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INTRODUCTION

Global Climate Challenges
Climate change is mainly reflected in three aspects: global warming,
acid rain, and ozone layer destruction. Among them, global warming
is the most urgent problem for humans, and it is related to the future
of humanity. According to the fifth assessment report issued by the
United Nations Intergovernmental Panel on Climate Change (IPCC)
jointly established by the World Meteorological Organization (WMO)
and the United Nations Environment Programme (UNEP), the ocean
is warming and ice is decreasing. Due to climate warming and the
melting of snow and ice, the ocean area expanded and the global
average sea level rose by 19 cm from 1901 to 2010. 1
Since 1979, the Arctic sea ice range has continued to shrink at a rate
of 1.07 million square kilometers per decade. Given the current
concentration of greenhouse gases and emission levels, the global
average temperature will continue to rise at the end of this century,
higher than the average level during the pre-industrial period. The
oceans of the world will continue to warm, and ice and snow will
1 “Climate Change: Global Sea Level: NOAA Climate.gov.” Climate Change: Global
Sea Level | NOAA Climate.gov, 19 Nov. 2019, www.climate.gov/news-features/understanding-climate/climate-change-global-sea-level.
8

Nobody was prepared for flooding
Source：Macari, Anthony. “Looking Back: 10 Years since the Floods of 2010.” WJAR. Accessed May
19, 2020. https://turnto10.com/weather/weather-blog/gallery/looking-back-10-years-since-the-floodsof-2010#/.
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continue to melt. Taking 1986-2005 as the reference period, the

1950 to 2009 and found that the northeastern coast of the United

average sea level is expected to rise by 24-30 cm by 2065, and the

States--from Cape Hatteras, North Carolina to Boston,

average sea level is expected to rise by 40-63 cm by 2100. Even if

Massachusetts--has risen faster than the global sea, which is 3 to 4

greenhouse gas emissions are stopped, most of the effects of climate

times faster. From an absolute value, since 1980, the sea level of this

change will continue for centuries; in addition, the impact of sea-level

section of the coast has climbed by 2 to 3.7 mm per year, while the

rise will continue for quite a long time before it is fully noticed,

global sea level has risen by 0.6 to 1.0 mm per year. Researchers

although it will happen in the near future.

predict that by 2100, the sea level in the region will rise 20 to 29

2

centimeters more than the global sea level---most oceanographers
According to the IPCC, the extent of climate change effects on

predict an increase of approximately 1 meter. AUSGS Director Marcia

individual regions will vary over time and with the ability of different

McNutt said: “Most people mistakenly believe that as glaciers and

societal and environmental systems to mitigate or adapt to change.

ice sheets melt, the sea-level rise should be the same everywhere.”

The IPCC predicts that increases in global mean temperature of less

However, regional changes in temperature, seawater salinity, and

than 1.8 to 5.4 degrees Fahrenheit (1 to 3 degrees Celsius) above

atmospheric pressure can cause considerable differences in sea-level

1990 levels will produce beneficial impacts in some regions and

rise, just like ocean currents and land movements.3

harmful ones in others. Net annual costs will increase over time as
global temperatures increase.
Even a slight rise in sea level can cause severe damage. For
example, flooding and severe damage in coastal areas, erosion of
coastlines, the pollution of freshwater because of the mix of
seawater, flooding of coastal wetlands and islands, rising salinity in
estuaries, and some low-lying coastal cities and villages will be
affected. Some resources particularly important to the population of
islands and coastal areas, such as beaches, freshwater, fisheries,
coral reefs, atolls, and wildlife habitats are all threatened. In addition
to increasing the possibility of flooding, rising sea levels may also
lead to the permanent submergence of some low-lying island nations

Flooding forced people to abandon cars this week in Providence, Rhode Island, says iReport contributor Chris Mongeau
Source：CNN Wire Staff. “Rhode Island Flooding: 'Nobody Was Prepared' ,” n.d.

in the Caribbean, Indian Ocean, and Pacific.
Researchers analyzed records of North American tide gauges from
2 “Arctic Sea Ice Minimum.” NASA, NASA, 2 Oct. 2019, climate.nasa.gov/vital-signs/
arctic-sea-ice/.
10

3 Smith, Maggie. “Rising Seas: Will the Outer Banks Survive?” National Geographic, July 25, 2014. https://www.nationalgeographic.com/news/specialfeatures/2014/07/140725-outer-banks-north-carolina-sea-level-rise-climate/.
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Flooding issues in Providence
As a well-known “state of the ocean”, Rhode Island is famous for its
643 kilometers of coastline, and Providence is located at the
confluence of three rivers. Once the sea level rises, it will have a
direct impact on the city of Providence.
Before starting the research, I interviewed people living around the
research site on the issues of climate change and sea level rise. Most
people are aware of these issues and have a certain degree of
understanding. In recent years, various media have been constantly
promoting the dangers of climate warming. Recently, the Greta
Thunberg’s calls for protest also got responses in Rhode Island.
There were some protests in some public schools last year to
support her. Since Providence is very close to the sea, most people
have the experience of watching the ocean tides in the morning.
People who have lived in Rhode Island for several years have
experienced heavy rains that have caused water levels to rise and
affect their daily life. But when I asked them if they had made any
substantial supportive actions to mitigate the threat of global
warming or to mitigate the impact of the rise in the sea level on the
oceanic state of Rhode Island, almost everyone shook their head. I
12

Cognitive Process
Cognitive process is a back-and-forth process. Every step needs
a long time to develope until it goes into the next one.
13
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Stevin
Knowing

Jonathan
Recognizing

Bella
Acting

Lucy
Seeing

Stevin is a freelander after graduating from Brown University two

Jonathan understands the trends of the global climate changes are

As an architecture student, Bella has acknowledged the effects of the

Lucy’s home is very closed to the ocean, and she started noticing the

years ago. He read some news about the climate changes, and did a

moving towards very quickly. But he thinks it’s not a thing he should

SLR brings to the local environment. She began to change her

tidal changes during the day when she was vey young. She finds out

little bit research about that when he was in school. But he thinks

consider, but one thing policy-makers should care about.

behaviors,for example, take the public transportations as much as

the furthest point the tides are getting closer and closer to her house

possible.

year by year.

Freelancer

people should worry that too much since it will not happen until in

engineer

Architecture student

high school student

the further future.
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WHAT DIFFERENT STAKEHOLDERS CARE ABOUT
Different stakeholders often take a long time to make others understand what theyC
ost
are thinking. Sometimes designers have to build a huge physical model to make
clients point at specific locations they mean, and make all the residents vote to the
places they’d like to keep. Non-professional people always feel hard to describe
their imagination of the land to the designers. So how to visualize the site and
V
include details as many as possible is the key point to improve the efficiency.ita
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Design Simulation Tools
“ If you can imagine it, you can achieve it ”. One of the simplest ways

stakeholders make wiser decisions based on 3D scenarios. 3D

3D visualization is a powerful engagement tool because of its novelty

informed opinions after engagement with visualized information.

of getting people to imagine something is to create a picture of it.

visualization can improve people’s understanding of site by

and dynamism, interactivity and its capacity to disclose new

Most people have never been shown a picture of what their

Diagrams can make the invisible visible: not physically in the actual

communicating complex scientific information more clearly. It also

information and incorporate local news. We found that technical

community could look like in the future, or how it could be changed

landscape, or static diagrams with abstract graphics (this is

conveys what a future with these changes might really look like. At

presentations, when they include landscape visualizations, keep the

by their actions. Normally, most people feel little connection with the

confusing---can you get rid of this?), but in virtual landscapes. These

the same time, it reveals new information or patterns that no one had

audience’s attention much better than only conventional graphics,

community planning that goes on all around them. Seeing a picture

visualizations can be very powerful in improving both our insight and

spotted before, such as showing that a community’s proposed green

text and narration. Landscape visualization can increase

of a community’s future, especially along with other residents, can be

our foresight in seeing what any change may look like.

energy center will block tourists’ views of the main local landmark.

understanding and influence emotions, opinions, and sometimes

a transformative moment and perhaps can improve citizen

behaviors. The freedom to choose viewpoints gives us the bird’s-eye

participation in planning.

3D visualization has been used for decades in projecting urban

3D visualization is a powerful informative tool: visualizations can

view or more personal view of being in the ground, putting us literally

design outcomes and for impact assessments. In terms of

convey strong messages quickly and memorably, condensing

“in the picture”. Integrating GIS mapping and 3D modelling with

community planning, visualization can help build citizens’ capacity to

complex information into a more digestible form. Abstract 3D

quantitative and qualitative approaches makes visualizations useful

deal with climate change and support new policies, community

visualization can help to simplify and explain key concepts and

for experts using universal visual language, bridging cross

design and local decision-making. In this project, I’ll look at wider

bio-physical processes. Visualization can arouse strong positive or

disciplinary, cultural and language barriers. Digital visualizations can

public involvement processes that may deliver visualizations as part

negative emotional reactions in observers, potentially influencing their

be modified to reveal, highlight or simplify almost any aspect of the

of outreach and planning for community design.

attitudes and behaviors. 3D visualization increases people’s

3D/4D models being used, such as the underlying data, telling

motivation to act and support policy change. Generally, researchers

combinations of information, or different levels of realism.

This thesis uses augmented reality (AR) to do the in-time design

believe that higher realism and accuracy in landscape visualization

visualization. I want to increase community engagement to involve

leads to a better match with responses to real life, supporting the

Combined with public engagement techniques, 3D visualizations are

non-experts in the design process and make them understand the

validity of these methods in portraying future conditions for which no

able not only to push known information out to others, but also to

results of design changes in a visual way instantly to help

reality yet exists.

pull responses in from stakeholders or the public by gathering
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SITE ANALYSIS

MEMORIAL PARK

Site Description
Providence is the capital and most populous city of the state of
Rhode Island and is one of the oldest cities in the United States. It
was founded in 1636 by Roger Williams, a Reformed Baptist
theologian and religious exile from the Massachusetts Bay Colony.
He named the area in honor of “God’s merciful Providence” which he
believed was responsible for revealing such a haven for him and his
followers. Providence has a humid continental climate. The city is
situated at the mouth of the Providence River at the head of
Narragansett Bay.1
Downtown Providence has numerous 19th-century mercantile
buildings in the Federal and Victorian architectural styles, as well as
several post-modern and modernist buildings located throughout the
area. In particular, a fairly clear spatial separation appears between
the areas of pre-1980s development and post-1980s development.
West Exchange Street and Exchange Terrace serve as rough
boundaries between the two.
1 “Providence - Google Arts &amp; Culture.” Google. Google. Accessed May 19, 2020.
https://artsandculture.google.com/entity/providence/m0c1d0?hl=en.
20

SITE MAP
The site is Memorial Park, Providence, RI. This sculpture-filled park pays homage to
people who gave their lives during wars and conflicts around the world. This park is
located in downtown Providence, closed to RISD, Brown, and also near to the
bussiness buildings. People always come to talk, smoke, eat lunch along the river.
There are many activities happening on the park during the year. Some of them are
mainly held for the waterfire, the most attractive activity in Providence.
21
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Providence is located at the head of Narragansett Bay, with the
Providence River running into the bay through the center of the city,
formed by the confluence of the Moshassuck and Woonasquatucket
Rivers. The Moshassuck River is a river in the U.S. state of Rhode
Island. It flows 8.9 miles (14.3 km) from the town of Lincoln to the city
of Providence. 1
The Providence River is a tidal river in the U.S. state of Rhode Island.
It flows approximately 8 miles (13 km). The river is formed by the
confluence of the Woonasquatucket and Moshassuck rivers in
downtown Providence. One half mile downstream, it is joined from
the east by the Seekonk River and continues south. The cities of
Providence, Cranston, and Warwick lie to the west of the river, while
the city of East Providence and the town of Barrington lie to the east.
At the narrows between Conimicut Point, in Warwick to the west and
Nayatt Point in Barrington to the east, the Conimicut Shoal
Lighthouse marks the entrance to the river from Narragansett Bay.

1 “Providence River.” Wikipedia. Wikimedia Foundation, May 11, 2020. https://
en.wikipedia.org/wiki/Providence_River.
22

Source:
“Water Use and Availability in the Woonasquatucket and
Moshassuck River Basins, North-Central Rhode Island.” SIR
2005-5031, Water Use and Availability in the Woonasquatucket
and Moshassuck River Basins, North-Central Rhode Island.
Accessed May 19, 2020. https://pubs.usgs.gov/sir/2005/5031/.
23
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WEATHER CONDITIONS IN PROVIDENCE
Monthly precipitation in Providence ranges from a high of 4.43 inches (112.5 mm) in March to a low of 3.17 inches (80.5 mm) in July.[41] In general, precipitation levels are
slightly less in the summer months than the winter months. The high tide and low tide of the sea are generally twice a day. King tides are a normal occurrence once or twice
every year in coastal areas. In the United States, A King Tide is a non-scientific term people often use to describe exceptionally high tides. Higher than normal tides typically
occur during a new or full moon and when the Moon is at its perigee, or during specific seasons around the country.

24

SLR
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2080

2100

TIDE CONDITIONS IN PROVIDENCE
National Oceanic and Atmospheric Administration (NOAA) projects up to 9.6 feet of SLR in Rhode Island by 2100. This projection is based on NOAA’s 2017 analysis of SLR
scenarios, the latest NOAA “high” curve projects 1.67 feet of SLR for 2030, 3.25 feet for 2050, and 6.69 feet for 2080.
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There are the flooding map I got in Advanced STORMTOOLS, which provides a series of maps that illustrate what coastal flooding could look like in the future under different
storm scenarios. There are many similar research finished before, which provided great supports to my research.
Source: “Advanced STORMTOOLS Gallery.” arcgis.com. Accessed May 24, 2020. https://www.arcgis.com/home/webmap/viewer.html?webmap=16686101a1e047b5a418da32
929d999f.

26
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ArcGIS - 3 FEET SLR: Nuisance Storms.

3/25/2020

3 FEET SLR: Nuisance Storms.

ArcGIS - 3 FEET SLR: Extra/Tropical Storms.

3 FEET SLR: Extra/Tropical Storms.

10 Year Coastal Storm
with 3 feet Sea Level
Rise (feet above grade)

25 Year Coastal Storm
with 3 feet Sea Level
Rise (feet above grade)

<= 2

<= 2

4

4

6

6

8

8

10

10

> 10

> 10

Lowlying

300ft

300ft

USDA FSA | URI OCE, URI EDC, URI CRC, RI CRMC, NACCS | URI EDC | RIGIS | RIGIS, University of Rhode Island Environmental Data Center | Esri,
HERE, Garmin, iPC

USDA FSA | URI OCE, URI, EDC, URI CRC, RI CRMC | stormtools, storm tools, sea level rise, slr, flooding, naccs, surge, tide | URI EDC | RIGIS | RIGIS,
University of Rhode Island Environmental Data Center | Esri, HERE, Garmin, iPC

https://www.arcgis.com/home/webmap/print.html
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Section
According to the flooding data in Advanced STORMTOOLS, which provides a series of maps that illustrate what coastal flooding could look like in the future under different
storm scenarios. It enables Rhode Island’s municipal officials and decision makers to better understand their risk from coastal inundation. I draw these sections to show the
destinations of each flooding in Providence.
30
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These lines represent the containers of flooding in different levels.Instead of static diagrams, how to visualize the process of water filling into the “containers”, and how to
make the audiences tell structures are covered by water with the movement of flooding, and how flooding influence people’s life with the increasing height of water is the
keypoint in my research.
32
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Flow of People
This is an analysis of the flow of people in downtown Providence. The
black box in the middle is my research site, Memorial park. It’s clearly
seen that the streets around the site are very densely populated, so
once the site is eroded by the flood, there will be a series of large
influences on people’s life. Therefore, we must use various data
visualization methods to attract people’s attention to the protection of
this site.
34
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Height Analysis

Slope Analysis

Waterflow Analysis

Height, Slope, and Water flow
These figures analyze the height, slope, and water flow of the
surroundings to obtain basic information around the site. The level
changes from yellow to green and becomes heavier and heavier.
From this gradient maps, we can see that there are obvious changes
in height around the site, and slope changes are also very obvious in
some places. Rainwater mainly flows through the site and then
eventually flows to the river, so it is necessary to protect the site.
36
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SIMULATING FLOODING

3D Modeling
Compared with static diagrams and two-dimensional maps, the 3D
models provide multiple perspectives to observe the site, with more
levels of contents.
For the first simulation method, I used 3D modeling1, which is also
the most commonly method used in architecture. I build a model of
the site, and reflected the results I got from maps into the structures
of the models. Different materials and colors are used to show the
difference in the level of impact of flooding, so that people can clearly
determine whether a building or an area is affected by flooding, and
how much it is affected.2
1 “Assessing the Multiple Impacts of Extreme Hurricanes in Southern New England,
USA“, by David S. Ullman, Isaac Ginis, Wenrui Huang, Catherine Nowakowski, Xuanyu
Chen, and Peter Stempel. 2019. URL: https://www.mdpi.com/2076-3263/9/6/265
Models from Peter Stempel (https://peterstempel.com/)
2 Data source：“Real-Time Chronological Hazard Impact Modeling”, by Peter Stempel, Isaac Ginis, David Ullman, Austin Becker, and Robert Witkop. 2018. URL: https://
www.mdpi.com/2077-1312/6/4/134
38
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There are two floodings in the same site. As you can see, the darker color means the greater impact. 3D modeling can give people a clear idea about which areas are influences,
and which areas are not. I also use this method into other research to figure out if there are some problems needed to be considered.

40
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I use the same method into the oil facility simulation. Along the coast of Rhode Island, there are a lot of
wastewater treatment facilities. If flooding occurs, the resulting inundantions will disrupt the process of treating
wastewater and cause stoppage of water services for many families. On August 25, 1954, Hurricane Carol
brought strong winds and rough seas to Rhode Island, significantly damaging the area. The resulting storm
surge flooded downtown Providence with as much as 12 feet (3.7 meters) of water. I’m curious about if flooding
water get into the open facilities and interrupt the system working once the flooding comes.
42
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FLOODING SCENERIOS1
It is clear to know which structure is influence, but it’s hard to say how high the water will be and if the water
actually influence the working process of these facilities or not. So I start to think about another way can simulate
the height of water, and make people clearly know the threats of floodings.
1 Data source：“Real-Time Chronological Hazard Impact Modeling”, by Peter Stempel, Isaac Ginis, David Ullman,
Austin Becker, and Robert Witkop. 2018. URL: https://www.mdpi.com/2077-1312/6/4/134
Model source: Peter Stempel (https://peterstempel.com/)

44

45

3D Simulation in Flooding Providence

Augumented Reality (AR)
Augmented reality (AR) is an interactive experience of a real-world
environment where the objects that reside in the real world are
enhanced by computer-generated perceptual information, sometimes
across multiple sensory modalities, including visual, auditory, haptic,
somatosensory and olfactory.1
I added support for my urbansimulation game into augmented reality.
If you scan a flat site plan, a 3D site model appears on it. It means
that I have “2 realities”—the site plan which is informative and flat,
and the 3D model which begins to bring in more information and
possibly offers the chance to show perspective and emotion. Also,
there are many buttons along the screen, which allows you to easily
interact with the game and change aspects of the site model, like
the water level and availability of trees. So designers don’t have to
spend a long time to have diaglogues with kinds of stakeholders.

1 “Augmented Reality.” Wikipedia. Wikimedia Foundation, May 18, 2020. https://
en.wikipedia.org/wiki/Augmented_reality.
46

Scan the map on the left, a 3D model will appear in front of your eyes instantly. You can observe the 3D model in different perspectives, toggles it easily and change the height of
water by using the buttons and side bar.

47
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AR SCENARIOS
These are the scenearios made in AR system. You can change the height of water easily by using the side bar, and also you can tell which structures are covered by the water if
you adjust the height. But the water here is static, we can’t see the foams, or any collisions made by water with structures. So it’s hard to engage the audiences into the flooing
scenarios.

48
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FOAM SIMULATION

WATER MOVEMENT SIMULATION

Flooding Animation
Animation is a method in which figures are manipulated to appear as moving images1, which means we can use this media to show the
dynamic movement of flooding to illustrate the nature and extent of flooding events.

COLLISION SIMULATION

1 “Animation.” Wikipedia. Wikimedia Foundation, May 17, 2020. https://en.wikipedia.org/wiki/Animation.
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The first thing I did for flooding animation is to make a realistic model for this site, so people can easily tell the buildings they are very familiar
with. Then they can more engaged into this simulation, and arise people’s concerns as much as possible.
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Then I added transparent materials into the water to make sure people can tell the structures under the water. Also, you can change the
perspective you observe the site in the animation-making process, so you get several animations focusing on different areas.

54

55

3D Simulation in Flooding Providence

From these pictures, you can see the process of water entering the
site. You can tell the different results based on whether there are any
obstructions or not. These simulations allow the observer to directly
see the damage caused by the flood to the site they are familiar with
and how they will affect their life. This is the biggest difference from
the other two methods.
It’s also helpful for the designers, urban planners to test their
strategies in the specific site. Just dragging the site model into the
system, you can easily see how the water walk into the structures
and if your strategies are strong enough to protect the site away from
the water.
56

57

3D Simulation in Flooding Providence

Once you understand the water movement in this site, you can even have specific markings on the
physical buildings to tell the audiences how serious results the site will have based on the water
movement simulation, and we can also put an QRcode around the mark and you can get the
flooding animation by scanning the QRcode, so people can actually compare the reality and
imagination directly.
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Summary
These are the three stages of research, from static 3D models to dynamic AR systems, to
animation simulations, which allow viewers to see more and more flooding processes and
details. I eventually want a result of combining these three stages together into a complete
flooding process. First of all, we want to make the 3D model more detailed, changing it from a
general RHINO model to an animated model with many details, and then use this refined
model to do flood simulation animation in order to simulate more processes, and then put this
flood process and model into unity to make AR effect. Audiences are able to have more
interactions with this process, so as to achieve our purpose of raising people’s concern about
climate change and taking action to protect the environment.
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