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Abstract
We explore the future of the population of the Island of Hawaii and its welfare up to the year 
2100 by adapting the World3-03 model that couples nonrenewable resources, population, human 
activity and the environment so that it takes into account the interactions between this Island and 
the rest of the world. The Island is very poor in nonrenewable resources, but can acquire 
technology and some food through tourism revenues and outside investment. Under this model 
the size and well-being of the Island's permanent population track closely that of the rest of the 
world, but even if the global population stabilizes the Island will still experience moderate social 
decline. Short-term (earthquakes, tsunamis, etc.) and long-term effects (rising ocean levels, 
geologic subsidence, etc.) are not contemplated in our scenarios.
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Introduction

The prediction and tracking of major social indicators is an issue of worldwide importance—and 

yet, lessons can be learned from small, isolated locations. The aim of this paper is to study 

possible futures for the population and welfare of the Island of Hawaii—an area that shares the 

same challenges as other geographically isolated small societies: shortages of scale economies, 

domestic demand, domestic capital sources, industrial diversity and nonrenewable resources, 

inescapable economic dependency on the rest of the world and susceptibility to external shocks 

(Read 2001). We use computer models and demographic data to construct scenarios for the 

future of the population of this Island (one of eight in the archipelago and state with the same 

name), as defined above,  and show how geographical isolation and lack of nonrenewable 

resources can lead to long-term vulnerability, expressed in the model as social decline. A lesson 

to be learned is that, for other isolated or resource-poor regions, a good strategy for survival and 

stability may be to adjust development expectations to conform better to available resources.

The decline of civilizations and social groups has been the subject of much research (see Tainter 

2000; Turchin 2003; Diamond 2011, and references therein), despite the difficulty in defining 

terms such as “decline” and “civilization”. Typically a number of factors such as the breakdown 

of social cohesion or complex hierarchies, environmental problems and an increase in the energy 

required to sustain these societies have been cited as contributors to social decline. Meadows et 

al. (1972, henceforth LtG for “Limits to Growth”) were the first to bring attention to a more 

widespread form of collapse or decline involving all of human society. LtG introduced a model, 

World3, with a few hundred global variables describing population, nonrenewable resources, 

agriculture, industry and service sectors and persistent pollution, connected by first-order 

differential equations and function tables based on empirical data. The authors of LtG presented 

a number of scenarios, many of which resulted in a serious breakdown of our current lifestyle 
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and population size over a 130-year horizon, one of these being the standard run or “do-nothing” 

scenario. In most scenarios the depletion of nonrenewable resources plays an important role. 

Only a rapid, concerted effort to reduce erosion and pollution, enhance land yield and rationalize 

the use of resources could avoid this collapse, according to LtG. More recent work (Randers 

2012) presents similar conclusions, with strong recommendations of moving away from a pro-

growth paradigm and making decisions that decrease the causes and effects of global warming 

and climate change. Brooks (2013) adopted the conclusions from the LtG paradigm and applied 

them to examine Bhutan’s Gross National Happiness practices. 

Since the introduction of LtG the mathematical study of the future of humankind has become a 

growing enterprise. While World3 has been criticized (see Cole 1975, and Miller 1998 for more 

compelling arguments), the basic LtG scenario has been validated by real data (Turner 2008; 

Bardi 2011).  Randers (2012), a coauthor of LtG, argued that currently the world is following a 

scenario with a milder decline due to new resources and technologies although human-induced 

climate change will eventually cause population and living standards to drop during the second 

half of the century.

Global models have evolved in several directions (Meadows et al 1982; Hughes 1999; Swart 

2004), including regional compartmentalization, and models focusing on climate change 

(Bouwman 2006). Certainly, despite the controversy, LtG has played an important role in the 

debate about our future (Acharya 1996; Alcamo 1996; Chadwick 2000; Daniels 2002; Haberl 

2002; Simonovic 2002; Schandl 2009; Jackson 2009; Morecroft 2012). At a less global level, the

rise and fall of states often exhibiting multi-century (secular) cycles has been documented and 

studied by Turchin (2003). Social collapse at very local scales has been addressed by Diamond 

(2011). 
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As for models of local/island economies, Chen (2006) developed an “island tourism multi-

dimensional model” for the islands in Europe and applied it to Bornholm, Denmark. This 

module-based integrated model includes Economic Impact Assessment and Trend Analysis and 

Forecast modules. The former, however, uses an input-output model and the latter is based on 

autoregressive  moving average; the model, therefore, is not designed for long-term forecast of 

human systems.

Our objective in the present paper is to extend the World3 model to couple global and 

local phenomena. In particular, we produce scenarios of the future of the Island of Hawaii; this 

location is very poor in nonrenewable resources, very promising in terms of renewable resources 

(e.g. sunlight and water), and due to its geographical isolation it can be modeled as a small 

compartment of the world with well-described couplings. Our model is not equipped to take into 

account either sudden (earthquakes, tsunamis) or long-term (pollution, global warming) 

catastrophes.

Due to the nature of the available data, we felt that World3 was the most relevant platform for 

our simulations.

The paper is organized as follows. In the Methods section we give a brief description of World3. 

We then briefly describe the Island characteristics and develop the coupled local-global model, 

incorporating local data on agriculture, population, industry, tourism, in-migration and capital 

inflow, among others. The Results section contains both stabilized and decline scenarios for the 

future of the Island, followed by sensitivity analysis to support the robustness of the results. In 

the Discussion section we summarize our results and present our conclusions.
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METHODS

World3-03

The details of the original World3 model are described in Dynamics of Growth in a Finite World 

(Meadows et al. 1974). The World3 model is a system dynamics model written in the computer 

language DYNAMO, based on its predecessor, World2 (Forrester 1971). The authors updated the

World3 model and built World3-91 in Beyond the Limits (Meadows et al. 1992) using a new 

simulation platform, STELLA. They further improved the model using updated data to create 

World3-03, introduced in Limits to Growth: The 30-Year Update (Meadows et al. 2004).

As stated earlier, the original World3 was validated against real data by Turner (2008). Although 

net birth rates (thus overall population growth rates) were accurately predicted by the original 

World3’s standard run, observed crude birth rates and observed crude death rates were 

consistently lower than the standard run’s output. The world’s average food per capita also has 

grown faster than the output from standard run since 1980. These discrepancies, however, are 

resolved in World3-03; both birth rates and death rates are accurately modeled by the standard 

run of World3-03. This gives us confidence in building our global-local model based on World3-

03.

World3-03 consists of 15 stocks (variables for tangible and measurable quantities), 23 flows, 

nearly 200 variables, over 40 function tables and over 40 parameters. The stocks include 

nonrenewable resources, potentially arable land, arable land, land fertility, land yield technology, 

urban industrial land, industrial capital, service capital, persistent pollution, pollution control 

technology, and populations of four age groups. Renewable resources are not a stock in the 

model, but when used in a scenario they reduce the depletion rate of nonrenewables.

All variables and stocks in World3-03 represent aggregate or average quantities in the world. 

They are of general nature; for example, “persistent pollution” includes all pollution types such 
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as air pollution, water pollution and soil pollution. Similarly, nonrenewable resources include 

both fossil fuels and minerals. Most function tables are based on the data that were available at 

the time of the original LtG study. The parameters are also either estimates from data or the 

authors’ assumptions. The authors report that they confirmed the robustness of the model to 

parameter values. This claim has been validated by statistical screening analysis, assuming 

uncertainty of 10% in 14 key model inputs (Ford 2005). It must be noted that an optimized 

search over 96 parameters that need to be initialized in World 3 led to 2100 population about four

times higher than those predicted by the standard run (Miller 1998).

Figure 1 summarizes causalities between key variables and stocks of World3-03. It shows a 

simplified structure of the model and does not include intermediate variables that collectively 

constitute a single causality (arrow) in the same Figure. 

Some obvious causal relationships are also omitted for simplicity (e.g. population affects all per 

capita quantities as a divisor). Furthermore, it only includes stocks that are relevant to the 

standard run discussed in the LtG and to the coupled global-local model in this study. For 

example, the levels of land yield technology and pollution control technology used in alternative 

scenarios are not present in Figure 1.

The foundation of the world modeled by World3-03 is the flow from Nonrenewable Resources to

Industrial Output (e.g. manufactured goods for consumers, goods that are used as service capital 

such as buildings and office supplies, and machines and materials used for agriculture.) 

Nonrenewable Resources are used to accumulate Industrial Capital, which determines the level 

of Industrial Output. The depletion rate of Nonrenewable Resources is determined by the extent 

of industrial activities. As the level of Nonrenewable Resources falls, it becomes costly to obtain 

the resources, resulting in the shrinkage of Industrial Capital.
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Industrial Output is the basis of the service and agricultural sectors. The portion of Industrial 

Output used for accumulating Service Capital (e.g. buildings, equipment, computers, etc.) is 

determined by the level of Service Output per Capita relative to a desired level given the level of 

Industrial Output per Capita. Service Capital generates Service Output including education and 

health services. Similarly, the portion used as Agricultural Investment is determined largely by 

the current level of Food per Capita relative to its desired level, which is estimated from 

Industrial Output per Capita. Agricultural Investment is used two ways: Agricultural Input and 

the development of Arable Land. Those two quantities regulate the total food production level.

Persistent Pollution accumulates if pollution assimilation is not fast enough to keep up with the 

pollution produced from industrial activities and agriculture.

The net population growth is computed from Fertility Rate and each age group’s mortality rate. 

The Fertility Rate drops as the society becomes wealthier and Industrial Output per Capita 

increases. Mortality Rates also decrease as Industrial Output per Capita rises. Health Services, 

Food per Capita and Persistent Pollution are also the factors that control Mortality Rates. Note 

that population growth rate affects Industrial Output per Capita, Service Output per Capita and 

Food per Capita, which eventually change Mortality Rates. These are the main feedback loops in 

the model; they give rise to its nonlinear behavior. In the standard run of LtG the 30-Year 

Update, the shortages of food supply and health services are the main causes of the decline in 

Life Expectancy.

Island Characteristics

We incorporate the following seven unique characteristics of the Island of Hawaii into the Island 

module of our coupled global-local model: geography, nonrenewable resources, manufacturing, 

food supply, tourism, capital inflow and in-migration. We will discuss each of them in turn.
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Geography: The state of Hawaii is in a remote location—approximately 3,700 km away from the

mainland United States and over 6,000 km from East Asia. Even though our civilization has 

continuously accelerated time-space compression since the Industrial Revolution to the extent 

that even low-value added commodities are traded internationally, transportation costs should 

become visibly higher as the energy costs rise. The Island of Hawaii imports a major percentage 

of its food supply, consumer goods and service capital; therefore, transportation costs need to be 

explicitly built in the model.

Nonrenewable Resources: There are no known fossil fuels and few useful minerals in Hawaii. 

The Island of Hawaii imports as much of these as it needs; its mining activities are limited to 

quarries for construction materials.

Manufacturing: The manufacturing sector of the Island of Hawaii is marginal. According to the 

2007 Hawaii Inter-county Input-Output study (State of Hawaii 2012), 6.2% of Hawaii County’s 

output was from manufacturing, whereas 17% of the world’s gross product was from 

manufacturing the same year (World Bank 2013). This may not appear as a negligible fraction, 

but a major part of the manufactured products in the state of Hawaii consists of refined 

petroleum products (themselves imported) and food products; the input for the latter belongs to 

the food production section of the model.

Food supply: A large percentage of food locally consumed in the Island of Hawaii is imported 

(The Kohala Center 2007), although the relatively significant role played by informal food 

supply channels in the Island such as farmers market, recreational fishing and hunting for 

subsistence makes it difficult to give an accurate estimate. There is, however, substantial arable 

land area available for agriculture (Melrose at al.  2012) but it is expensive.

Tourism: The revenue from tourism is the leading export base for the both the state and the 

Island of Hawaii. In 2007 approximately 24% of the service output of the Island of Hawaii came 
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from visitor expenditure (State of Hawaii 2012), which could be circulated within the Island 

and/or used to import manufactured goods, services and food.

Capital net inflow: Capital flows in various forms, ranging from public support from Federal 

and State governments (e.g. public infrastructure, military facilities, educational institutions, 

national parks, etc.) to domestic investments from firms in the mainland United States and 

foreign direct investments.

In-migration: Immigration has played a major part since the mid-19th century when Hawaiian 

sugar plantations started to attract workers from Asia. Even after Hawaiian statehood in 1959, in-

migration contributed to a significant portion of its population growth. According to U.S. Census

Bureau 2012 Population Estimates, in-migration accounts for 46% of Hawaii County’s 

population growth between April 1, 2010 and July 1, 2012.

These characteristics are persistent throughout the years the coupled local-global model 

simulates, and are integrated into the model accordingly as we explain in the next two sections.

Parameters and Assumptions of the Coupled Local-Global Model

The local compartment of the coupled model is analogous to World3-03—it has all variables of 

World3-03 except for Nonrenewable Resources and Industrial Capital. We retain most function 

tables and parameters in World3-03 because they are either normalized or per-capita based. The 

following parameters, however, need to be adjusted according to Hawaii’s physical and 

socioeconomic characteristics: Capital Inflow coefficient, Service Output Surplus coefficient, 

initial Arable Land, and initial Service Capital, and Migration coefficient, as explained below.

Capital Inflow coefficient: this quantifies the fraction of the world’s industrial output that moves

into Hawaii’s industrial output pool without using the island’s resources. We also assume that a 

fixed portion of the world’s population migrates into the Island of Hawaii every year. 
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Service Output Surplus coefficient: this represents the percentage of the world’s Service Output 

that flows into the Island of Hawaii as visitor expenditures. This coefficient is obtained by 

dividing visitor expenditures (Hawai’i Tourism Authority 2009) by the service output in 2007 

(State of Hawaii 2012), both actual data. 

Initial Arable Land and initial Service Capital: these are the quantities of arable land and 

service capital respectively in 1900, which is the first year of the simulation period. While 

historical data are not available, simulations of population constrain these parameters to a fairly 

narrow range consistent with actual population numbers. We use numbers within this range.

Migration coefficient: Accurate net migration data at the county level are available only for 

recent years and the data can also be considerably influenced by military personnel transfer. 

Therefore, instead of estimating migration rates from the data from a short period of time, we 

calculate it as the ratio between total population and natural population growth factors.

We use the 1970-2010 data to calculate the total population growth coefficient. This is because in

earlier times the island's small population was significantly affected by external events and 

changes in industrial structures which the model cannot quantify. Figure 2A shows the 

population since 1900 (State of Hawaii Department of Business, Economic Development & 

Tourism 2013). During the early 20th century, the rise and fall of the sugar industry affected the 

island’s population, as did WWII. It was only after gaining statehood in 1959 followed by the 

emergence of tourism industry that population growth became stable.

 The natural population growth is calculated using the Life Expectancy curve shown in Figure 

2B, which in turn is determined in World3-03 from factor such as Service Output per Capita, 

Food per Capita and Industrial Output per Capita. We obtained life expectancy at birth data from 

state records. Even though life expectancy has been rising steadily since the beginning of the 20th

century (Figure 2B), we chose to start in 1950 in order to avoid direct effects from World War II. 

10



Structure of the Coupled Local-Global Model

Figure 3 shows the causal diagram of the coupled local-global model. In this model Hawaii 

produces additional service output from tourism, generating a surplus to import industrial output 

and food. The local compartment of the model does not have Nonrenewable Resources and 

Industrial Capital. In this model all of the Industrial Output is purchased, or transferred as capital

inflow from the rest of the world. As in the World3-03 model, Industrial Output is used as 

Service Capital and Agricultural Investment.

When tangible goods such as food and manufactured goods are imported, transportation costs are

incurred. We use the “fraction of capital allocated to obtaining resources” in World3-03 (Figure 

4) as a proxy for transportation costs. As the remaining fraction of nonrenewable resources 

becomes smaller, the cost to obtain nonrenewable rises. We surmise that the fraction of 

remaining resources has the same effect on the quantity of imports per unit service output 

surplus. (UNCTAD 2010; Transportation Economics & Management Systems, Inc. 2008).

In addition to imports from the World, Hawaii’s Industrial Output can also increase through 

Capital Inflow, which is a proportion of the World’s Industrial Output transferred by the U.S. 

government, private firms and foreign direct investment.

The fractions of Service Output Surplus allocated to importing Industrial Output and Food are 

determined respectively from the average consumption patterns of the United States and the state

of Hawaii. Approximately 55% of the United States GDP consists of household purchases (Stutz 

and Warf 2011), so the rest is available for importing Industrial Output (thus investment in the 

service and agricultural sectors). The residents in the state of Hawaii spend 17% of their total 

consumption for food (County of Hawaii 2010), and we assume the same percentage is used for 

importing food.
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Note that this trading structure—tourism as Hawaii’s export base along with imports of food and 

industrial output—introduces a new positive feedback loop to the model. The imported industrial

output allows the Island of Hawaii to replenish Service Capital, enhancing service output and its 

surplus. The effect of imported food, on the other hand, raises food supply per capita higher than 

the capacity of the local agriculture and slows down land development.

In addition to natural population growth as in World3-03, population growth in this model is also

achieved by migration. We assume that the migration flow from the world to the Island of 

Hawaii is determined by two factors: The world population and the difference in the quality of 

life between Hawaii and the rest of the World. As a proxy for the quality of life, we use Life 

Expectancy, so the migration rate is:

Migration Rate = Migration Coefficient × World Population × (Life Expectancy in the Island of 

Hawaii - Life Expectancy in the World)

RESULTS 

To implement the model described above, we ported the STELLA version of World3-03 into 

AnyLogic 6 (www.anylogic.com) and built our model accordingly. Calibration was performed 

using AnyLogic’s built-in optimization module that utilizes the OptQuest Engine 

(www.solver.com/optquest-solver-engine). A typical scenario, which starts with year 1900 and 

ends in year 2100, takes 3-5 seconds on a high-end desktop PC to run. 

As discussed earlier, the population of the Island of Hawaii did not follow a typical exponential 

growth between 1900 and 1970 (Figure 2A). The population, therefore, was forced to match the 

data throughout that period. The data from 1970 to 2010 were used for calibration.
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Standard Run for both the Island of Hawaii and the World

We first use the “standard run” scenario in Meadows (2004) for the global part of the coupled 

model (Figure 5A). Turner (2008) compared historical data between 1970 and 2000 to three 

scenarios in the original LtG study and concluded that the standard run scenario shows the best 

overall agreement with these data.

Figure 5B shows the simulation output of the coupled global-local model: Industrial Output, 

Service Output, Food, Persistent Pollution and Population of the Island of Hawaii. This result 

exhibits similar characteristics to World3-03; Industrial Output and Food peak and decline first 

followed by Service Output, causing population to decrease later. For both Hawaii and the world,

population decline patterns are similar to each other. The growth stops within the same 

timeframe (2025 for the World and 2030 for Hawaii), a few decades after which the decline rates 

reach 1% and stay at that  level until the end of the 21st century, when the population decline in 

Hawaii slows down. 

In World3-03, fertility rates and mortality rates are determined by estimating life expectancy at 

birth first. Figure 6A shows that life expectancy in Hawaii is significantly higher than that of the 

world until the early 21st century, but it drops faster after its peak and quickly converges with that

of the rest of the World. Life expectancies of Hawaii and the world closely follow each other 

throughout the late 21st century. 

Even though the life expectancies of Hawaii and the World are comparable during the declining 

period, the results have different origins. Figure 6B compares Industrial Output  per Capita 

between Hawaii and the World. Throughout the 21st century, this quantity remains lower in 

Hawaii than in the rest of the World. The faster declines are caused by heightened transport costs 

of Industrial Output. Food supply in Hawaii, however, is consistently higher than the world 
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average (Figure 6C), counteracting  the lowering in Life Expectancy caused by the decline in 

Industrial Output per Capita and Service Output per Capita.

Since the publication of the original LtG study, it has been pointed out that when discussing 

sustainable development welfare-based indices need to be considered instead of production-

based measures (Ekins 1992). Figure 6D makes a comparison between the Human Welfare 

Indices in the Island of Hawaii and the World. The Human Welfare Index in World3-03 is a 

proxy for UNDP’s Human Development Index used before the 2010 Human Development 

Report of UNDP, which combines Life Expectancy Index, Education Index and GDP per capita. 

In World3-03, Education Index and GDP per capita are estimated by Industrial Output per 

Capita, so the Human Welfare Index is ultimately a function of Life Expectancy and Industrial 

Output per Capita. Figure 6D shows that the Human Welfare Index of Hawaii drops to the world 

average during the first quarter of the 21st century, falls slightly below the world as Industrial 

Output does and recovers toward the end of the century. 

Stabilized Scenario for the World and Standard Run for the Island Hawaii

Scenario 6 in LtG the 30-Year Update is a stabilized scenario (Figure 7A) where nonrenewable 

resources are abundant, and pollution control, land yield enhancement, land erosion control and 

resource efficiency technology are implemented by 2002. We now use this stabilized scenario for

the world, keeping standard run as the scenario for the Island of Hawaii. This would correspond 

to the case where the rest of the world adopts these sustainable policies, but the local government

and inhabitants of the Island of Hawaii do not. It is meant as a warning, and also given for 

completeness; it is not a reflection of how actually local politics works.

Figure 7B shows the simulation output of the coupled model where the world runs a stabilized 

scenario as described above. Even though Hawaii does not adopt the same technologies as the 
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world for self-reliance, it benefits from the new efficient resource management and high 

productivity, keeping its population growth beyond 2050.

One of the reasons for this is that the higher industrial output of the world makes it possible for 

Hawaii to keep enjoying Capital inflow from the rest of the world, allowing Hawaii’s Industrial 

Output to fall slower than in the standard run. It also helps to prevent the living standards in 

Hawaii from falling. Another reason is that since the world’s population does not collapse, its 

Service Output stays relatively high as well. As a result, the Island of Hawaii is able to keep 

importing industrial output and food from the rest of the world. Because of the resource-saving 

technologies of the world, the transportation costs do not soar as in the previous case, so the 

import loss does not become severely large. This is particularly important if local food 

production in Hawaii becomes impaired due to the shortage of arable land, because the stable 

food imports can sustain the high living standards in Hawaii. Indeed, Life Expectancy in the 

Island of Hawaii stays above 80 for the first half of the 21st century whereas the world’s average 

Life Expectancy falls down to 70 once around year 2050 (Figure 8A). This is because Hawaii is 

able to maintain its high level of Food per capita toward year 2050 (Figure 8B).

The Human Welfare Index, on the other hand, synchronizes between the Island of Hawaii and the

world more closely before 2050 (Figure 8C), both showing only mild slowdowns thereafter 

instead of rapid declines as they did in Figure 6D.

Sensitivity Analysis

As stated above, some parameters were obtained by calibrating the model to historical data 

instead of directly estimating their values from observed data. In this section we assess the effect 

of newly introduced parameters in the coupled model on key simulation outputs in order to 

evaluate the robustness of the model.
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Service Output Surplus coefficient affects Service Output per Capita, Health Services and Life 

Expectancy, ultimately affecting population growth. Figure 9A shows how a 30% change in 

Service Output Surplus coefficient alters Life Expectancy; both the higher and lower estimates 

produce negligible differences throughout the entire period of simulation. 

Capital Inflow adds to Industrial Output per Capita, which subsequently increases the Human 

Welfare Index. Figure 9B shows the sensitivity of the Human Welfare Index to changes in the 

Capital Inflow coefficient.  Even though a 30% difference makes noticeable impacts on Human 

Welfare Index, those impacts subside from around 2020 onwards as the world’s Industrial Output

drops sharply. 

The Migration Coefficient also has a direct effect on population growth, and historically 

Hawaii’s population growth has been visibly affected by in-migration; therefore an error in 

estimating Migration coefficient could potentially lead to a significant difference in simulating 

population growth. Figure 9C shows how population growth responds to varying Migration 

coefficient. Although a 30% difference in Migration coefficient can change the peak population 

by 8%, it shifts the peak year only by 2-3 years and its impact on population diminishes after the 

peak.

Recall that the rate of migration is determined, in addition to world’s population and Migration 

coefficient, by the gap between Hawaii’s Life Expectancy at Birth and the world average. This is 

based on the assumption that all prospective migrators have instant access to the information 

about life expectancy (which is a quantifiable proxy for living standards) in the Island of Hawaii.

World3-03 adopts third-order delayed functions with a delay time of 20 years for several 

variables such as the social family size norm (Meadows et al. 1974, p. 120). Thus, we present in 

Figure 9C the effect of the same delayed function for the difference between the two life 

expectancies. It produces a comparable impact on population to varying Migration coefficient, 
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and the decline still starts around 2040. Considering that prospective migrators in our modern 

society do have easier access to information on Hawaii’s living standards than at the time the 

original LtG study was published, we assume no delay for the rate of migration in our coupled 

global-local model.

DISCUSSION

In this article we have adapted the World3-03 model introduced by Meadows (2004) to generate 

plausible scenarios for the future of the Island of Hawaii. We have developed a two-compartment

model consisting of the Island of Hawaii and the rest of the world. Economic, environmental and

demographic parameters for the Island and coupling constants with the rest of the world are 

based on objective data whenever possible. In future work we hope to add an additional 

compartment for the rest of the state of Hawaii.

We have considered two World3-03 scenarios for the rest of the world: the first is the standard or 

do-nothing scenario, which real-life data suggest we have been following. Our results show that 

the future of the Island of Hawaii is closely tied to that of the rest of the world, and of equal or 

worse prognosis. The main factors are that the Island suffers due to its geographical isolation, 

lack of nonrenewable resources and excessive dependence on tourism and external aid and 

investment.

Figure 5B shows that, if the rest of the world declines (in population size and quality of life) as 

simulated in the Limits to Growth standard run, so will the Island. This decline will follow 

decreases in industrial and service outputs as well as food production, followed by a rapid 

decline in quality of life and the loss of population.
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The second scenario is one in which the world at large is to adopt policies that avoid social 

decline. In this case, the Island itself could experience a much milder societal decline (see Figure

8) characterized, for example, by a less significant decrease in population.

While the World3-03 are considered by many to be overly pessimistic, they also do not explicitly

include significant effects such as global warming and rising ocean levels, which could be 

particularly problematic in Hawaii.

For the Island of Hawaii one would expect that population loss comes through migration rather 

than deaths. It has been argued (Dye 1994) that in pre-colonial times the Island of Hawaii had a 

carrying capacity of over 150,000 people, comparable to present-time population, but living 

under pre-industrial standards. In the extreme case of a self-reliant regime, such a population 

should be able to subsist under conditions similar to those implemented transitorily in the Island 

of Cuba (Moran 2008; Matzek 2010). While this is not necessarily the best outcome, it shows a 

path to a future that does not depend so much on that of the rest of the world. This conclusion 

transcends this particular Island and applies more generally to world regions that are either 

geographically isolated or poor in key nonrenewable resources. 

The future of humankind has both local and global facets. Our civilization relies on the 

extraction and use of nonrenewable resources to produce industrial and service capital, which in 

turn affects our lives in positive (e.g., health care) and negative (e.g., pollution) ways. This paper 

focuses on a small, fairly isolated part of the world. Our study serves both as a cautionary tale, if 

we see the Island of Hawaii as a metaphor for larger regions of the world, and as a reminder of 

the interdependence between regions.
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Figure 1. Causal diagram of variables and stocks in World3-03. Squares and ovals represent 

stocks and variables respectively. Valves represent mechanisms that regulate flows.
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Figure 2.  A. Population of the Island of Hawaii. B. Life Expectancy at Birth of the State of 

Hawaii. Both are given as a function of time (years 1900-2010). 
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Figure 3. Simplified Causal Diagram of Coupled World-Hawaii Model. The dark boxes and oval 

represent influences from the World. Population enters all per capita quantities (food, industrial 

output and service output) as a divisor, but arrows are not shown.
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Figure 4. Fraction of capital allocated to obtaining resources used in World3-03.
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Figure 5. A. Standard Run Output in World3-03. B. Coupled Global-Local Model standard run 

output for the Island of Hawaii. Both are given in arbitrary units and as a function of time (years 

1900-2100).
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Figure 6. Simulation comparison between Hawaii and the World, Standard Run. A. Life 

Expectancy at Birth in years. B. Industrial Output per Capita. C. Food per Capita. D. Human 

Welfare Index. (B, C, D) are given in arbitrary units. All are functions of time (years 1900-2100).
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Figure 7. A. Scenario 6 output in World3-03 (sustainable scenario). B. Coupled Global-Local 

Model standard run output with sustainable world scenario. Both are given in arbitrary units and 

as functions of time (years 1900-2100).
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Figure 8. A. Simulation comparison between Hawaii and sustainable world: Life Expectancy at 
Birth in years. B. Simulation comparison between Hawaii and sustainable World: Food per 
capita. C. Simulation comparison between Hawaii and sustainable world: Human Welfare Index. 
All are given as functions of time (years 1900-2100).
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Figure 9. A. Sensitivity of Service Output Surplus Coefficient to Life Expectancy at Birth. B. 
Sensitivity of Capital Inflow Coefficient to Human Welfare Index. C. Sensitivity of Migration 
Coefficient to Population. All are given as functions of time (years 1900-2100).
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