cantly influenced by the slope and elevation
of a site, as well as the distance between
the site and a paved road, and between the
road location and a market center. This
suggests that while the average probability
of a land cover change is relatively small
across the entire study area, a small subsample may have a high probability of being
altered.
Overall, land-cover change reflected
increased development on private lands
centered around Franklin, NC and along
the major roads. As the popuiatien increases in the region, more pressure will likely
be placed on the federal ownerships to
maintain forest cover and be available for
recreational activities. Sustainability of both
the ecological integrity and economie vitality of the region will require a coordinated
effort of education and landscape management to guide land-use decisions that
result in preferred future conditions.
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A dutch land eb~ Gee
daiabase using TM
by H.A.M. Thunnissen
DLO Winand Staring Centre for Integrated Land, Soil and
Water Research (SC-DLO), Wageningen, The Netherlands

E ven though many European countries do have a rather accurate set of topographical maps covering the whole territory, these maps are often outdated and/or do not
contain all required land cover classes for upcoming application purposes. Moreover, the applicability of the topographic maps is restricted as they are mostly not available in digital ferm.
Satellite remote sensing in particular offers goed possibilities to obtain information on land
use for rural and urban areas in a cost-effective way, representing, for many applications, an
appropriate alternative for topographical maps. In 1991 a first digital land cover database of
the entire Netherlands became available. This so-called LGN database is based on an automatic processing of satellite images. Such a digital database, which can be regularly updated,
may represent a useful tooi for decision makers. Moreover, this landcover database can alse be applied interactively together with ether digital databases such as a soil map and a water table depth map, to extract information for users' needs.
Regional planning or physical planning are broad terms covering a range of techn iques,
methods and concepts implemented to increase the knowledge of landuse development
(from municipality up to nationa! scale), and improve associated management and forward
planning.
The sphere of activities is broad, ranging from management of national parks to monitoring of
environment and possible landscape modifications, from selection of regional development
strategies to setting-up of industrial plants and new infrastructure net-works. In many instances, the first step toward goed planning and decision-making is to obtain accurate and up-tcdate land cover maps.

SIGNIFICANCE OF LGN PROJECT
Regarcled as a priority project at the national level, the LGN project has been financed by
several national organizations such as the Ministry of Agriculture, Nature Management and
Fisheries, the Ministry of Transport and Public Works, the Ministry of Housing, Physical
planning and Environmental Hygiene, to name just few, and by several provindal authorities.
Thanks to this financial support, the first version of the LGN database has been produced
using satellite images of 1986.
Evaluation of the results of the first version of the LGN database showed that (potential)
users were interested in its up-date. However, the quality should be improved, Thunnissen
et al. ( 1992). To meet this demand a comprehensive research program was performed
paying attention to: optimal image acquisition dates and speetral bands; integrated application of satellite images and ether digital geographical data in a Geographical lnformation
System (GIS); use of ERS-I data; development of additional image processing techniques;
colleetien of reference data; a validatien procedure for the land cover database.
Meanwhile an improved, operational classification method has been developed for the updating of the LGN database for the province of North Brabant, situated in the southern
part of The Netherlands. Further results of the research project which can be applied operationally and in a cost-effective way will be incorporated in the classification method in
future. Recently, it has been decided to up-date the LGN database for the entire country.
Eventually, an operational implementation of the LGN database may be set up implying the
administration, delivery, regular updating, quality control and financing of this database. The
production of the first version of the LGN database and the up-dating of this database for
the Province of North Brabant will be here discussed.

FIRST VERSION LGN DATABASE (1986)
Materials and methods

KEYWORDS
Rural landscape, landcoverllanduse, GIS and remote sensing,

western North Caralino

I

The LGN-project started in 1986 using satellite. images
from Landsat TM (Thematic Mapper) acquired mainly during the summer of 1986. However, for some parts of the
Dutch territory, where the quality of the summer 1986
images were not acceptable, ether images were used acquired during the summers of 1984, 1987 and 1988.
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Geometrie correction and resampling (pixel size 25x25 m) of the satellite images were performed by identifying ground control points in
the original imagery and on the reference topographical maps. Firstorder polynomial transformation equations were then applied.
The following classification procedure was applied:
- Landsat TM bands 3,4,5 and 6 were used for the classification;
- a stratification was applied on the satellite images in order to select rather homogeneaus areas, finally fifty-eight strata were distinguished;
- besides field reference data, ancillary data such as aerial photographs, statistica! land-use data and soil map were also used to select more accurately the training data set for each stratum;
- every stratum was classified separately, using the maximum
likelihoed classification method.
To improve the achieved classification performancesome
adjustments were applied to the results using:
- a majority filter, to reduce noise in the classified images;
- interactive correction of part of the classified images.
The LGN-project (its procedures and results) is broadly
and thoroughly described by Thunnissen et al. ( 1992).
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Results
The fifty-eight classified strata were linked together to
obtain one merged land cover map of the entire country. A
mixed
quantitative/
qualitative accuracy assessment procedure was applied. The available reference maps were used for a quantitative assessment of the
classification accuracy. Using aerial photos and topographical maps,
land cover types which nearly change in time were quantitatively
assessed as well. The classification accuracy varied over the different geographical areas (strata). Moreover, the variability in classification accuracy was caused by the non-optimal acquisition date
in relation to erop growth stage. Also plot size and the specific
erop situation at the acquisition date influenced the classification
result i.e. damage caused by water excess in springtime and drought damage during summer. Although the classification results were sametimes disappointing, on a more global scale (e.g. I: I00,000)
separate areas smaller than 25 ha were no longer relevant and
consequently the obtained national land cover database could be
applied on a national level. One has to realize that the statistics are
in general much more reliable. Thunnissen et al. ( 1992) confirmed
that statistica! data as derived from the geographical land cover database can be applied even on a regional level, especially for the
agricultural areas. The final classification is shown in Fig. I.
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Fig. 1: The nationa/land cover database of the Netherlands (LGN1986),/rom Landsat TM images

UP-DATING OF THE LGN DATABASE

Materials and methods
An up-dating of the LGN database was encouraged si nee it remains
the only Dutch land cover database in digital form . However, its
accuracy shou ld be largely improved (Thunnissen et al. 1992).
Therefore, a new classification method was set up and applied for
the entire province of North Brabant. More details of this experiment are given by Nieuwenhuis et al. ( 1992) and by J.D. van Amsterdam and H.A.M. Thunnissen, internal report, DLO-Staring
Centre, Wageningen. The most relevant differences between this
study with the 1986 experiment consisted of:
- application of multi-temporal Landsat TM satellite images: two
images from April and August 1990 respectively;
- calculation of a vegetation index (PVI) from the April image;

Table 1. Land cover classes obtained in LGN-1986 and 1990.
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1986

1990
Leveli

grass
I. agricultural area
maize
potatoes
beets
cereals
other agricultural crops
bare soil
heather
bulb fields
fruit trees
!I. fm·est
deciduous forest
coni ferous fm·est UI. natural area
other natural area
water
IV. water
build area
V. build-up area

Fig. 2: The updated landcover database of the Dutch Province North
Brabant (LGN-1990), Landsat TM images; classes have been
described in Table I
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Level2
I. grass
2. maize
3. potatoes
4. beets
5. cereals
6. other agricultural crops
7. bare soil in agricultural area
8. greenhouses
9. fruit trees
2 1. deciduous forest
22. coniferous forest
3 1. natural area with vegetalion
32. bare soil in natural area
4 1. open water
42. canals
5 1. continuous urban area
52. green urban area
53. bare soil in build-up area
54. build-up in rural area
55. main roads and railways

- additional visual interpretation of contrast
stretched satellite images to correct obvious misclassifications;
- the RPD database was applied as ancillary
data set.
The RPD data set consists of a digital land
cover information on urban, natura! and recreational areas, fully updated until 1985
and partly until 1990 by the Dutch State
Department for Physical Planning (RPD) .
This database is used for physical planning
and is digitized from topographical maps
I:25,000; it contains also line elements such
as main roads, rail-ways and water-ways.
Results

Fig. 2 shows in synthesis the procedure and
results obtained by the up-dating of the
LGN database. Thank to the ancillary information supplied by the RPD database,
more classes have been discriminated in
1990 compared to the results obtained by
of LGN-1986 (see Table 1). In 1990 two
class levels have been chosen to campare
these classification results with statistica!
data. Table I shows that class level I is
more generic while the detail of class level
2 refers to the legend of Fig. 2.
A first visual validatien showed that the classification accuracy has increased consistently
compared to the land cover database of
1986. A quantitative classification accuracy
assessment is still in preparatien U.D. van
Amsterdam and H.A.M. Thunnissen, internal
report, DLO-Staring Centre, Wageningen).

1980

1975

11

Forest

11

Ag/g~sy/brushy

Water

BIBLIO
Nieuwenhuis G .J.A., Amsterdam van
J.D., Schotten C.G.J., H.A.M. Thunnissen,
1992. "Land cover monitoring in
the Netherlands applying satellite remote
sensing", Proc. Central Symposium "International Space Year" Conference, 30 march-4
April, Munich, Germany, ESA SP-341, pp.
489-95
Thunnissen HAM., Olthof R., Getz P., L.
Vels, 1992. "Grondgebruiksdatabank van
N e derland vervaardigd met behulp van
LANDSAT Themat ic Mapper opnamen",
Rapport 168, DLO-Staring Centrum, Wageningen, Netherlands, pp. 225

11

Cloüds

Fig. 1: Maps ofthe 183,000 ha study area in the Little Tennessee River Basin,
western North Carolina, U.S.A. for three time periods. Land cover was interpreled
from Landsat MSS imagery. Frank/in, North Carolina, the major urban area, is
located in the center of the study area

Conclusions

There is a rising demand for digital databases able to provide actual land cover information for several applications in, for example, agriculture, environment, hydrology,
economics. Satellite remote sensing represents a powerful tooi to obtain actual information on land cover for large areas in a
cost-effective way.
lntegrated use of satellite images with
other digital geographical data, which will
become available more and more in future,
will increase even further the accuracy and
applicability of the remote sensing based
on land cover maps.
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Fig. 2: General
patterns of land
ownership and the
road network for the
183,000 ha study
area in the Little
Tennessee River
Basin, western North
Carolina, U.S.A.
Ownership
boundaries were
digitized from maps
of USDA Forest
Service boundaries.
Paved roads were
extracted from
T1GER/Line™
Census Files
developed by the
Uniled Stafes Bureau
of Census.
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