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Parametric Landscapes looks to answer the question of how can parametric scripts be utilized in 
the field of Landscape Architecture to increase efficiency, and inform smarter design and planning 
decisions. This body of work was conducted using applied research methods, drawing from both 
Landscape Architecture, and computer programming. The following scripts are intended to be used 
and manipulated by not only computer programmers, but by Landscape Architects and any other 
designer that would benefit from their application in their design workflow. These scripts are written in 
Python programming language applied in both Grasshopper and Rhinoceros.

Parametric Landscapes starts with preliminary research, investigating the application of parametric 
programming software in Landscape Architecture. The application of parametric scripts throughout 
the site analysis and design phase are then explored at the site of Pinawa Dam in southeastern 
Manitoba.  The design of this project is dependent upon the development of dynamic parametric 
scripts that allow the designer to easily input design data (drawings, or 3D models), and get 
seemingly instant feedback. 

Each parametric script in Parametric Landscapes is dependent upon a 3D digital landscape 
model. For the test site of Pinawa Dam a 3D landscape model is constructed from a point cloud 
derived from a drone scan. A parametric script isolates vegetation and topographic data from 
the point cloud. This data is then used to map vegetation, and produce a 3D digital topographic 
model. This model is then used to simulate drainage on the site, plan trail systems at accessible 
slope percentages, and is the foundation for a real-time cut and fill script.

Abstract:

AbstractParametric Landscapes
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The art challenges the 
technology, 

and the technology 
inspires the art.

-John Lasseter
(Lasseter, 2011)

IntroductionParametric Landscapes
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Introduction

Throughout my youth I spent countless hours tinkering with computers, and software. This passion of my youth drove me to 
undertake education in the field of computer science. Although my first years of University were interesting, I could not stand 
to work at a computer all day long. My passion for creation and design compels me to work with my hands. This body of 
research is driven by my love for design, technology, and the outdoors. 
 
Parametric design is a computational approach to working through an architectural project. Using form-based algorithms, 
the computer program analyzes parameters of physical space to inform a design. Currently, this algorithmic approach is 
commonly used in the profession of building architecture, engineering, and manufacturing. Parametric design has incredible 
potential in other fields; particularly landscape architecture and large-scale topographical surveys.

In order to create parametric algorithms it is necessary to learn parametric software. This research uses Python inside of 
Grasshopper, which is the parametric plug in for Rhinoceros. A steep learning curve comes along with using Grasshopper, 
but once understood, it can be an immensely powerful design tool. Parametric Landscapes is an exploration of the 
application of parametric algorithms in Landscape Architecture. 
Parametric design has become fairly common in building architecture, but is only beginning to surface in the realm of 
landscape architecture. It is much easier to simulate the construction of buildings, because they are composed of a set of 
nominal standardized parts. In landscape architecture we are dealing with some set parts, but there is also a plethora of 
organic forms and systems that are changing over time. This creates a complex, but very interesting array of problems to 
solve.

The strength of using parametric tools lies in the computer ’s ability to calculate copious amounts of information 
exceptionally fast. The challenge in using these tools is that it is necessary to break down the algorithm into extremely 
specific functions. These individual functions, must be strung together to create a parametric algorithm.

Grasshopper allows the user to create their own functions. Python scripting within Grasshopper is an even deeper layer of 
creating algorithms; the user is able to craft their own functions for project construction inside of Grasshopper. It ’s like making 
your own tools that you then use to craft more powerful and complex tools.

Introduction:

Parametric Landscapes
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Parametrics in the context of Computer Aided Design 
is usually refereeing to software that contains chunks of 
code, or nodes passing data back and forth. Commonly 
this software would be an add-on or plugin in for another 
software. The strength of parametric software is that the user 
can adjust dynamic input values easily. Parametric software 
typically looks like a series of batteries connected by a 
plethora of different input and output values. Designers will 
use this type of software to build adaptable scripts to fit 
specific design problems. The benefit of creating parametric 
design scripts is in how they can optimize efficiency while still 
giving the designer creative input on a project.

Introduction to Parametrics:



1413

a = width * length
    stepU = width/(uResolution-1) 
#step distance 
    stepV = length/(vResolution-1)
    X = bBox[0][0]
    Y = bBox[0][1]
    Z = defaultZ
    i = 0
    while(i < uResolution):
        j = 0
        Y = bBox[0][1]
        while(j < vResolution):
            points.append(rs.
AddPoint(X,Y,Z))
            Y = Y + stepV
            j = j + 1
        X = X + stepU
        i = i + 1

BASIC Parametric WorkFLOW
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Point circle
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Cylinder multiple cylinders
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INPUT

INPUT
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INPUT

output
data

python code example

data

information
process

information
process

data data

Extrude Cylinder

Parametric Landscapes

A basic parametric workflow may look complex and 
abstract at first glance, but at the surface it is really 
quite simple. What you are seeing is a series of nodes 
connected by streams of data.  There are primarily two 
types of nodes, one for containing strictly raw data, we 
call these ‘parameters’ (this is where parametricism gets 
its name from). While the other type, a ‘process’ is for 
processing data, and outputting other information. 

Looking at the graphic on the left you’ll see the two 
types of nodes, along with a visualization of each step 
below. Point, radius, and height are all parameters of 
two different types. Those being a 3D point, and two 
number values. These parameters are inputted into their 
relative processes to create a circle, and eventually a 
cylinder. Unlike traditional workflows on most computer 
software, a parametric workflow can have an unlimited 
amount of inputs, and therefore outputs. This is visualized 
by showing a series of cylinders being outputted 
simultaneously. 

Each process in this example is rather simple in the 
actions it performs. A point and radius are inputted to 
create a circle, then with those outputs a circle and an 
extrusion height are used to create a cylinder. A large 
portion of the work ahead contains processes that I 
have written in the programming language Python to 
perform specific tasks. Python is a strong and dynamic 
programming language that is now integrated into 
Grasshopper. It takes a specific skill set, and more work 
to create a custom Python process. The user has to 
dig in deeper and write a functioning script that breaks 
down every step into line of code. It can be extremely 
powerful to write your own scripts, sometimes there is 
no other way to get a workflow to do what you would 
like, and Python can be utilized to engage all of your 
computers processing and memory resources, unlike 
Rhino and Grasshopper alone.

Figure 1: Basic Parametric Workflow
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building form adjusts to 
avoid casting shadows on 
vegetation

angle adjusts 
with height

shadow calculation based 
on regional averages

height slider

Parametric algorithms have become quite common among Landscape Architectures 
sister fields, Architecture and Engineering. There has been limited exploration in the 
field of Landscape Architectural Parametricism. There has been some work at ETH 
in Zurich (Girot, 2012), along with research by Philip Beleskey (Beleskey 2013), and 
Joseph Claghorn (Claghorn, 2015), but it is not as popular as it is in Architecture and 
Engineering. The reason for this is likely that when you break down parametrics from 
algorithms to code, the result is numbers and mathematics. Engineering is known for 
practical application of math and calculation, therefore it makes sense that you could 
directly translate major aspects of that work into parametric processes. Architecture 
tends to deal with materials of nominal dimensions, which are fairly easy to model digitally. 
So the translation of these objects into parametric processes is quite fluid, and intuitive. 

The example below shows a fairly simple parametric process that adjusts the building 
form as the height increases, to avoid casting a shadow on the tree below. The user 
can adjust the height with and see the model shift as it is manipulated. It is beneficial to 
the design process to avoid tedious redrawing or remodeling of a form. The parametric 
script adjusts automatically as the user interacts with it.

IntroductionParametric Landscapes

Figure 2: Architectural Application of Parametric Workflow
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Parametric Landscapes Preliminary Research

The following is an exploration of the application of Python, Grasshopper, and Rhinoceros 
3.D within the field of Landscape Architecture. Learning a new technical skill, or set of skills 
in this case was achieved by engaging in a project dependent on the software. Working 
through this research project forced problem solving of unique issues. Through this research 
I learnt the programming language Python from scratch, and greatly refined my skills within 
Rhinoceros and Grasshopper. This project is cumulative in its processes. Each process builds 
off of the previous one, and could not be process without it, except for cut and fill, which is 
not dependent upon the drainage portion of the script. 

Starting with simple spot elevations, the first step of this script triangulates each spot 
elevation, and creates a 3d digital mesh with each spot elevation informing a vertices. 
After the mesh is triangulated a slope percentage is inputted. This slope percentage is 
used for identifying proper slopes in a landscape design. Any slope in the mesh that is over 
the inputted slope percentage will appear red. This could be used to highlight any slope 
too steep for a path, or at a slope percentage that requires railings. A contour interval 
is then inputted, and contour lines are cut through the mesh. The benefit of this process is 
the designer ’s ability to easily transform the position of each point, with the contour lines 
updating in real time. Basic water flow triangles are derived from the contour lines. These 
lines can be used to better understand the drainage on a site. More complex drainage 
lines flow from user inputted points floating above the mesh. Finally there is a simple cut and 
fill script, to help balance the cut and fill of a 3D mesh of a proposed design.

Preliminary Research:

1
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Spot elevations are used to triangulate mesh faces. Mesh 
faces are calculated using a delaunay mathematical 
formula. Delaunay creates connections between 
points that are adjacent to each other, bridging every 
neighbouring point, while never intersecting. 

Preliminary ResearchParametric Landscapes
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Figure 4: Spot Elevation Mesh Triangulation Perspective
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The user then inputs a slope percentage. This feature is 
extremely relevant to landscape architecture, because 
slope is crucial in design for safety, drainage, erosion, and 
accessibility.  Any connection between points that is over 
the user-inputted slope appears red, where the other 
slopes appear gray. 

Preliminary ResearchParametric Landscapes
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Figure 5: Slope Percentage Highlighting Plan 

Figure 6: Slope Percentage Highlighting Perspective
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Each mesh face is considered individually in this extremely 
efficient parametric algorithm. A user-inputted contour 
interval is required for the next step. The mesh face is 
broken down into contour lines that match up with the 
user-inputted variable. The individual lines are then joined 
to create site-extensive contour lines. 

This algorithm calculates data so rapidly that 
the user can adjust spot elevations, and see the 
repercussions in real time. Traditionally, this would 
take a landscape architect or civil engineer 
hours to calculate on paper.

Preliminary ResearchParametric Landscapes

Contour interpolationFigure 7: Contour Interpolation Plan 

Figure 8: Contour Interpolation Perspective
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Contour lines created in the previous step can be used 
for calculating the flow of water. As sites can vary in size, 
and use different units of measurement, the user is able to 
adapt the length of each flow arrow to a readable scale. 
When determining the flow of water, a landscape architect 
or civil engineer will draw drainage lines perpendicular to 
contour lines. 

Preliminary ResearchParametric Landscapes

This representation is true to the 
basic way in which gravity acts on 
water, but this script more accurately 
determines the particular flow of water 
across each mesh triangle. This is 
done by calculating a flow triangle 
on each contour segment. 

drainage Flow arrows
Figure 9: Drainage Flow Arrows Plan

Figure 10: Drainage Flow Arrows Perspective
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An alternative, and more complex approach to 
drainage simulation is applied to the topography 
using a grid of points flowing downward until they 
reach their lowest point. The current edition of 
the process does not include porosity or volume 
calculations while simulating drainage. This is a 
limitation to the accuracy, but every simulation is 
an abstraction of reality. The code is set up in a 
way that each mesh triangle can have different 
properties associated with it, and therefore 
porosity and volume calculations could be 
added to the script in the future.

Preliminary ResearchParametric Landscapes

drainage simulationFigure 11: Drainage Simulation Plan

Figure 12: Drainage Simulation Perspective
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Cut and fill calculations are an essential part of 
landscape design. Any topography manipulation 
requires the calculation of cut and fill volumes. 
This process inputs existing topographic data, 
processed in previous steps, along with a 
proposed design model. Then outputs the volume 
percentage change between the two models. 
This calculation is instant, and extremely fast in 
comparison to traditional techniques.

Preliminary ResearchParametric Landscapes

cut/ Fill balancing

FILL

cut

FILLcut =
Figure 13: Cut/Fill Balancing Plan

Figure 14: Cut/Fill Balancing Perspective
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Preliminary ResearchParametric Landscapes

Python programming is exceedingly technical, making it intimidating to learn without any 
background knowledge in computer programming. This step in the research was frustrating yet 
exciting. It can be baffling trying to figure out the exact syntax of a computer script. All too 
often did I find myself misplacing a letter or number, and finding the script failing to run. When 
each of the previous processes finally operated it was extremely exciting and satisfying to 
see the code I wrote function. Grasshopper is a great tool for designers looking to program 
parametric scripts, but want to ease their way into computer programming. Grasshopper ’s 
strength is in its abilities to both visualize data in real time, and all of the nodes, or functions 
built into the software. 

Through the previous exercise it became clear to me how important it is for the designers 
hand to play a role in the application of parametric tools. There requires a balance between 
efficient programming, and the designers ability to manipulate the algorithm in such a way that 
the algorithm is a strong tool, but does not replace the designer. After working through these 
processes it was clear to me that it is challenging to create parametric scripts, but even more 
difficult to create parametric scripts that other designers can utilize throughout their design 
process. Each of these scripts I know inside and out, because I wrote them from scratch. If any 
other designer is to operate them, they are going to have to take some time to understand 
Grasshopper and my code. This leads me to believe that it will take some time for parametric 
scripts to become standard in the profession of Landscape Architecture. Designers will need 
to know some computer programming, or parametric scripts will need to be written in a simple 
and more user friendly way. 

Conclusion:
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Site AnalysisParametric Landscapes

Parametric Landscapes focuses on the application of parametric software in a 
typical Landscape Architecture design process. The following is an exploration of 
the application of parametric design through the site analysis of Pinawa Dam, my 
practicum site. Pinawa Dam is a Provincial Heritage Park in southeastern Manitoba. 
Pinawa Dam is used as a grounds for exploration and experimentation with the 
parametric tools created through my research. It is essential for the development of 
these tools that they be applied to an actual design project. By working with tools 
as a designer, it is possible to identify their strengths, weaknesses, and places that 
need improvement. It is an excellent test of their applicability in a design project. 

Site analysis is one of the first stages of any Landscape Architecture project. 
Starting with a drone scan, site imagery is collected for processing. These images 
are used to create a high quality aerial image of the site and a 3D point 
cloud model. This point cloud is used to produce a 3D polygonal mesh of the 
topography on the site, create a NURBS model of the dam, and map vegetation 
across the site. All of this data is used to create a high quality 3D digital 
landscape model of the site. Parametric scripts in this document are dependent 
upon a 3D digital landscape model to operate. This model can be used to 
create high quality site drawings and models.

Site Analysis:

2
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Amidst the brink of the Canadian Shield runs the Winnipeg 
River throughout a portion of southeast Manitoba adjacent to 
what we now know as Whiteshell Provincial Park. The Winnipeg 
River runs into Lac du Bonnet where a settlement of the same 
name resides on the southwestern tip. Granite outcroppings are 
densely scattered throughout forests of Paper Birch, Balsam Fir, 
Jack Pine, Black Spruce and some Trembling Aspen define this 
rolling landscape. Lac du Bonnet (Lake) flows into Lee River 
and eventually Pinawa Channel, where the sheer hydraulic 
power was harvested by this marvelous dam. Construction was 
started in 1903 without built infrastructure like roadways, rails 
and electricity, and was completed in 1906. Decommissioned 
in 1951 the dam has laid abandoned for many years until only 
recently becoming Pinawa Dam Provincial Heritage Park.

Pinawa Dam:

Site AnalysisParametric LandscapesParametric Landscapes

Figure 15: Pinawa Dam Collage
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Site AnalysisParametric Landscapes

Figure 16: Pinawa Dam Site Location Map

Figure 17: Pinawa Dam Site Features CNC and 3D print models
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Total Station

Surveying, in one form or another has been around for most of human 
history. Ancient people would need to assess the topography of a site 
before they could confidently build any structures. In modern times we 
have seen these techniques advance immensely with the use of traditional 
tools (total station, measuring tape, rod etc.) now being used in tandem 
with GPS technology, and sometimes even LIDAR scans for copious 
amounts of data. This equipment is fairly simple to operate, but data can 
take a long time to both collect and process, with limited accuracy. A 
survey will typically be collecting Cartesian points with X, Y, and Z values. 
In some cases other data like colour, and reflectance is collected during 
a survey. By using a drone, we can easily scan a site within a couple 
hours. Photogrammetry software can then be used to produce a point 
cloud in less than half a day. This point cloud is highly accurate and takes 
significantly less time to produce. 

Site Analysis

site surveying

Figure 18: Pinawa Dam Spillway

Figure 19: Site Survey Diagram
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FLight pathDrones are becoming increasingly more common. Although drone 
laws are currently quite tricky in Canada, they are being used to 
survey sites at greater speed and accuracy than any surveyor. To 
the right there is an image showing the flight path taken to survey 
Pinawa Dam at about 120 meters in elevation. The scan consists of 
a series of GPS located images taken on a 4K camera. The entire 
scan of the site took about two hours, and provided much more 
data than required. This data can become skewed if there are any 
issues with the camera (barrel distortion in the lens or GPS errors) 
but the software Pix4D does a great job of working with the data 
from the scan.

Parametric Landscapes

Drone Scanning

Figure 20: Drone Scanning Diagram

Figure 21: Drone Scanning Flight Path
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similar pixel formations 
identiFIed in multiple images

images aligned through 
similar pixel formations

orthomosaic formed from 
a series of images

image alignment image merging orthomosaic

Site AnalysisParametric Landscapes

Figure 22: Drone Scanning Individual Images

Figure 23: Image Alignment
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orthomosaic Site Analysis

Hundreds of images come out of your typical drone scan, 
and it would be difficult to find a use for the body of work 
without powerful software like Pix4D to tie all of the information 
together. The software uses similar pixel formations in the images 
to tie the images together into one total image of the site 
called an ‘Orthomosaic’. This is the first step after conducting a 
drone scan. This imagery is considerable higher resolution than 
any common satellite image, and provides the designer with a 
sizable amount of compelling imagery of the site. This imagery 
can later be used for mapping site features with a high level 
of accuracy. Multiple drone scans can be combined to make 
an extensive Orthomosaic. Each scan is not limited to a certain 
elevation, as long as the images have enough overlap. This 
can lead to certain areas of the image being higher resolution 
than others.

Figure 24: Orthomosaic of Pinawa Dam 1
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point cloud
similar pixel formations 
identiFIed in multiple images

image alignment
pixel formations used to triangulate 
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triangulation point cloud
collection of points 
forms a point cloud

A technique developed in 1849 by Aimé Laussedat (Hannavy, 2013) called ‘photogrammetry ’ has become an extremely powerful ally to the surveyor equipped with a 
drone. Photogrammetry uses photos to triangulate the locations of points in space to measure the distance between these points. A point, at minimum is a value set in 
Euclidean space by X, Y, and Z values. A point cloud, is a grouping of these points. Points within a point cloud can have various other data values associated with them, 
such as colour or reflectance. The point clouds output by Pix4D are dependent upon a well thought out and executed drone scan. These point clouds can have a wide 
range in quality, and therefore sometimes require additional scanning of a site. If the camera on a drone scanning the site distorts images in any way, this will be reflected 
on the point cloud. For example: a camera lens with heavy barrel distortion or non-calibrated colour values, will distort the outputted point cloud in a similar way.

Although point clouds look like a detailed 3D model of a site, they are quite limited in their workability. 
It is almost impossible to use a point cloud directly as a 3D model for drafting, construction, or 
fabrication without first converting it into a mesh or NURBS object first. This requires either sub-sampling 
the point cloud, and then triangulating a mesh or using the point cloud as a 3D scale reference of the 
site, and manually modelling NURBS objects along the points. Both of these processes have benefits 
and limitations, but triangulating a mesh tends to be the much easier, and realistic option. In the 
following model, the topography is a mesh, where the dam, and any proposed structures are modelled 
as NURBS objects. Meshes are fairly smooth in nature, which is great for natural forms, like topography, 
but creates unrealistic bulbous forms out of the dam. This required the dam to be completely manually 
modelled in Rhinoceros.

photogrammetry and point clouds
Figure 25: Point Cloud Triangulation

Figure 26: Pinawa Dam Point Cloud
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Point clouds create incredibly compelling models. A dense, well-constructed point cloud 
can appear as a photorealistic 3D model of the landscape scanned. There appears to 
be a difference between topography and vegetation to the human eye, but this is not the 
case for digital software. Computer programs have a difficult time distinguishing between 
topography and vegetation. The following parametric script creates a mesh from a sub-
sample of the point cloud derived from the drone scan. Contour lines are then cut through 
the mesh and sorted by length. Two different lengths are inputted by the user and can be 
adjusted dynamically in real time. Three different lists of contours lines are created in this 
process. Anything smaller than the smallest contour length inputted is considered ‘noise’ and 
is discarded. By deleting the noise, the model is cleaner and more accurate. Noise is an 
unwanted byproduct of the drone scan being converted into a point cloud.  Any contour 
lines longer than the second input length are considered topographic lines. This leaves a 
third list of contour lines which sit between the two lengths inputted. These contour lines are 
considered vegetation. These lines are displayed in real time as the user manipulates the 
values of the input lengths. These vegetation lines can then be used to map out vegetation 
on the site. This mapping does not account for small species of vegetation, such as grasses, 
or anything smaller than a shrub.

Vegetation and Topography Isolation:
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vegetation and topography isolation

section cut of mesh derived from point cloud output of drone scan

both vegetation and 
topography exist in 
the same mesh

contour lines cut through mesh. sorted by length

vegetation contours

topographic contours

topography remeshed with only long contour lines. vegtation contours 
isolated for vegetation mapping

topographic mesh

vegetation contour lines (short) isolated, and topographic contour lines 
(long) kept for remeshing

vegetation contours 
isolated for mapping

topographic contours 
kept for remeshing

Site Analysis

Figure 27: Vegetation and Topography Isolation
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Parametric WorkFLOW
(vegetation and topography isolation)
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topographic lines broken down 

into their control points

control points used for 

delaunay polygon mesh 

triangulation  

topographic remeshing
Site Analysis

Figure 28: Parametric Workflow

Figure 29: Topographic Remeshing
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vegetation isolation and plotting

A mesh derived from the point cloud outputted previously is the starting point for vegetation isolation. When triangulating the mesh, there is no distinction between 
points that represent vegetation or topography. Previously shown there is a parametric algorithm that cuts contour lines into the mesh, and measures them by length. 
The user inputs the length, because every site has different conditions. The contours are sorted into three different types: noise, vegetation, and topography. Noise 
is present in most scans, and is a result of imperfect scanning conditions. After sorted the topography lines are re-meshed, excluding all of the noise and vegetation. 
The vegetation lines are then used to plot trees and shrubs on the site. The area of the line is used to determine the spread of the tree. This technique does not 
work well in dense forest conditions, but could be improved with the use of a thermal camera, because it can see through the vegetation. Other artifacts that 
are similar in size to a tree or shrub may be mistakenly plotted. To detect these mistakes, the Orthomosaic can be overlaid on the data, and used to manually fix 
vegetation that has been mistakenly plotted.

equal areacurve length within 
range deFIned by user

vegetation contour bounding box area calculation area conversion vegetation plotting

W

l

Site AnalysisParametric Landscapes

Figure 30: Vegetation Isolation and Plotting Diagram

Figure 31: Vegetation Isolation and Plotting Map
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Vegetation mapping
Site AnalysisParametric Landscapes

Vegetation mapping can be an immensely 
powerful tool under the right conditions. It can 
be a tricky task when the point cloud provided 
from the scan does not have any separation 
between the vegetation. As the vegetation 
becomes denser it is almost impossible to 
have any distinction between topographic 
contour lines, and vegetation lines without the 
use of any additional tools. Infrared imagery, 
thermal imagery, or LIDAR scanning would likely 
be required on this type of site condition. It is 
ideal to have separation between plants, but 
small clusters are ok for this script. Under these 
conditions a highly accurate model is created. 
Occasionally objects on the site that are 
not vegetation, such as rock formations can 
be mistaken for vegetation. This requires the 
designer to look over the model, manipulating 
and modifying which category some of the 
contour lines fall under. After the contour lines 
have been properly sorted, the vegetation 
lines are transformed into circles representing 
their respective vegetation. These circles could 
later be developed to represent different 
plants depending on their size, location, colour, 
and height. Once the vegetation, and noise 
has been separated from the topographic 
contour lines they can be meshed into a 
clean, and accurate 3D landscape model. 
This model can easily converted into workable 
drawings or machined into a physical model. 

Figure 32: Vegetation Map



6059

Each parametric algorithm in this document requires the use of a digital landscape model. These 
models come in an array of file types, but ultimately can be broken down into two different model types; 
polygonal mesh, and NURBS (Non-Uniform Rational Basis-Spline). Each type has its own advantages and 
disadvantages, but polygonal mesh, or mesh for short is by far the most common. There is a similar relationship 
between meshes and NURBS as there is between raster and vector graphics. NURBS geometry is more similar 
to vector graphics than meshes are to raster graphics, because both NURBS and vector graphics rely on 
mathematical formulae to construct their respective data. This makes these geometry types infinitely scalar 
and smooth. Where raster graphics and polygonal mesh geometry are constructed with either a grid of pixels 
(raster) or an array of points connected by edges to make triangles or quadrangles (mesh). 
 
NURBS geometry is primarily what Rhinoceros uses for modelling, but it has some mesh modelling capabilities 
as well. NURBS are great at constructing smooth planar surfaces that are highly editable (dam model), but 
are extremely slow to process complex natural forms (topography). The mesh in this project is derived from a 
point cloud, and does a great job at modelling the existing topography, but would not be ideal for modelling 
the dam, because Rhinoceros has limited mesh editing capabilities. 

By using digital landscape models the designer can easily produce drawings rapidly. The model is 3D, but 
can easily output drawings in perspective, plan, section, and elevation. This allows the designer to produce 
a detailed drawing set that updates every change they make to the model. 3D landscape models are fairly 
easy to adapt to physical models using machines, such as a CNC, 3D printer, or laser cutter. Physical models 
are immensely helpful at visualizing a site for both the designer, and the client. 

Digital Landscape models:

Site AnalysisParametric Landscapes



6261

nurbsdigital surfaces and curves deFIned by mathematical formulas
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Figure 33: NURBS vs Mesh Modelling Perspective Figure 34: NURBS vs Mesh Modelling Diagram
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Every mesh can be broken down into triangles (3 points) or quadrangles (4 points), these are 
called faces, which are connected by edges (lines) linked by points. The majority of the meshes 
derived from point clouds tend to be constructed with triangle mesh faces. Meshes are not 
limited to one type or another, and can have a combination of the two types of faces.
 
The following script utilizes specifically triangle mesh faces to predict the flow of water across 
a topography. There already exist some scripts that use intersection, and physics simulators 
to predict the flow of drainage across a surface, but this script takes a different approach. 
Triangles are quite simple geometry, and after some tests involving CNC’d models, it is clear 
that water will only flow in one vector direction across a given triangle. With this in mind the flow 
of drainage lines across each face can be calculated with points, the simplest of geometry. 
The relationship between each face can be processed swiftly, with simple loops. After each 
relationship and flow vector is established it is fairly quick for the process to flow drainage lines 
across the topography. 

This is an extremely efficient approach to coding, because the geometry is so simple, and only 
has to deal with numbers and mathematical formula.

Mesh Triangle Drainage Simulation:

Site AnalysisParametric Landscapes
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mesh triangle drainage simulation

individual mesh triangle 
from polygon mesh

mesh vertices

contour cuts through 
mesh triangle

Contour lines

water FLows 
perpendicular to 
contour lines

drainage angle drainage 
simulation line

drainage line projected 
onto mesh triangle, then 
FLows along drainage angle

Parametric Landscapes

Figure 35: Mesh Triangle Drainage Simulation Diagram

Figure 36: Mesh Triangle Drainage Simulation Perspective
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mesh triangle drainage simulation map

Dark blue areas represent where plenty of water drains, while white shows where barely any water is 
retained. High and low points are highlighted on the site and should be considered when designing. 
This map is an abstracted illustration of where water flows and collects on the site.
 
Running the mesh triangle drainage simulation on a 3D mesh topography produces a 3D mapping 
of drainage on the site. This map traces movement of simulated water represented with blue lines, 
across the 3D mesh. This map is somewhat abstracted, because the 3D mesh does not properly 
represent water that was flowing on the site at the time of the drone scan. Photogrammetry was 
limited in producing an accurate representation of moving water on the site, because each photo 
was at a different time and the water had moved into a different position.

Figure 37: Mesh Triangle Drainage Simulation Map
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It is impossible not to consider water within landscape 
architecture; all interventions must incorporate the 
effects of rainfall, flooding, drainage, etc. in some 
manner. To address this relationship, I have designed 
a parametric algorithm that inputs and processes 
information provided by point clouds, outputting 
contour lines, slope percentages, and water flow 
patterns. This algorithm is able to map the flow of 
water over a landscape, allowing the user to not only 
see rainfall, but also to visualize surface drainage 
throughout the site. Using this technology, hydrological 
patterns can be mapped at any scale, to help inform 
smart design decisions. These mapping techniques 
could be recreated manually, but processing this 
amount of data on paper would take a considerable 
amount of time. On a complex model the parametric 
algorithm can calculate and visualize everything 
within minutes. This allows the user to predict water flow 
patterns, and see their implications on the landscape 
almost instantly.
 
This algorithm is compatible with any combination of: GIS 
files, DEM files, and point clouds collected from drones 
and surveyors, DWG files with height information, and 
more. These are all common files, allowing hydrological 
mapping to occur on a plethora of different sites. Users 
of the technology are provided with a solid foundation 
for parametric water mapping. Combined with weather 
simulation algorithms, my water flow algorithm can 
be used to simulate future weather events, conduct 
erosion analysis, flood prediction, and vegetation 
growth patterns, design water management techniques, 
and contribute to the decision making in landscape 
planning and design.

Figure 38: Mesh Triangle Drainage Simulation Map Over Orthomosaic
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Parametric Landscapes Design Application

The following design exercise serves multiple purposes. It is intended to 
test the parametric tools I created through a design process. By testing 
each tool it becomes clear where they are lacking or could be expanded. 
Working with a tool during a design process helps to figure out if they are a 
plausible addition to a Landscape Architectural design process.

Pinawa Dam is lacking connectivity from both the parking lot and entrance 
to the dam. There is a disconnection between many of the beautiful spaces 
encompassed by the site. A series of paths are developed using the 
pathfinder tool, which will help create paths at a set slope percentage. A 
lookout platform will overview the dam, and draw people from the parking 
lot into the site. The site of the lookout platform was developed using a cut 
and fill balancing parametric script.

lookout platform

pathway system

Design Application:

3

Figure 39: Design Application Map
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Parametric Landscapes

Pathfinder is a parametric algorithm used to 
create paths across a digital landscape. This 
is an immensely efficient tool for creating trails 
and pathways at a set slope percentage, 
as is required in a landscape architecture 
design context.

Pathfinder:

Design Application
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start point

end point

range of step

Pathfinder 1.0 requires a 3D digital landscape, and a start and end point defined by the user. Using a loop that begins at the start point, and terminates at the end 
point, each iteration of the loop consists of a step, within a range that has been inputted by the user. This range is composed of a radius known as the step distance, and 
a slope percentage. Each step looks within the range, and finds the closest point within the set slope percentage on the landscape to the end point. The loop terminates 
when it reaches the end point; creating a path from the start to the finish.

Pathifinder 1.0 is an adaptation of work done by Joseph Claghorn. (Claghorn, 2015)

Parametric Landscapes Design Application

8.33% slope input parameter for path

Figure 40: Pathfinder 1.0 Step 1 Perspective Figure 41: Pathfinder 1.0 Step 1 Plan Figure 42: Pathfinder 1.0 Step 2 Perspective Figure 43: Pathfinder 1.0 Step 2 Plan
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In Pathfinder 2.0, the user inputs all the same variables as Pathfinder 1.0, but they also include a drawn path across the landscape for the algorithm to follow. Unless 
the landscape is perfectly flat, it is impossible to follow the path perfectly, but it will stay as close to the path as the topographic fluctuation and step size, the latter of 
which has been set by the user, will allow. Pathfinder 2.0 is a far more practical tool than Pathfinder 1.0, because it allows the user to input their own drawn pathways. 
The ability for the user to manipulate the movement of the path created allows the user to still design their pathway system, while considering a plethora of site-specific 
variables that an algorithm alone could not take into account.

Parametric Landscapes Design Application

8.33% slope input parameter for path

Figure 44: Pathfinder 2.0 Step 1 Perspective Figure 45: Pathfinder 2.0 Step 1 Plan Figure 46: Pathfinder 2.0 Step 2 Perspective Figure 47: Pathfinder 2.0 Step 2 Plan
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It is critical in parametric design that the designers hand play a role in designing anything. Though the computer is extremely efficient at processing information, it is unable 
to do anything you do not tell it to do (coding). The human mind is far more complex than a computer software. The paths drawn on site were influenced by both the 
drainage simulation and point cloud. Both are powerful tools, but do not mean much unless applied in an appropriate way. In this case the paths have been roughly laid 
out by hand with some artistic freedom. The paths are influenced by experience on site, and informed by site features, such as vegetation, surface conditions, and view 
sheds. Then pathfinder refines the paths to have appropriate slopes. 

Throughout the pathway system there are multiple instances where the path zig-zags back and forth, because the existing slope is so steep. These spots are easy to 
map, and are flagged by the parametric script to help the designer work more efficiently. Locations of steps slopes require the designer to make design decisions relating 
to how the path moves through the space. It increases productivity by having the software perform such a tedious task. The highlighting of these problem areas help to 
inform a smarter design of pathways, and save time during the design process.

Design Application

doesn’t need to show stair design, just that 
it FLagged the design problem

zig-zagging paths show steep slopes 
where design consideration is required

8.33% slope input parameter for calculating path

Figure 48: Applied Pathfinder Plan 1 

Figure 49: Applied Pathfinder Plan 2 Figure 50: Applied Pathfinder Plan 3
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The following design exercise uses a script developed with Python and Grasshopper to accurately calculate the 
amount of cut and fill difference between an existing topological condition and a proposed design on the site. 
This cut and fill script can calculate the exact volume of difference between the two conditions. The script is set up 
in such a way that upon further development it could calculate the associated cost relating to different material 
types, and how they are processed. These different material types could be compared to find the best economical 
option. The strength of this script comes in its adaptability to work with combinations of overlapping meshes and 
NURBS objects. A combination of the two types is quite common when 3D modelling landscape designs, and 
makes it difficult, and time consuming to calculate volumes. This script produces a grid of points on all of the 3D 
objects, and only keeps proper samples where there are no overlapping objects. These points, in tandem with an 
area calculation can be used to easily calculate the volume of both the existing and proposed site conditions. 

This tool can be used at multiple scales of the design on the site. The designer has the ability to input any 
reasonable size of model. As the designer hashes out preliminary design ideas, they can quickly model them, and 
get real time feedback of the proposed cut and fill values. Working through a landscape design typically starts 
at a larger scale site design, working its way down into a more detailed scale. This tool can be applied at every 
scale, helping the designer quickly refine their design.

The location of the design intervention is meant to establish a link between the distant and disconnected parking 
spaces, and the dam. Hidden by trees, this space is meant to draw people in, without a full view of any aspects of 
the site. A series of elevated slopes link the entrance plaza, pathways, summit garden, and lookout platform. Each 
surface drains into the vegetation, to both maintain pleasant surface materials, and keep the vegetation healthy.  
The pathway leading under the concrete cantilevered lookout platform is directly aligned with a tall triangular 
ruin of the old dam. This is meant to draw people through the entrance arch, into the beautiful granite garden 
surrounded by water and ruins.

Cut/Fill:

Parametric Landscapes Design Application
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Figure 51: Design Application Site Plan Figure 52: Design Application Proposed Plan
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north east elevation 1:250

Parametric Landscapes
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Design Application
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Figure 53: Design Application Perspective Figure 54: Design Application Elevation
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Parametric Landscapes

cut FILL
cnc plywood model

At any state of design process the 3d model is readily available for fabrication (CNC, 3d print, laser cutting, etc.)

25057.801 Cubic meters of earth moved 
to balance cut and Fill of design

Figure 55: Design Application CNC Models

Figure 56: Design Application Cut/Fill Plan
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CUT/Fill processing

processing time by software

Processing speeds are increased dramatically by utilizing this Python script. This spread is a comparison map of Python methods (code), 
Grasshopper nodes, and Rhinoceros commands performing the same task. The left side illustrates each step of the process on the existing 
topographic model, while the right shows the same, but for the proposed design model. The process is broken down into four steps, each 
named after their respective Python method. The script begins by creating a grid of points defined by the geometry, and an accuracy 
parameter, both defined by the user. These points are then projected onto the model. This step is incredibly powerful, because it can 
work with any number of overlapping geometries, none of which need to be closed. This gives the designer much more freedom in their 
modelling techniques, and encourages creative exploration through 3D modelling. After the points are projected the script calculates 
the volume for both the existing and proposed topography. After comparing the two, it outputs a volume in cubic meters. This value can 
be manipulated by the user. 

Figure 57: Cut/Fill Processing
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Parametric Landscapes Design Application

The mind and hand of the designer can never be replaced. 
Every designer uses tools, and parametric algorithms are just 
another type. The application of these tools in the design 
process has both informed an efficient design, and influenced 
the development of each tool. Not all that works in theory works 
in application. 

The cut and fill Python script is extremely efficient at calculating 
topographic volumes in comparison to both Grasshopper and 
Rhinoceros. These processing speeds allow the designer to 
calculate data in real time, ultimately enabling drawing, and 3D 
modelling of a design with near instant feedback. The cut and 
fill script could be expanded to calculate different types of 
materials, and their associated costs to process.

Conclusion:

Figure 58: Orthomosaic of Pinawa Dam 2 
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Parametric Landscapes Reflection

Parametric Landscapes is an ongoing exploration of the application of parametric scripts in Landscape Architecture. Through 
each phase of this exploration I have further developed my understanding of its benefit to the design process. By using parametric 
scripts the designer is able to work faster through technical design. This allows more time for creative exploration. By creating 
adaptable scripts where the designers hand can play a role in the design process, innovative ideas are encouraged instead 
of just technically optimized outputs, with no designer input. The cut and fill tool is a good example of how the designer can 
creatively work on the digital model of the design, while having real-time feedback from the parametric script to help optimize 
the process. Working with digital landscape models allow the designer to easily output physical models at any stage of a design 
process. This is a helpful tool for understanding the site, and design at multiple scales. Tools like the Pathfinder showcases how 
parametric scripts can be used to highlight issues in a design where the designer needs to make decisions. The mesh triangle 
drainage tool is helpful for this type of process as well. The information outputted from the mesh triangle drainage tool is more 
abstracted than the pathfinder tool, but the designer can read the map to get a better understand of drainage across the site 
at a plethora of scales. 

After hundreds of hours of researching and developing Parametric Landscapes, it is clear to me that I have only begun to 
understand the potential parametrics play in the future of landscape architecture.  Designers will typically encounter unexpected 
hiccups and potentials of a script as it is developed and operated. As an example, the vegetation mapping script was not a 
planned component of the site analysis parametric exploration. It was a result of the experimentation to isolate topography from 
a drone scan’s outputted mesh. As the contour lines were sorted it became clear that this tool could be expanded to provide 
added benefits. The cut and fill script could also be further developed to output monetary values associated with topographic 
manipulation. The drainage tool, on the other hand, is slightly hindered by its computer resource consumption and could be further 
optimized.

Landscape Architects borrow concepts and tools from neighboring professions, such as surveying, civil and structural engineering. 
Techniques obtained from these inherently technical fields, such as cut and fill calculations, drainage simulations, and construction 
of 3D topographic models, would ideally be visually automated so that designers can work back and forth between designing by 
hand and digitally calculating copious amounts of data. As research furthers these scripts will become more and more powerful, 
allowing designers to deal with highly accurate and detailed landscape models, along with incredibly detailed simulations 
of drainage, and weather conditions. It is possible that plant growth patterns could be simulated as well. Unless rough form 
calculations are desired it is likely to be convoluted, because there are too many variables involved. 

Reflection:
It can often be difficult to envision translating typical landscape architecture processes to parametric scripts. The best applications 
I see are for processes that rely heavily on math and numbers. The reason for this is because the most difficult aspect is translating 
problems into code, so you are better off applying this type of technology to aspects of design that deal with ridged geometry 
or calculations of some sort. Most building materials in a landscape architectural project are simple enough to conceptualize in 
parametrics. Creating dynamic parametric scripts that are flexible enough for the designer to manipulate is a bit trickier. A paver is 
simple to 3D model, but a script that could layout beautiful patterns in a way that is editable by the designer is far more complex. 
Plants and ecosystems are a large part of landscape architecture. Simplifying and abstracting plants and systems to code is 
challenging. Conceptualizing and translating abstract phenomena to code is the most difficult part of applying parametricism to 
landscape architecture. Randomness and time are two interesting unpredictable aspects of plant life and ecological systems. The 
growth patterns of a simple tree are truly unpredictable, because they respond to an infinite amount of environmental factors. Plants 
do tend to have similar growth patterns among a species. This could be mapped and deduced into a formula, but it will always 
be an abstraction of reality. Ecosystems contain thousands of plants, and their development can seem random when we don’t 
understand all of the factors at play. To map and simulate ecological systems would be an immensely complicated task. A script 
could emulate ecological systems through randomness. This simulation would be an unlikely future of a site, because all of the factors 
influencing the development of the site would be replaced by a superficial variable. 

It makes sense that parametric scripts are more commonly used in other fields, like engineering and architecture, whose work is typically 
simpler to digitize. As soon as we start to deal with organic forms, like complex curves of terrain and vegetation, the computational 
methods become far more complex and difficult to model. A sheet of plywood can be thought of simply as a rectangular prism with a 
width of eight feet, a length of four feet, and a height of three quarters of an inch. That is all fairly simple and predictable geometry 
to work with in comparison to a model of a topography. Depending on the scale, a topographic model can become complex 
to manipulate. Topography models become less uniform and more detailed with complex form as you zoom in. When it comes to 
landscape architecture we are dealing with a series of interconnected systems. Ecological systems would be extremely difficult to 
model, and arguably impossible, but there are other aspects of Landscape Architecture, like topographic modelling, drainage and 
weather simulation, design and construction techniques, and many other aspects that can utilize the power of parametrics. 

There is a fairly steep learning curve required to attain the skills required to make these algorithms, but digital modelling of this sort is 
becoming increasingly more popular in both academia and professional practice. Parametric scripts will likely slowly work their way into 
the profession. To develop these scripts designers will need to both understands the landscape architectural design process and 
computer programming. And while parametric scripts may become an excellent companion to landscape architects they will never 
replace their creativity and decision making abilities. 

Reflection continued:
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