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Abstract: Landscape information modeling (LIM) is a new trend in spatial projects made 
using BIM technology. Elements of land development are, not only in the 
opinion of the authors, just as essential as the element of a building object. 
In turn, GIS data can be used to model larger areas based on combined data 
from GIS and BIM models. The lack of the strict integration of BIM and GIS 
(ISO/TR 23262:2021 covers GIS/BIM interoperability, ISO 19166 is in prepara-
tion) prevents the modeling of land development objects, both existing and 
planned, in many cases. The modeling process using the current and known 
BIM tools and processes were presented to efficiently develop a model of 
a building object with its surroundings. Modeling took place using best prac-
tices that are collected and used in the Polish reality. The work presents an 
object-oriented approach to modeling elements of spatial development with 
the preservation of the so-called occupational hygiene. By applying the above 
principles, it is possible to develop a “good” LIM model that fits the current 
trends and developments in BIM.
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1. Introduction

BIM (building information modeling), one of the latest trends in construction, 
is quickly becoming a fundamental approach to the digital integration of data and 
information in the design, implementation, and management of building facilities. 
However, in current BIM projects and integrated design and construction practices, 
landscape design and land development (LIM) is underestimated and has failed to 
take advantage of the benefits that BIM provides to the industry at various scales [1]. 
The advantages and benefits have already been observed from various perspectives, 
not only those of designers, but also investors, general contractors and subcontrac-
tors. This strengthens and accelerates the dialogue between different team members. 
Benefits of a Landscape Information Model would be (a) formalization of knowledge 
in landscape design; (b) information model to support multiple participants in land-
scape design; (c) improved information exchange between landscape design, archi-
tecture, and urban design [2]. The subject of BIM/GIS integration has been an area of 
scientific research for over a decade. In recent years, several proposals and research 
results have been presented (i.e., [3, 4]). An interesting classification of the process 
of the integration of BIM and GIS into five types was presented in [5], the first three 
of which refer to integration at the data level. The first method is a conversion of 
BIM data into GIS based on the conversion of the IFC model into the CityGML mod-
el. As a result, BIM and GIS data are stored in the CityGML model and managed 
from the level of GIS software. This solution is often used by authors and users of 
GIS systems who require detailed data concerning a given building. This issue has 
been discussed in numerous papers (e.g., [4, 6–15]). The second is a conversion of 
GIS data into BIM based on the conversion of the CityGML model into the IFC mod-
el. As a result, BIM and GIS data are stored according to the IFC model and managed 
from the level of BIM software. This solution is mostly used in cases when architects 
or people who manage a building using BIM software require data concerning the 
surroundings of a building [16, 17]. The third integration method at the data level is 
the unified data model. Solutions in this category concentrate on developing a sep-
arate unified model to combine BIM and GIS data for selected analyses and particu-
lar applications [18–20]. Moreover, the unified building model has been proposed 
to provide a two-directional conversion of BIM-GIS data [21–23]. The next two ap-
proaches to integrate BIM and GIS data are at the application level. First is a method 
of integrating BIM and GIS at the application server level. Solutions in this category 
offer a new concept of approaching the integration of BIM and GIS by introducing 
new IT (Information Technology) tools and extending existing applications so that it 
is possible to operate BIM and GIS data jointly. This is usually realized through the 
GIS application server [24]. The second method is integration at the level of the client 
application. Solutions in this category depend on the transformations of BIM and 
GIS data downloaded by independent client applications such as GIS or FM (facility 
management) [25–28].
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This type of classification was analyzed from a slightly different, although gen-
erally similar, perspective in [29]. The authors proposed a division into three inte-
gration modes: “BIM leads and GIS supports”, “GIS leads and BIM supports”, and 
“BIM and GIS are equally involved”. In recent years, more and more research has 
indicated an interest in the use of combined BIM and GIS data (e.g., [30–33]). A very 
different approach was presented in [34] where the authors proposed the contextual 
linking of data from different domains.

Interoperability is fundamental for the accurate interpretation and use of data 
within systems and tools, as well as for the re-use and exchange of data [35]. Howev-
er, most of the research is focused on importing BIM data in GIS applications and vice 
versa. LIM uses integrated GIS and BIM data. As long as there is no comprehensive 
solution integrating BIM and GIS, simple methods should be considered in order to 
build a complete LIM model but with the desired effect. The process of importing 
GIS data to BIM is simple, it is not a comprehensive data integration solution, but it 
provides quick results. It can be used when the model is built in a BIM environment, 
and it is temporarily required to enrich it with spatial data from the GIS system.

The aim of the research carried out by the authors is to verify the process of in-
tegrating BIM and GIS data that allows practitioners to easily create building models 
enriched with spatial data of the immediate surroundings of the building in order to 
build a comprehensive LIM model.

2. Materials and Methods

The model used in the research covers the area of a housing estate consisting of 
six buildings and its immediate surroundings. The input data was CAD drawings 
of the construction documentation (Fig. 1).

It was performed in the Autodesk Revit software, using reverse engineering 
methods by modeling objects based on spatial data, as well as by importing these 
data. The construction design and spatial data containing information about the sur-
roundings of the buildings were used to model the objects in the research area.

The design documentation consisted of projections, sections, elevations, and 
a land development plan. These sources contain information on the geometry 
and materials of building elements and objects in the area covered by the project.

Data on the surroundings of buildings have been obtained from many sources 
and contain an extensive range of information. The following data sources were 
used to create the landscape information model:

 – base map in scale 1:500 containing, among other elements, information about 
the neighboring buildings, the existing communication system, and infra-
structure;

 – soil and agricultural maps, where the areas of complexes of agricultural use 
of soils are marked;
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 – a numerical model of land cover which is a point cloud representing the 
ground surface with objects protruding above it, such as buildings and trees;

 – a numerical terrain model containing information about the terrain surface 
and points to represent the surface beneath the objects above it is interpolated;

 – orthophoto map where the distribution of small architecture objects, trees, 
and shrubs is clearly visible, thanks to which the locations of landscape ob-
jects have adequately been designated.

Photographs were taken in the research area during field visits before each 
modeling stage to obtain data unavailable from the above-mentioned spatial data. 
These were information about the surface materials and geometry of objects, as well 
as possible contradictions between the previously mentioned data and reality.

The list of data sources concerning the building design and its surroundings is 
presented in Table 1.

Fig. 1. Example CAD data
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Table 1. List of data sources used in the test model

Data Source Precision Format Description Data-specific 
quantity

Building 
projects

Property 
developer

scale: 1:100 DWG or 
PDF

Vector floor 
plan, section 
and elevation 
drawings of 
buildings

23 DWG drawings 
and 10 PDF 
drawings of floor 
plans, sections and 
elevations

Land 
development 
plan

Property 
developer

scale: 1:500 DWG Vector drawing 
representing 
land 
development 
plan of the estate

1 vector drawing 
representing land 
development plan 
of the estate

Base map Department of 
Geodesy and 
Cartography of 
Town Hall in 
Ostrołęka

scale: 1:500 DXF Vector base map 
of the estate and 
surrounding

1 vector base map 
of the estate and 
surrounding

Soil and 
agricultural 
map

Department of 
Geodesy and 
Cartography of 
Town Hall in 
Ostrołęka

scale: 1:2000 Printout on 
A3 sheet, 
scanned 
and saved 
as a PNG 
file

Sheet covering 
the area of 
almost 25 ha

1 A3 printout

Digital land 
cover model

geoportal.gov.pl point 
network 
0.5 m × 0.5 m

XYZ Point cloud 
covering the area 
of almost 486 ha

2 point clouds 
covering the area 
of almost 486 ha

Digital terrain 
model

geoportal.gov.pl point 
network 
0.5 m × 0.5 m

XYZ Point cloud 
covering the area 
of almost 486 ha

2 point clouds 
covering the area 
of almost 486 ha

Ortophotomap geoportal.gov.pl pixel size  
10 cm ×10 cm

TIF Raster layer 
covering the area 
of almost 486 ha

2 raster layers 
covering the area 
of almost 486 ha

Photos own collection – JPG Photos of objects 
located in the 
area of the estate

301 photos
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The scheme of input data presenting use of building source data and environ-
ment source data is shown in the Figure 2.

Fig. 2. Scheme of input data to the LIM model

The model building process began with the creation of BIM models of all 
buildings based on their architectural and construction designs. After loading the 
projections, sections, and elevation views to the design, appropriate levels and 
grids of the structure were determined on their basis, and then the modeling of 
structural elements, partition walls, and elements of the door and window joinery 
was started (Fig. 3). Each object was given dimensions and materials in accordance 
with the design and then compared with photos and possible measurements in the 
field, and in the event of differences, the parameters were edited to be consistent 
with reality.

Subsequently, a collective model was prepared, in which, on the basis of the 
base map (rotated by an angle, which was then entered as the “angle to true north”), 
the BIM models of buildings were combined, giving them the appropriate height 
and the geographical location of the project was assigned to the project. The absolute 
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heights were read from the DEM (Digital Elevation Model) and the location was 
determined from geographical coordinates (in Poland, the 2000 zone VII EPSG:2178 
system applies for large-scale studies). Subsequently, landscape modeling was start-
ed by creating a terrain surface by importing the coordinates of the points from 
the DEM. The data had to be prepared in advance by selecting points from the 
area of the investment and its surroundings and then reformatted into a text file 
that can be loaded into the Autodesk Revit software. At this point, it should be em-
phasized that s BIM applications do not always offer the possibility of importing 
GIS data. In many cases, it is necessary to use a plug-in (e.g. the PlaceMaker plug-in 
for SketchUp). After the terrain surface was created, the soil and agricultural raster 
map was properly located in the coordinate system of the project, and the terrain 
was divided based on its contours, giving its parts the names of appropriate soil 
types. The last step in creating the land surface was to model sidewalks and parking 
lots based on the contours from the main map and the heights of the DSM (Digital 
Surface Model) points contained in the inserted cloud.

Fig. 3. Ground section

Modeling of landscape objects began with the insertion of a land development 
design and an orthophoto map. On the basis of these materials and the base map, 
locations were assigned to individual objects. The exact shape and materials of the 
objects were determined on the basis of measurements and photos taken in the field. 
Some of the families were downloaded from available resources on the internet, 
while some were modelled in the Family Editor available in Autodesk Revit.
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Landscape objects were divided into four collections:
1) vegetation – objects with the appearance of plants, containing information 

about a given species;
2) loadable families – families of small architecture objects loaded into the pro-

ject (e.g., benches, lanterns, litter bins);
3) system families – buildings or small architecture objects modeled with the 

elements obtained from the template models (e.g., walls, handrails);
4) combined projects – small architecture objects which, due to their complex-

ity, have been constructed and combined into a common project (e.g., gar-
bage cans).

The last stage of model building was the creation of objects in the immediate 
vicinity of the investment, including roads, trees, and buildings with a low level of 
detail. The roads were separated from the previously created terrain model on the 
basis of an orthophoto map, and then they were given appropriate materials. On the 
basis of the same study, trees were inserted that do not show the exact location and 
number of objects that are actually in the area but occupy a similar space. The build-
ings were created with the use of conceptual blocks – initially at a low level of detail 
(at this point it should be emphasized that the level of information is more important 
than the level of detail-geometry). They were made on the basis of the basic map 
from which the outline of each object was read and the DSM, on the basis of which 
the shapes of the roofs were modeled (Fig. 4).

Fig. 4. Mass modeling based on the point cloud

3. Results

As a result of the process described above, three-dimensional BIM models of the 
buildings and a LIM model were obtained, including terrain, vegetation, and small 
architecture objects (Fig. 5). This was made at the level of detail corresponding to 



A Case Study on Building Information (BIM) and Land Information (LIM) Models... 27

LOD 300 (AIA classification) and allows the generation of documentation in floor 
and terrain projections, sections, and 3D visualization. In addition, simulations sup-
porting decision-making, such as artificial lighting analysis and shading analysis, 
can be carried out on the created model.

Fig. 6. View of the investment with the surrounding

The investment environment modeled in lower detail (Fig. 6) makes the invest-
ment model a natural continuation in space. The terrain surface represents actual to-
pography and similar materials. The surrounding buildings correspond in detail to the 
LoD2 level. The model of the development’s surroundings helps to shape the height of 
buildings, greenery, or technical infrastructure. Windows, doors or building elements 
(overhangs, stairs, etc.) are of secondary importance in the development environment.

Fig. 5. 3D visualization of the BIM model: 
a) standard visualization; b) visualization with an artificial light setting

a) b)
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The informational terrain model, which can supply significant content for the 
BIM model, consists of two main parts. The first is information and knowledge about 
the location, i.e., information about the land or the physical or legal condition of the 
land. The second part is information and knowledge about landscape objects, which 
are divided into “soft” such as plants, and “hard” such as infrastructure elements 
(Figs. 7–10).

Fig. 7. A photograph of a lantern

Fig. 8. View of the lantern in the model
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Topographic objects constituting an important content of the discussed project, 
such as the area of land, trees, shrubs, landscape architecture and infrastructure el-
ements, reflect the actual number and location of objects in the research area. This 
can be seen in the control visualizations (Figs. 8, 10) juxtaposed with the photos 
taken during the field visits (Figs. 7, 9). Some objects, such as lanterns, are not only 
a geometric representation of the elements of the development but also have their 
own properties that allow for example, the simulation of artificial lighting (Fig. 5b).

Fig. 9. A photograph of vegetation

Fig. 10. View of the vegetation in the model
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4. Discussion

The described process is simple and not automated. It is not a comprehensive 
solution to the problem of BIM-GIS integration. However, it makes it possible to 
quickly develop a building model along with its surroundings. BIM applications 
increasingly provide tools for importing GIS data or support formats related to 
GIS data. Due to the ease of developing such a model, one can expect that many 
BIM models could be enriched with GIS data in a similar way.

Data on the surroundings of buildings are stored in the GIS system. They were 
also imported into the BIM model. The process of building a BIM model is time-con-
suming and requires a high level of BIM modelling skills, and after its completion, 
the data on the environment could be updated in the GIS system. The paradox, 
therefore, is as follows: a BIM model is an up-to-date building model and a val-
uable source of data about it that can be used to update data in the GIS system. 
How ever, the data about the environment contained in the BIM model are valua-
ble, for example, for the purpose of model presentation, but in the case of BIM-GIS 
data integration, it is necessary to develop detailed procedures for data verification 
and selection.

Powering GIS systems with BIM models brings undeniable benefits. Similarly, 
BIM models need adequate and reliable spatial information. In the case of LIM, it is 
even more important, because the location in space (absolute ordinate, angle to true 
north) or location in a specific mapped or geographic coordinate system is necessary 
to design elements of small architecture or greenery. The more data from GIS da-
tabases are placed in the LIM model, the better it is from the point of view of the 
designer, but also the industry cooperation of a landscape architect, e.g., with a ge-
ologist, soil expert, or urban planner. The presented case study confirms the need 
for further research towards GIS-BIM integration – a database approach as well as 
an application collaboration.

5. Conclusion

In summary, landscape information modeling (LIM) is an essential component 
of any BIM model. GIS data facilitate their correct design thanks to reliable spatial 
information. The experience to date shows that the export-import on the BIM-GIS 
line is not always bi-directional and often requires either an intermediate applica-
tion or a plug-in. The lack of the tight integration of BIM and GIS is a constant prob-
lem, both in the design community and in the scientific community. Work on the 
integration of GIS and BIM data should be continued, and the effects should have 
a positive impact on the development of LIM.
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