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Renewable energy 
for traveling

Biodiesel/Biofuel

Destruction of 
carbon sinks

Existing social 
inequality in terms 

of shared resources

O’ahu and the Effects 
of Climate Change
Jessica Lai, Susan Ni, Chelsea Tang, GianCarlo Seixas       Systems 2021

Carbon sinks are an 
important part of 
balancing carbon 
dioxide levels. These 
areas absorb more 
carbon than they 
release.

Research predicts that 
O’ahu will become 

more arid due to 
climate change.

Changes in land use is 
predicted to cause the 

island of O’ahu to 
become a net carbon 

source by 2061

Investment in tourism 
due to high demand

Rise of urban 
development in 

previously vacant land

Carbon sink areas 
damaged or destroyed

Decreased GHG 
Absorption

Rising temperatures 
causes changing 
moisture levels

Unsuitability for certain 
plant species, causing 

shift in foliage

Green House Gas 
Inventory

Investment in 
renewable energy

Growth of renewable 
energy capacity

Mitigate effects of 
climate change

Less demand for 
fossil fuel

Investment receives public 
and government support

Investment in renewable energy technology leads to 
increased experience and associated cost 
reduction, leading to an improved business case for 
renewable energy, thus to extra investments.

Inequality suffered by 
disadvantaged groups 

within a society

Capture of social and 
political power by the 

rich and powerful

Increased 
cost of living

Less access to 
private resources

Less access to 
public resources

Increased exposure, 
susceptibility, and less ability 
to cope with changes for the 

disadvantaged groups
Similarly, the voices of these 
vulnerable populations are often 
ignored or unheard and hence leaving 
them no way to reach out for help. 

The disadvantaged groups have less 
asset and income and thus they are 
more exposed and susceptible to 
climate hazards and are less capable 
of coping and recovering through 
their own efforts. 

K-12

Front line communities 

University of Hawai‘i at 
Mānoa Project Team

Civil Workers

U.S. Department of 
Transportation National Highway Traffic 

Safety Administration

State Department 
of Health

Climate Adaptation Strategy


The Paris Agreement
Limiting global temperature rise to below 
2°C above pre-industrial levels and 1.5°C 

above pre-industrial levels.

Department of Planning

Renewable-Powered Grid

Energy Efficiency 
Portfolio Standard 

Act 15

increasing GHG sequestration 

in Hawaii's agricultural and 
natural environment

Act 16

establishes a framework for 

a carbon offset program

The City and County 
of Honolulu

Ocean Resources 
Management Plan


Coastal and ocean policy 
management

The Ola

Complete Streets policy
O‘ahu Bike Plan

Transit-Oriented 
Development areas


Municipal Solid 
Waste

Wastewater

Methane production

H-POWER (waste 
energy plant)

Non-renewable Energy

Energy generation

Oil Coal

Residential energy use

Single 
family 
homes

Multifamily 
homes

Renewable Energy

Solar

Food

Paper

Construction

Plastic

Commercial sector 
energy use

Restaurant Hotel

Schools

Recycling 
Plants Closer 

distance to 
needs

Mixed-use 
zoning

Recycling 
Plants

Reduced 
mining

Reduced 
manufacturing 

of raw 
materials

Maximized 
land usage

Unintended consequences: 
endangered species 

(Hawaiian Hoary Bat)

Damage to 
infrastructure

Cooling 
from AC 

Lighting

“Not in my 
backyard” 

phenomenon

Freshwater 

Health

Vulnerable population

The society fails to 
adapt to changes

More social equity 

Social Awareness

Lack of 
environmental 

awareness

Lack of social 
initiatives

Lack of educational 
opportunities

Poor understanding 
of what is at stake

Destruction of 
habitat

Disrupt local 
ecosystems

Keystone 
species

Invasive 
species

Rising 
temperature

Increased natural 
disaster

Endangered 
Species Rising sea levels 

will lead to the 
destruction of 
coastal areas

Restoration of 
Environment

Exhaustion of 
Freshwater Supplies

Development of 
tourist attractions

Agricultural 
expansion

Landfill

Poor waste 
management 

Loss of keystone species due to 
reasons like ocean temperature 
rising or invasive species could 
bring about negative effects for the 
ecosystems (e.g. coral bleaching).

Changes in marine cycle 
and weather patterns 
will result in harsher 
climate situations.

Respiratory 
issues

Stress and 
anxiety

Heat induced 
diseases

Safety 
compromised Shortages

Lack of disaster 
preparedness

Holes within current 
mitigation policies. 

Glacial Melting 
(*outside sources)

Educational programs 
on climate change

Environmental Activist 
Volunteers

Raising awareness and 
understanding for 
future generations

Fixing damage to 
infrastructure

Aviation emissions

Visitor spending in 
O’ahu averages to 
$22.4 million per day.

Damage/permanent 
alteration to the natural 

environment

Flooding of 
coastal regions 

($19 billion)

Displacement 
of residents

Coastal 
businesses

Seawater corrosion to 
water supply pipeline 

($300 million) 

Redirection 
of roads 

($15 billion)

Urban Development of 
Tourism services

Hotels/resorts Restaurants and 
Retail

Government services

Navy base Air force base Characteristics of the 
natural environment

Visitor Economy

Visitor related 
jobs

Investment in 
visitor sector

Air travel

Manufacturing Sector

Imported 
petroleum 
refinement

Food processing

Reduced worker 
productivity

Rising Ocean 
temperatures cause 

coral bleaching

Loss of Hawaiian 
cultural Identity 

Beauty of natural 
environment 


28% of O’ahu’s GHG 
emissions 

Poor air 
quality

Tourist 
Accommodations

Urban 
Developments

Energy Facilities

Expansion of 
Highway Systems

Sustainable ways 
of traveling

Development and Infrastructure

Lack of directly lucrative 
natural resources

Traditional Fuel Energy

Engineers

Designers

Tourism led to increasing travel 
demand which in turn resulting in 
the construction of more 
transportation systems.

Clean energy 
transportation 
systems.

Difficulty to shift dynamics of 
established practices

Continued reliance on 
unsustainable ways of energy use

Increased willingness 
to use public transits

Better distribution of 
energy and resources

Hawaii‘i State Energy Office

Waikiki Beach, a major 
tourist destination in 
Honolulu is disappearing at 
a rate of about a foot a year. 

Tourism

Transportation

Global reliance on 
non-renewable energy

Increasing renewable 
energy research

Public Private

Geothermal energy

Petroleum Coal

Declining number of 
registered private vehicles 

across the island

Better 
amenities for 
tourists.

Outside private 
investment 
disconnect from 
local interests 
and values.

Acceptance of 
environmental 
destruction for 
economic gain.

Climate change will ultimately impact 
the tourist industry with more extreme 
weathers and frequent disasters.

Preferring electric 
vehicles

Act 221

increasing tax credits to fund tech 

industry and solar energy tax credits to 
fund alternative energy research

As an island community, 
O’ahu has much at stake.

Oʻahu Residents

“Social cost” of climate change

Ill-health reduces the capacity of 
individuals and groups to adapt to 
climate change.

Exacerbate social 
issues including 
poverty and hunger.

Energy required to sustain the 
tourist industry increases the 
pressure placed on the environment.

60% of the animal and 
plant species are 
considered endangered.

These developments focused 
on consumption rather than 
sustainable commerce.

Develop more sustainable 
locally based resources 
such as agriculture.

Hard to engage citizens 
who may not understand 
climate change.

Asymmetry of power 
between the present and 
the future.

Problems within the 
current social structure.  Most vulnerable are often 

disproportionately impacted.

Vicious cycle created.

Damage to 
contributer of 
desirability.

As an island state 
Hawaii (O’ahu) could be 
easily influenced by 
climate factors in other 
parts of the world.

Organic waste that 
becomes methane 
is the driver of 
landfill emissions.

Intense rainfall 
events.

There is a real danger of 
decreased freshwater abiliablity 
in certain areas more 
susceptibility to changes. 

+

+

The current understanding of the climate change issue is still vague and 
incomplete, as it is often hard for people to admit the existence of bias in 
their worldview. 



Leverage Level: The Paradigm Used to Design the System 

                             Information Flow Structures

Implementation Plan

Problem

Potential Barriers

Educational Nature Programs

 The lack of funding and resources from the government to regulate the 
program would result in an unequal distribution of resources in an 
imbalanced social system.

 Leads to an increase in taxes thus the government should work toward 
providing equal opportunities for all to participate in these programs. 

Introduce these new 
programs to schools 
and public institutions

Regular government 
inspections and 
updates of these 
programs

Design and 
implement a 
well-rounded plan 

of action 

It takes a collective effort, from individual to the international community, 
to initiate these changes that would ultimately change people’s thinking 
models at a high leverage point. One way to start this transition of mindset 
might be for the government to implement educational programs with the 
aim of installing new ideas or correcting the old ones. The goal of these 
programs should be to engage the younger generation in interacting with 
the natural environment outside of classrooms. 



For the island of Oahu, the government should work with both scientists 
and designers to start designing free and accessible educational programs 
for children starting from kindergarten to high school. These programs 
should be especially important for large cities where there is a large overall 
population. In Honolulu, for example, the government could work with 
researchers at the University of Hawaiʻi at Mānoa to develop the wireframe 
for these projects. In time, these programs should help people to better 
connect, understand, and analyze the environment.

+

Effects of climate on 
human health include 
both physical traumas 
and mental burdens.

Approximately 68% of all single-family 
homes on O‘ahu lack sufficient 
hurricane wind resistance.

As related to the natural 
environment (e.g. 
beaches, fisheries...).

Globalization 
causing 

dissemination of 
western culture

Human populations are 
at risk of climate-related 
hazards including sea 
level rise and flooding.

Accounts for 1/2 
of renewable 
energy use.

Imported energy

Wind

Green Architecture

Passive solar design

Rooftop solar

Ridge and soffit 
ventilation

Actions

Results 

short term

Specific Examples

Leverage Level Scale of Influence

Indirect Effect

Further Information

Direct Effect

Ecology of InterventionsMitigating

Worsening

long term

KEY

1
 12

Collective

Individual

Enforcing policies 

Enforcing policies 

Progressive Property Taxes

40% less 
energy use 
than single.

Guaranteed Security Program to 
Support Local Home Ownership

Updating Building Codes

Residential Hurricane 
Retrofit Program

Selecting specific measurable 
indicators to track progress 
towards those existing targets

Department of 
Education

Local job opportunities

Enforcing policies 

80% of total energy use.

Ex. wind farms noise 
disturbances.

Gaining access and power  
to Pacific Asian Countries

Leverage Level: Balancing Feedback Loops

Electric Power Grid

 Pushing EVs while the electric grid runs primarily on fossil fuels 
will have limited impact on near-term GHG emissions

 Increase in electricity usage in Hawaii heavily depends on the 
increase in petroleum.

Developing an affordable renewal-powered grid for more EV charging will 
support the larger scale EV transition in the long term. Current charging stations 
are only available in urban areas, and only the wealthy are able to set up private 
charging stations. By streamlining the permitting process, the cost of EV 
charging equipment will decrease to help gain accessibility for lower income 
residents. As for the public charging stations, extending the power grid to rural 
and suburban areas, such as highway service areas will allow more equitable 
access to clean energy.

Streamlining the 
permitting process

Building charging 
stations in urban areas 
and public facilities

Extending the grid to 
rural areas such as 
State high ways

Implementation Plan

Problem

Potential Barriers

Transportation is the largest contributed to overall GHG Gas emissions, which is 
supported by the developed auto and gas services provided for fossil fueled 
vehicles. Preference in accessibility encourages local residents to purchase 
fossil fueled vehicles instead of electric vehicles (EVS).

Current transportation systems are linear and reliant on the consumption of 
fuels such as gas and petroleum. 

Leverage Level 7: Gain around driving positive feedback loops

Implementation Plan

Problem

Potential Barriers

Advance Green Transportation 

 Parking and private vehicle corporations may lobby to prevent these 
changes from being mad

 The lack of funding and resources from the government to implement 
such improvements to public infrastructure would result in an unequal 
distribution of resources in an imbalanced social system.

 Leads to an increase in taxes



Promote usage of 
implemented 
improvements 
using campaigns

Shifting to electric 
powered buses and 
regular maintenance of 
created infrastructure

Designing sidewalk 
infrastructure, bus 
routes, and bus 
navigation aids

Many of Oahu’s residents have expressed willingness to use alternatives to 
private vehicles such as public transportation, walking, and biking more if 
certain issues were addressed. Amongst these issues, a main factor 
deterring residents from walking and biking was traffic safety, which was 
caused by the lack of proper sidewalk infrastructure. Widening and 
creating sidewalks, creating bike lanes, and establishing car-free streets 
are improvements that O’ahu has noted as ways to promote walking and 
biking.



Another major deterrent is public transportation reliability. Inconsistent 
timing, confusion with routing, and inability to store larger items such as 
luggage and bikes all contribute to this discouragement. This could be 
addressed by implementing bus-rapid transit lanes on major routes that 
would improve frequency and timelines. In addition, a transit app or 
bus-tracking technology at bus stops would prevent confusion. These 
implementations have already been established in areas such Seoul, South 
Korea and Tokyo, Japan.



Finally, the transition to electric public buses would mitigate the reliance on 
fossil fuels for public transportation and would be possible through 
existing infrastructure from the “Electric Power Grid” intervention point. 
This will make the change relatively seamless and greatly reduce ground 
transportation emissions.




Raised awareness could lead to the 
increase of climate activists who 
would contribute to the climate cause. 

Tourism contributes 
greatly to the overall 
transportation 
emissions. 

Annual Sustainability Report

reflects on the progress achieved


Determining data availability and 
baselines to measure targets

One Water climate 
adaptation policy

O‘ahu General Plan

Community training

Resilience Action 6

Expand Affordable Housing and Energy 

Transformation by Accelerating the 
Permitting Process

Integrated Solid Waste 
Management Plan


Resilience Action 8

reduces parking requirements


Emergency Food Supply 
and Storage Strategy

Leverage Level: Balancing Feedback Loops 

                             Delays Relative to Change Rates

Tree Planting Programs 

Implementation Plan

Problem

Potential Barriers

Organizing and encouraging 
local volunteers to part take in 
these programs by explaing the 
objectives and advantages

Development of structured plans 
through the combination of design 
thinking and scientific analysis

Disappearance of trees across the island of O’ahu not only contribute to worsened 
climate situations but also problems associated with soil erosion and land 
deterioration.

O’ahu’s Office of Climate Change, Sustainability, and Resiliency has a plan of 
planting 100, 000 trees by 2025 but it would take a collective effort to achieve this 
goal. The vision of this program should be to protect, plant, and manage trees to 
create a diverse, resilient, and beautiful urban forest on public and private lands 
across the city that would also help with the mitigation of climate change. 



To achieve this goal, the island’s government need to make its residents firmly 
believe in the social, psychological, and economic benefits of forestry and why 
they are worth preserving. Conferences and other green-awareness related events 
could help to bring together leading advocates for urban forests all across the 
state and nation which could help to engage the public. Along with other 
specialists like landscape engineers, designers could utilize design skills and 
design thinking when planning the landscape, constructing the plan, and executing 
the goals. Once the initial goal has been reached, designers could also contribute 
in the long term process of aftercare and maintenance of the trees by drawing up 
models and plans for the future. 

 perception that trees widely cause or contribute to building damag
 Inadequate aftercare and maintenance of trees leading to high rates of tree 

mortalit
 reduced funding has been reduced due to competing priorities (tree planting 

not viewed as being important enough)

Mapping and assessing 
city streets and park trees 
across O‘ahu to determine 
a plan of action

Federal Emergency 
Management Agency 

Community Emergency 
Response Team (CERT) training

Inequality aggravates 
environmental degradation.

Climate educational programs could make it easier 
for people to understand the imporance of why they 
need to be mindful when they are making certain 
choices that might impact the environment. 
Combined with the encouraged use of green 
transportation, the people of O’ahu will develop a 
better understanding and awareness of the fight 
against climate change. 

Enforcing policies 

STAKEHOLDER DISTRIBUTION
Positive Impact

Negative Impact

Macro
Scale of Influence on the Climate 

Micro

Local businesses 


Tourists

International committees 

Federal government 


State government


Municipal government 


Large (international) corporations


Local Residents

Frontline communities

NGOs (activists)


Animals
Plants

These interventions are connected in a way that while some 
might serve the function of helping people to understand 
how their decisions and actions affect the environment, 
others demonstrate real, tangible steps which people could 
take and actually see how their actions could help to keep 
the environment healthy and sustainable for the future.

Economic dependence on tourism

Marketing and societal 
view of “Paradise”

Desirability to 
tourists

Damage to 
contributer of 
desirability.

Food 
security

Economic 
stress

Livelihood 
security

Climate change is known as the shift in a region’s average weather conditions over a 
long period of time. While the Earth’s climate has naturally fluctuated throughout its 
existence, modern climate change is unprecedented. Today, temperatures around the 
world are rising faster than they ever have before in human history. In the past 100 
years alone, the Earth’s average temperature has increased by 1°C with 2020 being 
the hottest year on record. 



Climate change is already affecting people all around the world, and its impacts extend 
well beyond rising temperatures. Anything from water, to agriculture, to ecosystems, to 
human health can be affected by changes to regional climate. To understand the depth 
and complexity of this issue, our team created the following map to draw out the 
causes and implications of climate change on the island of Oahu, Hawaii. 



For our map, we chose to use the flower motif not only to represent O’ahu’s natural 
beauty but also to indicate how delicate the climate situation has become. We 
divided our map into five large categories each with both the causes and effects 
across social, environmental, economic, infrastructure, and transportation aspects 
and they are all embedded in the overall political bubble. We utilized the gradient in 
the back to indicate the scope of the problem since climate change is much more 
than a local issue. In addition, because climate change can sometimes be treated as 
a problem to push off until later, we highlighted the short term and long term effects 
to give viewers a better idea of what is at stake. Finally, for our ecology of 
interventions we were able to identify four different interventions through many 
different lenses and leverage points. By connecting all the interventions, we also 
hope to demonstrate how they could work together to create a better vision for 

the future.


PROJECT OVERVIEW

THE GREENHOUSE GAS EFFECT
As mentioned above, modern climate change is not a natural shift in weather 
conditions. We live in the age of the Anthropocene, an age during which human 
activity has been the dominant influence on climate and the environment. Human 
activities release gases known as greenhouse gases (GHG) into the atmosphere. 
These gases, such as carbon dioxide, water vapor, and methane, trap heat at the 
Earth’s surface in the same way that a greenhouse acts to capture heat from 
sunlight. This phenomenon is known as the greenhouse effect and is the main 
cause of rising temperatures and climate change.

*Aviation 29%, On-Highway 17%

*Industrial and Commercial 25% 

O’AHU GHG EMISSIONS INVENTORY 2019

Agriculture, Forestry, and Other Land Use

Industrial Processes and Product Use

Stationary Energy

Transportation 50%

42%

4%

3%

1%

Waste

Livestock

Forest fires 

Minor island emissions (1%)

Field burning of 
agricultural 

residues 

Change of regional weather pattern

Increased natural disaster

Changes in the 
marine cycle

Changing 
rain cycles

Climate change mitigation 
measures can place a 

higher financial burden on 
poor households.

These two interventions could be viewed as 
being different stages on a three-horizon 
graph. The addition of electric grids for 
electric cars could bring short term benefits 
and serve as the transition before green 
transportation could be fully incorporated.

Increased number of trees in urban 
areas will encourage individuals to 
bike and use public transportation 
more. These trees provide shade 
and protection from the weather for 
bikers or people waiting for buses.

Renewable energy transition 
through a range of technologies 
from solar PV to ocean thermal.


