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Abstract 

Inspired by the iconic World2 and World3 system dynamics models, why has a long series 

of increasingly sophisticated integrated system models (ISMs), such as Threshold21, DICE, 

and iSDG, largely failed to lead to successful solution of the environmental sustainability prob-

lem, as epitomized by the climate change crisis? The paper proposes the main reason is these 

models suffer from a boundary problem, by excluding the critical component of political system 

change resistance and its root causes. To begin the conversation for filling this gap, the paper 

presents a submodel to demonstrate how a change resistance layer can be added to an ISM, 

using World3 as an example. Scenario policy changes now go through the layer, which provides 

the necessary resistance. The use of root cause analysis and problem decomposition to create 

an effective layer is described.  

I lluminat ing a critical opportunity  

A long series of system-dynamics-based ISMs (World2, World3, and successors, as de-

scribed by (Pedercini et al., 2020)), has failed to led to successful solution of the environmental 

sustainability problem, the worldôs most important social problem. Yet in theory, system dy-

namic modeling should be able to solve this problem (or any difficult large-scale social prob-

lem). Models with ñaggregated human actionsò as well as other aggregated behaviors ñare at 

least potentially better representations that any othersò for solving social system problems 

(Meadows, 1980, p. 26). Social scientists do not seek perfect solutions, but those good enough 

to bring system behavior up to an acceptable level that reasonably optimizes the common good. 

Why has this theoretical potential not been achieved? A long series of increasingly more 

sophisticated models that began fifty years ago with World2 (Forrester, 1971) and continued 

with models like World3 (Meadows et al., 1972), the Triple Value Model (Fiksel, 2012), 

Threshold21 (Barney, 2002), DICE (Nordhaus, 2018), and iSDG and IFs (Pedercini et al., 

2020), as well as global models focused on climate change, like C-Roads (Sterman et al., 2012), 

should have led to policies that mostly solved the environmental sustainability problem by now. 
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Or they should have at least identified strategic insights that are on the verge of being opera-

tionalized into practical solutions. However, they have not.   

ISMs have excelled in problem definition and input to goal setting, such as the Sustainable 

Development Goals and the Paris Agreement. There have even been some gains, like local 

pollution and solution of the stratospheric ozone depletion problem. However, ñdecades of sci-

entific monitoring indicate that the world is no closer to environmental sustainability and in 

many respects the situation is getting worseò (Howes et al., 2017). Such lack of progress indi-

cates something in the policy analysis portion of these models needs considerable improvement. 

Something fundamental is missing.  

Business managers have long faced the same problem. Continually confronted with one 

novel difficult problem after another for centuries, business men and women invented thou-

sands of new problem-solving tools and methods, and then refined them as necessary. While 

science gave the world the supremely powerful problem-solving tool of the scientific method 

(which solved the problem of how to create reliable new cause-and-effect knowledge), business 

gave the world equally powerful problem-solving innovations like double entry accounting 

(how to correctly manage financial planning), mass production (how to scale production to 

large volume), and root cause analysis (how to solve any causal problem).  

Given that the sustainability problem is a causal problem, and that no ISM we are aware of 

employs explicit root cause analysis, we propose that the missing two tools for construction of 

ISMs are root cause analysis and one of its key tools, problem decomposition.  

Without knowledge of a difficult problemôs root causes, problem solvers tend to fall into 

the Superficial Solutions Trap. This occurs when people assume intermediate causes are root 

causes. Itôs a common trap, as Forrester (1971, p. 95) describes: (italics added) 

The intuitively obvious ósolutionsô to social problems are apt to fall into one of several 

traps set by the character of complex systems. ...people are often led to intervene at 

points in a system where little leverage exists and where effort and money have but 

slight effect. 

...social systems are inherently insensitive to most policy changes that people select 

in an effort to alter behavior. In fact, a social system draws attention to the very points 

at which an attempt to intervene will fail. Human experience, which has been developed 

from contact with simple systems, leads us to look close to the symptoms of trouble for 

a cause. But when we look, we are misled because the social system presents us with an 

apparent cause that is plausible according to the lessons we have learned from simple 

systems, although this apparent cause is usually a coincident occurrence that, like the 

trouble symptom itself, is being produced by the feedback loop dynamics of a larger 

system.  

Forresterôs ñapparent causeò is what root cause analysis calls the intermediate cause. ñLittle 

leverage existsò if problem solvers assume the apparent cause is the root cause, because that 

leads to pushing on low leverage points.  

This, we hypothesize, is what has occurred with ISMs. Despite integration of natural and 

human components, these models have ñdrawn attention to the very points at which an attempt 

to intervene will fail.ò Policies based on ISMs have unfortunately largely failed, indicating 

modelers have unknowingly fallen into the Superficial Solutions Trap. These policies attempt, 
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in vain, to resolve ñapparent causesò instead of root causes, as did the four conventional urban 

management policies that Forrester (1969) analyzed with his urban dynamics model. Contrary 

to expectations, none made the problem better. Some, particularly the most popular solution of 

the four, low-cost housing, made the problem substantially worse, a profoundly counterintuitive 

discovery. 

However, by including factors and feedbacks that had not been considered before, Forrester 

showed that high leverage point policies that had long been overlooked existed. Pushing on the 

systemôs high leverage points (such as with ñdemolition of slum housing and replacement with 

new business enterpriseò, p71) resolved the problemôs root cause(s), which were ñbeing pro-

duced by the feedback loop dynamics of a larger system.ò  

The analogy just described, of the urban decay problem and model versus the environmental 

sustainability problem and ISMs, illuminates a critical opportunity and a means for achieving 

it. If ISM builders can innovate as Forrester did and enlarge their model boundaries to include 

factors containing the problemôs main root causes, then the sustainability problem appears solv-

able.  

The remainder of this paper addresses this opportunity. We begin with taming the extreme 

complexity of the sustainability problem by adapting the powerful business tool of RCA to fit 

social problems, which results in the RCA-based ISM modeling process. This is followed by 

using the process to construct a model that includes the missing change resistance layer and the 

root causes of that resistance. We end with discussion and conclusions.  
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Adapting the business tool of RCA to fit social problems 

Root cause analysis (RCA) is the systematic practice of finding, resolving, and preventing 

recurrence of the root causes of causal problems. The RCA paradigm rests on several core con-

cepts. Drawing from a diversity of sources, e. g. (Andersen and Fagerhaug, 2006; George et al., 

2005; Ishikawa, 1986; Okes, 2019; Pyzdek, 2003; Tague, 2005), a root cause is the deepest 

cause in a causal chain (or the most basic cause in a feedback loop structure for more complex 

problems) that can be resolved. A causal problem occurs when problem symptoms have causes, 

such as illness or a car that wonôt start. Examples of non-causal problems are math problems, 

scientific discovery problems, information search/organization problems like criminal investi-

gation, and puzzle solving. All causal problems arise from their root causes.  

The sustainability problem is a causal problem. It can therefore only be solved by resolving 

its root causes, whether root cause terminology is used or not. RCA employs hundreds of sup-

porting tools and techniques. RCA is generic and for difficult problem use must be wrapped in 

a process tailored to the problem class. 

Strong definition of root cause 

For the class of difficult large-scale social problems like sustainability, a strong definition 

of root cause is required: A root cause is that portion of a systemôs feedback loop structure that, 

using the checklist below, explains why the systemôs structure produces a problemôs symptoms. 

The checklist allows numerous unproductive root causes (particularly intermediate causes pos-

ing as root causes) to be eliminated. The five requirements of a root cause are: 

1. It is clearly a (or the) major cause of the symptoms. 

2. It has no worthwhile deeper cause. This halts the asking of ñWhy did this occur? What 

is its cause?ò at an appropriate point.  

3. It can be resolved, by pushing on its high leverage point(s) to initiate the desired mode 

change in complex problems, or to merely change the node with the root cause in simple 

problems. (Mode change versus node change) Resolved means the problem will prob-

ably not recur due to that root cause.  

4. Its resolution will not create other equal or bigger problems. Side effects must be con-

sidered. 

5. There is no better root cause. All alternatives have been considered to the point of di-

minishing returns. 

The first three requirements are from (Harich, 2010). In the spirit of continuous process 

improvement, two more have since been added. 

Social force diagrams 

Figure 1 shows a customized form of RCA designed to fit difficult large-scale social prob-

lems, called social force diagrams. The standard terminology and concepts of root cause anal-

ysis are employed. The conceptual organization of the diagram encourages asking the right 

WHY questions. The strategy is to first learn from the past to construct the superficial layer. 

WHY did past solutions fail? That leads to the intermediate cause, confirmed by identification 
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of the low leverage point and the superficial solutions that seemed promising, but have failed 

to solve the problem. Next one asks WHY does the intermediate cause occur? What is its deeper 

cause? That line of questioning will lead to penetration of the hard-to-see fundamental layer, 

where the root causes may be found. Resolving the root causes by pushing on high leverage 

points with fundamental solutions will initiate the desired mode change, causing the system to 

escape lock-in to the present undesired mode and rapidly self-evolve to the desired mode of 

behavior.  

Figure 1. Standard social force diagram and an illustrative example. Use of standard terminol-

ogy and the diagram organization shown greatly facilitates model construction and communi-

cation.  

The central role of lock-in in the environmental sustainability problem has long been noted, 

most famously by Hardin (1968): ñEach man is locked into a system that compels him to 
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increase his herd without limitðin a world that is limited.ò In difficult  large-scale social prob-

lems (defined as those where serious solutions have failed for 25 years or more and involve 

political systems with millions or billions of people), some portion of the human system is 

locked into an undesirable mode and is unable to easily change to the desired mode. Lock-in 

occurs due to the unrelenting strength of a problemôs dominant feedback loops. The desired 

mode change requires reengineering the systemôs feedback loop structure such that when force 

F is applied, a new root cause force R is created, and the systemôs current dominant feedback 

loops are replaced by new ones, causing the mode change to occur.  

Problem decomposition into subproblems 

In complex problems, typical RCA practice decomposes the one big original problem into 

smaller and hence easier to analyze subproblems. In our work on the sustainability problem, we 

found that without proper decomposition the problem was impossible to analyze, since difficult 

problems usually arise from multiple root causes. Each subproblem contains zero or more root 

causes. Without proper decomposition, the analyst falls into the trap of unknowingly attempting 

to analyze multiple problems and their root causes all at the same time.  

The most efficient approach to problem decomposition is standard subproblems. For exam-

ple, industry uses these standard subproblems, sometimes in the form of fishbone diagrams: 

The four Ps of marketing: Product, Place, Promotion, Price (McCarthy, 1960). 

The original four Ms of manufacturing: Materials, Methods, Machines, Measurement 

(Ishikawa, 1986, p. 19). 

The nine Ms of quality control: Markets, Money, Management, Men, Motivation, Materi-

als, Machines and mechanization, Modern information methods, Mounting product re-

quirements (Feigenbaum, 1991, p. 59). 

Figure 2. Fishbone diagram example using standard subproblems. Use of problem decomposi-

tion is so common in root cause analysis that fishbone diagrams are used for rapid analysis and 

to create simple causal diagrams. (Tague, 2005, p. 248) 
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For difficult large-scale social problems, we found the minimum standard subproblems to 

be: 

1. The original problem. Such as environmental sustainability or climate change. 

2. How to overcome systemic change resistance. If serious solution efforts have failed 

repeatedly and the problem is solvable, then high systemic change resistance must be 

present. Systemic means ñoriginating from the system in such a manner as to affect the 

behavior of most or all social agents of certain types, as opposed to originating from 

individual agents.ò (Harich, 2010) Change resistance differs from policy resistance 

(Sterman, 2000, pp. 5ï12). Change resistance refers to resistance to proposed solutions, 

while policy resistance refers to resistance to implemented solutions.  

We argue that on difficult large-scale problems like sustainability, change resistance 

is by far the most important type of resistance, a viewpoint shared by Forrester (2007). 

In his now classic ñaimless plateauò paper, he noted that while there are many applica-

tions of system dynamics in government, ñthere is very little penetration into the big 

issuesò and asked: ñWhy is there so little impact of system dynamics in the most im-

portant social questions?ò Forrester then proceeded to take the first steps toward meet-

ing that challenge with a further question: ñHow often do you see a paper [with a system 

dynamics model] that shows all of the following characteristics?ò The last two were: 

ñ8. It examines why the proposed policies will be resisted. 9. It recognizes how to over-

come antagonism and resistance to the proposed policies.ò Social force diagrams com-

bined with decomposition into the three standard subproblems meets both requirements. 

3. How to prevent problem recurrence. Difficult problems tend to recur unless a strong 

recurrence prevention function is present. After initial solution success, ñdonôt be too 

hasty to declare victory. The last battle has yet to be fought. The battle against creeping 

disorder, the battle against entropy. The battle to ensure the gains you made are perma-

nentò (Pyzdek, 2003, p. 649). In industry this is known as the process control function 

and is not covered in this paper. 
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The basic RCA-based ISM modeling process 

When faced with a difficult large-scale social problem, the above components lead to the 

high-level process for ISM construction shown in Figure 3.  

Figure 3. The RCA-based ISM modeling process, showing the five high-level steps for taming 

extreme problem complexity. The diagram summarizes the thesis of this paper. Current practice 

for constructing ISMs lacks an explicit approach to steps 2 and 3. The steps are sequential and 

iterative. 

The WorldChange model 

Model purpose and change resistance layer architecture 

This paper extends a previous work (Harich, 2010), which found that systemic change re-

sistance is the crux of the environmental sustainability problem and must be solved first, by 

resolving the root causes of that resistance. Systemic change resistance runs so high that the 

worldôs nations have been unable to overcome that formidable barrier, one result being that the 

SDGs and the Paris Agreement goals are voluntary. On the climate change crisis, UN Climate 

Change (2021) reports that, as of February 2021 the projected reduction of countries total emis-

sions will be less that -1% in 2030 compared to 2010. The IPCC found that meeting the maxi-

mum rise goal of 1.5 degrees Celsius requires a reduction of -45%, indicating very high change 

resistance. In a talk celebrating the 40th anniversary of The Limits to Growth, Jorgen Randers 

presented a telling slide: ñThe root cause of current [solution] delays: We know the solution. 

But we donôt like itò (Smithsonian, 2012). 

This resistance must be modeled. To illustrate in a simple manner how this may be done, 

we have extended the World3_03 model from the third edition of The Limits to Growth 

(Meadows et al., 2004).  
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The lower large box in Figure 4 shows how present ISMs assume proposed policy changes 

will be implemented. These models are basically highly integrated IPAT equation models 

(Chertow, 2001). The IPAT paradigm lacks any concept of change resistance. Consequently, 

so do current ISMs. This behavior can be added with a change resistance layer.  

  Figure 4. How the change resistance layer works. 

For scenario inputs, present ISMs have only those shown on the diagram as Proposed IPAT 

Policy Changes. Addition of a Change Resistance Layer and a Change Resistance Subsystem 

allows a second set of inputs: Policy Changes to Resolve the Root Causes of Change Resistance. 

Once the root causes are resolved, systemic change resistance will switch from high to low, the 

system will accept a high percentage of Proposed IPAT Policy Changes, and Scenario Graphs 

can realistically show how much of the problem is solved. 

Problem decomposition and root cause analysis 

For sustainability ISMs, Forresterôs World2 model defined the problem as how the human 

system can flourish within The Limits to Growth imposed by the greater system it lives within, 

the environment. Forrester saw the ñprimary causeò of the worldôs problematique as being ex-

ponential growth in population and the use of energy and resources (Meadows, 2007). Conse-

quently, unsustainable growth from an IPAT perspective is what World2, World3, and all 

subsequent ISMs have modeled. This work used only steps 1 and 4 of the Figure 3 process. 

However, by adding steps 2 and 3 we have concluded that is not the primary cause. The 

additional steps led to a potent why question: WHY are popular solutions failing? This led to 

discovery of systemic change resistance as a distinct and separate problem to solve, allowing 

focused RCA of the How to overcome change resistance subproblem. The main root cause, low 

political truth literacy, explains that change resistance is high because politicians can success-

fully  deceive voters into voting against their own best interests, and instead voting for politi-

cians representing powerful special interests, particularly large for-profit corporations (aka 

Corporatis profitis) and their owners, the rich. The result is that special interests rather than 
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common good interests have mostly controlled the worldôs democratic systems. This behavior 

is well documented (Beder, 2006, 2002; Korten, 2015; Shamir, 2005). 

Then we asked WHY are special interests so relentlessly motivated to exploit the power of 

change resistance? What can explain this? 

This led to discovery of an additional subproblem: How to achieve life form proper cou-

pling. Proper coupling occurs when the behavior of one system affects the behavior of other 

systems in a desirable manner, using the appropriate feedback loops, so the systems work to-

gether in harmony in accordance with design objectives. For example, if you never got hungry 

you would starve to death. You would be improperly coupled to the world around you. In the 

environmental sustainability problem, the human system has become improperly coupled to the 

greater system it lives within: the environment.  

The main root cause of this subproblem is mutually exclusive goals between the two dom-

inant life forms in the human system, Corporatis profitis and Homo sapiens. Corporatis profitis 

is dead set against solving the environmental sustainability problem and is winning, because of 

its overwhelming control of the human system, superior financial power compared to mere 

citizens, and its obsessive goal of short-term profit maximization. This goal conflicts with the 

goal of Homo sapiens, which is the long-term optimization of quality of life for people. These 

goals are mutually exclusive.  

Because Corporatis profitis dominates the system and drives capitalism, its goal prevails 

and has become the wrong implicit goal of the system. Peter Senge (1990, p. 88) warns us that 

when this occurs, ñThe resistance is a response by the system, trying to maintain an implicit 

system goal. Until this goal is recognized the change effort is doomed to failure.ò Donella 

Meadows (2008, p. 113) phrases her warning differently: ñSuch resistance to change arises 

when goals of subsystems are different from and inconsistent with each other.ò  

The causal structure of these two subproblems was analyzed as shown in Figure 5. High-

lights are the intermediate causes and the low leverage points that popular solutions have been 

pushing on (in vain), and the root causes and the high leverage points for resolving them.  

The key insight is subproblem B causes subproblem A, which prevents solution of the orig-

inal problem. Both subproblems must be solved before proposed solutions to the original prob-

lem will be mostly accepted.  

The key good news is that no serious large-scale solutions have ever pushed on the high 

leverage points, since attention has been attracted to low leverage point solutions. If this hy-

pothesis is sound, then the sustainability problem is solvable and can be solved considerably 

faster than presently assumed.  
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Figure 5. Social force diagrams for the two subproblems. The two gray boxes are all environ-

mentalists can presently see, which has led to superficial solutions. 

Reflecting later on the birth of World3, Donella Meadows (2007) wrote that: (italics are in 

the original, comment added) 

[Because] Aurelio Peccei éwas worried about what he saw, he pulled together a group 

of distinguished friends for a meeting in Rome in 1968. The loose network they founded 

was named the Club of Rome after the place of its first meeting. The job they took on 

was to define what they called the worldôs problematique. 

By 1970 the Club of Rome had expanded to 75 members and had extended the prob-

lematique to 66 ñContinuous Critical Problems.ò Poverty, war, pollution, crime, oppres-

sion, resource depletion, terrorism, economic instability, racism, and drug addiction 


