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Abstract: The adoption of Building Information Modelling (BIM) for Landscape Architects is ham-
pered by a multitude of administrative as well as technical hurdles. One such hurdle is the lack of a 
unified vegetation library that can be drawn on and done independent of the BIM authoring software to 
be used. The latter consideration points towards the use of the Industry Foundation Classes (IFC) format 
as an international standard for openBIM data exchange. This paper demonstrates the use of a devel-
oped vegetation library that exists outside of any authoring platform and uses IFC instead as a mediator 
to generate 3D vegetation models and enrich them with information drawn from the library developed 
for the Singaporean context. Specifically, the workflow demonstrated in this paper is the calculation of 
Green Plot Ratio (GnPR) automatically from the enriched 3D vegetation models. It is shown in this 
study that such automation not only greatly reduces the time required to calculate GnPR but also re-
duces the possibility of human error in doing so. It is anticipated that in future, changes to how GnPR 
is calculated at the species level can be much more easily resolved using the developed method thereby 
allowing for more accurate metrics other than just GnPR to be tabulated for various greening efforts in 
Singapore. 
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1 Introduction 

In land scarce Singapore, there is a constant desire to conserve or replace greenery in the 
urban environment. This desire to green the city has led to the manifestation of sky or podium 
gardens made possible by advances in rooftop greening techniques as well as the develop-
ment of vertical greening systems – collectively coined as “skyrise greenery” (TAN & 
CHIANG 2009). Along with the increase in skyrise greening efforts came the need to measure 
and promote the use of vegetation within the built environment. Here, the idea of using a 
Green Plot Ratio (GnPR) metric was first introduced in to quantify the degree of greening 
achieved by a particular built project (ONG 2003).  

The goal of introducing GnPR was to help planners establish a desired degree of greenery 
conservation or replacement without overly restricting the design process. GnPR has been 
used to quantify the amount of greening in developments by several governmental agencies 
for the evaluation of building developments to attain incentives, certifications, or recognition 
for their skyrise greening efforts. This includes Green Mark from Building and Construction 
Authority (BCA) (BCA 2017), Landscaping for Urban Spaces and High-Rises (LUSH) from 
Urban Redevelopment Authority (URA) (URA 2017) and Landscape Excellence Assessment 
Framework (LEAF) from National Parks Board (NParks) (NPARKS 2021a). 
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GnPR presents itself as a ratio of the summation of estimated leaf area derived from Leaf 
Area Index (LAI) over the total site area of a development and can be understood as a three-
dimensional proxy for green (i. e. leaf) density of a site area (TAN & SIA 2010). It is calcu-
lated with the following equation: 

𝐺𝐺𝐺𝐺𝑃𝑃𝑃𝑃 =
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑒𝑒𝑒𝑒𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑒𝑒𝑒𝑒 𝑇𝑇𝑒𝑒𝑇𝑇𝑙𝑙 𝑇𝑇𝑎𝑎𝑒𝑒𝑇𝑇 𝑒𝑒𝑒𝑒𝑎𝑎𝑒𝑒𝑑𝑑𝑒𝑒𝑒𝑒 𝑙𝑙𝑎𝑎𝑇𝑇𝑒𝑒 𝐿𝐿𝐿𝐿𝐿𝐿 

𝑒𝑒𝑒𝑒𝑇𝑇𝑒𝑒 𝑇𝑇𝑎𝑎𝑒𝑒𝑇𝑇
 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑒𝑒𝑇𝑇𝑙𝑙 𝑇𝑇𝑎𝑎𝑒𝑒𝑇𝑇 = ��𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝𝑎𝑎𝑝𝑝𝑝𝑝𝑡𝑡 × 𝑐𝑐𝑇𝑇𝐺𝐺𝑇𝑇𝑐𝑐𝑐𝑐 𝑇𝑇𝑎𝑎𝑒𝑒𝑇𝑇 × 𝑞𝑞𝑞𝑞𝑇𝑇𝐺𝐺𝑇𝑇𝑒𝑒𝑇𝑇𝑐𝑐�

+ ��𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡ℎ𝑡𝑡𝑟𝑟𝑟𝑟𝑡𝑡 𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 × 𝑐𝑐𝑇𝑇𝑇𝑇𝐺𝐺𝑇𝑇𝑒𝑒𝑒𝑒 𝑇𝑇𝑎𝑎𝑒𝑒𝑇𝑇� 

This relatively straight forward arithmetic calculation would be much simpler should land-
scape plans be developed in a Building Information Modelling (BIM). Yet while it would be 
theoretically advantageous to do so, landscape architects have been slow in adopting this 
information modelling approach (LU & WANG 2013). This has been attributed to a lack of 
motivation, competence and time, the absence of support for training, a lack of demand for 
BIM submissions, as well absence of standards provided by governing bodies (CHAN 2014, 
SIEBELINK et al. 2021). This compounded with the fact that existing BIM authoring platforms 
are seldom catered to the work carried out by landscape architects (FLOHR 2011, SIPES 2014), 
and has resulted in landscape architects lacking the tools and libraries required to operate in 
a proper BIM workflow alongside their other counterparts in the Architecture, Engineering 
and Construction (AEC) industry.  

While architectural and construction drawing submissions have been mandated to be submit-
ted in a BIM format for projects above a certain size, landscape plans in Singapore have been 
excluded from this (BCA 2016). This further exasperates the risk that landscape architects 
will be removed from the supply chain altogether due to their inability to fully participate in 
the BIM workflow chain alongside the rest of the AEC industry (AHMADA & ALIYUA 2012). 
Although there have been efforts to help landscape professionals embark on BIM for land-
scape projects (LANDSCAPE INSTITUTE 2019), the systematic collection of information on 
landscape elements for object based asset-management (such as a vegetation library) still 
remains a significant challenge for the industry (ABDIRAD & LIN 2015). 

Given the above issues, we demonstrate the use of a previously developed IFC-centric work-
flow (GOBEAWAN et al. 2021) in the tabulation of GnPR across three different BIM authoring 
software platforms (Autodesk Revit 2021, Graphisoft Archicad 24 and Nemetschek Vector-
works 2021). Two of these (Revit and Archicad) were selected due to the existing architec-
tural and mechanical submission templates provided for by the BCA, thus indicating their 
existing use in existing BIM submission requirements. The third was selected considering it 
has a landscape architectural specific solution (Vectorworks Landmark). The goal of the un-
derlying project was done in hope that the development of the BIM vegetation library would 
enable an accelerated adoption of BIM by the landscaping industry in Singapore and subse-
quently enable a variety of possibilities to quantify, test and evaluate potential ecological or 
even economic performance of various forms of urban greening projects prior to their con-
struction. 
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2 Three-Step Workflow 

This paper demonstrates the use of the developed library and associated software specific to 
the calculation of GnPR. To do this, a landscape architect would need to follow three inter-
related steps in a workflow: 
1. Preparing the landscape plans as placeholders in any of the three BIM authoring plat-

forms; 
2. Exporting and converting them using the developed IFC interfacing software; 
3. Reimporting the enriched 3D vegetation models for further tabulation of GnPR infor-

mation. 

2.1 Preparing Landscape Plans as Placeholders 
A conscious effort was made to mimic the existing workflows used by landscape architects 
when drawing planting plans in 2D. That is to say, solitary vegetation objects – species which 
are typically planted as individuals (e. g. trees and palms) – are represented as circular sym-
bols, while area-based vegetation objects – species which are typically planted in areas (e. g. 
shrubs, groundcover and grass) – are represented as hatched areas (Figure 1). In addition, any 
vertical greening systems to be included (e. g. green walls or climbers) are represented as 
vertical surfaces. These objects by themselves can serve as a 2D representation and be used 
as an actual landscape plan along with the basic scheduling similar to any other BIM object. 
However, their real purpose is to serve as a proxy for which to be exported and converted, 
the project team has named these proxies as “placeholders” to signify their temporal nature. 

 
Fig. 1: Placeholders used across all three platforms (From left to right – Revit, Archicad, 

Vectorworks) all utilise the same commonly understandable symbols used in 2D 
landscape plans 

While visually similar, each BIM authoring platform requires the placeholders to be gener-
ated using different native tools. In Revit, the solitary vegetation objects were created as a 
Family scaled by a Family Types text file, in Archicad as a custom symbol saved as favourites 
and lastly in Vectorworks as a plant style housed in the Resource Manager. Area based vege- 
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tation objects were created by utilising the native floor family in Revit, as a mesh object in 
Archicad and as landscape areas in Vectorworks. Vertical greening was represented by wall 
objects in all three. 

Along with the species name, each placeholder is embedded with a SpeciesCode (a unique 
identifier for every species) as well as the PlantType (indicating if it’s a solitary, area or 
vertical greening object). These non-spatial information were derived from the NParks Flora 
& Fauna Web (NPARKS 2021b) while spatial information informing the size and shape of the 
plant material were collected from the field, this and the technical information below regard-
ing the use of IFC was described in more detail in a previous study (GOBEAWAN et al. 2021). 

2.2 Exporting and Converting IFC Files 
Regardless of the differences in native classes between the three platforms, the placeholders 
are then exported as an IFC file and converted using the developed software which is accessed 
via a Graphical User Interface (GUI) (Figure 2). Here, the location of the input IFC file 
(which houses the placeholders) as well as the library (which exists as a Comma Separated 
Value (CSV) file) are provided and running the script would generate the 3D models while 
enriching them with the non-spatial data available in the library. In summary, the script cycles 
through all the placeholders in the file and generates the respective 3D model and associated 
species-level information based on the SpeciesCode and PlantType information embedded in 
the placeholders.  

 
Fig. 2: A simple GUI allows users to locate the input IFC file containing the placeholders 

as well as the location of the vegetation library CSV file 

During this process, other than the non-spatial data (such as water and light requirements 
indicated by a prefix “NP_”) the GnPR contribution of each vegetation object is also calcu-
lated based on the given species LAI and the information is embedded into the 3D models 
themselves. For example, the GnPR contribution of a single tree would require the LAI of 
that tree species, multiplied by the canopy area, and divided by the site area in question (Fig-
ure 3). 

2.3 Importing Enriched 3D Vegetation Models for Tabulation of GnPR 
The final step of the process involves importing or referencing the generated IFC models 
back into the BIM authoring software (Figure 4) to calculate the eventual GnPR by simple 
summation of the individual contributions of each vegetation object (Figure 5). If the planting 
plans are identical, the GnPR should be similar across all three platforms, although it has 
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been observed that some rounding errors occasionally occur resulting in minute differences. 
Note that at this point, the IFC models are interchangeable between the three platforms, or 
any other software that can read IFC files for that matter, which could be an advantage should 
parties be working across different software platforms (e. g. Architects working in Revit 
while landscape architects worked in Archicad). 

 
Fig. 3: Along with the replacing of the placeholders with 3D vegetation models, the GnPR 

contributions of each vegetation object are calculated and embedded in the gener-
ated IFC files alongside other non-spatial parameters found in the library 

While it could be possible to calculate GnPR without the additional step of importing the IFC 
file back into the respective software packages. This would require a separate script to per-
form the calculations and would also prevent any further use of the models by other members 
of the design team (e. g. visualisations to help architects understand the spaces created by 
vegetation or information which might inform engineers with regards to potential structural 
conflicts). 

 
Fig. 4: Generated 3D models are imported back into the respective BIM authoring plat-

forms (From left to right – Revit, Archicad, Vectorworks). Note that at this point in 
time, the IFC files are interchangeable between the different platforms. 
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Fig. 5: Planting plans can be scheduled and GnPR can be automatically tabulated through 

simple summations across each platform 

3 Extended Examples 

To stress test the workflow developed, two other sets of more realistic planting plans were 
tested that more accurately mimic what might happen in practice. The first set was a recrea-
tion of a previously mapped rooftop garden in Singapore. Here, three Bachelor of Landscape 
Architecture (BLA) students from the National University of Singapore (NUS) were em-
ployed as student researchers and were tasked to use the same species mapping information 
to redraw the landscape plan in each of the three software packages. These landscape plans 
were cycled through the same workflow described above to generate the information enriched 
3D vegetation models (Figure 6).  

 
Fig. 6: Planting plans of the same rooftop garden were recreated in all three platforms and 

the same IFC workflow was used to convert them to 3D information enriched models 
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During this process the GnPR was also calculated and has been tabulated in Table 1 along 
with some other details. 

Table 1: While seemingly similar, the IFC file sizes produced by each software differ due 
to the different method each takes when writing the IFC files. It is also noted that 
the three GnPR values differed as well due to differences in the planting plan. 

Platform Input IFC 
File Size 

Output 
IFC File 

Size 

Number of 
Trees/Palms 
Generated 

Number of 
Shrub objects 

Generated 

Number of 
Groundcover 
Areas Gener-

ated 

GnPR 

Revit 1.2MB 9.5MB 198 432 27 6.20 
Archicad 3.5MB 11.4MB 253 466 28 7.69 
Vectorworks 64.0MB 78.1MB 196 506 28 6.10 

Although visually similar, there are variations in the GnPR but this is not indicative of a 
problem with the calculations but rather is a result the fact that the landscape plans were 
drawn by three different individuals. Here, the student who authored the Archicad plan drew 
an additional 50 trees, thus accounting for the higher GnPR value calculated. 
In addition, it was also noted that while all three software packages could export IFC files, 
Vectorworks exported the tree and palm placeholders as meshes rather than extrusions (Fig-
ure 7), likely resulting in the larger file sizes. At the time of writing, we did not find a way to 
adjust the IFC export settings to reduce the file size to something similar with the other two 
platforms. 

 
Fig. 7: Unlike Revit and ArchiCAD, Vectorworks exported the placeholders as meshes as 

opposed to extrusions. It is likely that this causes the increase in file sizes 

The second set of examples was not of a rooftop garden whereby the planting areas are all 
flat but rather an outdoor environment whereby the planting was performed on a mixture of 
undulating rooftops and artificial topography. In our testing, only Vectorworks had the im-
mediate ability to project the placeholders onto such undulating topography. Thus, the other 
two platforms were not tested here. Four projects were selected from a third year BLA digital 
design studio held at the NUS (ENDO et al. in Press). Students had modified their topography 
as well as included hardscape and structural elements within Rhinoceros 3D, these were then 
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imported into Vectorworks whereby the students were asked to follow the prescribed work-
flows above (Figure 8) to complete their landscape plans. As per before, the GnPR was au-
tomatically calculated in the process of converting the IFC files. 
In addition to calculating GnPR automatically through this workflow, students were also 
asked to do so manually using the 2D schedules, extracting information from the internet and 
tabulating the results. In the process, they were tasked to estimate the time taken for each of 
these operations (Table 2). As expected, the IFC workflow was faster than manual calcula-
tions, often taking only a fraction of the time in comparison. It is considered here that the 
automated calculation yields an accurate GnPR figure as it negates any human error (assum-
ing that the conversion process was successful across all placeholders). Expectedly, all stu-
dents ran into differences between the manual and automated calculations, largely owing to 
human errors in the tabulation of species level information with a few instances of poorly 
drawn shrub areas not converting properly. This additional time taken for checking made the 
process considerably longer and would be further exacerbated should the landscape plan 
change over time during the design process. 

 
Fig. 8: All 4 projects were successfully converted and had their GnPRs tabulated through 

the pre-prepared Vectorworks schedules (worksheets) 

Table 2: Estimated time taken to complete GnPR calculations both manually and automat-
ically. The automated IFC workflow here consists only of the time it takes to ex-
port, convert and import the placeholders 

GnPR Time Taken 
(Manual  

Tabulation) 

Time Taken 
(Manual  

Checking) 

Time Taken  
(Manual – Total) 

Time Taken 
(IFC Workflow) 

1.296 20 mins 1 hr 40 mins 2 hrs 15 mins 
1.459 30 mins 2 hrs 30 mins 3 hrs 5 mins 
1.923 1 hr 5 hrs 6 hrs 15 mins 
3.052 30 mins 3 hrs 3.5 hrs 6 mins 
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4 Discussion 

By leveraging the previously developed BIM vegetation library, the study has shown that the 
calculation of GnPR can now be streamlined and in doing so will not only save time but also 
cut down on the potential for human errors in the process. This is a clear demonstration of 
the advantages of using an information model against traditional 2D CAD.  

However, it was observed that it is possible to tabulate GnPR in the BIM software without 
the complicated IFC workflow described above so long as the LAI and canopy areas are 
included in the native plant libraries. While this is true, the rationale for creating the BIM 
vegetation library in the first place was to centralise the information at a single location (in 
this case a simple CSV file). This centralisation would ensure that the same information is 
used consistently by all who are using the library, not only within a single design firm but 
across the entire industry as a whole.  

This centralisation would also allow for synchronisation changes to be made to the library. 
One such change that might happen in the future, specific to GnPR calculations, might be 
updates to the species level LAI and canopy areas used in the calculations. Based on the 
current tabulation methods, these values for trees and palms are simplified into broad cate-
gories, done so to aid in manual calculations (Table 3). However, this results in in the calcu-
lation against likely real-world situation. For example the use of a standardised canopy area 
of 60m2 for almost all trees can easily result in an over counting of GnPR owing to this 
simplification of canopy areas. 

An example of such an issue is shown in table 4 whereby more accurate canopy areas as 
measured in the field of two species are used to calculate GnPR instead. From this simple 
table alone, it is obvious that GnPR should use species level information in the calculations. 
Yet to implement species level differentiation with neither a centralised library nor an infor-
mation model to automatically calculate GnPR would mean that the time taken and the hu-
man errors likely to occur in the calculation would become even more pronounced.  

Table 3: A portion of the GnPR computation table extracted from LUSH guidelines (URA 
2017) showing how canopy areas were greatly simplified in order to aid in manual 
calculations 

Category Sub Category LAI Value Canopy Area (m2) 
Trees Open Canopy 2.5 60 
 Intermediate Canopy 3.0 60 
 Dense Canopy 4.0 60 
 Intermediate Columnar Canopy 3.0 12 
Palms Solitary 2.5 20 
 Cluster 4.0 17 
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Table 4: A comparison between the GnPR calculated between using a “generic (intermedi-
ate canopy)” species with a simplified canopy area and two species which were 
measured 

Site Area  
(m2) 

No. of 
Trees 

Species LAI Canopy Area 
(m2) 

GnPR 

1000 20 Generic (Intermediate Canopy) 3.0 60 3.60 
1000 20 Planchonella obovata 3.0 47 2.82 
1000 20 Alstonia angustifolia Miq. 3.0 16 0.96 

Despite the above issue, we propose that a more accurately calculated GnPR can still serve 
as a suitable metric to understand the amount of vegetative material being placed on a project, 
thereby possibly serving as a proxy to understand the potential effects of a certain level of 
GnPR, such as cooling or perhaps even biodiversity prediction. This is not possible with the 
current inherent simplifications in the calculations. The same can be said for other parameters 
which might be included in such a centralised system, such as light, water and soil require-
ments, maintenance levels, native or exotic status, and so on. GnPR calculations is but only 
one of the potential benefits of leveraging off a centralised database through an information 
modelling approach. 

5 Limitations 

At present, the study has remained as an academic exercise and while outreach efforts have 
been made to practitioners in Singapore to demonstrate the findings with positive reactions, 
the workflows described have yet to be tested by practice. The suggested changes to calcu-
lating species-level GnPR could only be operationalized once a centralised database is made 
available (within Singapore, or ideally internationally). This database should be established 
in the form of a cloud hosted database managed centrally but accessible from any practitioner 
but will require a fair amount of support and coordination from stakeholders in academia, 
governmental agencies as well as practicing landscape architects for it to be successful. 

On the technical front, while we have developed the algorithms to convert and enrich IFC 
files, the details on the exporting of IFC files from each platform is still not fully controllable. 
Platforms such as ArchiCAD allow for a multitude of alterations to be made during the ex-
porting, while Vectorworks has hardly any means to alter the exported data. These differ-
ences are unfortunately out of the hands of the project team but we have still demonstrated 
that the processes work across all three nonetheless. Other technical issues include potential 
bugs or improvements to the algorithms which have yet to be discovered due to the lack of 
real-world testing by any landscape practices at the time of writing. 

Finally, a common point raised at sharing sessions is that our workflow does not take the age 
of a plant into account. Certainly over time the LAI as well as canopy area would alter and 
that would influence the potential benefits of skyrise greenery over time, however GnPR 
itself was always seen to be the estimated achievable level of greening and as such was never 
meant to have the complication of time and growth factored in. That said, such a possibility 
has been demonstrated prototypically in an academic setting (Figure 9) and members of the 
project have also demonstrated alternative methods of scaling trees and palms using allome-
tric equations (GOBEAWAN et al. 2018, LIN et al. 2018).  
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Fig. 9: In a prototypical environment, the models have been demonstrated to be able to scale 

with age to simulate their growth over several years (Y0-Y10), this however is not 
yet implemented in our workflow as it requires species-level growth rates to be ob-
tained 

6 Conclusion & Outlook 

We have demonstrated the use of a workflow to derive GnPR via a software independent 
approach by leveraging off a previously developed IFC-centric BIM vegetation library. It is 
anticipated that this work not only greatly accelerates and solves the mundane and human 
error prone process of calculating GnPR manually but more importantly encourages practi-
tioners towards to adopt a BIM workflow into their practice by allowing them to streamline 
this alongside their typical workflow of preparing landscape plans. It is further anticipated 
that such a centralised library might also provide potential avenues towards calculation, esti-
mating or simulating other potentially important vegetation indexes by extending the infor-
mation available in the library. In doing so, it would allow landscape architects to estimate 
the potential benefits of the inclusion of vegetation during the design phase. 
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