Introduction to Systems Thinking
Principles and Analytical Tools




‘ ‘ Any intelligent fool can make things bigger, more complex,
and more violent. |t takes a touch of genius — and a lot of

courage to move in the opposite direction.

Ernst F. Schumacher, Development Economist & Statistician



What is a Systems Perspective?
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By fixating on the parts of a system, we miss
understanding the whole
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Lacking a Systems Perspective... the solution to one problem can
easily lead to a new and bigger problem later on or somewhere else
in the system

“unintended consequences”

Artist:
Gary Larson



Systems Thinking in a Nut-Shell

Systems thinking is the practice of examining, and improving, our mental models

Overly simple More sustainable
mental model mental model



Systems Thinking

* System mindsets are needed for dealing with
complex problem solving S S

e 4 fundamental concepts:

* INTERCONNECTEDNESS

o SYNTHESIS LINEAR CIRCULAR
e FEEDBACK LOOPS
o CAUSALITY
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Analysis

Is about dissection of
complexity info manageable
components. Analysis fits into
the mechanical and reductionist
worldview, where the world is
broken down info parts
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Synthesis

sees the
interconnectedness

Synthesis

Is about understanding the
whole and the parts at the same
time, along with the relationships
and the connections that make
up the dynamics of the whole.




e Systems thinking is a vantage point from
which you see a whole, a web of
relationships, rather than focusing only
on the detail of any particular piece.
Events are seen in the larger context of a
pattern that is unfolding over time. -

What is isee systems, inc.
Systems e Systems thinking is a perspective of
.- seeing and understanding systems as
Thinki ng? wholes rather than as collections of

parts. A whole is a web of
interconnections that creates emerging
patterns. — Peter Senge



Systems Thinking helps us to.. ..

4. . . move the focus away from events and patterns of
behavior (which are symptoms of problems) and toward
systemic structure and the underlying mental models

What is seen Events

hat’s happening?

Patterns of Behavior
What's been happening?

What is

L

gen erally What are the trends? e
unseen What changes have

occurred? v

e

Structures 5

What has influenced the patterns? g

rules, lesson ?Ians, curriculum) e

hat are the rel ationshi;)s among the
parts?

Mental Models

What values, beliefs, and assumptions do you have about teaching?

Source: Senge, Peter, The Fifth Discipline, 1996.



Systems Thinking helpsusto...

... To find the most important places for intervention to
change the long-term behaviour of a system.

Are there transportation
alternatives that can
compete with car ownership

o in terms of perceived QolL?
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Attractivenes

Rate of people
of area

oving to areg How is ‘quality of life”

g perceived? Materialism or

wellness?
Source: Senge, Peter, The Fifth Discipline, 1996.



A systems approachisto...

1. Identify a system - After all, not all things are systems.
Some systems are simple and predictable, while others
are complex and dynamic. Most human social systems
are the latter.

2. Explain the behavior or properties of the whole
system - This focus on the whole is the process of
synthesis. Analysis looks into things while synthesis
looks out of things.

3. Explain the behavior or properties of the question to
be explained in terms of the role(s) or function(s) of the
whole.




SO S N NS

“Systems Thinking is seeking to understand the
connections among elements in a system”

what depends on what,

what is causing what,

where are information flows,
where control decisions are made,
what information flows are critical,
how to best engage stakeholders,

And how best to manage or
intervene in the system for desired
results.
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Systems Thinking includes a Set of Tools
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brainstorming dynamic thinking structural computer-based

tools tools thinking tools tools



Application of the Systems Thinking and System Dynamics at the

National level - System Dynamic Modelling Description

The long-run processes and systems perspective that are inherent in the SDGs
present complex analytical problems for policymakers and analysts.

« P

Scenario analysis —. national sustainable
quantitative modelling development planning

« {0

dynamic model solutions

long-term modelling horizons

integration of variables

ability to undertake different types of scenario analysis
evaluate alternatives to inform policy
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* Policymaking at the national and local lével is a difil,c pI x cha

* |t is necessary to understand and appreciate the systemic factors and relationships that
ultimately impact the processes used by decision-makers.

» Systems thinking requires a local, multi-perspective, participatory and iterative approach
to be effective.

* A systemic approach provides a suitable environment for good policy / decision making.

* Having good visual, dynamic and responsive tools is also necessary to strengthen
effective policy decisions.

e Systems thinking can therefore strengthen policy making for long-term sustainable
development.



Systems Thinking Recap

Systems thinking is the practice of examining and improving our mental models for complex
scenarios

Systems thinking is conducive to strengthening and enhancing the capacity for adaptive
governance to better address the 2030 Agenda and the SDGs

It helps in

reviewing existing institutional architecture and mandates to determine their relationship
with the 17 SDGs;

assessing the impacts of policies and identifying effective policy interventions (leverage
points) for impactful investment and use of scarce resources; and

stakeholder mapping and engagement in collectively developing the aspirational qualitative
vision for societal change.




QUIZ

Which of the below options best describe systems thinking approach?

It focuses on how the problem being analyzed interacts with other elements of a bounded
system

It emphasizes wholes rather than parts, and stresses the role of interconnections as well
as of circular feedback

It allows dealing with complex issues in an effective way

All of the above




CAUSALITY

To understand the feedback loops we need to
gain perspective of causality: how one thing
results in another thing in a dynamic and
constantly evolving system.

The cause and effect concept in system
thinking is about being able to understand the
way things influence each other in a system
(on agency, feedback loops, connections, and
relationships)
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The Tools of Systems Thinking
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feedback loop

" Feedback loop

Negative CAUSAL linkage
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indicators

Delay marker

Balancing (or "negative")
feedback loop



Basic Processes of Systemic Behavior

Reinforcing Feedback Balancing Feedback

Source: Systainability Asia



SDG 6 Interlinkages with other SDGs

o
0—0—0—10—10—0—0—0

Target 6.b — Support and strengthen the participation of local communities in
improving water and sanitation management.

Fourth most inter-linked target;

Direct causal inter-linkages with 48 other targets from 14 SDGS;

Indirectly linked with another 28 targets;

Directly driven/influenced by 27 other targets and is a key driver / influencer of 21
other targets;

Most strongly influenced by SDG 5, 16, and 17

Has the most direct influence on SDG 1, 6, 11, 12, 13, and 14.

QO00000°0000000000



The Value of Causal Loop in Systems Diagrams

To describe and analyse the structure of complex
problems, systems models often include Causal
Loops, which support multi-level and inter-
sectoral policy making processes with wider
stakeholder engagement.

Beruern Live
Wil o e e Wasmnay
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Developing Causal Loop Diagram focused on SDG 6 targets

Resource Use &

Education




Quiz 3: Feedback and Causal Loops

Why feedback loops are important elements of systems thinking approach?
Choose all correct answers.

They determine the dynamics of the system

They are used for analytical purposes, but irrelevant in practice

They help in removing bottlenecks in the system

They make the visual representation of causal dynamics look more appealing




Case study: Cat Ba Biosphere Reserve of Vietnam

e Located in Northern
Vietnam

e High priority area for
conservation of biodiversity

 Ha Long Bay is the main
urban tourist hub

* Main water supply —
groundwater

e Economic output comes
from tourism

Source: Vietnam Travel Guide
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QUIZ : Cat Ba Biosphere Reserve of Vietham

SDG Indicators

Lack of fresh water:
Employment opportunities:
Waste management:

Waste generation prevention:

Marine pollution from land

e 141,142
based activities:

Ending overfishing: 14.4
Exploiting forest products: 15.5

Prevent the loss of
biodiversity/extinction of
threatened species:

Prevent poaching/hunting to
put at risk flora and fauna:




Leverage Points

“ Leverage points are “places to intervene in a complex
system...” —be it a company, an economy, a living body, a
city, an ecosystem, or even a galaxy for that matter—
“...where a small shift in one thing can produce big
changesin everything.” They are, therefore, of immense
interest to anyone seeking to affect change within our
interconnected ecological, social and economic systems. ,,

- Donella Meadows, Leverage Points: Places to Intervene in Systems

Small problem Large effect on
solving force system behavior
. Hi;h D,

_“leverage point



Leverage Points

A leverage point is a place in the system’s structure when an intervention can be applied.

A low leverage point is one where a small level of intervention or change force results in a small
change in the behavior of the system. This change is often short-lived and not sustainable.

In contrast a high leverage point is one where a small level of intervention/ change force, causes a
large change in the system’s behavior. In contrast, high leverage points resolve the root or
underlying causes of the undesired system behaviour.

Example

Do you need a
plastic bag for this?

bl + L2

Training === Reinforcing === Conditioning === Habit



The power o shifl paradsgm 10 deal with new challenQes
The paradgm used 10 design tha systemn

The System Goal ——

System structure/sell organizaton —

System rules ——
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Applying 12 Leverage Points Framework

Donella Meadows developed a 12
leverage point framework for
system intervention




Physical level

12. YucneHHbIe nokazamendu.
nepemeHHble, KOHCTaHTbI, A TaKXe
cybcnuanm, Hanoru n CTaHAapPThbI

11. Byghep: pa3mep 3anaca,
OKa3blBatloWwmii cTabunmnsmpyrouliee
B/IMAHME, B 32aBUCUMOCTU OT
Be/INYMHbI NOTOKOB

10. Cmpykmypeol 3anacos u
nomokoe: Gusn4eckme cucTtembl u
NX TOYKU NnepecevyeHmns




Informational level
9. 3ana3odbieaHUA: BENNYMHA 3a4epPXK
KM OTHOCUTE/IbHO CKOPOCTEN N3MEHE
HUA CUCTEMDI
8. banaHcupyrowue yukaol o6pamHo
U ceA3uU: MOLLLHOCTb LMKI0OB OTHOCUTE
JIbHO BO34ENCTBUNIN, KOTOPbIE OHU MbIT
altoTCA CKOMNEHCMPOBATb
7. Ycunuearouwjue YuKabl obpamHoli
€8A3U: BINAHNE NPUPOCTA Ha ABUNKY
Lne UMKAbI
6. UHhopMayUOHHbIE MOMOKU: CTPY
KTypa, onpegenatowan, KTo umeeT Ao
CTYN K MHPOPMALMK, @ KTO — HET




Social level

5. llpasuna: ctTumynbl, HaKasaHMA,
NPUHYXKAEHUE

4. CamoopeaaHu3ayusa: nobasneHue,
N3MEHEHUE N 3BONIOLMOHHbIE
npeobpa3oBaHMA CUCTEMHbIX

CTPYKTYP
3. Uenu: Ha3HayeHne u GyHKUUA
CUCTEM




Consciousness level

2. Cucmema 83218008 U NOHAMUU:
MUWUPOBO33pPEHME, B PaMKaX
KOTOPOro NOCTpoeHa cMctema — ee
Lenun, CTPYKTypa, npasuna,
3anas/ablBaHMA N Apyrue
napameTpbl

1. PacwupeHue 2paHuy
MUpoeB0o33peHUA
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Quantitative Modelling




Slide 41

ZK2 I think slides 41, 42, 43 would better match the session 3 morning presentation as tis quantitative modelling
was part of ESCAP methodology and project... I think better to show it as part of those presentation along with

the correlation analyses
Zulfiya Kalimollategi, 21/02/2019



Quantitative Modelling — SEM results

VIT9 173 1747

Model 1: Perfect replication of KUMU Model 4: Governance Transparency & Model 9: FA Original Variables
Partnerships



° . .
©®® Qualitative

. ~..

- J Modelling

o In the absence of ideal data —
correlational analysis
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Three Ways to Create a causal Systems Map

The “ligsaw Puzzle” Approach The “Mental Model” Approach The “Start with One” Approach



Slide 44

ZK3 Slides from this one till the end are more practical and cover hows of preparing the system diagram. I think it

would perfectly fit the afternoon of Session 3 that is hands-on session
Zulfiya Kalimollategi, 21/02/2019

AN1 yes, this is one presentation for the whole day
Aneta Nikolova, 21/02/2019



How to Develop A Systems Thinking Model

Identify Aspirational

Stakeholders Envisioning of SD

Stakeholder map Future
Systems diagram

Create Systems Adjustment of the
Diagram Aspirational Model

Baseline system model/ Connect to aspirational
causal loop design model

Systems Model Qualitative Modeling

Leverage points Apply data to qualify the
causal effects




|dentify system boundaries



Differentiating Drivers and Responses
Mapping driver linkages
How to begin? Start with a ‘Seed Model’




Continue Linking Causal Variables & Build on your Seed Model




Continue Linking Causal Variables & Build on your Seed Model

Inter-target linkages whereby the | Inter-target linkages whereby the
SDG 6 Target is the direct ‘driver’ for | SDG 6 Target is being influenced
change for the other SDG targets (Response) by the other target.

(Identified by Target Number) (Identified by Target Number)
Total Direct ‘Driver’ linkages Total Direct ‘Response’ linkages
deriving from 6.3: (11) going to 6.3: (44)

SDG 1:1.5 SDG 2: 2.4
SDG 3:3.3,39 SDG 4:4.7
SDG 6:6.1,6.6 SDG 6:6.2,6.4,6.5,6.3,6.b
SDG 11:11.4, SDG7:7.2
SDG 13:13.1 SDG8:8.1,8.2,84,89
5DG 14:14.1,143 50G9:9.1,9.2,9.3,94,95, 9.4,
SDG 15: 15.1, 15.5 9.b, 9.c
SDG 10: 10.b

SDG11:11.1,11.3,116,11.7,11.a
SDG 12:12.1,12.2,12.4,12.5,12.6
SDG 13:13.3

SDG 14: 14.2

SDG 15: 15.9

SDG 16: 16.3, 16.5, 16.6

$DG 17:17.1,17.5, 17.7, 17.8,
17.14,17.16,17.17







Naming Loops and Links




STEP-BY-STEP GUIDE TO SYSTEMS-THINKING MODELING

Kumu Mapping

Kumu enables you to build interactive maps with narratives, links, video and
other background for each element, connection, and loop in the map.




Interaction

+3

+2

+1

Interlinkages Scale

Name

Reinforcing

Enabling
Consistent
Constraining

Counteracting

Explanation

Inextricably linked to the
achievement of another

goal.

Aids the achievement of
another goal.

Creates conditions that
further another goal.

No significant positive or
negative interactions.

Limits options on another
goal.

Clashes with another goal.

Makes it impossible to
reach another goal.

Example

Ending all forms of discrimination
against women and girls is indivisible
from ensuring women's full and

effective pation and equal
oppnrtunm leadership.

Providing access to electricity reinforces
water-pumping and irrigation systems.
Strengthening the capacity to adapt to

climate-related hazards reduces losses
caused by disasters.

Providing electricity access in rural

homes enables education, because it
makes it
night electric lighting,

Ensuring education for all does not
interact significantly with infrastructure
development or conservation of ocean
ecosystems,

Improved water efficiency can
constrain agricultural irrigation.
Reducing cdlimate change can constrain
the options for energy access.

Boosting consumption for growth can
counteract waste reduction and climate
mitigation.

Fully ensuring public transparency
democratic accountability cannot be
combined with national-security goals.
Full protection of natural reserves
excludes public access for recreation.



