MIES: Ecological & Social Sustainability

Scientific Models (Lartd)
Judy)Cushing

Part I (Tuesday)

Basic Principles : What science 1s, what 1t 1sn’t
Scientific Theory, Hypotheses, Facts, Arguments, Explanations
Determinism, Deduction, Induction, and Probability
What’s a Scientific Model?

Why does all this matter?

How does this relate to the Panarchy Framework?

Part II (Thursday)
Scientific Paradigms & Paradigm Change
Model Example(s)
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MITS2: BEeological & SociallSustainability.
Scientitic Models (Pari )
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Seientiiic Theory, Facts, Arguments, & Explanations

“Science” refers to knowledge that can be demonstrated,

objectively, in the concrete, factual realm of reality.
Lucas-Clark

What things are outside the realm of science?

Cushing — ESS Winter 2011, Week 2




Seientiiic Theory, Facts, Arguments, & Explanations

“Science” refers to knowledge that can be demonstrated,

objectively, in the concrete, factual realm of reality.
Lucas-Clark

What things are outside the realm of science?
Are some sciences are more scientific than others?
Are some sciences are more fundamental than others?
Do all sciences use the same methods of reasoning?
...the same criteria for “truth”?

How do we know a scientific theory 1s “true”?
How do we know a hypothesis 1s “true”?
How do we know a fact is “true”?

How do we know a model’s predictions are “true”?

Cushing — ESS Winter 2011, Week 2




Basic Principles :
are SOMIE SCIENCEs ane more seientiiic than! others?.

Isimathematicsireally thie gueen ofithe sciencesy
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Mathematics IBasic Primciples::
wihat science 1S, wihat 1t 1Snrt

Physics

Chemistry Computer Science

Atmospheric Science
Neuroscience

Ecology
Medical Science
Linguistics Cognitive Science
Economics

Social Science
Weather Prediction

Mortuary Science
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Mathematics B&SlC PI’IIlClplGS :
wihat science 1S, wiat 1t 1Snrt

Physics

Chemistry Computer Science

Atmospheric Science

Medical Science

Linguistics
Economics
Social Science

Theology Weather Prediction

The Humanities & Arts Human Law
(realm of values/aesthetics) (realm of justice/morality)

Mortuary Science
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Basic Principles; :

wihat science 1S, wiat 1t 1Snrt
Science can never explam: all thmgs

Mathematics

Physics

Chemistry Computer Science

Atmospheric Science

_ Medical Science

Religion

(realm of spirituality/supernatural/subjective) Economics

Linguistics

Social Science

Theology Weather Prediction

The Humanities & Arts Human Law
(realm of values/aesthetics) (realm of justice/morality)

Mortuary Science
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Seientiiic Theory, Facts, Arguments, & Explanations

“Science” refers to knowledge that can be demonstrated,

objectively, in the concrete, factual realm of reality.
Lucas-Clark

Science is characterized by objectivity.

A good theory
(also a natural law or scientific principle, or a hypothesis)
states how it can be disproved.

We arrive at a natural law by scientific methods —
fact gathering & experimentation

A scientific theory is a hypotheses or set of hypotheses
substantiated by evidence.
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Seientiiic Theony, Facts, Arguments, & Explanations

What distinguishes science and pseudo-science?

Is there a common feature shared by all things “science”?
e.g., that a scientific theory is falsifiable? (Ppopper)

Consider

Einstein’s Theory of Gravity — general relativity
Light rays of the sun would be deflected by sun’s gravity

But
Freud’s psychoanalytic theory...
Marx’s theory of historyd....

And, Adam’s & Leverrier’s hypothesis

“another planet” explains Uranus’ odd orbital shape

Cushing — ESS Winter 2011, Week 2




Sceientiiic Reasonmg:  [niencnce

Deduction

All Frenchmen like red wine
Pierre is a Frenchman

Pierre likes red wine.
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Sceientiiic Reasonmg:  [niencnce

Deduction

All Frenchmen like red wine
Pierre is a Frenchman

Pierre likes red wine.

Induction

Jean likes wine
Michel likes wine
(so do Phillippe, Claude, Richard, Dominic, Rene, ....
Jean, Michel, Phillippe, Claude, Richard, Dominic, Rene, .... Are Frenchmen
Pierre is a Frenchman

Pierre likes red wine.
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Sceientiiic Reasonmg:  [niencnce

Induction

The 15 five eggs in the box were rotten
All the eggs have the same “best-before” date stamped on them

The 6t egg will be rotten too
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Scientiiic Reasonmg: [nduction

The 15 five eggs in the box were rotten
All the eggs have the same “best-before” date stamped on them

The 6™ egg will be rotten too

Downs Syndrome sufferer 1 has 47 chromosomes
Downs Syndrome sufferer 2 has 47 chromosomes
Downs Syndrome sufferer 3 has 47 chromosomes

All Downs Syndrome sufferers have 47 chromosomes
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Scientiiic Reasonmg: [nduction

The 15 five eggs in the box were rotten
All the eggs have the same “best-before” date stamped on them

The 6™ egg will be rotten too

Downs Syndrome sufferer 1 has 47 chromosomes
Downs Syndrome sufferer 2 has 47 chromosomes
Downs Syndrome sufferer 3 has 47 chromosomes

All Downs Syndrome sufferers have 47 chromosomes

But, how do we justify inductive arguments?

How do we convey the uncertainty?
Cushing — ESS Winter 2011, Week 2




Inductive Axguments

how do we justify inductive arguments?

The cheese in the larder has disappeared, apart from a few crumbs
Scratching noises were heard coming fronm the larder last night

The cheese was eaten by a mouse

Inference to the best explanation....
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Inductive arguments

Inference to the best explanation....

The cheese in the larder has disappeared, apart from a few crumbs
Scratching noises were heard coming fronm the larder last night

The cheese was eaten by a mouse

Why not by the maid?
What if the scratching noises were made by the furnace?
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Scientists use Inductive Arguments

Inference to the best explanation....

Darwin’s Theory of Evolution
Einstein’s work in Brownian motion

But, how do we decide among competing arguments?
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Scientistsiuse Inductive Arguments

(€an we ever: proye a scientific theoxry or hypothesis?
Why or: why not?:

Darwin’s Theory of Evolution
Einstein’s work on Brownian motion

But, how do we decide among competing arguments?

Back to the Disappearing Cheese ....
What if the scratching noises were made by the furnace?

The simplest ...?
The most probable ...?

The one with greatest explanatory power?

Inference to the best explanation....
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T'he aimi of science IS/ to; explain
Curiosity: and/ox Action

For example?
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T'he aimi of science IS/ to; explain
Curiosity: and/ox Action

Why is the ozone layer being depleted so quickly?
Why does sodium turn yellow when it burns?
Why do solar eclipses occur when they do?
Why did the yen’s value decline in the 1980°s?
Why does male baldness run in families?

Why does oxygen deprivation lead to brain damage?
How tall with that lamp post’s shadow be at Spm?
Why do fools fall in love?

But what IS a scientific explanation?

And, why do we care?
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T'he aimi of science IS/ to; explain
But; what IS aiscientific explanationy

A response to an “explanation-seeking why question”
in the form of a logical argument — a deduction. (Hempel)
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T'he aimi of science IS/ to; explain
But; what IS aiscientific explanationy

A response to an “explanation-seeking why question”
in the form of a logical argument — a deduction. (Hempel)

Why are planetary orbits elliptical?

Newton’s law of Universal Gravitation
Factl

Planetary orbits are elliptical.

Cushing — ESS Winter 2011, Week 2




T'he aimi of science IS/ to; explain
But; what IS aiscientific explanationy

A response to an “explanation-seeking why question”
in the form of a logical argument — a deduction Hempel).

a general 1aw 7= Newton’s law of Universal Gravitation

Factl
Some facts.... — Fact 2

A deduction —

— Planetary orbits are elliptical.

Cushing — ESS Winter 2011, Week 2 The Covering Law Model of Explanation 2




Coyvering ILaw Model of Iixplanation

ISt a good one?
What about explanations like this?

Why is Athens usually immersed in smog?

Athens has a lot of car exhaust pollution ...
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Coyvering ILaw Model of Iixplanation

ISt a good one?
What about explanations like this?

Why is Athens usually immersed in smog?

a general law ™~ If CO2is released into the atmosphere

in sufficient concentration,
Some facts.... \ smog clouds will form

Athens has a lot of car exhaust pollution ...

A deduction __

T~

Athens is usually immersed in smog.
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Coyvering ILaw Model of Iixplanation

How about questions like

You are lying on the beach on a sunny day,
and a 15m flagpole casts a shadow of 20m across the sand.
Why?

The flagpole is 15m high
The angle of elevation of the sun is 37°
Tan 37° =15/20

The flagpole casts a shadow 20m long
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Coyvering ILaw Model of Iixplanation

How about questions like

You are lying on the beach on a sunny day,
and a 15m flagpole casts a shadow of 20m across the sand.
Why?

General laws Light travels in straight lines
Trigonometric laws...
Light rays from the sun are hitting the flagpole
Some facts.... The flagpole is 15m high
The angle of elevation of the sun is 37°
Tan 37° =15/20

A deduction The flagpole casts a shadow 20m long
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Coyvering ILaw Model of Iixplanation

How about questions like

You are lying on the beach on a sunny day,
and a 15m flagpole casts a shadow of 20m across the sand.

)

Why?

Yowl the beach! 15m flagpole
37°

20m shadow
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Coyvering ILaw Model of Iixplanation

But what if: we transpose the question?

You are lying on the beach on a sunny day,
and see a 20m shadow across the sand.
Why is the flagpole 15m high?
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Coyvering ILaw Model of Iixplanation

But what if: we transpose the question?

You are lying on the beach on a sunny day,
and see a 20m shadow across the sand.
Why is the flagpole 15m high?

General laws Light travels in straight lines
Trigonometric laws...

Light rays from the sun are hitting the flagpole

Some facts.... The flagpole casts a shadow 20m long

The angle of elevation of the sun is 37°
Tan 37° =15/20

A deduction The flagpole is 15m high

Does this explain why the flagpole is 15m high?

Cushing — ESS Winter 2011, Week 2 31




Coyvering ILaw Model of Ilxplanation
not every explanation of: this formiis good

Consider: A young child is in a room full of pregnant women
He notices that one person (John) in the room is not pregnant
And asks the doctor why not. The doctor responds:

John’s been taking birth control pills for years
People who take birth control pills regularly
don’t become pregnant

That is why John’s not pregnant

What’s wrong with this argument?
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Coyvering ILaw Model of Ilxplanation
not every explanation of: this formiis good

Consider: A young child is in a room full of pregnant women
He notices that one person (John) in the room is not pregnant
And asks the doctor why not. The doctor responds:
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Coyvering ILaw Model of Iixplanation

Ithe problem of irrelevance

Consider: A young child is in a room full of pregnant women
He notices that one person (John) in the room is not pregnant
And asks the doctor why not. The doctor responds:

John’s been taking birth control pills for years
People who take birth control pills regularly
General law(s) don’t become pregnant

Some facts....

Deduction That is why John’s not pregnant

It’s got right form, but
...it’s irrelevant that john’s been taking the pill!

This is a semantic problem....
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Coyvering ILaw Model of Iixplanation
does adding causality help?

Clearly,
the shadow’s length does not cause the flagpole to be 15m high.
and
John’s not being pregnant is not caused by his taking the pill!

So, even though causation is very difficult to demonstrate (!)
We often say science looks for causes.

However,
many arguments are not causal
Water is H,0

And
There are causal questions science doesn’t answer....

Cushing — ESS Winter 2011, Week 2




Questions science doesn’t answer....

(Can sciencen principle explain everything?

What is the origin of life?

Why do all bodies exert a gravitational force on each other?
i.e., what explains the Law of Gravity itself?

What is consciousness?
what is the distinguishing feature of certain thinking, feeling beings?

Why do fools fall in love?

Certain fundamental laws of science are just assumed....
But why?

And some things lie outside the realm of science

‘)
Cushing — ESS Winter 2011, Week 2 But what?




IDetermumismy, IDeduction, Induction, & Rrobability,
SO WL,

Our objective is to understand what science is
How it relates to the world,

And how scientific models relate to scientific theory
And in turn to the world....

Draw picture here...
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Questions science doesn -t answer....
1shit the ammi ol science toydescribe reality

Arie unobservable entities “real’’?.

Do atoms & electrons exist?

Lasers?

Genes?

God?
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Questions science doesn -t answer....
1shit the ammi ol science toydescribe reality

Arie unobservable entities “real’’?.

Do atoms & electrons exist?

(probably — we don’t observe them directly,
but they have explanatory power
we have indirect evidence that they exist, and
Lasers are useful.)

*the No Miracles argument
It is plausible to believe Iin atoms, electrons, and lasers.
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Are unobservable entities “real’*?
THE NO-MIRACILLES ARGUMENT DEBUNK4EID:...

Does phlogistin exist?

Light waves?

Use instead the empirical success argument...
But, to judge if a theory or hypothesis is good
we need to distinguish
observables & nonobservables?
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Judging “goodness: ofia theoxry ox hypothesis

Ifientities are unobservable?

Consider the hypothesis:
A meteorite struck the moon in 1987

The evidence:
Satellite pictures of the moon show
Crater > 1987
No crater < 1987
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Judging “goodness: ofia theoxry ox hypothesis

Ifientities are unobservable?

Consider the hypothesis:
A meteorite struck the moon in 1987

The evidence:
Satellite pictures of the moon show
Crater > 1987
No crater < 1987

Maybe
Alternative hypotheses explain this .... (volcanic eruption)
Maybe the data are bad... (camera was faulty)
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Judging “goodness: ofia theoxry ox hypothesis

Ifientities are unobservable?

Consider the hypothesis:
A meteorite struck the moon in 1987

The evidence:
Satellite pictures of the moon show
Crater > 1987
No crater < 1987

Maybe
Alternative hypotheses explain this .... (volcanic eruption)
Maybe the data are bad... (camera was faulty)

Cushing — ESS Winter 2011, Week 2 We are left with induction....




Seientiiic Theony, Facts, Arguments, & Explanations

What distinguishes science and pseudo-science?

Is there a common feature shared by all things “science”?
Wittgenstein suggests not....

Games have a loose cluster of features ...
Why not science?
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Moderm: Science
Hoew: doywe reacli consensus?”

From the Aristotelian World View
Ptolemy to (1800 years later!)

Copernicus, Kepler, Galileo ... 16"-17 centuries....
Descartes’ Mechanistic World View

Newtonian Physics

Relativity Theory & Quantum Mechanics (200 years later!)
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Moderm Seience
wiiy, and hew: does Seience change: .. 7

Biology — Darwin The Origin of the Species
Molecular Biology — Watson & Crick

Geology — Wegener’s continental drift

For Thursday....
Kuhn
Scientific Paradigms & Paradigm Change
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o ihunsday, 160;
more about Scientific Models

Our objective is to understand what science is
And how science relates to the world.

Also: how scientific models relate to scientific theory
And in turn to the world....

If science is inductive
are models inductive, too?
(we’ll get to that Thursday)

[Hornew, liow: does whatswe: ve beeni tal king
abeutrelate o Panarchys..
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Wiy Models and Interventionsy

potential —>

connectedness —

ed representation of the four ecosystem functions (r, K, Q, o) and
them. The arrows show the speed of that flow in the cycle,
d arrows indicate a slowly changing situation and long
The cycle reflects changes in two proper-

Figure 2-1. A styliz
the flow of events among

where short, closely space
reereres indicate a ranidlv changing situation.




Cushing —

Wiy Models and Interventionsy

Figure 2-2. Resilience is another
resilience, is added to the two-dimensional box

toward K, where the system

expands and contracts throughout the cycle. Resilience shrin

dimension of the adaptive cycle. A third dimension,
of Figure 2-1, showing that resilience

ks as the cycle moves

becomes more brittle. It expands as the cycle shifts

e nnmml'l-'l:'l'l-lﬂrf‘rl l‘FﬂﬂﬂfﬂﬂS

for a new initiation of




Wiy Models and Interventionsy

An ecological ‘system’
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Wiy Models and Interventionsy

Our ecological ‘system’
isin a
Natural (ecology) hierarchy....
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Cushing —

Wiy Models and Interventionsy

~ 110,000

- Century

- f YEAT
months

log time (years)

days
hours

| minutes

I i ;‘
-2 G 4 4 g
log space (meters)

Figure 3-8. Time and space scales of the boreal forest (Holling 1986),
lark 1985), and of their relationship to some of the processes

t. Contagious meso-scale processes such as insect outbreaks an
the interaction between faster atmospheric processes and

o

of the atmos-
that structure

d fire mediate
slower vegetation processes.




Panarchies are alieciediby othier=-discipline neighboers: . ..

ES —
an ecological ‘system’

- —_—
e RSB

economic ‘system’

. ; .
encompassing the ES social/cultural ‘system

encompassing the ES
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ES —
an ecological ‘system’

economic social/cultural
‘system’ ‘system’
encompassing [k et A il | A il | encompassing

But:these panarchies

are allimiturninested. ...
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ES —
an ecological ‘system’

economic social/cultural
‘system’ ‘system’
encompassing [k et A il | A il | encompassing

But:these panarchies

are allimiturninestedt...
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ES — an ecological ‘system’

economic = > ol > ol social/cultural
‘system’ ‘system’
encompassin 1 il 1 il 1 il encompassing
g the ES e e e the ES

But:these panarchies

are allimiturninested. ...
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economic
‘system’
encompassing
the ES
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L1
-
—
=
,

m‘:ﬂ.";";

social/cultural
‘system’
encompassing the
| DN

But:these panarchies

are all miturn nested. ...
57




Wiy Models and Interventionsy
(personalfstory cont.)

Why didn’t the models work everywhere, every time?

We knew that there were connections across space and time,
but how could we help them form testable hypotheses ???
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VASTAS

ViSualization ofi lierrestraal=Aquatic; Systems

PRECIFITATION
EVAPORATION

Tl il i Fegiad:
P lrient Dynireicy

— _":r.:?;:"

Plots, Stands Hillslopes, Catchments Basin, Region

Eco-hydrologic modeling: Integrate & Scale Up Data
From Plots to Catchment, Region
from Days to Months, Years, Decades
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VISTAS

a) (OHFkmzforestistand, to b)) 1 km® catchment; t0)¢) 64 km= basim.

Soil Moisture

Soil Maisture

January 21, 2006

&ey

rain (fim)

i E N LN A A
J sl g
schArge (mm /d)

887 T
Visualizations at plot
scale help users Rain (blue) Discharge (red)

understand, communicate
model & data and Effect of tree size & competitors on

nitrogen uptake at that nitrogen uptake in a 400-yr forest.

level. Visualized patterns at hillslope scale not
evident in raw data provide new insight
into forest habitat structure.

Visualizations at basin scale
help users understand &
communicate climate change
& forest harvest: stream
network, soil moisture, stream
water quality & quantity.
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IEcological
Connectivaty

IDrvers >
Responses

OVET Space
& time
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Land use legacies
(Dust Bowl)
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[Feological (Conneciivity: (cont)
Interactive or dependent

spatial units

Spatial context Time lags Emergent properties
Legacies

DRIVERS — PHYSICAL TEMPLATE — RESPONSES

|
Spatially-independent data (point, grid) | Spatially-integrated data (point, grid)

Single and multiple sites | Multi-scale, multi-site, multi-network

Univariate and
multivariate
statistics (e.g., linear
regression)

Point and spatially- T . Spatial and
- .p -y Spatially interactive P L
explicit simulation . . multivariate

simulation models

models statistics

Spatially independent
points, maps, response
surfaces

Spatially dependent points,
maps, response surfaces

Integrated regional predictions
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Thtmsday. ..

. More about *“thimking m: systems™, and
models
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Scicntiiic Paradigms & Paradigm Change
Ikanhns. ..
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Wy Models and Interventions:
(persenall story)

As a programmer, Input |—| Process —

| The System

= o |
As a system designer, u_L LT = 4_& |
Input ' Output

Process
for medical systems, we preselkd data for retrospective

epidemiological studies.... Thel DB

For computational chemists, oceanographers, we made the
models available..., aimed to link models together....

For ecologists, we aimed to help them manage their data, for

use at every stage of the research process....even after....
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