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Abstract

Inspired bytheiconic World2 and World3ystem dynamicsodels, why has a long series
of increasingly sophisticated integrategstemmodels(ISMs), such asThreshold21DICE,
and iSDG largelyfailed to lead to successful solution of the environmental sustainability prob-
lem, asepitomizedby the climate change cri8&isThe paper proposes the main reasahese
models suffer from a boundary problem, by excluding the critical component of political system
changeresistancend its root cause3 o begin the conversation for filling this gap, the paper
presents a submodel temonstrate how a change resistance layer can lee taldn ISM,
usingWorld3as an examplé&cenario policy changes now go through the layer, which provides
the necessaryesistanceThe use of root cause analysis and problem decomposition to create
an effective layer is described.

[ lluminating a critical opportunity

A long series of systefdynamicsbased ISMs (World2, World3, and successass de-
scribed by(Pedercini et al., 202))hasfailed toled to successful solution of the environmental
sustainability probl em, the worl dds most | mp.:
namic modeling should be able to soltestproblem(or any difficult largescale social prob-
lem.Model s with fiaggregated human actionso as
| east potentially better soveng soeasgstermnpaoblensns t ha
(Meadows, 1980, p. 26%0cial sciensts @ not seek perfect solutions, ihbse god enoud
to bringsystem behaviaup to an acceptable level thhetsonablyptimizes the common good.

Why has this theoretical potealtinot been achiev@d long series ofncreasingly more
sophisticatednodelsthat begarfifty years agowith World2 (Forrester, 1971and continued
with models likeWorld3 (Meadows et al., 1972}he Triple Value ModelFiksel, 2012)
Threshold21(Barney, 2002) DICE (Nordhaus, 2018)and iSDG and IF¢Pedercini et la
2020) as well aglobalmodels focused on climate change, likRGadqSterman et al., 2012)
should havded to policies thamostly solved the environmental sustainability problem by now.



Or they should have at least identified strategic insights that are eerte of beingppera-
tionalizedinto practical solutionddowever,they have not.

ISMs have excelled in problem definition angut to goal settingsuch as the Sustainable
DevelopmentGoalsand the Paris Agreement. flere haveevenbeen some gainsike local
pollution andsolution of thestratospheric ozone degionproblem. However fidecades of
entific monitoring indicate that the world is no closer to environmental sustainability and in
many respects t he <gHowes at#ali 201VBuchdack@feptograsandr wor s e (
cates something in thplicy analysigortion of thesenodelsneeds considerable improvement
Somethingundamental is missing.

Business managers have lofagedthe same problem. Continualgpnfrontedwith one
novel difficult problem after another for centuries, business men and women invented thou-
sands of nevproblemsolvingtools and methods, and then refined them as nece¥ghilg
science gave the world the supremely powgsfoblemsolvingtool of the scientific method
(which solved the problem dbw to create reliable nesauseandeffectknowledge), business
gave the worldequally powerful problersolving innovations like double entry accounting
(how to correctly manage financial planning), mass productiow tooscale production to
largevolume), and root cause analysis (how to solve any causal problem).

Given that the sustainability problem is a causal problem, and th&Mhwe are aware of
employs explicit root cause analysis, we proposeth@ahissingtwo tools for construction of
ISMs are root cause analysis antk of its key toolgproblem decomposition.

Without knowledge of a difficult probl emds
the Superficial Solutios Trap. This occurs when peoplssume intermediate causes are root
causes. Il t 6s a c ¢1evih@.rO5escrivgs, (italesadded) r r e st er

The intuitivel ipsooidl problerassare apd to fallirito onerosséveral
traps set by the character of complex systems. ...people are often led to intervene at
pointsin a system wherlittle leverage existand 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 fa@,social system draws attention to the very points
at which an attempt to intervene will faduman experience, which has beeweloped
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 causéhat is plausible according to the lessons we havedddrom simple
systems, although this apparent cause is usually a coincident occurrence that, like the
trouble symptom itself, is being produckd the feedback loop dynamics of a larger
system.

Forrester 6s fia prpoacausenanalysialst sheed iinst ewhnmaetdi at e c a
| ever age e x isdvers assuind the mppardni cause is the root, dmesise that
leads to pushing on low leverage points.

This, we hypothesize, is what has occurred Wials. Despite integration of naturahd
human components, these models have fAdrawn at
to intervene wil | ISMsahaveunfortunatelylargely faled, indigasiryd o n
modelers havenknowinglyfallen into the Superficial SolutiaTrap. These policieattempt,
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in vain, to resolvéiapparent causestead of root causes, as did the four conventional urban
management policies that ForreqtE969)analyzed with his urbadlynamics model. Contrary
to expectations, none made the problem better. Some, particularly the most popular solution of
the four, lowcost housing, made the problembstantially worseaprofoundlycounterintuitive
discovery.

However, byincluding factors and feedbacks that had not been considered, befioester
showed that high leverage point policies that had long been overlooked existed. Bosiéng
s y s t hegmi@werage pointsuchaswititd e mo |l i ti on of sl um housing
new business)reemgelrywaed stelbe Pr7db| e mokwingrpmot € au s
duced by the feedback loop dynamics of a larger system.

The analogyust describedf the urban decay problem and modsisusghe environmental
sustainability problem ankbMs, illuminates acritical opportunityand a means for achieving
it. If ISM builders can innovate as Forrester did anthrge their model boundaries to include
factors containing t he thpsustdinhbdityphgrablemppearsolvt o ot ¢ a
able.

The remainder of this paper addressésdpportunity We beginwith taming the extreme
complexity of the sustainability problem bglapting the powerful business tool of RCA to fit
social problemswhich results irthe RCA-based ISM modeling proceskhis is followedby
using the process to constraatnodel that includes the missing change resistancedagdhe
root causes of that resistance. We end with discussion and conclusions.



Adapting the businesgool of RCA to fit socialproblems

Root cause analys{RCA) is the systematic practice of finding, resolving, and preventing
recurrence of the root aaes of causal problemEhe RCA paradgm rests on several core con-
cepts. Drawing from a diversity of sources, €Amdersen and Fagerhaug, 2006; George et al.,
2005; Ishikawa, 1986; Okes, 2019; Pyzdek, 2003; Tague, 2806t cause is the dpest
cause in a causal chgor the most basic cause in a feedback loop structure for more complex
problems}hat can be resolved. A causal problem occurs when problem symptoms have causes,
such as il |l ness Bxampkes of rowaughprablemsware mdih proklema,r t .
scientific discovery problems, information sedachanizatiorproblemslike criminal investi-
gation and puzzle solvingAll causal problems arise from their root causes.

The sustainability problem is a causal problem. Ittbanefore only be solved by resolving
its root causes, whether root cause terminology is used dR@ét.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 problemass.

Strong definition of root cause

For the class of difficult largscale social problesiike sustainability a strong definition
of root cause is required rootcause s t hat portion of a systemoébs
using the checklist below, explamshy t he systemdés structure prod
The checklist allows numerous unproductive root causes (particularly intermediatepzmises
ing as root causgso be eliminated. The five requirements of a root cause are:

1. Itis clearly a (orite) major cause of the symptoms.

2. I't has no worthwhile deeper cause. This
is its cause?0 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 chaRgsplved means the problem witiob-
ably not recur due to that root cause.

4. Its resolution will not create other equal agger 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 frdiarich, 2010) In the spirit of continuous process
improvement, two more have since been added.

Social force diagrams

Figurel showsa customized form of RCA designed to fit difficult largeale social pto-
lems calledsocial brce diagramsThe standarterminology and concepts of root cause anal-
ysis are employedThe conceptualorganization ofthe diagramencourages asking the right
WHY questions. The strategy is fiost learn from the past to construct the superficial layer.

WHY did past solutions fail? That leads to the intermediate caoséirmed by dentification
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of the low leverage point arttie superficial solutions thateemed promising, btiave failed

to solve the problenNextone ask WHY does the intermediate cause occur? What is its deeper

cause? That line of questioning will lead to peneiradf the hardto-see fundamental layer,
where the root causes may be fouRdsolving the root causéy pushing on high leverage
points with fundamental solutions will initiate the desired mauEnge, causing the system to
escape lockn to the presentindesired mode and rapidly selolve to the desired mode of

behavior.

Standard Social Force Diagram

This is the standard diagram format. Start at Old

Symptoms and work from there. Be sure to get the Undesired Mode Desired Mode
Root Causes right, because everything depends on Mode
that. Add additional layers as needed for longer . Ch <
. o . L ange
causal chains and additional diagrams for additional ) Old . New
subproblems. _~ Symptoms . Symptoms
Superficial Solution Forces (S) N T 1
o cannot .
Superficial __Pushon » Leverage resoive . Intermediate New
Solutions Pointg because ..~ Causes Intermediate
S<R - Causes
Superficial Layer — Easy to see
Fundamental Layer — Hard to see
Fundamental Solution Forces (F)
Hiah can .
Fundamental Pushon Lewla%a o EEEE .. Root New Root
Solutions Pointg FecaiEg P -~ Causes Causes
F>R T = .
Root Cause New Root
Forces (R) Cause Forces
Autocratic Ruler Problem oId Mode New

Symptoms Change Symptoms
A retrospective example of how a difficult large-scale social ymp & ymp

problem can be analyzed using root cause analysis. Low median Much higher
quality of life median quality of
while rulers life while leaders
S Hicial Solution E (S) much better off slightly better off
uperficial Solution Forces
Superficial Solutions Low Leverage Points Intgrmediaie Inte#rg:iiate
auses
Forced Gannot Causes
Revolution, uprising,  "“*"°?  replacement of eV Mostly bad Mostly good
assassination, coup, etc bad ruler with a because rulers leaders
good one S<R
= New
Fundamental Solution Forces (F) Root Root Causes
Fundamental Solutions High Leverage Points Rule by the
The concept that Can No easy way i
Push ) eople, via the
wmgggrgsizwggri:%é v On’ people have rights and ™"  to replace a \EOteE feedback
therefore must have bad ruler with I hecks and
voter feedback loop | because d 1 oop, checks an
power over rulers F>R agoodone (1) balances, etc.
Root Cause New Root
(1) More broadly, the root cause is low ruler accountability. Forces (R) Cause Forces

Figurel. Standardsocial force diagramand an illustrative example. Use of standard terminol-

ogy and thaliagram organizatioshown greatly facilitates model constructi@md communi-

cation

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

most famously by Hardif1968) AEach man is |l ocked

nto
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increase his herdithout limitdo i n a wor | d t difecalt largescdlesoomdl grob-d . 0 | n
lems (defined as those where serious solutions have failed for 25 years oamdoiavolve

political systems withmillions or billions of peoplg, some portion of the human sgst is

locked into an undesirable mode and is unable to easily change to the desired mode. Lock
occurs due to the unrelenting strength qf a o b |denmmarg feedback loops. The desired

modec hange requires r efeedbgck lnogudurermighthat vleen forges t e moé s
F is applied, a newoot causdorce Ris created, antl h e s ywrenedaminant feedback

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

Problem decompositioimto subproblems

In complex problens, typical RCA practicedecomposes the one kmgginal probleminto
smaller and hence easier to analyze subproblenasirwork onthe sustainabilityproblem,we
found that withouproper decomposition the problemasimpossble to analyzesince difficult
problems usually arise from multiple root causes. Each subproblem cargens more root
causes. Without proper decomposition, the analyst falls into the tuaiodwinglyattempting
to analyze multiple problems ancethroot causes all at the same time.

The most efficient approach to problem decomjpmsis standardgsubproblemsFor exam-
ple, industry usethesestandardsubproblemssometmes in thedrm of fishbone diagrams

The four Ps of marketindgProduct, Place, Promotion, PrigdcCarthy, 1960)

The original four Ms of manufacturingMaterials, Methods, Machines, Measment
(Ishikawa, 1986, p. 19)

The nine Ms of quality contrdMarkets, Money, Management, Men, Motivation, Materi-
als, Machines and mechanization, Modern information methods, Mounting product re-
quirementgFeigenbaum, 1991, p. 59)

Measurement Materials Methods
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a8 Supplier \ City Supplier 1
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Figure2. Fishbone diagram exampleing standard subgiblems Use of problem decomposi-
tion is so common in root cause analysis that fishbone diagrams arfeusead analysis and
to create simple causal diagrariTague, 2005, p. 248)



For difficult largescale social problems, we found the minimum standard subproblems to
be:

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

2. How to overcome systemic change resistandéserioussolutionefforts have failed
repeatedlyand the problem is solvablthen high systemic change resistance must be
presentSystemietne ans fiori ginating from the system
behavior of most or all social agents of certain types, as opposed to originating from
i ndi vi du &Haricha g0aMChange tresistancdiffers from policy resistance
(Sterman, 2000, ppi&2). Change resistance refers to resistangedposedsolutions
while policy resistance refets resistance tonplemeted solutions.

We argue that on difficult largecale problems like sustainability, change resistance
is by far the most important type of resistgree@iewpoint shared biyorrester(2007)
In hisnow classidi a iesaplatea p a pmetedthatwhde there are many applica-
tions of system dynamics in government, A
i ssueasked amdhy i s there so amicstinttHeenostimpact o
portant s o cHoraektethen pceédedamtake tbe first steps towareet-
ing that challeng&vith a further questiorii Ho w o f t e n papejwith asystesie e a
dynamics modelthat showsalbf t he f ol |l owing characteris
A8. It examines why the proposed policies
come antagonism and r es i Sotiahforeceeiagtamsconre pr o |
bined withdecompositiornto the three standard subproblemeset both requirements.

3. How to prevent problem recurrence Difficult problems tend to recur unless a strong
recurrence prevention functionis presenf. t er i ni ti al solution s
hasty to declare victory. The last battle has yet to be fought. The battle against creeping
disorder, the battle aganentropy. The battle to ensure the gains you made are perma-

n e n(Ryndek, 2003, p. 649n industry his isknown as the process control function
and is not covered in this paper.



The basic RCAasedSM mockling process

When faced with a difficult largecak social prolem, the above components leadth®
high-level process folSM constuctionshown in Figures.

(. . ) Step 1. Defines the original problem to solve in terms of present
Original problem . ) o
. and desired system behavior. This includes reference mode data
definition -
for the original problem.
T
Preceeds
N Step 2. Divides the one big original problem into smaller
Problem subproblems, each of which is much easier to analyze correctly.
decomposition The right decomposition changes a problem from insolvable to
~ T / solvable. Also known as “Divide and Conquer.”
Organizes

resolving, and preventing recurrence of the root causes of causal
analysis problems. A root cause is that portion of a system’s feedback loop

T structure that satisfies the five characteristics of a root cause.
Drives

* Step 4. An ISM is a simulation model integrating the natural and
human components of the environmental sustainability
Integrated system

Step 3. Root cause analysis is the systematic practice of finding,
[ Root cause ]

problem. The model may cover the entire problem, as World3
does, or a portion of the problem, such as climate change
models like DICE or national/regional models like iSDG.

model construction

T
Allows

Step 5. Model scenarios are used to formulate and propose
Successful application of policies. If these are designed to resolve specific root causes,
system dynamics to a difficult | all key model assumptions have been well tested, and change
large-scale social problem resistance is addressed first, then solutions have a high

probability of success.

Figure3. TheRCA-based ISMmodelingprocess, stwing the five higHevel steps for taming
extreme problem complexity. The diagram summarizes the thesis of this@apent practice
for constructing ISMs lackan explicitapproach tsteps 2 and 3[he steps are sequential and
iterative

The WorldChange model

Model purpose andhange resistance layarchitecture

This paper extends a previowsrk (Harich, 2010) which found that systemic change re-
sistance is the crux of the environmergastainability problem and must be solved fitst
resolving the root causes thfat resistanceSystemic change resistance runs so high that the
worl ddés nati ons hav eatfirmidablebarriersobelesult heiog tramtheer ¢ 0 me
SDGs and th@aris Agreement goals are voluntadn the climate changwisis UN Climate
Changg2021)reports that, as of February 2021 the projected reduction of countries total emis-
sions will be less thatl% in 2030 compared to 2010. The IPCC found that meeting the maxi-
mum rise goal of 1.5 degrees Celsius requaresduction 0f45% indicating very high change
resistanceln a talk celebrating the #0anniversary offhe Limits to GrowthJorgen Randers
presented #ellings | i d e : AThe r dsolutiontdelays:\We koofv the solutiore n t
But we d a@dthsonlan, R0O&2)

This resistancenustbe modeledTo illustrate in a simple manner how this may be done,
we have extended the World3 03 model from the third editioha&f Limits to Growth
(Meadows et al., 2004)



Thelowerlarge box inFigure4 shows how present ISMs assupreposed policy changes
will be implemented.Thesemodels are basically highly integrated IPAT equation models
(Chertow, 2001)The IPAT paradigm lacks any concept of change resistance. Consequently,
so docurrentlSMs. This behavior can be added with a change resistance layer.

VYVVYVYVYY _ YYVVYVVY

ISMs presently Policy Changes to Resolve
assume these will Proposed IPAT the Root Causes
be implemented of Change Resistance

v v

Handles percent of Change Resistance | Change Resistance
proposals accepted Layer € Subsystem

Palicy Changes

This box represents present ISMs.

\4
Implemented IPAT
Policy Changes

Scenario
Graphs

IPAT Integrated
System Model

Figure4. How the change resistance layer works.

For scenario inputs, present ISMs have only those shown on the diagPaopased IPAT
Policy ChangesAddition of a Change Resistance Lagad a Change Resistang8absystem
allows a second set mfputs Policy Changes to Resolve the Root Causes of CHRegjstance
Once the root causes are resohsm@dtemiachange resistance walvitchfrom high to low, the
system will accept a high percentagdPobposed IPAT Policy ChangeandScenario Graphs
can realistically showaow much othe problem is solved.

Problem decomposition andat cause analysis

For sustainabilitySMs, F o r r eWorld2 madsldefinedthe problem akow the human
system can flourish withihe Limits to Growtlhmposed by the greater system it lives within,
the environmntFor r est er saw t he A pproblemaatigpeasdeing exe 0 o f
ponential growth in populatioandthe use of energy and resour¢geadows, 2007)Conse-
guently, unsustainablgrowth from an IPAT perspective igshat World2 World3, and all
subsequent ISMs have model@&tiis workused only steps 4nd4 of theFigure 3process.

However,by addingsteps2 and 3we have concludethat isnot the primary causelhe
additionalstepsled to apotent why question: WHY angopular solutions failing? This led to
discovery of systemic change resistance as a distinct and separate problem tdleoing
focusedRCA of theHow to overcome change resistascdproblemThe main root causkw
political truth literacy, explairs that change resistantehigh because politiciaran success-
fully deceive voters into voting against their own best interests, and instéagl feotpoliti-
cians representing powerful special interests, particularly largprédit corporations(aka
Corporatis profiti9 and their owners, the ricihe resultis that special intereststher than



common good interesteave mostly controlled h e  wdaemdcrati@ systems. This behavior
is well documente¢Beder, 2006, 2002; Korten, 2015; Shamir, 2005)
Then we asked WHY are special interestsedentlesslymotivated to exploit the power of
change resistance? What can explain this?
This led to discovery of an additional subprobiéfow to achieve life form proper cou-
pling. Proper couplingpccurs wherthe 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 iaccordance with design objectives. For exanipieou never got hungry
you would starve to death. You would be improperly coupled to the world around you. In the
environmental sustainability problethe 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 betweetmot dom-
inant life forms in the human syste@prporatis profitisandHomo sapiensCorporatis profitis
is dead set against salg 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 skertn profitmaximization. This goal conflicts with the
goal ofHomo sapienswhich is the longerm optimization of quality of life for people. These
goals are mutually exclusive.
BecauseCorporatis profitisdominates the systeand drives capitalisyrits goal prevails
and has becontbewrongimplicit goal d the systemPeter Seng€l990, p. 88Wwarns ughat
when this occur s, AThe resistance is a respo
system goal . Unt i | this goal i's recognized t
Meadows(2008, p. 113p hr ases her war ni ng dichahge arsest | vy : f
when goals of subsystems are different from ¢
The causal structure of these two subproblems was analyzed as shown irbFigigre
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 keyinsightis subproblem B causes subproblenwhijch 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 laggale solutions have ever pushed on the high
leverage pmts, since attention has beatiractedto low leverage point solutions. If this hy-
pothesis issound then the sustainability problem is solvable and can be solwesiderably
faster tharpresentlyassumed.
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Figureb. Social forcediagrams for the twoubproblemsThe two gray boxes are ahviron-
mentalists can presently see, whigsled to superficial solutions.

Reflectinglateron the birth oWorld3, Donella Meadow&007)wrote that: (italics are in
the origina] comment addgd

[Becaue ] Aureli o Peccei éwas worried about wha
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
wastod ef i ne what t h enroblematieed t he wor |l doés

By 1970 the Club of Rome had expanded to 75 members and had extenutettthe
lematique o0 66 AContinuous Critical Problems. o0 P

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