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ABSTRACT  
 
The construction industry is one of the largest consumers of natural resources in the world, being 
responsible for nearly 50% of the carbon emissions recorded since the 1950's (“Why The Building 
Sector? | Architecture 2030” n.d.) making it one of the largest stakeholders in what climate 
scientists are calling the Anthropocene- a new geological epoch marked by the changes to the 
planet caused by humankind. While we are now aware of the impact that construction has had on 
the environment, the delta between sustainable design solutions and the demand for construction 
is growing rapidly.  With the world population projected to grow a billion by 2030 (UN The 2017 
Revision of World Population Prospects), for architecture to cater to the demand of housing while 
maintaining a sustainable construction methodology is a going to be architecture’s grandest 
challenge yet.     
 
The information age has brought us tremendous amounts of environmental data and design 
computational ability, which can be leveraged to foster a new understanding of the ways in which 
we affect the environment around us and help to build in ways that are progressively nurturing to 
the planet. However, the dissemination and implementation of the tools and techniques of 
sustainable design are limited to a small fraction of the residential construction industry with 
architects only designing 2% of the total building construction worldwide (Parvin 2013). This 
research argues that the increasing availability of environmental data, combined with the ease of 
access to powerful computational capabilities and low costs of customized digital fabrication are 
the modern resources that will ensure urban growth in a way that is discerning to the needs of the 
ecosystem, environmentally stable, resource-conscious and ultimately sustainable. 
 
This paper’s research focuses on the application of environmental data to site development and the 
adaptation and expansion of an existing open source WikiHouse platform on a live project proposal. 
Currently, the Wikihouse is a global, open-source, digitally de-centralized small home system, 
which is fairly autonomous; i.e., it has few connections to its specific environment and site. It can 
be customized for size, but currently lacks the ability to leverage site-specific environmental data 
for optimized form modifications. The research adapts this system to various natural forces and 
conditions, creating a new wiki design methodology, which incorporates various open-source 
inputs and new algorithms to create a more sustainable, adaptive design solution that responds to 
natural environmental conditions.  
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INTRODUCTION 
 
The existence of humans is a short blimp on the chronology of the planet, but in our short time 
here we have had a tremendous impact on the ecosystem, comparable to massive geological events, 
prompting some scientists to declare that we have entered the Anthropocene- a new unique 
geological epoch marked by the striking acceleration since the mid-20th century of carbon dioxide 
emissions and sea level rise, the global mass extinction of species and the transformation of land 
by deforestation (Ceballos et al. 2015). It is estimated that we lose 4 animal species a day to forced 
extinction caused by loss of habitat due to deforestation and other human activities. Most recently 
we lost Sudan, the last male northern white rhinoceros- a majestic animal that future generations 
will only be able to see in photographs, soon to be relegated to the same mythical sphere of animals 
that ‘once were’ as dinosaurs. The northern white rhinoceros as a species survived 16 million years 
of evolution but could not survive humankind. While the rate of deforestation has decreased in the 
last decade, we are still at an alarming rate of losing 80,000 acres of forest cover every day. (Food 
and Agriculture Organization of the United Nations 2017)  
  
These are trends that have been recognized since the time of the great acceleration of the 1950s, 
marked as the beginning of accelerated resource consumption that has led to global climate 
concerns, and they don’t seem to be slowing down in areas such as population increase, while 
conversely, most parameters that matter to human well-being are plummeting in the cities that we 
inhabit. While industrial operations like the palm oil industry remain in focus in conservation talks, 
it is construction that is the primary consumer of resources on the planet, responsible for 40-50% 
of CO2 emissions, Transportation is a close second at 35% and Industry processes take up the rest. 
The impact of construction on the environment starts with material sourcing, therefore, is 
responsible for a large portion of the industrial chunk as well in terms of production of steel, 
concrete for example that are responsible for 8% of CO2 emissions themselves. For a frame of 
reference, airlines that are often frowned upon for being large resource consumers, are responsible 
for 1% CO2 emissions. (Green n.d.) 
The problem however cannot be read only as a carbon issue, it is the massive changes to land cover, 
disruption of ecosystems and forced changes to the hydrology that accelerate climate issues. 
Human beings move more soil and mineral around the earth in the last century than all earth 
systems combined(Hooke and Martín-Duque 2012). As we develop, cities grow, suburbs form and 
the density of our settlements spreads out to neighboring lands- not necessarily governed by 
ecological conditions, but instead economical drivers of proximity, real estate value etc. This 
causes overstressed services and demands for energy that accelerate the climate concerns of the 
pertaining ecosystem. Currently half of us live in cities- 54% urbanization, projected to be growing 
to 75% (“The World Factbook — Central Intelligence Agency” n.d.). The rapid movement towards 
urbanization coupled with the trend of rising population means that 3 billion people will need a 
house built over the next 20 years (Forman and Wu 2016). To add to that, the increasing urgency 
to contain and repair the damage to ecosystems caused by construction makes the challenge seems 
insurmountable. The clash of the demand for housing, and balancing the needs of climate change 
mitigation, is a contradictory predicament. We have to build cities at an unprecedented pace and 
need to build in environmentally conservative ways, if not actively restorative. What are the ways 
in which the construction industry must evolve and adapt to accommodate the demands of the 
future while mitigating the ill effects of urbanization on the environment? We are beginning to see 
examples of sustainable design solutions in architecture that can begin to define this new 
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construction methodology, but the rapid pace of urbanization means that the solutions are relegated 
to only a small fraction of the construction industry. How can we increase the sphere of influence 
of sustainable architecture to match up to the rate of growth of cities to ensure a quality of life and 
stability of the ecosystem in the years to come?  
 
This is perhaps the greatest challenge that the architecture industry has ever faced. The silver lining, 
and what is perhaps going to make it possible to take on this challenge, is that this is the first time 
in human existence that we have that ability to address the issues pragmatically with a collective 
intelligence as a species without borders. There is for the first-time enough empowerment of 
information, open source knowledge sharing and data computational capability to propose a 
framework for a resilient, sustainable design that encompasses human, wildlife and ecosystem 
preservation and restoration with adaptive evolutionary technologies at a widespread scale.   
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1.1 MODERN CHALLENGES 
Human beings are the predominant force affecting change at a planetary scale, the evidence for 
this is ample and undeniable. The graphs of change in virtually any parameter that matters for 
human well-being; carbon dioxide, nitrous oxide, methane, deforestation, land degradation, loss 
of species, have all entered a period of accelerated change post the Second World War. (Rockstrom 
n.d.) The rampant use of resources has rendered an unprecedented pressure on earth systems at a 
scale that climate scientists warn is causing irreparable harm to the stability of earth 
systems(Eilperin 2006).  
 
 

  
Figure 1: The Great acceleration graphs. Source: Will Steffen et al. The Anthropocene review 2015 
 
The construction industry has been identified as the largest contributor to climate change in terms 
of usage of resources and energy.  It is attributed to almost 50% of our resource consumption and 
buildings consume the same in terms of energy. In business as usual, housing the upcoming 3 
billion people means that the climate challenges that are already overwhelming today, will 
accelerate in a geometric progression that will be impossible to contain. This challenge means that 
we need to aggressively remap our methods of construction and look for all available resources to 
help us do so.  
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Figure 2: U.S. CO2 Emissions by sector. Source: U.S. Energy information administration (2012) 
 
While upcoming large-scale commercial projects, with access to research and development in 
sustainable design and incentivized by green building initiatives, are beginning to make a headway 
towards sustainability, majority of the residential sector, being largely either self-built or developer 
driven construction i.e. without a direct connection to the academic or professional sustainable 
design and architecture community, has yet to adopt the more progressive tools and techniques of 
environmentally sensitive design available today. World over, the fastest growing cities are not 
planning developments, but rather organically growing cities that have to rapidly grow to 
accommodate the influx of people. The lack of reach of sustainable design is not by choice, because 
it is easy to agree that sustainable design is a universally acceptable idea- but rather because of the 
disparity of access to architecture, as described by Alastair Parvin, the founder of WikiHouse.   
 

 
Figure 3: Alastair Parvin's TED talk ‘Architecture for the people by the people’ in 2013 
 
“The uncomfortable reality is that almost everything we know as ‘architecture’ today is, in truth, 
design for the 1 per cent: individuals, organizations, governments and corporations with the 
financial resources and capital to build, and to hire an architect. The reason we tend to forget 
this is because much of the architecture procured by the 1 per cent is procured for the use of the 
99 per cent; whether motivated by purpose or profit. Most mass housing, from high-rise 
masterplans to suburban developments, is procured by a single client, who is almost never the 
user. Since the Industrial Revolution, architecture as a discipline has been culturally defined by 
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the rise and fall of successive economic ideologies that changed who this client was: from the 
19th-century philanthropic reformers, to the rise of communism, the welfare state, the market 
economy and, most recently, the inflated speculative property market. All of these now find 
themselves in a state of permanent crisis or retreat.” (Parvin 2013) 

 
If the construction industry is going to make the shift to a progressive sustainable model, perhaps 
a major shift in the ownership of design solutions is required. The construction industry has to 
start thinking in new ways and data will be a big part of the solution to combating the challenge.  
 
In this research, we explore some of the modern resources that are available today and explore 
how they may be leveraged to help address the environmental concerns facing the architecture 
industry.  
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1.2  MODERN RESOURCES 
 

Along with increased production and development, the information age has also brought us a 
tremendous collection of environmental data, a lot of which is freely accessible or 'open source'. 
We are constantly recording and logging information from satellites, sensors and aggregators; the 
scope of data collection is growing rapidly and will continue to grow as technologies become more 
efficient, affordable and prevalent (Moore’s Law). This data, combined with the ease of access to 
powerful computational capabilities and increasing low costs of customized digital fabrication has 
made sustainable design a lot easier to achieve than it has been in the past. This will at some point, 
push the residential construction industry into the age of sustainable development, whether by a 
bottom-up or top-down process. Can a framework for widespread access to the knowledge of 
environmentally stable architecture help accelerate innovations in sustainable development? The 
good news is that we are perhaps the first generation of humans to have the scientific data to be 
informed that we are undermining the resilience and stability of human life on this planet, and the 
first to possess the computational and manufacturing capability to design to mitigate these risks. 
Hopefully soon with the help of technology, we will be at a tipping point in architecture where 
design starts to break barriers of reach, coupled with a general rise in awareness and demand for 
sustainable, resilient and environmentally sensitive design.  
 
Here we examine the modern technologies available to architecture and design to explore the 
possibilities of collaborative, progressive directions in architecture for the purposes of accelerating 
innovations in sustainable design. We look at the following as the modern resources available to 
us. Preference is given to softwares and data sets that are open source, to create an openly shared 
framework for sustainable residential housing that leverages digital design and fabrication to 
respond to environmental data. 
 

• 1.2.1 Collective intelligence 
• 1.2.2 Big data 
• 1.2.3 Open source softwares  
• 1.2.4 Digital fabrication 
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1.2.1 Collective Intelligence 
 
If two minds are better than one, then what about a thousand, or tens of thousands? Collaborative 
knowledge aggregating projects have begun to change the way data is accumulated and compiled. 
Projects such as Wikipedia exemplify this system- with a large number of users contributing to 
write a modern encyclopedia of articles in a method that is largely peer reviewed and self-
rectifying, with over 44 million articles in 287 languages, the English language Wikipedia with 
over 5 million articles is over 60 times larger than the next largest English language encyclopedia 
(Giles 2005). Systems of collaborative working have evolved together with the rise in 
telecommunications, suggests Marshall McLuhan who first identified and coined the term 
Collective Intelligence in the 1960’s as new social constructs based on decentralization and 
collectivity. With telecommunications evolving these systems have also evolved, from simpler 
peer to peer packaged file sharing like BitTorrent to more complex systems of decentralized data 
processing like Berkley SETI research institute project SETI@home released in 1999- a system 
that would parse radio data collected at the observatory into small chunks that would be voluntarily 
installed and processed on personal computers before sending the results back to the research 
institute. 
 
While a lot of these systems have been described as dystopic forms of globalization, others self-
identify as revolutionary forms of democratization of knowledge. In either case, collective 
intelligence as a model is not merely theoretical but increasingly social and political making it by 
extension- professional as observed in many modern organizations who have developed their 
business model around this collective knowledge sharing. Film production house hitrecord.org a 
collaborative film production company aggregates all the elements of a project from contributors 
to produce and co-own independent films, is an example of a successful monetary model because 
all of the contributors share production credit and profits made by the project. A lot of times these 
models of working prove to be self-fulfilling as seen in the novelty t-shirt giant threadless.com, a 
company that generates all its intellectual content in a system of user contribution, critique and 
selection- only the designs that have a significant amount of user approval go into production. This 
system works well commercially because user feedback and viability of a product is already 
received long before actual production.  
 
 

    
Figure 4: SETI screen capture remote data analysis software. 
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While the architecture discipline has been relatively slow to adopt collective creation projects, the 
profession is now starting to change the way practice is organized networked and exchanged and 
we see colleges like AA, Columbia, Cornell, RMIT, MIT and SCI-Arc starting to adopt this 
modern methodology in their teaching (Hight 2006). 
 
Cameron Sinclair’s Open Architecture Network was set up as a platform for architects to pool 
resources for humanitarian aid projects, other examples include servo, OCEAN net, United 
Architects (UA) and Open Source Architecture (O-S-A) who work with engineers and software 
developers to open a world of complex geometries in architecture that were previously only in 
the purview of engineers.  
 
Aniket Kittur, a Carnegie Mellon University researcher found in a study related to collective 
intelligence that adding participants to a problem does not always make for a better solution, but 
it is rather the design of the framework that governs participation that ensures a growth of quality 
solutions (Kittur, Lee, and Kraut 2009). This is best typified in architecture in the WikiHouse 
project, a collective, collaborative tiny house design project. The WikiHouse is perhaps the 
largest modern collaborative self-build design process in recent times. The project has over 500 
members on Slack, an online collaborative forum, a portion of whom are contributors working 
on the WikiHouse roadmap of parametric design solutions. While there are many design 
programs written by the contributors, WikiHouse foundation only releases them after extensive 
testing of actual applications. Inclusion of environmental data and site information is one of the 
planned features on the WikiHouse future roadmap of parametrically adjusting features of the 
design, along with lighting, water, envelope design etc. 

 
Figure 5: Creative Commons open source licensing system 
 
Collaborative projects created with open source sharing of designs, codes and online resources are 
a proven model in various industries, and this model may be highly opportune for the architecture 
industry and it’s need to accelerate evolution towards sustainable design systems. WikiHouse- a 
project launched by architecture00 studio is one such project that is perhaps the largest modern 
collaborative self-build design process in recent times. The project has over 500 members on Slack, 
an online collaborative forum, a portion of whom are contributors working on the WikiHouse 
roadmap of parametric design solutions. While there are many design programs written by the 
contributors, WikiHouse foundation only releases them after extensive testing of actual 
applications. Inclusion of environmental data and site information is one of the planned features 
on the WikiHouse future roadmap of parametrically adjusting features of the design, along with 
lighting, water, envelope design etc. WikiHouse founder Alastair Parvin explains the motivation 
behind the project: 
 



Architecture of the Anthropocene 

 

15 

Over the last few years we have begun to witness the beginning of what The Economist has called 
the ‘third industrial revolution’- the rapidly falling cost and massive distribution of digital 
fabrication tools like 3-D printers and CNC machines, themselves often open source. This has big 
implications for open-source hardware. It makes it possible for a piece of complex hardware to be 
edited and shared as a parcel of code, then downloaded, adapted, and ‘printed’ locally for minimal 
time, cost or skill.  
In architecture, the temptation has been to see the advent of digital fabrication and parametric 
automation as an opportunity to indulge in ever more extravagant forms. However, the real 
disruption lies in the power of these tools not to raise the bar, but to radically lower the social 
thresholds, to change architecture’s economic equation in the face of complexity. 00’s WikiHouse 
was conceived as an experiment to explore that disruption. Its aim is to make it possible for a 
global community of designers to share designs and design tools that make it possible to download, 
adapt and ‘print’ parts for a house from a standard sheet material like plywood, which can be 
assembled, in effect like a large IKEA kit, very quickly and without traditional construction skills, 
so that even amateurs can do it. (Parvin, 2013) 

 
WikiHouse has since created a roadmap of solutions for their model of architecture that includes 
Structure- a module that has been extensively worked on and tested across the world before its 
formal launch as the ‘WREN’ system of creating structural members out of CNC cut plywood, 
Fitout, Water, Energy, Data and other systems of design that can be incorporated into the open 
source methodology and design of the WikiHouse.  
 

 

 
Figure 6: WikiHouse module graphic, Map showing collaborators to the WikiHouse project. 
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Figure 7: The WikiHouse parametric model program in the Grasshopper software environment. 
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1.2.2 Big Data 

 
Figure 8: Facts on data, source: Source: SINTEF. 
 
We live in an age of information bohemia, never in the history of humankind has so much 
information been available to so many. In terms of architecture, the impact of this data is profound.  
Terrain data of most regions of the world is easily accessible at 30 or 10 meter resolution, while 
most of the United States is already, or will be in by 2018 available at a 1M resolution (NED 2018). 
The U.S. Climate Reference Network (USCRN) has over 140 climate stations spread across the 
United States that log accurate temperature information and the NEXRAD has 159 Doppler radars 
measuring precipitating and atmospheric data. The EPA’s DRASTIC water vulnerability survey 
maps out at-risk locations across the United States that may be susceptible to groundwater 
pollution and contamination. More specific information such as wildlife migration patterns, forest 
cover loss, soil type, precipitation patterns etc. can also be accessed depending on the priorities of 
the project. Increasing amounts of LIDAR data across the world render highly accurate 3D point 
cloud models of tree canopies, land cover etc. Change analysis on these layers of data reveal 
patterns of growth and decay of many observable attributes. All this data is crucial to planned 
sustainable development, the key lies in the management, dissemination and reading of the data in 
systems so interdisciplinary functions of development can cohesively utilize the information and 
have the design fluently respond to said data. Since most of this data is open source, there are 
various tools available for accessing this data online or downloading and translating this data into 
formats that the architecture community is familiar with. All of this means that for the first time 
we can see the world in dimensions that have not been possible or accessible to the masses before.  
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Figure 9: Data satellites orbiting earth. Source: NASA 2016. 
 

 
Figure 10: Google earth engine powered Global Forest Watch web portal. 
 

 
Figure 11: Google earth engine time-lapse portal of LANDSAT images from 1984 to present day. 
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Figure 12: Cornell lab of ornithology’s U.S. Yearly bird migration maps. 
 

 
Figure 13: NOAA's database of open access maps. 
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Figure 14: Global Soil map ArcMap server accessed on QGIS 
 

 
Figure 15:USIEI Lidar and DEM collection. 
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1.2.3 Open source software 
 
Architectural and data crunching softwares are evolving at an exciting pace given the landscape 
of Open source, data abundance and the nurtured collective intelligence.  

 
Over the last two decades, there have been multiple different conceptions of what ‘open source’ 
might mean for architecture. The thinnest of these have simply been shared plans, stripped of 
context; pattern-book layouts which share the easy bit, but ignore the difficult contingent stuff of 
actually making and paying for the thing. Other projects have engaged more substantively in 
different forms of open collaboration. Some, like Cameron Sinclair’s hugely successful Open 
Architecture Network, are about crowd-sourcing design thinking for on-the-ground sustainable 
development projects in areas of need.7 Daniel Dendra’s Open SimSim explores a social network 
approach to replacing mass architectural competition with mass architectural collaboration.8 

The Open Structures project explores the development of ‘open standards’, to make it possible 
for any part of a household object to be taken and plugged into a completely different household 
object, and still be useful, breaking the cycle of consumption and waste.9 And Usman Haque’s OS 
Architecture experiments focused on the potential of sensor technology to create user-responsive 
environments. (Parvin 2013) 
 
Modern CAD and BIM softwares used by architects and engineers, such as Grasshopper a 
parametric design plugin to Rhinoceros, have made data processing tools affordable and accessible 
to a large market. Evolutionary design computation algorithms can take data such as solar exposure 
and optimize the form of a roof to output a structure that reduces solar gain in hot climates or 
increase exposure in cold climates.  
 
Grasshopper by David Rutten is a python based parametric modelling plugin developed to be run 
within the Rhinoceros 3D environment. It is an open source visual programming language 
interface that is used to build generative algorithms. The interface converts complex python 
coding into an easy to use graphical interface that references geometry back and forth from 
Rhino’s 3D modelling environment.  

 
Figure 16: Grasshopper's visual programming interface. Source: Chris Mackey, Performance Network, 2016 
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Figure 17: Grasshopper's interface ecosystem. Source: Chris Mackey, Performance Network, 2016 
 
Among the grasshopper ecosystem are several add-on plugins written by the primary developer 
and various other contributors. The plug-ins are embedded codes that serve various functions, such 
as the Galapagos component that is an evolutionary solver that is a problem-solving algorithm. It 
can run through every permutation and combination of given parameters to solve for a specified 
condition, such as finding the best configuration of building elements to solve for solar gain 
condition. Perhaps the most relevant components to sustainable design are the Ladybug 
components, written by Mostapha Sadeghipour Roudsari. These components bring advanced 
climate analysis such as site climate visualization reports, daylighting and solar analysis etc. to the 
Grasshopper interface. Most recent additions to the Ladybug family of components are Butterfly 
and Dragonfly components, for airflow and climate change modelling respectively, these are in 
addition to the Ladybug and Honeybee components. (Mackey 2017) 
  
QGIS is a geographic information systems software that is open source that supports viewing, 
editing and analysis of geospatial data, developed by Gary Sherman in 2002. QGIS supports other 
open source GIS packages such as Mapserver, a database index of GIS information, which makes 
it very easy to reference datasets specific to a site. Joseph Elfelt has compiled an extensive list of 
over 700 mapservers available by state and region on https://mappingsupport.com, this is a great 
resource to start compiling data regarding a project.  
 
Cloudcompare is a software that can read LIDAR point cloud data. The CloudCompare project 
began in 2003 with the Ph.D. of Daniel Girardeau-Montaut on Change detection on 3D geometric 
data. LIDAR data and 3D scanned point cloud information, analyze the data and output triangular 
3D mesh formats for use in other 3D modelling softwares.  
 
GitHub is an online repository of open source data sharing and is the backbone of collaboration 
for a lot of the above mentioned softwares. The source code for the softwares is shared and hosted 
on GitHub, from where other users and developers can pull the data for use in their projects or to 
write more programs and components with. The availability of resources like GitHub makes it 
easy and accessible for the online community to share large packets of data that can be worked on 
in a collaborative environment. The Ladybug project for example, originally hosted on GitHub is 
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now working on an online interface for the components, with the help of various other contributors 
to the project.  
 
 

 
Figure 18: Rhino-Grasshopper open source ecosystem. Source: Chris Mackey, Performance Network, 2016 
 
 

 
Figure 19: Ladybug analysis tools. Source: Chris Mackey, Performance Network, 2016 
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Figure 20: QGIS geospatial data software interface. 
 

 
Figure 21: CloudCompare 3D Point cloud software interface. 
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1.2.4 Digital fabrication 
 
Digital fabrication is perhaps the most disruptive advancement in the manufacturing world since 
the industrial revolution, computer numeric controlled systems of additive and subtractive 
fabrication are now becoming smaller, cheaper, faster and therefore more accessible. The ability 
to mass-produce irregular building components with the same facility as standardized parts 
introduced the notion of mass customization into building design and production. It is just as easy 
and cost-effective for a CNC milling machine to produce 1000 unique objects as to produce 1000 
identical ones. As Catherine Slessor observed, “the notion that uniqueness is now as economic and 
easy to achieve as repetition, challenges the simplifying assumptions of Modernism and suggests 
the potential of a new, post-industrial paradigm based on the enhanced, creative capabilities of 
electronics rather than mechanics.” (Kolarevic 2001). This means that for the first time we can 
now make the shift from mass production to mass customization to achieve site and environment 
specific optimized forms in architecture, which are built affordably with factory production quality 
specifications. 
 
Among the various methods of digital fabrication, the systems that have had the most impact on 
design and architecture are additive manufacturing- like 3D printing and subtractive 
manufacturing- CNC routing. While 3D printing shows promise for the future with firms working 
with concrete and clay extruders for 3D printing entire home structures, the method that is most 
widespread due to its accessibility currently is CNC routing of wood parts to assemble building 
components. Other innovative applications of digital fabrication can be seen with KUKA robotic 
arms being used as bricklaying robots for example, but the complexity of the machinery and high 
entry cost is currently prohibitive to be considered a mass architecture product.  

 
Figure 22: MIT labs concrete extruder. Source: CNN Money. 
 

 
Figure 23: The ‘Programmed wall’ at ETH Zurich. Source: Archdaily. 



Architecture of the Anthropocene 

 

26 

 
Figure 24:CNC router demonstration at Makerfaire 2007: Source: Makerfaire. 

 
Figure 25: Inventables x-carve low cost CNC router. Source: Inventables.  
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Figure 26: Maslow $500 vertical CNC router. Source: Kickstarter 
 
CNC (computer numeric controlled) routing is a process of using a 2 or 3 axis machine mounted 
with a router that can make precise cuts and grooves in a variety of materials guided by a g-code 
program that is based on a 2D or 3D line drawing. Traditionally CNC routers were used for mass 
production factory jobs such as decorative wood carvings etc., but recent advancements in the 
components of the machine, such as smaller cheaper stepper motors, Arduino controllers etc. have 
brought the price point of the machines down to a highly affordable level, making the CNC 
machine an affordable tool for smaller shops and hobbyists alike.  
 
Some notable innovations in the CNC router industry are the Inventables Xcarve and the Maslow 
vertical CNC machine. Both these machines are popular with hobbyists, home woodshop 
enthusiasts and small business owners. The Xcarve machine broke the barrier for CNC costs 
offering a robust and reliable $1500 3’X3’bed size CNC router, accompanied by a large 
community of users who share support and designs with each other. Inventables also launched an 
online interface for generating g-codes, the drawing to cutting commands, called Easel. This is an 
easy to work, graphic user interface, which allows users without programming knowledge to 
generate cutting files for the CNC machines. Maslow furthered the accessibility to CNC machines 
by offering a $500 CNC machine that uses an innovative system of pulleys and stepper motors to 
reduce the amount of hardware required to create a CNC router machine.  
 
  



Architecture of the Anthropocene 

 

28 

1.3  THE ARCHITECTURE OF THE ANTHROPOCENE 
 
Architect Rachel Armstrong talks of Black Sky Thinking, an approach to design taking a 
speculative leap into the future by observing current trends in technologies as a method to create 
frameworks of design that begin immediate engagement with innovative interdisciplinary 
technologies for design and development for the coming years (Armstrong 2017).  
Collective design, Big Data, Parametric modeling and digital fabrication are the resources of our 
times. Can we begin to forge connections between these new resources to help redefine the design 
approach to include optimized pragmatic solutions to environmental data? What this means to 
architecture is profound, we potentially have the ability to have our built environment develop in 
symbiosis with the natural world rather than against it. The editing and ethics of this data are 
paramount; what we want our architecture to respond to, and how the data is processed defines the 
form and function of our architecture and ultimately the longevity of sustained human life on this 
planet. 
We are now perhaps in the most critical and exciting phase of human existence-a time when the 
choices we make will decide the longevity of mankind on this planet. What does the architectural 
response to this situation look like, and how will the profession adapt and evolve over the next 
century? Is it possible for architecture to expand beyond the limits of its current capabilities and 
manifest a system the confront the housing and climate challenges of the years to come? Could we 
be on the threshold of a modern intelligence in sustainable design, a new era of architecture that is 
designed to combat the challenges of the present and the future- The architecture of the 
Anthropocene.  
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METHODOLOGY 
 
This research will look at the workflow to aggregate environmental data regarding a site, translate 
the data into formats that can be used in CAD or BIM software environments and import that data 
intelligence into the architectural design at two levels- site intervention and build intervention. The 
data is run through custom written programs to output actionable design data for planning and 
fabrication.  While this research documents some of the methods to aggregate data, there are 
various sources available online that can be used for collecting relevant data- the list of sources 
available at the time of writing this document is compiled at the end of this document for reference 
and use. Additionally, the list with links and more details has been published as a live growing 
document on rishabhparmar.github.io and will be always available online.  
The parametric nature of the programs developed in this project are versatile and customizable 
enough to be applied to any site or project by changing the input parameters of the program such 
as geographic location, site topography etc. The research will show that there is great potential in 
this system of data-driven computational architectural design to achieve optimized sustainable 
design that is affordable, accessible and easy to fabricate. The outline for the workflow of the 
project is the following: - 
 
2.1 Data aggregation – Compile available data for the site. 
2.2 Data conversion to BIM – Methods to convert data into formats that can be accessed in BIM 
softwares.  
2.3 Design programs- Write programs to respond to the data in context to the site brief.  
2.4 Application to live project- Examples of such workflows on a live project in Oregon. 
 
Various custom scripts were developed that responded to the data to explore the possibilities of 
optimizing design for sustainability. The scripts developed are for site level intervention and for 
build level intervention. As a demonstration of this framework of design, the paper will apply 
techniques learnt in this exploration to the design of an assisted living community of tiny homes 
on a 6-acre site in McMinnville, Oregon, a real project scheduled to be built in 2018.  
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2.1 DATA AGGREGATION 
There are various sources available online for geographical and environmental data- from quick 
location-based analysis on apps to detailed digital elevation and context maps on GIS servers that 
can be translated into CAD formats. For most of the United States, United States Geological 
Survey is the primary resource for aerial imagery, digital elevation maps radar & land use land 
cover maps. Data.gov also contains a list of all state GIS websites that can be accessed. 
 
A general suggested workflow would be to gather the following preliminary data regarding a 
site: 
 

• Location 
The physical coordinates of the site are recorded in the Latitude and Longitude of the location, 
this address comes in handy for synching up data from different sources and while searching for 
the site on systems that do not take address input.  

A quick way to get the coordinates for any location is to use google maps, right click on the site 
and query ‘What’s here?’. A pop up on the screen will provide the (Latitude, Longitude) figures.  

• Climate 
 
The U.S. Climate Reference Network has historic and current climate data of temperature, 
humidity, wind speed etc. spanning 30 years. (Fig. 27) It’s important however to note that 
climate stations in most cities are usually located close to the airport- in some situations, this 
may lead to inaccuracies in data pertaining to the site in question because of distance, topography 
changes etc.  

The Autodesk Formit app makes it easy to find climate stations in relation to a site, the app lets 
you access weather and wind data from any selected climate station. (Fig. 28) 

 
• Topography 

Digital Elevation Maps(DEM) are 3D representations of topography based on the terrains 
elevation data.  Typically, this is available in raster image data format- a normalized greyscale 
TIFF image where every pixel of the image contains elevation data. LIDAR is a type of DEM 
that assimilates a 3D point cloud representation of topography.  
While DEMs for the United States are easily available on United States Geological Survey’s 
earthexplorer.org (Fig. 29) LIDAR data is currently limited and not always open source however 
there other collections like the United States Interagency Elevation Inventory (Fig. 30).  

 
• Hydrology 

Watershed layouts, historic and present location of streams and rivers, floodplains and 
groundwater aquifer data is available from USGS and other sources like the World Resources 
Institute water stress maps (Fig. 31).  
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Figure 27: Global climate stations summary map showing locations of climate stations 
 

 
Figure 28:Autodesk Formit app showing the location of climate stations in relation to the site. 
 

 
Figure 29:United States Geological Survey database earthexplorer.usgs.gov 
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Figure 30:United States Interagency Elevation inventory- collection of LIDAR data compiled from various sources.

 

 
Figure 31: Water stress maps current and future projections from the World Resources Institute website. 
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In addition to Location, Climate, Topography and Hydrology that are the essential data sets to 
collect for this workflow- other data sets such as wildlife habitats, forest cover change, 
vegetation types etc. may also be collected based on the project priorities.  

The Google Earth Engine (Fig. 32) contains a large collection of live data that can be 
superimposed on the google earth layout. This is a quick way to determine what source of data is 
needed for a project. 

 
In order to collect this data ArcGIS Mapservers are used, these are data storage servers that can 
be directly referenced within GIS softwares. While most states in the U.S. have their own GIS 
database that is easily accessible through an online search for ‘<Cityname> GIS mapserver’, a 
compiled list of servers of all states is a great resource to keep handy, like the report compiled by 
Joseph Elfelt, that contains a state-wise list of all available GIS datasets and servers.  
 

 
Figure 32:Google Earth engine database 
 

 
Figure 33: Joseph Elfelt's list of state GIS servers. 
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Figure 34: Details state wise GIS datasets. 
 

 

Figure 35: Example of dataset server contents. 
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2.2 DATA CONVERSION TO BIM 
There are various sources like the above-mentioned examples, and while most databases are 
relatively straightforward to access and download from, the challenge lies in translating the data 
into formats that CAD softwares can access and build upon.  
For quick visual surveys online maps and apps work great, however by downloading the data and 
importing it into QGIS, a free open source GIS application, we can begin to layer data sets and 
export them in formats that are required for CAD applications. In a lot of cases, the data is available 
in raster TIFF image format i.e. an image which contains metadata with geographical information 
contained in the pixels of the image pertaining to the location displayed on the image.  
 
There are two main ways to import data into QGIS 
-Download vector or raster datasets and import them into QGIS 
 

 
Figure 36:DEM Raster data of United States from USGS. 
 
-Connect QGIS to Mapservers  
 

 
Figure 37: QGIS connected to Arcmapserver- Oregon ecological systems. 

 
This data can then be converted into line drawings, contours, point data etc. and be exported as 
DXF format data that can be then imported into Rhinoceros, the 3D modelling app with access to 
Grasshopper.     
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2.3 DESIGN PROGRAMS 
Grasshopper is a visual scripting add-on for Rhinoceros. It allows you to reference geometry from 
the Rhino workspace into a Python script format which can then be used to write various 
parametric programs to interact with the data.  
The build optimization is designed for structures that are based on the open source project 
WikiHouse that is a fully CNC manufacturable structure; new data-driven design modifications 
were applied to the existing model that optimized the structure to respond to climate and 
environmental conditions. A surface optimization script modified the form based on solar gain 
requirements, and a foundation design script was written to design the footing of the structure to 
best suit the topography of the structure location. The following are just a few examples of the 
kind of design methodologies that can be explored with the modern resources explored in this 
research, but depending on the location of the site, time available and brief demands, various other 
types of programs and analyses can be conducted. 
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2.4 APPLICATION TO LIVE PROJECT 
 
For the purposes of this research, we will begin to address a site in McMinnville, Oregon – a 6-
acre property south-east of Portland, OR. The site is occupied by a family of 5, organic farmers 
and bakers- who want to build a tiny home community on the property. The brief is to build a 
community of 7-8 dwellings scattered between an organic food farm that supplies to the homes 
and the local community. The project will be analyzed based on the findings of this research to 
explore what design intelligence can be applied to it with local environmental data available.  
 

 
Figure 38: The landowners, a family of 5 pictured here on site. 
 
The site is located in a dense deciduous oak forest at the fringe of a developing town, and as such 
serves as a good example of a relatively untouched parcel of land that is at risk of becoming 
urbanized leading to loss of forest cover and wildlife habitats. This is something that the client 
family is implicitly aware of and as such would like to plan out their project in a way that is 
restorative and nurturing to the land.  A quick tool to observe this urbanization growth is the 
Landsat imagery based Google Earth Engine that displays a time-lapse animation of satellite 
images from 1984 to 2016. 
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Figure 39: Google Earth Engine showing McMinnville land cover 1984 and 2014.  
 

 
Figure 40: Weather station data from Autodesk Formit app. 
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Figure 41: The site location from Yamhill county GIS website in various contexts. 
 
 
In this first method of data collection, a quick visual analysis of the site location can be conducted, 
completely online, browser based and without the need for any special softwares. Locations are 
searchable by address on most maps, alternatively, geographic coordinates, tax lot number or 
visual searches may be used.  
The Yamhill County website, Autodesk Formit and USGS’s Earthexplorer were examined for data 
available for the site in Oregon.  
 

 
Figure 42: Image showing address linked to state GIS tax lot layouts. 
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Figure 43: Yamhill country GIS with Flood Map, Restricted groundwater map & Water features map. 
 
In approaching the project, the first goal was to develop a deep understanding of the watershed of 
the area and develop the site in response to it, given the sensitive watershed the site is located on, 
maintaining the watershed became a priority moving forward. In exploring the data available we 
can see the floodway around the site in a larger context that includes the neighboring McMinnville 
town center. This begins to give us some information on the pattern of the watershed of the area. 
Marked here are the channels that would fill up linking to a large floodway (Fig. 43). Another 
layer to the bottom right of the map is a restricted groundwater map signifying sensitive or 
depleting groundwater levels. 
 
Since the client also wants to grow food on the land to support the homes on the site, the next 
consideration was to determine the areas on the land that are most suited for cultivation, A soil 
map from the Yamhill county website (Fig. 41 bottom right, Fig. 44) shows that the land has highly 
cultivable soil. Based on the findings from the quick online analysis we will dig deeper into the 
data sets and collect data that can be translated to be used in BIM systems. 
 

 
Figure 44: Soil map from Yamhill County GIS website. 
 
The following sections show a few examples of workflows using the data sources translated to 
BIM readable formats and then analyzed or modified using a Grasshopper based parametric 
script.   
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2.4.1 SITE HYDROLOGY ANALYSIS 
 
One of the first elements of the ecosystem that gets altered when construction begins on a site is 
the watershed of the area. This is of significant importance when considering the ecological 
footprint of construction on the site and to attain or maintain the water quality standards in order 
to protect the flora and fauna that make up the carefully balanced ecosystem. 
A carefully managed watershed can maintain the physical, biological and chemical components 
that the local ecosystem has come to depend on. In the absence of this understanding of the 
watershed, increased runoff from the site due to the addition of impervious surfaces can drastically 
alter the hydrology of the area. (“Introduction to Watershed Planning | Watershed Academy Web 
| US EPA” n.d.) A micro-watershed analysis program was created as a part of this research to run 
a flow analysis in order to zone the site in such a way that the development does not interrupt the 
natural watershed of the area. This program workflow goes through two distinct software platforms, 
one is a GIS software that converts a DEM image of the site location to a vector contour file, that 
contour data is then imported into a 3D modeling software and a triangulated surface is created 
from the contour data. Finally, that surface is read by a grasshopper code that performs a surface 
curvature analysis and renders vector directions of the curvature from a grid of points on the 
surface. The vectors are assigned a color based on the vector attribute this renders a surface 
composed of green points to mark the high points of the site and red points that mark the low 
points. 

 
 

 
Figure 46: Context watershed analysis using DEM based topography.  

 Figure 45:Workflow for site runoff and groundwater analysis. 
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A second analysis was run on just the site, a 6-acre area. Since the site is densely populated with 
trees, DEM elevation-based surface may not be accurate at this scale, therefore LIDAR data of the 
site was used to generate a more accurate model of the site.  The LIDAR data, which consists of 
point cloud collections, is classified into a scalar field that splits the point cloud into sections based 
on the return rate of light signals, so we are able to classify and separate layers of tree canopy and 
ground-level data, and run the analysis based on a more precise measure of movement paths.  
 

 
Figure 47: LIDAR data sourced from USGS's Earthexplorer.usgs.gov 
 

LIDAR data is searchable by area online, although not a lot of the United States is covered, as 
LIDAR data is usually collected for areas of high importance, like coastal areas for flood 
mitigation, or private lands for mining. However, if it’s imperative, LIDAR data for one’s site can 
be collected using a drone and IR camera setup at some additional costs of equipment.   

 
 

 
Figure 48: Separation of ground vs tree canopy in LIDAR data 
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Figure 49: Context watershed analysis using LIDAR based topography.  

 
Figure 50: Results of site watershed analysis. 
 
The site analysis provided zoning for where to build on the site and areas that were most low lying 
on the site. This data, along with a groundwater map can be used to find areas to create rainwater 
catchment ponds, aquifer recharge wells, etc. 
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2.4.2 SITE RADIATION ANALYSIS 

 
The areas on the site that receive maximum sunlight exposure needed to be earmarked for 
cultivation, these areas will not be built upon in an effort to optimize the crop yield area of the 
site. LIDAR data was pulled for this analysis to create a triangulated 3D model of the site that 
was then imported to Grasshopper to run solar exposure analysis. LIDAR or Light Detection and 
Ranging is a technique of remote sensing that uses pulses of lasers pointed at the surface of land 
usually from an airplane, the system measures the returning reflections of the laser to access the 
form of the land and generate a 3D point cloud of information. 
 
LIDAR data for the site in Oregon was pulled from USGS data portal and triangulated into a 3d 
mesh using QGIS-an open source GIS software. The resulting 3D model contained highly 
detailed information about the site including the tree canopy heights-a crucial factor for 
establishing the amount of solar radiation available on the ground for cultivation purposes. Initial 
assessments made on the site using manual methods were time-consuming and tedious and 
provided little accuracy. Using the 3D model of the site, a program to run solar radiation analysis 
was written using Ladybug5 that is a Grasshopper plugin. This analysis is usually run on 
building models to assess areas of heat gain based on geometry, orientation, and location of a 
structure. In this case, a similar analysis was run on the entire site to render a heat map image of 
solar exposure on the site. The areas of maximum exposure were earmarked for cultivation and 
the remaining land was considered as sites for building structures. 

 
Figure 51: Results of site solar radiation analysis. 
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2.4.3. STRUCTURE SURFACE OPTIMIZATION 
 
Now that we have assimilated some data for the zoning on our site, we can begin to look at the 
built structures themselves and write programs to optimize the structures based on the location 
orientation and topography of the built structure. For the structures to be built on the site, the 
WikiHouse open source building system was chosen. As it stands the WikiHouse project has 
launched a Structure module; a parametric code that can be used to generate a custom sized 
skeleton structure framework and a Fit-out module, currently only a door design that can be CNC 
manufactured, but contributors are also working on programs for interior furnishings such as 
cabinets, etc. While these are the only two modules currently launched after intensive testing, the 
WikiHouse design framework also plans for various other levels of intervention: Envelope, 
Lighting, Water, Power, Data, etc. This portion of the research will be contributing to the Data 
modules, by creating programs for the structure to be optimized for climatic conditions to 
provide efficient passive human thermal comfort. 

  
Figure 52:Build structure solar radiation analysis workflow. 
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Figure 53: Galapagos form optimization analysis. 
 
A program was written in Galapagos, an evolutionary computation module of Grasshopper, 
coupled with Ladybug, an environmental data reader in Grasshopper that inputs location weather 
data in the form of an EPW file that is a collection of about 30 years of temperature, humidity and 
rainfall data collected by weather stations. The program is given a set of parameters in the design 
of the structure that are decided to be flexible in their dimensions and the program runs through 
every possible permutation and combination of those parameters measuring the solar exposure in 
each and outputs the most optimal form based on the criteria specified, either to maximize or 
minimize solar gain. The script was executed to produce a form that received minimum solar gain 
while maintaining the basic form and orientation of the structure. In the case of this project, the 
requirement was to maximize solar gain by increasing the exposed surface on the roof. This 
exposed surface can also be used to achieve maximum area for rooftop collectors for heating water, 
photovoltaic panels for power or glazed roof systems to introduce sunlight into the structure. 
 

 
Figure 54: Variable parameters of the roof design based on the WikiHouse model. 
 
A similar program can be produced for the exterior walls with the flexible parameter being the 
fenestration sizes, measuring the solar gain inside the structure 
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 2.4.4 STRUCTURE FOUNDATION DESIGN 
 
The WikiHouse model is a standard pier and beam floor that can be installed onto most foundation 
systems, for the purposes of this site we are recommending a raised floor system on stilts that 
connect to a diamond pier foundation block. By raising the floor of the house, we are further 
ensuring that the built structures have the minimum possible impact on the land and watershed. 
The stilts are parametrically calculated according to the input terrain data. A Grasshopper code 
written analyses the terrain mesh according to the location of the structure on the site and calculates 
the support design to use minimal material. The house base footprint is input into the algorithm 
and a code is written to place the base curve at a certain factor of height above the highest point of 
the terrain, cuboid support blocks are added to the base and then supports are rendered by 
discovering the closest points on the terrain from the support blocks. A foundation cone is added 
to the support pillars that depicts a diamond pier foundation block. 

 
Figure 55:Structure foundation generation workflow. 

 
Figure 56: Foundation script demonstration on WikiHouse model. 
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FINDINGS 
The entire framework of this research has created endless possibilities of nodes within architectural 
design for inputs of environmental data for the pursuit of sustainable development. Some of the 
scripts and programs written can function very well as stand-alone components of any project 
design and have implications for industries beyond architecture such as agriculture, urban planning 
and land use and water management projects. While the scripts worked for this project, for the 
most part, the user interface is still too complex and intimidating to become a widely accepted 
norm in a design practice, the learning curve is steep but since the scripts are designed to be 
universally applicable, they may be worth the extra upfront time. While most of the data and 
software used in this research are open-source, there are other software programs with more 
advanced user interface design that are easier to navigate, but the prohibitive cost of those makes 
the scope of use limited and ultimately compromises the notion of widespread sustainable solutions. 
Additionally, not all continents in the world have as comprehensive a collection and/or access to 
geographic information systems data. 
Specific findings in the research pertaining to the site demand further investigations and testing, 
The hydrology analysis needs to be corroborated with experts in watershed survey fields to become 
an actionable solution; the roof optimization in the cold climate of Oregon may benefit from 
introduction of glazed roof sections to increase solar gain, additionally the form optimization may 
be more effective on the entire envelope of the structure and not just the roof; the footing design 
needs further refinement to make it structurally stable. 
While the most essential and basic elements of this thesis are achievable within technologies that 
are accessible today, the format of the thesis leaves room for modifications to the tools in lieu of 
future innovations in design and fabrication and the ever-growing collection of data.  
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CONCLUSION 
The impact of GIS data especially with its ease of access is an essential tool for intelligent 
sustainable development to address the climate challenges of today and the future; having our built 
environment develop in symbiosis with the natural world rather than against it is an attainable and 
essential program of development in the coming years. Currently, these systems are based on 
historic and current environmental data, but given that a framework for architecture to interface 
with data is beginning to manifest, in the future we can look forward to integrating predictive data 
modelling to build in ways that are future ready.  What can be achieved as goals towards 
sustainable development if we connect the vast amounts of environmental data we have is an 
exciting and promising prospect. Systems such as these will have even more impact when adopted 
by an entire neighborhood or community, the implementation of such knowledge on individual 
projects is only a stepping stone in this process.  
 
As innovations in manufacturing technologies catch up to adaptive and changing forms in 
architecture, we may soon be able to build structures that are constantly reading geographic data, 
measuring climate health and adapting to best suit the ecosystems. While that technology may be 
in the future, we should begin to create a framework for GIS and other data inputs in architectural 
decisions. 
 
While the backend processing of these systems, employed in this research are highly complex for 
the average home builder to invest in understanding, the hope is that with time and better user 
interface design- these programs will become highly intuitive and plug-and-play i.e. users can 
simply plug in their location data and output site-specific solutions that are ready to implement. 
The role of architects may be changing given this landscape of interdisciplinary aggregation of 
information. What this means for the profession of architecture is daunting, but like most modern 
vocations, the discipline of architecture will also respond and adapt to this brave new world and 
form what we will call the Architecture of the Anthropocene. 
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RESOURCES  
Weather data 

  

 
Energy Plus https://www.ladybug.tools/epwmap/ 

 
National Oceanic and Atmospheric 
Administration 

https://www.ncdc.noaa.gov/cdo-web/search?datasetid=GHCND 

 
U.S. Climate resilience toolkit https://toolkit.climate.gov/climate-explorer2/ 

Elevation data 
  

 
United states interagency elevation inventory https://coast.noaa.gov/inventory/ 

 
United states geological survey http://earthexplorer.usgs.gov 

 
SRTM Tile grabber http://dwtkns.com/srtm/ 

 
National Map https://viewer.nationalmap.gov/basic/?basemap=b1&category=ned,

nedsrc&title=3DEP%20View  
OpenMap tiles https://openmaptiles.com 

 
OpenTopography http://opentopo.sdsc.edu/datasets 

Hydrology data 
  

 
Global surface water explorer https://global-surface-water.appspot.com 

 
Daily streamflow  https://waterdata.usgs.gov/nwis/rt 

 
Groundwater  https://waterdata.usgs.gov/nwis/current/?type=gw 

 
Water quality https://waterdata.usgs.gov/nwis/current/?type=quality 

 
Flood maps https://waterwatch.usgs.gov/m/index_lmap.php?ct=full&mt=floodz 

 
Rivers colored by direction 
 
Water Risk atlas 

https://team.carto.com/u/andrew/viz/bbb24190-c3af-11e6-8899-
0ee66e2c9693/public_map 
 
http://www.wri.org/applications/maps/aqueduct-atlas 

Ecology data 
  

 
North American species occurrence map https://bison.usgs.gov/#home 

 
EPA EnviroAtlas https://enviroatlas.epa.gov/enviroatlas/interactivemap/ 

 
Live bird migration map http://birdcast.info/live-migration-maps/ 

 
Bird hotspots map https://ebird.org/hotspots 

General datasets 
  

 
List of state wise arcmap servers https://mappingsupport.com/p/surf_gis/list-federal-state-county-

city-GIS-servers.pdf  
Arizona state arcmap server https://azgeo.az.gov/arcgis/rest/services 

  
https://arcgis.azgfdportal.com/arcgis/rest/services 

  
https://azhgis2.esri.com/arcgis/rest/services 

  
https://geo.azmag.gov/gismag/rest/services 

 
Pima county GIS https://pimamaps.pima.gov/Html5Viewer/index.html?configBase=h

ttps://pimamaps.pima.gov/Geocortex/Essentials/REST/sites/mainsit
e/viewers/mainmap/virtualdirectory/Resources/Config/Default 

Open source software 
  

 
Grasshopper 3D http://www.grasshopper3d.com/page/download-1 

 
Qgis https://download.qgis.org 

 
Cloudcompare http://www.cloudcompare.org 

 
Ladybug online https://www.ladybug.tools/ladybug-web/tt6-ladybug-web-r1-all-in-

one.html#README.md  
Autodesk formit https://formit.autodesk.com 

 
Lumos https://itunes.apple.com/us/app/lumos-sun-and-moon-

tracker/id725106192?mt=8 
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