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INTRODUCTION

Land use and land cover change detection is a substantial process in monitoring
and managing natural resources and urban development, as well as is central to the
interests of the science of global environmental change. Up-to-date land cover infor-
mation is of crucial importance to scientists, resource managers, and decision mak-
ers. Remote sensing is a powerful tool to provide land cover data with high temporal
and spatial accuracy.

The study on the coastal land cover and land use is one of the main topics and
has gained comprehensive research attention. Coastal zones are areas of substantial
importance due to their significant natural and economic resources, as well as to
their sensitivity with respect to unfavorable ecological impacts. The investigation
of the land cover change in these regions at risk appears to be an essential factor to
the integrated coastal zones management. The Bulgarian Black Sea coastal zone as
a vulnerable region, which is very sensitive to the diverse natural and anthropogenic
impacts on the environment, is an area of special research interest for Vatseva
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(2005a, 2005b, 2005¢, 2006a, and 2006b; Vatseva, Koulov, 2010). The investi-
gation and mapping of land use change and environmental quality of Fujian province
in China represent an important part of the work of Sha and Li(Jiang,Sha,
2003;Sha,Li,2004;Jiang, Sha,2008;Li etal.,2009;Li,Sha,Lian,2010).

The present study aims to analyze land use and land cover change in coastal
zones of Bulgaria and Fujian province in China based on satellite imagery. The sur-
vey covers about 20 years period during the transition from planned economy to mar-
ket economy in Bulgaria (1990-2006) and the post-reform era in China (1980-2001).
This research was carried out in the frame of the research project “Change Detection
of Land Use and Land Cover in Coastal Zones of China (Fujian) and Bulgaria Using
Multi-temporal and Multi-scale Remote Sensing Data” during the period 2008- 2011
by bilateral scientific and technical cooperation between Republic of Bulgaria and
People’s Republic of China.

STUDY AREAS

Two study areas were selected along the coastal zones in Bulgaria and China.
The study area in Bulgaria is the Black Sea coastal zone. It is located in East Bulgaria
and is approximately bounded by the coordinates: 41°56'-43°44' N and 27°17'-28°36’
E (Fig. 1). The coastline has a length of 378 km and covers the entire eastern bound of
Bulgaria stretching from Romania in the north to Turkey in the south. The study area
includes all of the 14 coastal municipalities in Bulgaria. This land strip with an area
of 5,756 km? is 7 to 40 km wide. The region is characterized by both well preserved
natural landscapes and areas with high anthropogenic impact. The northern part fea-
tures plain and karst relief, while the southern is predominantly lowland with forested
hills, lakes, wetlands, and coastal lagoons. The sandy beaches occupy approximately
130 km of the coast. The climate is formed under the influence of the Black Sea. It
is moderate-continental in the north and transitional-Mediterranean in the south. The
summer is relatively warm and the winter is mild, the average annual precipitation is
440-900 mm. The region is an important center of tourism during the summer season
from May to October.

The study area in China is Fujian Province which is situated in the Southeaster
part of the country on the coast of the East China Sea (23°31'-28°18' N and 115°50'-
120°43’ E) in middle and south subtropics (Fig. 2). Its territory includes 121,400 km?
of'land and 136,300 km?of sea. It covers a land of 480 km from East to West and 530
km from North to South. Its coastline stretches 3,324 km and has many bays and more
than 1500 islands. In 2010, the province’s population is 36,930,000, and the Gross
National product value is 147.3712 billion Yuan. The province is mostly mountain-
ous, mountains and hilly areas constitute over 80 % of Fujian’s land area. Plains are
concentrated in its southeast coastal areas. Fujian has a subtropical humid monsoon
climate, with favorable hydro-thermal conditions, the average annual temperature is
15-21 °C, and the average annual precipitation is 1000-2000 mm. The province has
been developed for over 3000 years. As the effects of human activities on nature are
relatively profound, different types of land use have been formed under the long time
agro-economical activities. Fuzhou was selected as test area for environmental qual-
ity assessment. Fuzhou city is the capital and largest city of Fujian with an area of
12,177 km?and population of 7,115,370 inhabitants at the 2010 census.
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MATERIALS AND METHODS

The remotely sensed data used for Bulgaria include multispectral images from
Landsat TM of 1991 and 1992, Landsat ETM+ of 2000 and 2001, IRS-P6, SPOT 4
and SPOT 5 of 2006 and 2007 (Table 1).

Table 1
Satellite images for the Black Sea coastal zone in Bulgaria
Satellite imagery Year Number of Scenes

Landsat TM 1991, 1992 2

Landsat ETM+ 2000, 2001 2

IRS-P6 2006 3

SPOT 4 2006 2

SPOT 5 2006, 2007 5

Landsat TM of 1980s and 1990s along with Landsat ETM+ of 2000 and 2001
were used as a time series of images for the land use change study of Fujian, China
(Table 2).

Table 2
Satellite images for Fujian province in China
Satellite imagery Year Number of Scenes
Landsat TM 1986, 1989 16
Landsat TM 1990, 1996 16
Landsat ETM+ 2000, 2001 16

A wide variety of ancillary data was used for both study areas, such as digital
topographic and thematic maps, orthophotos, statistics, and in-situ data from multi-
year field observations.

The concept of image classification of remote sensing was applied using two
methods for land use and land cover change detection:

- Visual interpretation of multispectral satellite imagery

- Automatic image classification.

Land cover and land use changes in the Black Sea coastal zone in Bulgaria were
identified by application of the visual interpretation (Biittner etal,2004;Fera
nec etal., 2007) of Landsat images applying the methodology and nomenclature of
the CORINE Land Cover (CLC) project (Heymann etal.,, 1994;Perdigao,
Annoni, 1997;Bossard etal,2000; Feranec etal., 2006; EEA, 2007; B
ittner, Kosztra, 2007;Steenmans,Biittner 2007). The CLC changes
were registered when the following geometric criteria were met: minimum changed
area of 5 ha and minimum polygon width of 100 m. Land use and land cover change
reflects only real landscape dynamic processes. Several GIS procedures were applied
for integration of the single CLC1990-2000 and CLC2000-2006 change segments,
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checking the physical and logical integrity, creation of CLC2000 and CLC2006 vec-
tor database by overlay procedures, application of cleaning procedures for providing
topologically correct seamless geo-database, final checking and composition of land
cover and land use change maps. The identification of land cover and land use change
also includes field checking, correction and verification of the results.

The automatic classification (unsupervised and supervised) of remote sensing
data is more suitable for land use mapping in a large area. The unsupervised image
classification method using ISODATA classification technique, or “clustering”, was
performed for Fujian province. Initially, Landsat satellite images were pre-processed
and then classified using ENVI and ArcGIS. Land use mapping was achieved through
interpretation of Landsat TM and Landsat ETM+ satellite images of 1980s, 1990s
and 2001. Post-classification, a decision support system based on expert-knowledge
was used to update the classification products according to existing land use database
using ArcGIS 9.3. For this study, seven classes were used: farmland, orchard, forest,
pasture, construction, transport and water.

Maximum likelihood supervised classification was applied for Fuzhou. The im-
ages were classified using signatures from training sites that include all seven land
cover types. The signatures were collected by digitizing polygons on the up-to-date,
high-resolution orthophoto, and then projecting them onto the Landsat images to col-
lect the training samples. Knowledge of the area and information collected during
field work were important inputs, which were used by the software to classify the
pixels into similar groups based on sample signatures specified.

Following the classification of imagery from the individual years, a multi-date
post-classification comparison change detection algorithm was used to determine
land use change in Fujian province in two intervals, 1980-1990 and 1990-2001. This
is the most common approach to change detection and has successfully been used to
monitor land use change in Fujian province. The post-classification approach pro-
vides “from-to” change information and the kind of landscape transformations that
have occurred were calculated and mapped. As a result two land use change maps
were derived.

An ecological threshold was identified for assessment of environmental changes
of Fujian province. The ecological threshold is a point or zone between alternate
ecosystems. In the threshold, ecological process parameters, function and composi-
tion change greatly, while they are relatively stable out of the threshold (L i, S h a,
M en g, 2010). Normalized Difference Vegetation Index (NDVI) is usually regarded
as an important indicator of environment (L i et al., 2009; L i, Sh a, L ian, 2010).
Based on the spectral response differences of the land cover types several indices
or ratios were calculated for the period 1990-2001: NDVI, RVI, Greenness, Wet-
ness, Wet grade, Ground temperature, Annual average temperature, Soil brightness
(NDSI), Brightness (BI), DEM, Slope, Rain erosion, Soil erosion, Vegetation, Rela-
tion between NDVI and vegetation, and Forest grade.

For environmental assessment of Fuzhou the remote sensing (RS) background
value was calculated. The RS background value of environment is a composed image
calculated by a series of images on image, such as water, heat and vegetation. The
background value reflects environment through different aspects, quality, ecological
asset and capacity of environment (Jian g, S h a, 2008). The RS background value
images were got with fitting equations.

70



RESULTS AND DISCUSSION

Satellite imagery constitute the base data source for generation of land cover and
land use data for both study areas in Bulgaria and China for about 20 years period:
1990-2006 for Black Sea coastal zone and 1980-2001 for Fujian province.

The survey of the Bulgarian Black Sea coastal zone reveals that in 2006 more
than 51 % of the area was occupied by arable land, about 40 % of the area was cov-
ered by forest and semi-natural areas, 5.9 % was occupied by artificial surfaces, about
0.5 % were wetlands and more than 1.5 % were water bodies (Table 3). The land
cover/land use map (Fig. 3) shows the structure and spatial distribution of land cover
and land use in coastal zone in Bulgaria for 2006.

Table 3
Land cover and land use in the Black Sea coastal zone in Bulgaria for 1990-2006
1990 2000 2006
CLC class Area o Area o Area o
k) | gy | ) |

Artificial surfaces 331.28 5.75 333.52 5.79 341.19 5.93
Arable land 3004.18 52.19 | 2992.13 51.99 | 2985.29 51.89
Forestand semi-natural| 296,06 | 39.88 | 2305.52 | 4005 | 23047 | 40.06
Wetlands 32.05 0.56 30.57 0.53 30.57 0.53
Water bodies 93.04 1.62 94.61 1.64 90.95 1.58
TOTAL: | 5756.35 100.00 5756.35 [100.00 | 5756.35 |100.00

Land use data for Fujian province in China in 2001 (Table 4, Fig. 4) show the
dominance of forest (61.53 %) and farmland (33.3 %), as well as distribution of con-
struction (2.21 %) and orchard (2.16 %).

Table 4
Land use in Fujian, China for 1980-2001
Type 1980s 1990s 2001
Area (km?) % Area (km?) % Area (km?) %
Farmland 36116.00 29.65 41900.95 34.4 40561.97 33.30
Orchard 236.88 0.19 2472.64 2.03 2626.13 2.16
Forest 83087.74 68.21 73594.64 | 60.42 74952.03 61.53
Construction 1301.7 1.07 2411.74 1.98 2687.81 2.21
Transport 5.09 0.004 12.18 0.01 9.99 0.01
Water 1002.16 0.82 962.26 0.79 957.93 0.79
Pasture 55.53 0.05 450.68 0.37 9.24 0.01

The assessment of land use/cover change (LUCC) in the 14 Bulgarian Black Sea
coast municipalities shows that the LUCC total area was 6682.9 ha in 1990-2000 and
3754.7 ha for the period 2000-2006 (Table 5).
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Table5

Land use/cover change in the Bulgarian Black Sea coastal zone for 1990-2006

Land use/cover change type 1990-2000 | 1990-2000 | 2000-2006 | 2000-2006
(ha) (%) (ha) (%)
Enlargement of urban fabric 28.9 0.43 63.7 1.70
Enlargement of construction sites - - 417.9 11.13
Enlargement of sport & leisure areas - - 289.0 7.70
1ljlrrllilta;rgernent of industrial and transport ) ) 965 257
Enlargement of mineral extraction sites 55.9 0.84 18.8 0.50
Intensification of agriculture 1025.1 15.34 228.3 6.08
Extensification of agriculture 2275.8 34.05 377.4 10.05
Afforestation 2005.5 30.01 599.5 15.97
Deforestation 1291.7 19.33 1663.5 44.30
TOTAL: 6682.9 100.00 3754.7 100.00

The results indicate that the urban area expanded substantially along the Black
Sea coast during the period 1990-2006, mostly to the detriment of arable land and
woodland. Between 1990 and 2000, the changes consist mostly in abandonment of
agricultural land, afforestation, and deforestation. Geographically, they are situated
almost exclusively in the interior of the coastal municipalities and are evenly dis-
tributed (Fig. 5). Urban changes were not observed up to two kilometers from the

coastline.

During the second period, 2000-2006, the LUCC results are due mainly to ur-
banization “hotspots” in seven municipalities: Nesebar, Sozopol, Primorsko, Tsar-
evo, Kavarna, Balchik, and Pomorie (Table 6). Most of urban changes are situated

Table 6
Urban change 2000-2006 in the two-kilometer wide strip
along the Black sea in Bulgaria
L Enlargement Enlargeme‘nt E(l)lfl&;ll')goerrtn‘e&nt Enlargement TOTAL

Municipality of u-rban of C(.)nstructlon leisure areas of tl:ansport (ha):

fabric (ha) sites (ha) (ha) units (ha)
Kavarna - 18.7 - - 18.7
Balchik - 214.0 - - 214.0
Nesebar - 164.8 121.8 - 286.6
Pomorie 5.1 - - - 5.1
Sozopol - - 119.6 - 119.6
Primorsko 21.4 - - 27.7* 49.1
Tsarevo 17.1 - 47.5 - 64.6
TOTAL (ha): 43.6 397.5 288.9 27.7 757.7

* Small airport for charters at a distance of 4 km.

72




in the southern part of the Bulgarian coastal zone (Fig. 5). Urban changes in the
two-kilometer band along the coast cover 757.7 ha, however, 88.6 % (671.6 ha) of
them are located in the one-kilometer land strip. The areas of the towns of Nesebar
(with the Sunny Beach Resort and the village of Ravda), Sozopol, Primorsko and
Tsarevo (with the villages of Lozenets and Sinemorets) experience the greatest
urbanization pressure. This is in close connection with tourism development and
includes construction of hotels, second homes, sport and leisure facilities areas,
including golf courses, and a small airport for charter planes (Vatseva, Kou-
lov, 2010).

The study of land use change in Fujian province in China indicates two differ-
ent trends in economic policy for the period 1980-2001. Generated maps (Fig. 6)
illustrate that land use change during the first period 1980-1990 covers much larger
areas than in the second period 1990-2001. This is closely connected with the state
economic policy and the period of rapid economic growth in China (with an annual
growth of over 9 %) after 1978. Agricultural policy was changed and the structure of
the economy contributes to this type of land use and land cover change. The agricul-
tural policy was shifted from the planned economy and collective land management
system to market-oriented economy. The introduction of individual contract system
for land management in 1983 encouraged a large increase in farmland and orchard
mostly to the detriment of woodland. Fujian's economy is characterized by rapid
industrialization since 1990, which cause a gradual reduction of agriculture share in
the Gross National product value and gradually increase of industry share. As a result
land use change was associated with the abandonment of arable land and pastures,
and their transformation into forest.

The study illustrates an increasing trend of urban areas with a decreasing trend
of arable land, grassland and wetland. Land use changes from one category to others
have been clearly represented by the NDVI composite images, which were found
suitable for delineating the development of land use change in Fujian.

The map of eco-environment quality change in Fujian province for 1990-2001
was generated as a result of analysis of calculated indices and ratios based on satel-
lite images (Fig. 7). Eco-environment is referred to the biological environment for
human beings. It is analyzed separately from abiotic environmental elements such
as water, air, soil, etc. It is usually expressed with biological characteristics such as
vegetation species, coverage, density, etc. In fact, eco-environment reflects the state
of plant ecosystems, because biological properties are the direct results of the interac-
tion between plant and its environmental factors such as humidity, soil nutrients and
temperature, etc. Figure 7 shows that the most changed areas in Fujian province for
1990-2001 are located along the coast. The Wuyi mountain and Nanping city were
not changed, while Minhou county, Fuding city and Zhangzhou city were changed
for the worse, as well as Luoyuan county and Shounin county were changed for the
better.

The remote sensing (RS) background value was proposed as an indicator for
quality assessment of eco-environment based on satellite imagery (Jiang, S h a,
2008). Moreover, a series of RS background value grades were defined (Table 7).

Various environmental components, such as vegetation, soil, topography, etc.
were analyzed (Jian g, Sha, 2003; S ha, L i, 2004) to assess the quality of eco-en-
vironment of Fuzhou city. As a result, the RS background value images of Fuzhou for

73



Table 7
Remote Sensing (RS) background value grades and its relative attributes

RS

back- Toposraph Vegetation cover- | Water and
Grade Eco-type posraphy age and vegeta- heat
ground and altitude .
tion type features
value
Shady and hydrophilic
vegetation featuring . . Relative
. Mountains Evergreen decidu- e
high coverage broad . . . humidity:
with medium |ous trees, with the
1 500-451 |leaved forest and . . 70-80%,
. . altitude (1000- | vegetation cover-
mixed forest with co- 1200 m) ace reaching 90% shady and
niferous and deciduous & £7570 ool
species
Shady vegetation fea- Subtropical conif- .
. . . erous and decidu- |Relative
turing medium cover- |Mountains e
age broad leaved forest |with low ous trees, ar}d ev- | humidity:
2 450-401 . . . ergreen deciduous |60-70%,
and mixed forest with |altitude (500- . .
. . species, with the  |shady and
coniferous and decidu- | 1100 m) ; 1
ous species vegetation cover- | coo
age of 90-80%
Vegetation featuring | Mountains Relative
3 400-351 |low coverage xerophy- |with low alti- |Coniferous forest |humidity:
tic coniferous forest tude 40% shady
Evergreen broad Relative
Rainy vegetation fea- |Mountains of Vere humidity:
4 350-301 . . leaved forest and o
turing shrubbery different types 50-60%,
shrubbery
warm
High moun- Relative
Shady vegetation fea- |tains (with Meadow, mountain Sy
5 300-251 . . humidity:
turing grassland altitude above |grassland o
30%, cool
1200 m)
Vegetation featurin li?l?iSta};;: 1 Mango, bamboo, | Relative
6 250-201 setati g > plaim, tea, love tree, and | humidity:
economic forest and river val- o
ley orchard 30%, warm
Relative
Vegetation featuring  |Farmland on . humidity:
7 200-151 wetland plain Various crops 50%, dry
and hot
S . |Relative
Thermqphlllc ancli dry Peninsula and Dry crop, and mix- humidity:
8 150-101 |vegetation featuring ture of shrub and o
; beach 20%, dry
arid and open land grass
and hot
Human settlement Relative
9 100-51 Vegetgtlon fea.tu "8 plain and site of con- huf)mdlty:
artificial buildings . 20%, dry
struction
and hot
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1989, 2000 and 2001 were composed (Fig. 8). The RS background value calculation
gives good results when it is used for small areas and for short period (up to 2 years).
The results obtained are targeted for regional management and planning.

CONCLUSIONS

This study reveals the land use and land cover change in coastal zones of Bul-
garia Fujian province in China for about 20 years period during the transition from
planned economy to market economy in Bulgaria (1990-2006) and the post-reform
era in China (1980-2001). The “hotspots” land use and land cover changes in seven
municipalities in the Black Sea coastal zone in Bulgaria are identified. The analy-
sis shows a decrease of the area of forest and agricultural lands in favor of urban
areas mainly for tourism and recreation-related infrastructure. The results for land
use change in Fujian province in China clearly indicate two different trends in
economic policy related to the market-oriented land management since 1983 and
rapid industrialization since 1990. The findings of change detection analysis reveal
the continuous spatial increment of urban areas and decreasing trend of arable land,
grassland and wetland.

The assessment of eco-environment quality change based on satellite image
analysis shows that the most changed areas in Fujian province for 1990-2001 are
located along the coast. The remote sensing (RS) background value is proposed as
an indicator for quality assessment of eco-environment on the example of Fuzhou.

The present study reveals that the coastal zones in Bulgaria and China, Fujian
province, became most vulnerable in this time of rapid industrial development, ur-
ban modernization and tourism development for the past few decades. The baseline
information generated on land use and land cover pattern of these areas would be
of immense help in formulation of policies required for regional management and
planning.

Acknowledgements

The project “Change Detection of Land Use and Land Cover in Coastal Zones of China
(Fujian) and Bulgaria Using Multi-temporal and Multi-scale Remote Sensing Data” was fund-
ed by the National Science Fund per contract Ne DO 02-10/2008 of the Institute of Geography,
Bulgarian Academy of Sciences and Ministry of Education, Youth and Science, Bulgaria, as
well as by the Fujian Provincial Science and Technology Department: the key international
cooperation project No. 20091006, Fujian, China.

REFERENCES

Bossard,M.,J.Feranec,J.Otahel. 2000. CORINE Land Cover Technical Guide —
Addendum 2000 (European Environmental Agency). http://terrestrial.eionet.europa.eu/
CLC2000

Bittner, G, B.Kosztra.2007. CLC2006 Technical Guidelines, p. 45.

Bittner,G,J.Feranec,G.Jaffrain,L.Mari,G.Maucha, T.Soukup.2004.
The CORINE Land Cover 2000 Project. EARSeL eProceedings 3(3), 331-346.

75



Feranec,J,G.Biittner, G.Jaffrain.2006. CORINE Land Cover Technical Guide
— Addendum 2006.

Feranec,J,G Hazeu S.Christensen G.Jaffrain, M. Bossard.2007.
CORINE land cover changes detection in Europe (case studies of the Netherlands and
Slovakia). — Land Use Policy, 24, 234-247.

Heymann,Y,Ch.Steenmans,G.Croisille,M.Bossard. 1994. CORINE Land
Cover. Technical Guide. Office for Official Publications of the European Communities,
Luxembourg, 136 p.

Jiang,Z. L.,J. M. S h a. 2003. Analysis of Fuzhou‘s Vegetation Eco-environment by Re-
mote Sensing. — Journal of Subtropical Resources and Environment, Issue 03, DOI:
cnki:ISSN:1009-248X.0.2003-03-001, http://en.cnki.com.cn/Article_en/CJFDTOTAL-
FJIDL200303001.htm

Jiang, Z L., J. M. S ha. 2008. Research into RS Background Value of Vegetation Eco-
environment with Fuzhou Taken as an Example. — Journal of Fujian Normal University
(Natural Science Edition), Issue 4, Page 80-85, ISSN: 1000-5277.

Li,X.M.,J.M.Sha, X. M. M en g. 2010. Identification the spatial threshold of ecological
indicator NDVI by application of optimal dividing algorithm for ordinal. Sixth Interna-
tional Conference on Natural Computation (ICNC), Vol. 8, pp. 4435-4439, ISBN: 978-
1-4244-5958-2, DOI: 10.1109/ICNC.2010.5583497.

Li,X.M.,J.M.Sha,lJ.L.Lian.2009. Identification of the Characteristic Scale for NDVI
in the Subtropical Region of China by Use of Wavelet Analysis. — Fifth International
Conference on Natural Computation (ICNC), Vol. 6, pp. 382-386, ISBN: 978-0-7695-
3736-8.

Li,X.M,,J.M.Sha,J. L Lian.2010. Regional characteristic scale of NDVI based on
wavelet analysis. — Acta Ecologica Sinica. 30(11): 2864-2873.

Perdigao,V,A.Annoni. 1997. Technical and Methodological Guide for Updating CO-
RINE Land Cover Data Base (Joint Research Centre, European Environmental Agency,
Luxembourg) 124 p.

Sha,J. M., X. M. L1i.2004. Research on Image Processing and Classification of Mountain
Soils in Southeast China. Terinformatika — 2004, NyME GEO, Szekesfehervar, p. 1-10,
http://www.geo.info.hu/rendezvenyek/10eves/4/10%20jinming%20remote.pdf

Steenmans,Ch,G.Biittner 2007. Mapping Land Cover of Europe for 2006 under
GMES. — In: Proceedings of the 2nd Workshop of the EARSeL SIG on Land Use and
Land Cover, 202-207.

Vatseva, R. 2005a. Landscape changes in the Bulgarian Black Sea coastal zone in 1990-
2000 identified from Landsat satellite images. — In: Proceedings of the Annual Confer-
ence of the Remote Sensing and Photogrammetry Society with the 2005 NERC Earth
Observation Conference “Measuring, Mapping and Managing a Hazardous World”,
Portsmouth, UK, CD-ROM.

Vatseva, R.2005b. Methodological aspects of thematic geographic map development us-
ing satellite images. — Problems of Geography, 1-2, 64-72 (in Bulgarian).

Vatseva, R.2005c. Methodological aspects of land cover changes mapping in the Bulgar-
ian Black Sea coastal zone for the period 1975-2000 using Landsat satellite images. — In:
Proceedings of the International Scientific Conference 2005 “Ecology and environment
protection”, Blagoevgrad, Vol. 2, pp. 185-191.

Vatseva, R 2006a. Land Cover Mapping at Scale 1:50 000 in the Southern Bulgarian
Black Sea Coastal Zone Using Remote Sensing and GIS. — In: Proceedings of the First
International Conference on Cartography and GIS, Borovets, Bulgaria, CD-ROM.

Vatseva, R.2006b. Land Cover Changes Mapping in the Municipalities of the Burgas
Region Coastal Zone for the Period 1990-2000 Applying Remote Sensing Data. — In:
Proceedings of the International Conference on Geodesy and Cartography GEOS 2006,
Prague, Czech, CD.

76



Vatseva,R,B.Koulov.2010. Land Use/Cover Changes and Sustainability of Tourism
Development in the Bulgarian Black Sea Coastal Zone. — In: Car, A., Griesebner, D.,
Strobl, J., (Eds.): Geospatial Crossroads @ GI_Forum ’10. Proceedings of the Geoinfor-
matics Forum Salzburg. Wichmann Verlag, Germany, pp. 215-218, ISBN 978-3-87907-
496-9.

xx x EEA. 2007. CLC2006 technical guidelines. EEA Technical report, Copenhagen, p. 70.

OTKPUBAHE HA ITPOMEHU B 3EMEIIOJI3BAHETO 1 3EMHOTO
[OKPUTHUE B KPAMBPEXXHUTE 30HU HA KUTAH (OYDKUH)
N BBJITAPUA C U3ITOJI3BAHE HA PASBHOBPEMEHHU
N PABHOMAIIIABHU JJAHHU OT JIUCTAHIIMOHHU U3CJIEJBAHM

P. Bayesa, /. Ca, B. [Jumumpos, L. Jlu, 1O. Yen, Cm. Hedkos

(Pe3omMme)

OTKpHUBaHETO Ha MPOMEHU B 36MHOTO IMOKPUTHE U 36MEIOJI3BAHETO € BaKHA
94acT OT MOHUTOPUHTA M YIIPABJICHUETO HA MPUPOJHUTE PECYPCH U YpOaHU3AIIHsI-
Ta, a ChIIO € B LICHThPa HAa HAyYHUTE W3CIEABAHHMS HA TIOOAJHUTE MIPOMEHU B
oxonHata cpega. OcobeHo BHUMaHUE ce oOpbIla Ha KpaOpeKHUTE 30HHU IOopa-
U CbCPEAOTOUCHHUTE B TAX 3HAYUTEIHH MPUPOJAHH MU MKOHOMHUYECKH PECYpPCH H
YYBCTBHTEIHOCTTa MM KbM HEOJAronpHATHUTE EKOJIOTHMYHU Bb3JeHCTBUS. W3-
CJIEIBAHETO Ha MPOMEHHUTE B 36MHOTO MOKPHUTHE U 36METIOI3BAHETO B TE3U MOAJIO-
JKEHH Ha PHCK TEPUTOPHH C€ MIPEBPHIIA B OCHOBEH (PaKTOP 3a HHTEIPUPAHOTO yTI-
paBiicHUE Ha KpalOpeKHUTE 30HU. 3a MPOBEKIAHETO HA €(PEKTUBHU JACHHOCTH OT
CHILECTBEHO 3HAYCHHE € OOCKTHBHATA U aKTyaJiHaTa HH(OPMaIHs 32 ChbCTOSHUETO
Ha 36MHOTO NOKPHUTHE U 3€MEII0JI3BAHETO, MOITy4YeHa 110 JaHHHU OT AUCTaHIUOHHH
W3CIIC/IBAHMUS.

OcHOBHa 11€71 Ha HACTOSIIOTO M3CJIE/IBAHE € J1a CC HAlPABU CPAaBHUTEJICH aHAJIN3
Ha MPOMEHHUTE B 3€MEIOJ3BAHETO M 3€MHOTO MOKPUTHE B KpailOpeKHUTE 30HH Ha
Beirapust u Kurait (npoBuHims OymkusiH) M0 JaHHH OT CATEIUTHH U300paKEHHSL.
N3cnenBaneTo BKIIOYBA MPUOIU3UTETHO 20-TONUIITHUS IEPUOLT Ha TIPEXO OT TIaHO-
BO CTOMAHCTBO KBbM Ma3apHa uKoHoMHKa B bearapus (1990-2006) u Ha 0bp30 HKO-
HOMHUecKo pasButue cie pedopmure B Kuraii (1980-2001). Paiionst Ha n3cien-
BaHe B bbarapus o0xBama YepHoMopckara KpailOpeskHa 30Ha, pasojokeHa MEKIY
41°56'43°44" N u 27°17'-28°36' E, ¢ 5756 km? miom, 7-40 km mmpuna u 378
km abiokuHa Ha OperoBara JIMHUS. XapaKTepU3Mpa Ce KaKTO ChC CHUJIHO aHTPOIIO-
TeHU3UPaHU TEPUTOPHH, TaKa U ¢ J00pe 3anazeHu npupoanu janamadru. B Kuraii
paiioHbT Ha u3cieaBaHe € MpoBUHIMS DYIHKHSH, KOSTO C€ HAMHpPa Ha IOTOM3TOYHOTO
Kpaitbpexxue Ha Ha cTpanara, Mexxay 23°31-28°18" N u 115°50-120°43" E, cbe
121 400 km? myorr Ha cyxo3eMHara 9act (0T u3Tok Ha 3ama 480 km, ot ceBep Ha for
530 km), u 136 300 km? Ha akBatopusta, ¢ 3324 km abKHHA Ha OGperoBara JTUHHS,
noseye oT 1500 octpoBa, Hacenenue — 36,9 muH., u cronuia rp. Pymkoy (rurom 12
177 km? u nacenenue 7,1 MiIH.).
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B u3cnenBaneTo ca M3MOI3BaHU M300paKEHHS OT Pa3IMUHU CATEJUTH U CEH-
3opu ¢ pesomonus 30 m: Landsat TM, Landsat ETM+, IRS-P6, SPOT 4 u SPOT
5. Cp0Opanu ca JOIIBIHUTEIHN JaHHU, KOUTO BKJIIOYBAT TEMAaTHYHH U TOMOTpadcKu
KapTH M CTaTUCTHYECKU JaHHU. M3Mon3BaHM ca ABa OCHOBHHM METO/A 3a OTKPHBaHE
Ha MPOMEHH B 36MHOTO MOKPUTHE U 3EMENOJI3BAHETO MO AAHHU OT CaTEIUTHH U30-
Opaxenwus: 1) Busyanna nHTepnperanus Ha caTeIUTHU U300pakeHus; 2) ABTOMAaTH-
3UpaHo OTKPUBAHE Ha MPOMEHH C U3IOI3BAHE HA ANTOPUTMH ChC U 0e3 o0yueHune Ha
KJacugukaropa.

PesynTaruTe 3a mpomMeHHUTE B 36MHOTO MOKPUTHE U 3EMEMNOJI3BaHETO B YepHo-
MopcKara KpaiOpeskHa 30Ha B bearapus unentudunupar ceaeM oOMIMHH Karo ,,ro-
peumn Toukn“: Hece6np, Cozonon, [Ipumopcko, Lapeso, KaBapna, bamuuk u [Tomo-
pue. AHaIM3bT NTOKa3Ba HaMaJIIBaHE Ha IUIOIITA HA TOPUTE U 3€MEIETICKUTE 3eMHU U
yBeIUYaBaHe Ha ypOaHW3UPaHUTE PaHOHU, CBBP3aHH IIABHO C Pa3BUTHETO HA TypH-
3ma. Pesynrarute 3a npoMeHuTe B 3eMeNoI3BaHeTO B poBUHIMS DymxusH, Kurai,
SICHO ITOKa3BaT JBE pa3lMYHHU TEHAEHLUUU B HKOHOMHYECKOTO pa3BUTHE BbB BpPb3Ka
C Ma3apHO-OPUEHTUPAHOTO YIpaBieHue Ha 3emute cien 1983 1. u Obp3ara uHAyC-
Tpuanuzauus cien 1990 . AHanu3sT pa3kprBa NOCTOSIHHO BUCOKH TEMIIOBE Ha yBe-
JMYaBaHEe Ha IUIOIITA HA ypOaHW3UPaHUTE palioHH M TEHICHLUS 32 HaMalsBaHEe Ha
00paboTBaeMUTE 3eMH, TACUIIATA U BIAKHUTE 30HU.

OneHkara Ha U3MEHEHUATA B KaYECTBOTO HAa OKOJIHATA CPeJla Bb3 OCHOBA HA aHa-
JM3a Ha CaTeIMTHUTE N300paKeHUs TIOKa3Ba, 4ye Hall-CUIIHO IPOMEHEHNUTE paiioHH B
npoBuHLMSA PymxusH 3a nepuona 1990-2001 r. ca mo npoTekeHne Ha KpaOpexue-
to. [Ipeanara ce naankarop 3a poHoOBaTa CTOMHOCT Ha EKOCpeAaTa KaTo moKasarel 3a
OIIEHKA Ha Ka4eCTBOTO Ha OKOJIHATa CPE/a MO JaHHU OT JUCTAHLMOHHU U3CJIEABaHUS
Ha npumepa Ha rp. Dymxoy.

[IpoyuBaHeTo paskpuBa, ye KpaiiOpexuute 30HM Ha bbarapus n Kurait — npo-
BUHIUSA DYIKUSAH, Ipe3 MOCIETHUTE HIKOJIKO I€CETUIIETUS ca CTaHAIN Hal-ysa3BH-
MUTE PaiOHU BBB BPB3Ka C Pa3BUTUETO HA TypU3Ma, MOIEPHU3ALMITA Ha ypOaHU3U-
paHata cpesa 1 Obp30TO pa3BUTHE Ha MHAYCTpuanu3anusTa. [lomyyenara undopma-
sl ¥ TeHepUpaHuTe HM(POBH JaHHU 3a KpailopexxHuTe 3001 Ha brnrapus n Kurait
Morar Aa ObAaT M3MOJI3BaHM 3a LEIUTE Ha PETHOHATHOTO Pa3BHUTHE, IUIAHUpAHE U
yIpaBJeHHE.

ToBa n3cnenBaHe € OCBIIECTBEHO MPU U3IIBJIHEHUETO Ha HAyYHOU3CIIEI0BATEN-
CKH NPOEKT Ha Tema: ,,OTKpHBaHE Ha MPOMEHU B 3EMEINOJI3BAHETO U 3€MHOTO IO-
KpuTHe B KpaiOpesxaute 30HM Ha Kurtaii (Pymxusn) u bearapus ¢ nsnon3sane Ha
PasHOBpPEMEHHHM W pazHOMalaOHHU JaHHH OT AMCTAHLMOHHU W3CIIEABAHUS B TIEpH-
ona 2008-2011 r., dunancupan ot ®oux ,,Hayunn uzcnensanus™ kbMm MuUHHCTEp-
CTBO Ha 00pa30BaHMETO, MIIa/Ie)KTa U Haykara, bearapus (morosop O 02-10/2008)
u ot Jlenaprament ,,Hayka u TexHonorun* Ha nposuHuus OymxusH, Kutait (kirodoB
MEXTyHapoJIeH MPOoeKT 3a cbTpyaHuuectBo 20091006) B paMkuTe Ha ABYCTPAHHOTO
Hay4YHO-TEXHUYECKO ChTPyAHUYEeCTBO Mexay PemyOmuka bwarapust u Haponna Pe-
nyonuka Kutaii.
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Fig.4. Land use in Fujian, China for 1980-2001 (Legend: 1 — farmland; 2 — orchard;
3 —woodland; 4 — construction; 5 — transport; 6 — water; 7 — grassland)
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Fig. 5. Land use/cover change (LUCC) in the Bulgarian Black Sea coastal zone
for 1990-2000 and 2000-2006
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