories |[Townol Koumaritsa | Gnilyane | Slavovisi Kourile
Nowi Iskhr Quarter Quarter Quarter Quarter
Forest tetritories 6(.32 82.68 105
Natural meadows 16.74 22,23 16.56 2.22 15.68
Pastures 13.76 13.32 13.92 14.44 13.52
Perennial plants 6.95 0.5 17.65 0.55
Fields [203.64 316.8 189.42 422.04 30.36

Whater areas, sireams,
and hydromeliorative

equipment 23.73 33.53 22.19 4.27 27.63
Transport and
infrastructure territories| 40.64 36.24 20.32 137.52 26

Built-up lands for
residential and industrial
pUrposes 136.17 202.59 79.65 66.78 197.1
Disturbed lands 18.9 453 34

Fig 3. Satellite images from IKONOS and SPOT on which the areas
flooded in June 2005 may be seen
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Transport and infrastructure territories

The infrastructure type of land use includes the areas occupied by the
transport network elements (inclusive of field and forest roads) outside the
populated areas and the pertaining infrastructure. It occupies 5.1 % of the
territory’s overall area. The man-induced transformation index (40.84) is twice
as big as the index of Sofia Municipality (12.0). It is greatly influenced by the
lands occupied by the Airport of Dobroslavtsi, part of which is located on the
land of the Slavovtsi Quarter. Currently, the airport is not used according to its
destination. The relative share of the considered category’s Uam in the
formation of the local index is 8 %. The transport network on the plane territory
is well organized, field roads constituting an important part thereof.

Built-up lands for residential and industrial purposes

The territory’s building up is associated with some of the gravest
damages during man-induced transformation, occupying 15.1 % of the overall
area forming the structure of the examined territory’s Jand use. A number of
industrial and service sites and equipments have been erected on the region’s
territory. The relative share of this category’s Uam in the formation of Ual is
26 %, which ranks it second in significance to the formation of the local index,
after the field category. The man-induced transformation index is 136.17 which
is less than the average for Sofia Municipality (163.8). This tendency is not
uniform for the lands of the individual quarters, varying from 66.78 for the
Slavovtsi Quarter to 202.59 for the Koumaritsa Quarter (Table 3).

Disturbed lands

The greatest changes in the territory’s natural status and regime have
occurred in the north-west part of the region as a result of the development of
mining and quarry activity. The relatively low stage of development of industrial
technologies, the insufficient or lacking depth selection, and last but not least,
the deposits’ low useful content called for exploitation of large fields. The
highest values of the index of the disturbed lands” category are associated
with the Quarters of Koumaritsa and Kourilo where Uam is equal t0 45.3 and
34, accordingly.
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Disturbed lands occupy 1.9 % of the overall area. The land hosts one
deserted uranium mine, one deserted open-extraction coal mine and clay-
extraction quarries. Despite that these sites feature the highest man-induced
transformation rank their share in Ual formation is insignificant — 4 %. The
Uam index for this category is 18.9, which is much less than the average for
Sofia Municipality (51). This tendency varies with the individual quarters,
whereas Gnilyane and Slavovtsi have no disturbed lands (Table 3).

4. Conclusion

As a resuit of the dynamic urbanization process and the intensive
agricultural and industrial-transport activity, the landscape structure of the
studied land has experienced material changes. The calculated local man-
induced transformation index (Uat = 554) is greater than the value of this
index for Sofia Municipality, which is the highest for the country. It is strongly
affected by the great values of Ual for fields and built-up lands for residential
and industrial purposes. This tendency is characteristic of the Koumaritsa and
Slavovtsi Quarters, while the values of Ual for the other two quarters are close
to the average value for the country (448.1).

The plane relief in the southern part of the territory, the 5011 and agro-
climatic conditions and resources favour the development of agricultural land
use. Despite the relatively favourable agro-climatic conditions, few perennial
plants are grown in the region.

The created geodata base provides for express retrieval of thematic
information from multi-channel satellite images for the purpose of monitoring
the examined territory’s man-induced transformation. Obtaining regular
unbiased information is of great importance for the Municipality’s adequate
policy formation and funding.
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HPOCTPAHCTBEH MOJAEJL 3A OHEHKA
HA AHTPOITOTEHHATA IIPEOBPA3YBAROCT
C A3NIOJ3BAHE HA TEONH®OPMAIIHOHHH TEXHOJIOTUHU

E. Pymenuna, I. Kenes, P.Heoxos,
B. Haiioenoea, I. KvHes

Peztome

VeToHYHBOTO U3N0NI3BaHE HA TEPUTOPHATA Ha OOIIMHKTE, ChOOpa3eHo
C EKONOTHYHUTE H COLMATHO-MKOHOMHYECKH 0CO0EHOCTH, € €IHO OT
IPHOPHTETHATE HaNlPARICHHS HAa CEBPEMEHHATA PErHOHANHA MONUTHKA, Eaun
OT KJIOUOBHTE TIPOOIEMH ¢ OICHKATa H KOHTPOIBT HA TEPHTOPUUTE,
TIOAJIOKEHH Ha MHTEHIWBHA AHTPOTIOreHHa aeitnocT. B crarusta ¢ npe/craseHa
METOZOJIOTUS 334 MPOBEK/IAHE HA TAKHB THN H3cieasaHe. C U3MON3Bane Ha
OAHHH, THONY4YEHH OT KOHBCHUMOHAIHY H3TOYHHIH H CIIBTHHKOBH
H300paXkeHud, HHTETPHPAHK B reobasa faHHH, € ChCTABEH MPOCTPAHCIBEH
MOJIEN 3a OlleHKa Ha aHTPONOTreHHaTa Npeodpa3yBaHOCT Ha 3eMITHILIETO HA FP.
Hopsu Hexep, Cronuuna obuuuna. I pajaitusTa Ha KATETOPHUTE 3eMETION3BaHE

B KApPTHTE 2a pasnpefeeHHcTO Ha HWHJAEKCA HA aHTPONOTeHHA
npeoOpa3yBaHOCT €a CHCTABCHHU IO aJaNTHPAHATA 3@ TCPUTOPHUATA HA
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boarapus ot Unnes-Mnuesa metonuka Ha ['odman. lon Be3neHcTBUCTO HA

JUHAMHMYHO [OpoTHYainus ypSaHucTHYeH mpouec, KakTo U B pe3yATar Ha
WHTCHIWBHATA COJICKOCTONAHCKA M IPOMHIUICHO—TPAHCIOPTHA AEHHOCT
AaHAma{pTHATA CTPYKTYpa B H3CIASABAHOTO 3EMIIULIE € NIPEeThpIsIa
CBHINECTBCHH HIMCHEHHS. VI3UHCTICHAST PETHOHAICH HHJICKC Ha aHTPONOTeHHz
npeofpasypanocT (Ual = 554) e 6nu3bk o To3u Ha CTONMYHA 0BLIHHA, KOHRTO
¢ Hall-BHCOKUAT 3a cTpaHaTa. CHIIHO BJIMAHHE BBPXY HErOBOTO (oOpMHUpaHe
OKA3BaT BHCOKHUTE CTOMHOCTH Ha MHJEKCA OT HUBW U 3aCTPOCHH 3€MH OT
HACeNeHUTe MeCTa U IMpoMulleHocTTa. Ha 6azata Ha renepupan OudpoB
MOJEN Ha peneda ca ChCTABEHH CEPHs OT IPOUIBOJHU MOp(HOMETpHIHH
Kaprorpadckn Moxenu. Te pasKpuBaT xapakTepa B OCOGEHOCTUTE HA
B3aUMOBPB3KHTE MEXAY [JlacTHKaTa Ha peneda M NpOoCTPAHCTBEHOTO
pazIipesieNieHHe Ha OTJIeTHHTE KAaTeropun seMenonzeane. Crinanenara reofasa
JIaHHU NaBa Bh3MOKHOCT 33 EKCHPECHO H3BNIHYAHE HA TEMATHYHA HEGOPMALES
OT MHOI'OKAHAJHYU CTITETHUKOBY W300paXCHHA 38 H3BbPIIBaHE HA MOHUTOPUHT
Ha aHTPOIIOTEHHaTa Npeofpa3yBaHOCT HA U3CICABAHATA TCPUTOPHS.
[TonyuaeaneTo Ha peryiapHa o0eKTHBHA HHQOPMALUA MMa H3KIIIOUHTENIHO
3HAYCHUE KAKTO 33 POPMHpAHEe Ba aIcKBaTHA IIOJUTHKE Ha OOmuHATa, TaKa i
3a PUHAHCOBOTO H OCUTYpPSIBAHE,
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