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ABSTRACT

Development of spatial databases for systematic thematic mapping is a complex activity, as compared to mapping a
small area with arbitrary boundaries. This research was conducted in the provinces of Riau Islands, Bangka Belitung
Islands, Jambi, and Bengkulu, southern Sumatera. The stages of spatial databases development involved remote sensing,
GIS, and cartographic activities. A synoptic overview of the landscape was carried out prior to the spatial database
development. The landscape complexity was assessed using landscape-ecological approach, which was implemented in
the delineation and classification. The remote sensing process started from spatial data collection of various images with
various spatial resolutions, image pre-processing, followed by image analysis and interpretation. Pan-sharpened Landsat-
8 images (15 meters) were used as main data, supported by SPOT 6/7 imagery (6 meters), Sentinel-2A imagery (10
meters) and DEMNAS digital elevation model (8 meters) for particular areas. This stage gave consequences to the multi-
scale analysis in the process of land-cover delineation. The GIS process comprised the stages of compiling the
interpretation results to form a seamless mosaic, topology construction, coding into Indonesian Geographic Element
Catalog (KUGI) standard, metadata development, followed by topology checking. Those processes aimed to achieve a
single map of Sumatera at 1: 50,000 scale. The cartographic layout design was the final stage of the spatial database
development, where the land-cover classes symbol was also carried out in accordance with the established standards.
Some problems and solutions in the whole processes were also discussed in this paper.

Keywords: land-cover database, image interpretation, Sumatera, database development, remote sensing, GIS,
cartography

1. INTRODUCTION

Law Number 4 in 2011 about Geospatial Information is the legal law basis for the development of geospatial
information. The issuance of this law involves various stakeholders, both from the ministries/institutions and the private
sector, which organize or used geospatial information data for sectoral and general purposes. Geospatial Information
Agency (BIG) is a government agency that provides thematic geospatial data and information. One of the thematic data
and information is the land cover map at a scale of 1: 50.000. The land cover is very dynamic objects, it can be changed
each year, so it needs to be an updated land cover map. The land cover classes are one of the spatial data and information
needs in regional development planning.

Land cover data and information, among others, are needed in spatial planning to create a safe, comfortable, productive,
and sustainable national territory as written in Article 3 of Law Number 26 in 2007 about spatial planning. At this stage
land cover data and information are needed in the preparation of zoning regulations. Furthermore, land cover data and
information also have a function for monitoring the aspects of spatial use control to determine the suitability and the
implementation of spatial planning. This spatial planning also supports development in rural and national strategic areas.
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The development of spatial databases for land cover is generally divided into several section, starting from image pre-
processing, image processing, visual interpretation/delineation, field pre/survey, KUGI standard preparation, metadata
and layout of thematic maps [1,2]. The standard of land cover categorization refers to the Indonesian National Standard
(SNI) 7645-1 of 2014. Quality controls are carried out by the supervisor team to achieve the desired results. In each
interpretation process, landscape ecological approaches are used to identify land cover classes that are related to the
characteristics of the land. Interpreters often encounter several problems in the process, so that a solution is needed to
become the future learning in the developing of spatial databases for land cover. This study aimed to be a solution to the
problems in the development of land-cover spatial database.

2. MATERIALS AND METHODS

Mapping of land cover to developing spatial databases located in the provinces of Riau Islands, Bangka Belitung Islands,
Jambi, and Bengkulu. The mapping process involved 34 interpreters with a total number of map sheet numbers (NLP) of
247 (red square in Figure 1). The visual interpretation of land cover classes was conducted in synoptic overview with
landscape ecological approaches using Landsat-8 level 1T imagery as reference data and supported by SPOT 6/7 and
Sentinel-2A imagery (specifically for Riau Islands province). The Indonesian Topographic (RBI) map at scale of 1:
50.000 as the basis was used for geometric correction, while the non-optical imagery: the National Digital Elevation
Model (DEMNAS) was useful in providing information on the height of the land cover class attributes. Other secondary
data were Geological Map at a scale of 1: 250.000, Land System map at scale of 1: 250.000, and regional commodity
map (shown in Table 1).

Table 1. Spatial data collection

. . Temporal .
No. Imagery and Maps TG Resolution or LB Data Sources
or Maps Scale D Levels
ate (Years)
1. Landsat-8 Multispectral 30 meters 2016-2018 Level 1T (Terrain United States Geological
(Dry and Wet Corrected) Survey (USGS)
Seasons)
2. Landsat-8 Panchromatic 15 meters 2016-2018 Level 1T (Terrain United States Geological
(Dry and Wet Corrected) Survey (USGS)
Seasons)
3. Sentinel-2A 10 meters 2017-2018 Orthorectification European Space Agency
(Dry and Wet (ESA)
Seasons)
4. SPOT 6/7 6 meters 2016-2018 Orthorectification Indonesian National
(Dry and Wet Institute of Aeronautics
Seasons) and Space (LAPAN)
5. DEMNAS 8 meters 2018 Terrain Corrected  Geospatial Information
Agency (BIG)
6. Indonesian  Topographic 1: 50.000 2017 - Geospatial Information
(RBI) Map Agency (BIG)
7. Geological Map 1:250.000 1992-1996 - Center for Geological
Survey (PSG)
8. Land System Map 1:250.000 2014 - Geospatial Information
Agency (BIG)
9. Regional Commodity 1: 100.000-1: 2016-2018 - Related  Ministries  or
Map 250.000 Institutions

The pan-sharpening was applied using Gram Schmidt and Principal Component methods to combine multispectral and
panchromatic bands. The authors applied interpretation of land cover classes using landscape ecological approach,
referred to SNI 7645-1 of 2014. Field survey aimed to build interpretation or reinterpretation keys, accuracy assessment,
and collection of non-spatial data. Accuracy assessment is one of the most component in the mapping project to
quantitatively compare methods and the use of information resultied from the spatial data analysis in the decision-
making process [3]. Accuracy assessment samples were collected by delineating high-resolution imagery (SPOT 6/7) and
field observation. Measurement of canopy density was conducted by taking photos using fish-eye lenses in the field to be
correlated with vegetation index (NDVI). Based on this analysis, vegetation index can be converted into the percentage
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of interval canopy density classes. The development of KUGI and metadata based on KUGI standard version 4.0 were
used for data exchange between users, ministries, or other technical institutions.
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Figure 1. Map sheet numbers (NLP) in the provinces of Riau Islands, Bangka Belitung Islands, Jambi and Bengkulu covered
in this study

3. RESULTS AND DISCUSSION
3.1. Initial Introduction in Development of Land Cover Spatial Database

The introduction of land cover classes contained in SNI number 7645-1 of 2014 was carried out before entering the
image pre-processing stage. This process was useful to equalize the perception differences of land cover classes that
would be encountered among the operators. The land cover classes were closely related to the landscape-ecological
approach, where this approach was useful in providing land cover information with the physical terrain aspects [4]. The
provinces of Riau Islands and Bangka Belitung Islands are in the old geomorphological stadium, where there is no
addition of new parent materials at this time [5,6]. The parent material comes from volcanic activity in times ago.
Practically there is only one process with three geomorphological activity (erosion, transportation, and sedimentation)
both on land and on the coastal area. The geological and geomorphological conditions caused land use to be limited to
land cover classes with a high level of resistant to soil acidity. Active and non-active volcanoes in Jambi and Bengkulu
provinces show intermediate to old geomorphological stages [5,6]. The geological structure development is still going
on, indicated by the earthquake process due to active faults. Rock parent material is a mixture of igneous, sedimentary,
and metamorphic rocks. The geological and geomorphological conditions at this stage cause land use to be more varied,
especially in plantation and forest classes.

3.2. Image Pre-Processing

The Indonesian Topographic Map (RBI) of 2017 was utilized as the basis of reference in the image geometric correction.
Correction process was undertaken by overlaying images (Landsat-8 and Sentinel-2A) on river/coastline shapefiles. The
geometric correction results showed differences in the distance between the reference image and the river/coastline
shapefiles of less than 25 meters. Figure 2 showed the geometric image correction process.
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Figure 2. Geometric correction process

The next step was a relative radiometric normalization to equalize the pixel values in two or more images. Relative
radiometric normalization was necessary to overcome the problems of a various number of imagery, different temporal
recording, and land cover classes that overlap on each image scene (Figure 3). The reference image was chosen based on
the pixel value of at-surface reflectance correction in each band of Landsat-8 imagery [7]. Then, the pixel values of the
reference image were used to change the pixel value of adjoining image. This stage was carried out on all Landsat-8
imager dataset so that the resultant Landsat-8 mosaicked image has the relatively same pixel values on the same objects.
Riau Islands province that uses Sentinel-2A imagery does not go through this relative radiometric normalization, due to
its isolated scenes (see Figure 1). As a result of the overlapping land cover classes are in a small area or deep-sea water
objects. So that Sentinel-2A imagery only reaches at-surface reflectance radiometric correction.
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Figure 3. Radiometric correction process
3.3. Image Processing

The pan-sharpening image processing was useful in increasing the spatial resolution of the imagery that would be used to
help the process of interpretation and delineation of land cover at a scale of 1: 50,000. Multispectral bands and
panchromatic bands from Landsat-8 imagery were combined using the Gram Schmidt and Principal Component methods
so that pan-sharpened Landsat-8 has a spatial resolution of 15 meters. The result of pan-sharpened Landsat-8 gave
different appearance of land cover objects [8]. In the pan-sharpened image using the Gram Schmidt method, land cover
objects could be distinguished by the visual color appearance, as compared to the results of the Principal Component
method that has a gray color visual appearance. However, the Principal Component method has the advantage of
differentiating the edge of the land cover class. In the Gram Schmidt method, we found pixel anomalies in other open
land classes, steeper slopes, or land cover classes with pixel values close to 0 (zero).

3.4. Interpretation Process

Interpretation of the land cover class made use of a landscape ecological approach and referred to SNI 7645-1 of 2014.
This approach was used to recognize geological and geomorphological conditions, which are the dominant factors in
controlling existing land cover classes. Pan-sharpened Landsat-8 imagery are used in the delineation process, while
SPOT 6/7 and Sentinel-2A images are useful in the stage of detailing and naming land cover classes [9]. The problems
that arise at this stage are that cloud cover was often found in pan-sharpened Landsat-8 images, especially on islands, so
that the image of SPOT 6/7 and Sentinel-2A were quite often used to overcome cloud cover problems. In one condition,
the interpreter does not realize that the delineation results are not appropriate with the minimum mapping unit (MMU)
standard in pan-sharpened Landsat-8 images. Level of detail (spatial resolution), texture, and shape of the land cover
classes on SPOT 6/7 and Sentinel-2A imagery are better than Landsat-8 pan-sharpened, which can affect the delineation
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results. The solution to these problems was using multi-scale analysis in the delineation process, and also the supervisors
team performed quality control on the results of delineation to accommodate the minimum mapping unit standard.

3.5. Field Survey

This activity aimed to build interpretation keys, accuracy assessment, and collecting non-spatial information [10].
Reinterpretation and accuracy assessment amount to 240 samples, distributed based on the diversity of landscapes using
the stratified random sampling technique [11]. Field surveys can give a full description of the landscape in each
province. In general, the provinces of Riau Islands and Bangka Belitung Islands can be classified into three landscape
(geology and geomorphology) zones specifically a. Old volcanic hills eroded (central and coastal areas) shown in Figure
4a, b. Lakes, swamps, back swamps, floodplains, and alluvial plains (along rivers), c¢. Brackish coastal alluvial plains,
inundated coastal alluvial plains, and vegetated/non-vegetated tidal averages (coastal areas) [5,6].

Geological and geomorphological units are composed of felsic old volcanic rocks (granite and granodiorite).
Sedimentary rocks are found especially quartz sandstones, arkose sandstones (Figure 4c), and greywacke sandstones,
while metamorphic rock types consist of quartzite and schist. Red-yellow podzolic soil (Figure 4b) is dominant in these
two provinces, due to the erosion of the host rock material. The geological and geomorphological conditions can be the
key for interpreting the land cover class (the land cover classes must have resistance to soil acidity).

i

Figure 4. a. Old volcanic hills eroded moderately, b. red-yellow podzolic soils, c. arkose sandstone

Generally, Jambi and Bengkulu provinces can be classified into five landscape zones. These five zones are a. Old
volcanic hills eroded (southern coastal area, old geological age), b. Crater, volcanic cone, volcanic slope, and volcanic
foot slope (southern coastal area, young geological age), c. Anticlinal mountains eroded, anticlinal hills eroded, anticlinal
valley, synclinal valley, hogback, and cuesta (central and southern area), d. Lakes, volcanic plains, swamps, back
swamps, alluvial plains, and floodplains (northern and southern rivers), e. Brackish coastal alluvial plains, inundated
coastal alluvial plains, and vegetation/non-vegetated tidal averages (northern and southern coastal area) [5,6]. The
geology of Jambi and Bengkulu provinces are composed of felsic to mafic rock materials. The igneous rocks identified
were granite and andesite, while sedimentary rocks consisted of andesite breccia, conglomerates, quartz sandstones,
arkose sandstones, greywacke sandstones, and alluvium. During field survey activities, there is more variety of soil
types. The types of soil found widely in these two provinces are andosols, regosols, red-yellow podzolic, latosol, and
lithosols.

Figure 5. a. Coffee plantations with shade trees of pine trees, b. and c. sample collections display on Survey123 for ArcGIS

Manually collection of sample data was written in the checklist and then it was uploaded to the Survey123 for ArcGIS
application (Figure 5b and Figure 5c). Under certain conditions, manual writing on the checklist was carried out if the
field team had a problem in accessing the internet. The use of this application aimed to coordinate the field and the
laboratory teams, so that the later could directly see the distribution of sample points, and could modify the point format
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of samples into area format, as the basis for accuracy assessment. Problems encountered in the survey activities were
transportation in the province of Riau Islands, the terrain in Jambi and Bengkulu provinces, and oil palm plantations and
rubber plantations which grew side by side in each relief class. Coffee, cocoa, tea, and rubber plantations are quite
difficult to classify. Coffee plantation classes in Jambi and Bengkulu provinces were planted side by side with shade
plants such as cinnamon and pine trees (Figure 5a). The plantation commodities data were required in each province to
help delineate plantation classes from remote sensing imagery.

3.6. Accuracy Assessment

Accuracy assessment samples were collected by delineation in high-resolution imagery (SPOT 6/7) from the field and
uploaded to the Survey123 for ArcGIS application for faster-collecting accuracy sample data (Figure 6). Delineation in
high-resolution imagery then converted into a polygon area with an area of eight times the spatial resolution. In this case,
the area specified was 240 x 240 meters. Accuracy assessment samples have two conditions, i.e., area polygons with one
land cover classes and different land cover classes [11]. The use of the polygon area as an accuracy assessment was
intended to make omission and commission from the land cover class known. The accuracy assessment process was
carried out on land cover classification maps before and after the reinterpretation [12]. In the process, the accuracy
assessments could not be carried out after the reinterpretation activities, because the classification of land cover had to go
through the process of seamless merging state in each NLP and topology.

Accuracy Assessment Process

Rules:
1. Polygon arca with an arca of cight times

Faster-Collecting
Accuracy Sample Data |

—

X

Converting Photos or |
Screenshots, Sample Points.

Declincation in High-Resolution

" and Cootdinate Location into

Polygon Arca

A4

spatial resolution (240 x 240 meters)
I 2. Area polygons with one land cover classes
or different land cover classes L

Imagery (SPOT 6/7) | |

ST

| Accuracy Asscssment | |
Polyvgon Samples

Uploaded to the Survey 123 for . R
I ArcGIS Application | I |

LABORATORY |
TEAM

Figure 6. Accuracy assessment process
3.7. Land Cover Matrix

The land cover matrix showed the relative relationship of land cover classes with their landscape ecology (Table 2). This
matrix was compiled based on the reinterpretation sample (landform, rocks, and soil) obtained in field survey activities.
The making of a matrix was useful to equalize the perceptions of interpreters in identifying land cover classes.

Table 2. Land cover and landscape-ecological matrix

Land C Relative
No. anc Lover Landform Rocks Soil Matrix  Relationship
Classes ..
Description
Extensive . . . %
1. Meadow Farm Alluvial Plains Claystone Alluvial None
Other Water Inundated Coastal Claystone . oot
2. Reserves Alluvial Plains and Sand Alluvial and Regosol Low
Industrial, Trade, Arkose
3. and Office Alluvial Plains Red-Yellow Podzolic Hokk Moderate
s Sandstone
Buildings
Structural, Andosols, Latosol,
Denudational, Igneous and Lithosols, sk .
4. Bush Volcanic, and Sedimentary Mediterranean, and High
Fluvial Alluvial
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3.8. Measurement of Vegetation Canopy Density

Measurement of canopy density was performed by taking three or five photos according to the spatial resolution (Figure
7a). An overlapping photo would look the same as measuring canopy density by using fish-eye lenses. The original
photo would then go through the photo editing process in the photography software. Editing process (Figure 7b)
consisted of a cropping process to remove distracting objects, brightness level adjustment to separate dark and bright
objects, adding black frames around each photo, and saving a photo to 8-byte format (0-255). Calculation of the
percentage of dark and bright objects was performed on the photo editing results to calculate the canopy density. The
next process was using linear regression to change the Normalized Difference Vegetation Index (NDVI) value to match
the measurement results in the field.

Vegetation

cover

= Ground

Spatial resolution in the field

Figure 7. a. The technique of capturing photos of canopy density and b. the results of the photo editing process after a field
survey.

3.9. Quality Control

Quality control was carried out by the supervisor team from spatial data collection to the results of land cover mapping.
The initial quality control was related to the spatial, spectral, radiometric, and temporal resolution to assess the quality of
spatial data, both primary and secondary data. The use of various types of spatial data with different resolutions/scale and
advanced radiometric corrections (relative radiometric normalization), causes quality control must be carried out in the
beginning stages of spatial data collection. Whereas, the quality control of delineation/reinterpretation was performed by
checking at the delineation/reinterpretation results that are correct or incorrect with the interpretation key of land cover
classes in Landsat-8 pan-sharpened, assisted with SPOT 6/7 and Sentinel-2A imagery. Common misinterpretations
frequently encountered by the supervisor team were the results of delineation/reinterpretation that did not meet the
minimum mapping unit standards of Landsat-8 pan-sharpened, polygons with awkward boundaries/lines, and land cover
attributes that were not correct. These errors were generally caused by different interpreter's experiences.

3.10. Seamless Merging Process

The seamless merging process of land cover classes aimed to reach the land cover map of the Sumatra Islands at scale of
1: 50.000 (Table 3). The difference in the results of delineation of the land cover class was often found, between team A
and team B who were involved in mapping land cover classes. The solution of these problems was by superimposing the
delineation of the land cover with Landsat-8 pan-sharpened as primary data. If the team still found disagreements, the
next step was referring to the land cover classification scheme (SNI 7645-1 of 2014) and the terms of references (KAK)
as a project document for mapping land cover classes. The landscape ecological approach was also utilized in this
process to identify correct or incorrect land cover classes. In some situations, the seamless merging process required
high-resolution imagery (SPOT 6/7 and Sentinel-2A) or the one with the latest recording years [13]. Figure 8 showed the
seamless merging process of land cover classes.

Table 3. Example of a row of the seamless merging process
Before the Seamless Merging Process  After the Seamless Merging Process Description
3 b L i = a. Team A : Adding polygon boundaries

of Village Settlement Building
(Associated with Yard Vegetation)
classes in West Sumatra province (red
line).

b. Team B : Adding polygon boundaries
of Rubber Plantation classes in Jambi
province (yellow line).

Fes
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Figure 8. Seamless merging process of land cover classes

Boundaries and attributes seamless merging processing of the land cover classes were carried out in the provinces of
Jambi and Bengkulu. This provinces share borders with the provinces of West Sumatra, South Sumatra, and Riau. Riau
Islands and Bangka Belitung Islands provinces do not go through this seamless merging process because their borders
are located in the deep-sea waters.

3.11. Development of Indonesian Geographic Element Catalog (KUGI) and Metadata Standard

The development of KUGI and metadata based on KUGI standard version 4.0, where the land cover classes are assigned
an inventories number. Some land cover classes such as other water bodies, shallow sea waters, deep-sea waters, and
other stretches of rock/sand have not entered this standard. The solution to this problem was the need for further studies
for KUGI numbering and metadata so that the land cover classes that have not entered KUGI standard have an
inventories number. This study needs to be carried out by the data owner of the land cover map because it involves the
ease of users and the data exchange between ministries or institutions. It was possible in other provinces the land cover
classes do not have inventories number and metadata from KUGI standard version 4.0.

3.12. Land Cover Map Layout

Classification of the land cover classes were then illustrated through symbolization for the map layout that has been
standardized based on SNI 7645-1 of 2014. The land cover class symbols can be in the shape of polygon colors, polygon
colors with shading lines, and polygon colors with dot points. The various land cover classes and map output with
different scales led to an adjustment of symbol design to the provincial and the district level map layouts. Adjustments
occurred by changing the outline symbol size of the polygon area, line, and point. The sub transportation title in the
legend was still not right because it contains road class information (Figure 9c). Furthermore, some land cover classes,
for example, "sand, soil, and rock (sirtu) excavation" and "other natural/semi-natural vegetation coverage (not specified)"
have different polygon size in each province. Under certain conditions, the land cover classes have a small polygon size
with a none bright color symbol, so the land cover classes are not visible in the map layout (Figure 9a and Figure 9b).
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Further studies are needed to solve problems about color symbols, symbol sizes, and land cover class legends in the map
layout.

(a)
(b)
Transportation
E——= Arterial Roads
(c)
@& Toll Roads
Collector Roads

Figure 9. a and b. Examples of land cover of map layout: the land cover classes with small sizes and color symbols that are
not visible, c. sub transportation titles that are not corrected.

4. CONCLUSIONS

From the development of land cover spatial database in the provinces of Riau Islands, Bangka Belitung Islands, Jambi,
and Bengkulu, there are conclusions and suggestions, namely:

1. There were land cover classes that have not been classified in SNI 7645-1 of 2014 but are found widely in the study
area. These classes were, inland swamp vegetation, swamp/peatland areas with bush or shrub (not vegetated), other
open lands of abandoned mines areas (not utilized), abandoned puddle/pond area of mines, pepper plantation, and
clove plantation. The revision of SNI 7645-1 of 2014, in the future, needs to consider this land cover classes.

2. The categorization on the map was the result of the implementation of the SNI 7645-1 of 2014, which is very
detailed. However, not all land cover classes could be converted or translated easily into one of the layers in the
Indonesian Topographic (RBI) map. On the other hand, land cover mapping specifically, used to create one of the
RBI map layers seen as inefficient. Therefore, a conversion or translation system was needed to bridge the gap
between the two.

3. Future studies are needed to solve KUGI development, metadata, and map layout problems. Some of the specific land
cover classes did not have the KUGI inventories number and the land cover class symbol that was not appropriate.
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