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Determines the Nonlocality
of Quantum Mechanics

Uncertainty Principle

Jonathan Oppenheim* and Stephanie Wehner?3*

Uncertainty
4 4
Two central concepts of quantum mechanics are Heisenberg's uncertainty principle and a subtle r' “0‘ p e

form of nonlocality that Einstein famously called “spooky action at a distance.” These two
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Figure S 1: A simplified example: Imagine a world in which the only steerable states are
the maximally certain states of the uncertainty relations we consider. and we have an all or
nothing form of steering. Le., either Alice can steer to all ensembles with probability peer.
or fails entirely. The vertical axis denotes the certainty pees (that is, the lack of uncertainty),
and the horizontal axis pgeer. Lighter colours indicate a larger winning probability, which in
this simplified case is just PE*"(S,7 ,048) = PsteerPeert. 1he s0lid line denotes the case of
Peame — 3/4, which can be achieved classically. The point on the line denotes the combination
of values for a classical deterministic theory: there is no uncertainty ((z, , = 1 for all 7, ,). and
no steering other than the trivial one to the state Alice and Bob already share as part of their
strategy which yields 3 /4 on average. The dashed line denotes the value PE = 1/2+41/(2y/2)
achievable by a quantum strategy. The point on the line denotes the point reached quantumly:
there is uncertainty, but we can steer perfectly to the maximally certain states. Finally, the point
at (1, 1) denotes the point achievable by “PR-boxes™: there is no uncertainty, but nevertheless

perfect steering.
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Fig. 2. When Alice performs a measurement la-
heled s and obtains outcome a with probability
b(als), she effectively prepares the state o, on
Bob's system. This is known as steering.




communication

Quantum entanglement, by itself,

q

Alice's measurement
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Figure 2. An entanglement-enhanced
strategy for transmitting a bit g. Alice
measures her photon's polarization in
one of two directions, depending on gq.
She represents her result as a bit a and
inputs (g, a) into the channel. Bob then
measures his photon, the entangled
partner of Alice’s photon, in one of two
directions, depending on the ocutput he
receives from the channel. Bob can then
deduce g with an overall success proba-
bility of 90.2%.

As a laboratory experiment shows, when Alice and Bob e
have one of a pair of entangled photons, they can trans
more accurately over a noisy channel.

cannot be used to communicate. Meas-

Entanglement enhances classical
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50% SUCCess SUCCess
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Figure 1. A classical strategy for trans-
mitting a bit g over a noisy communi-
cation channel. The channel takes two
bits as input; it outputs either the first
bit, the second bit, or their parity P,
each with equal probability. Inputting
(0, g) gives a success probability of 5/6,
or 83.3%. Several other strategies do
equally well.
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Figure 4. Preparing “genuine” tunneling
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" selected to have a particular total energy
1 |SJ less than the depth of the potential well
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5 a profassor of physics at - shows its initial distribution in position x.
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‘ tion. As a result of those selections, the
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Expanding Horizons

By TIMOTHY FERRIS
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Parallel Universes and
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By Brian Greene yp tion. The Hidden

970 pp. Alfred A. Knopf.
$20.05.
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Izabella Godlewska de Aranda’s painting Cosmic Joy! (2009) hints at the idea of many universes.

| cosMOLOGY |

The untestable

.

multiverse

George Ellis reminds us that Brian Greene’s beguiling
book on parallel worlds is more theory than fact.

osmology must seem odd to scientists
in other fields. More and more accu-

rate data about the distant Universe

and convincing on
their own terms. But
they inexorablylead us
farther from the gold
standard of testability
that is the scientific
method. The beguil-
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Realistic simulations. A simulated ship upon a simulated ocean. Here, the film industry’s Naiad software is
used to evolve the incompressible Navier-5tokes equations for the water, strongly coupled with the rigid-body
dynamics of the longboat, with additional phenomenological simulation of foam and spray.

This fashional
large, perhaps iy
universes exist]
well-constructe

COMPUTER SCIENCE

Numerical modeling of how objects and

are being generated by high-tech observa-
tional techniques, giving riseto an era of
‘precision cosmology’ — but to explain these
impressive data, cosmologistsare increas-
ingly turning to untestable theories.

In The Hidden Reality, theoretical physicist
Brian Greene explores one of the strangest
proposals: that we live in a multiverse.

nine different nv
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it might be true.

fluids move, collide, and break up underlies
spellbinding video animations.

Computational Physics in Film
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Great Lakes Law

A Blog on All Things Wet and Legal in the Great Lakes Region by Professor Noah Hall

Capping the Bottle on Uncertainty: Closing the Information Loophole in the Great Lakes-

“limatic Change (2011) 105:387-408
Ol 10.1007/s10584-010-9896-4

ff Dornbos

_ ater treaties

lena Drieschova

SReceived: 9 February
© Springer Science+B

[%2]
(@]
c

bstract Water is

Yo uncertainties, m
Qhese uncertainties
wothers relate to b
SHowever, to our
been translated int
Zpartially fills this g
in basin specific tr|
the last century.
which uncertaintie
the strategies adop
approach that spre|
management strate
ended strategies ir
earlier been more ¢

Table 1 Uncertainty language

transboundary water
agreements, 1900—-2007

i1n

(1d in Holland, Michigan.
1se from the U.S. Coast

WA on manaaomant af

Nature of uncertainty % of sample@ hic
mentioned
Exogenous resource uncertainty
Flow variability 49%
General environmental [3%

ydrology:
the Usual
proach

Scientific
Explicit clima
Exogenous bac
International
Demand unce
Induced endogg
Treaty impler
Data
Treaty financ
Treaty effecti
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Table 2 Changes in types of uncertainty mentioned in transboundary water agreements, 1900-2007

1900-1949 1950-1969 1970-1989 19902007

Exogenous resource uncertainties

Flow variability 44% 56% 41% 51%

General environmental uncertainty 7% 6% 9% 2%

Scientific uncertainty 4% 1% 6% 6%

Explicit climate change uncertainty 0% 0% 0% 3%
Exogenous background uncertainties

International relations 17% 4% 7% 4%
Induced endogenous uncertainties

Implementation uncertainty 6% 7% 6% 7%

Data uncertainty 2% 0% 0% 1%

Financial uncertainty 6% 6% 7% 4%

Effectiveness uncertainty 4% 1% 7% 4%

Infrastructural uncertainty 10% 13% 15% 28%
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Ignorance is bliss:

Or seven reasons not to use uncertainty analysis

F. Pappcnbcrgcr' and K. J. Beven'

Received 20 December 2005; revised 19 March 2006; accepted 23 March 2006; published 16 May 200

[1] Uncertainty analysis of models has received increasing attention over
decades in water resources research. However, a significant part of the com

The

y l

reluctant to embrace the estimation of uncertainty in hydrological and hydrauli
In this paper, we summarize and explore seven common arguments: uncertainty
not necessary given physically realistic models; uncertainty analysis cannot b
hydrological and hydraulic hypothesis testing; uncertainty (probability) distril
cannot be understood by policy makers and the public; uncertainty analysis ¢
mcorporated into the decision-making process; uncertainty analysis is too sub
uncertainty analysis 1s too difficult to perform; uncertainty does not really mg
making the final decision. We will argue that none of the arguments against
analysis rehearsed are, in the end, tenable. Moreover, we suggest that one reas
application of uncertainty analysis 1s not normal and expected part of modeling
that mature guidance on methods and applications does not exist. The paper
with suggesting that a Code of Practice 1s needed as a way of formalizing suc
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Appraisal of the generalized likelihood uncertainty
(GLUE) method
Jery R. Stcdingcr,' Richard M. \f’ogclﬁz Seung Uk Lee,' and Rebeecd

Received 9 January 2008; revised 18 June 2008; accepted 4 August 2008; published 1 Noven

[1] Recent research documents that the widely accepted generalizec
uncertainty estimation (GLUE) method for describing forecasting pre
of parameter uncertainty in rainfall/runoft watershed models fails to i

ertainty

Journal of Hydrology 397 (2011) 83-92
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Temporal uncertainty estimation of discharges from rating curves using
a variographic analysis

Jonathan Jalbert®*", Thibault Mathevet®, Anne-Catherine Favre*

*nstitut National de la Recherche Scientifique, Centre Equ, Terre et Environnement, 490 rue De la Couronne, Québec (Québec), Canada G1K 9A9
Y Electricité de France, Direction Technique Générale, 21 Avenue De 'Europe, Grenoble, 38040 Cedex 09, France
“Département de mathématiques et de statistique, Université Laval, Québec (Québec), Canada G1V 0AG

ARTICLE INFO SUMMARY
Article history: A rating curve provides an estimation of river discharges based on stage (water 1evel)r’ estimation
Received 2 September 2009 contains a level of uncertainty. Initial uncertainty occurs at the time of establishment of W ating curve.

Received in revised form 7 November 2010

This may be due, for example, to the randomness of natural processes or to the inaccu
Accepted 25 November 2010

of the stage. Temporal uncertainty is related to the well-known processes of erosion
This manuscript was handled by A. modify the Igeumet:"y of the river bed anq, consequently, the 1'e!ataonsh:p betweer
Bardossy, Editor-in-Chief, with the charge. As time goes by, temporal uncertainty of the estimated discharge from a ra
assistance of Luis E Samaniego Due to the widespread use of rating curves by scentists and water resource managers,
assess these related uncertainties. Several studies have taken into account initial uncertainties but none, "

purpose when used with an informal likelihood measure. In particulas
fails to produce intervals that capture the precision of estimated parai
difference between predictions and future observations. This paper 1
problems with GLUE using a simple linear rainfall/runoff model so
i1s a linear regression problem for which exact expressions for pred
parameter uncertainty are well known and understood. The simple
enables us to clearly and simply illustrate GLUE deficiencies. Beven

and others
suggested that the choice of the likelihood measure used in a GLUE computation 1s
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HYDROLOGICAL PROCESSES
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Handling uncertainty in extreme or unrepeatable

hydrological processes—the need for an alternative
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Hydrologic Synthesis Using Entropy Theory: Review

Vijay P. Singh, F.ASCE'

Engineers.

:| "Uncertainty about an event suggests that the event may

1| take on different values, & information is gained by observing
| the event only if there is uncertainty about it. ...
| connection between entropy, information, & uncertainty.”

there is a

1
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2 CE Database subject headings: Entropy methods; Probability distribution; Hydrology.

Author keywords: Entropy; Entropy theory; Principle of maximum entropy; Probability distribution; Shannon entropy; Hydrology.
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TRe Uncertainty
in Phaygics &
Hydrology

In Physic,

the principle of Uncertainty is the base for
consideration of locality, communication & time-
symmetry for specifically determined systems &
for proposing of new hypotheses.

In Hydrology,

the Uncertainty has to be defined with system
specification, information & communication
consideration for defined systems.
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The Concept of a Linguistic Variable
and its Application to Approximate Reasoning—I1*

L. A. ZADEH

Computer Sciences Division, Department of Electrical Engineering
and Computer Sciences, and the Electronics Research Laboratory,
University of California, Berkeley, California 94720

1. THE CONCEPT OF A FUZZY VARIABLE

Proceeding in the development of Part I of this work, we are now in a posi-
tion to generalize the concepts introduced in Part [, Sec. 2 to what might be

called fuzzy variables. For our purposes, it will be convenient to formalize the
concept of a fuzzy variable in a way that parallels the characterization of a
nonfuzzy variable as expressed by Definition 2.1 of Part [. Specifically:

The Concept of a Linguistic Variable
and its Application to Approximate Reasoning—ITI*

L. A, ZADEH

Computer Sciences Division, Department of Electrical Engineering
and Computer Sciences, and the Electronies Research Laborarory,
University of California, Berkeley, Colifornia 94720

1. LINGUISTIC PROBABILITIES
AND AVERAGES OVER FUZZY SETS

In the classical approach to probability theory, an event, 4, is defined as a
member of a o-field, .o, of subsets of a sample space £2. Thus, if P is a normed
measure over a measurable space (£2, o), the probability of 4 is defined as P{4).
the measure of 4, and is a number in the interval [0, 1].

There are many real-world problems in which one or more of the basic
assumptions which are implicit in the above definition are violated. First, the
event, A, is frequently ill-defined, as in the question, “What is the probability
that it will be a warm day tomorrow?” In this instance, the event warm day
is a fuzzy event in the sense that there is no sharp dividing line between its
occurrence and nonoccurrence. As shown in [48], such an event may be char-
acterized as a fuzzy subset, 4, of the sample space £, with u ,, the membership
function of 4, being a measurable function.
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Natural & artificial languages dealing with
information for Artificial Intelligence creation

Quantitative linguistics
Phonology - Graphemics

Semantics - Pragmatics

Descriptive linguistics

Anthropological linguistics
Comparative linguistics
Historical linguistics
Phonetics - Graphetics
Etymology - Sociolinguistic

Applied and
experimental linguistics

Computational linguistics
Forensic linguistics
Internet linguistics

Language acquisition
Language assessment
Language development
Language education
Linguistic anthropology
Neurolinguistics
Psycholinguistics

Second language acquisitio

The concept of an assignment statement plays a central role in programming
languages. Could it play a comparable role in the representation of knowledge expressed
in a natural language? In our paper, we generalize the concept of an assignment state-

Outline of a Computational Approach
to Meaning and Knowledge Representation
Based on the Concept
of a Generalized Assignment Statement*

LA. Zadeh
Computer Science Division
University of California
Berkeley, CA 94720

1. Introduction

*Research supported in part by NASA Grant NCC-2-275 and NSF Grant IST-8320416

Reprinted, with permission, from Proc, of the Intern. Seminar on Al and Man-Machine Systems.,
edited by M. Thoma and A, Wyner, pp. 198-211. Copyright © 1986 by Springer-Verlag Inc.

Evolutionary linguistics
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Figure 1. Shannon’s communication channel

]ﬁrgen Van de Walle Folia Linguistica Historica 29/1-2 (2008), 1-37.
“In cognitive linguistics as

: | in cognitive science, the human

s Sender 2'- > Recaiver ‘ mind is considered to be an

& information-processing device
i

(Stillings 1995),

& language is viewed as

a vehicle for communicating
information.”

From: J. Van de Walle, 2008
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Bertrand Russell (1926)

Theory of
Knowledge

for The Encyclopaedia Britannica)

THEORY OF KNOWLEDGE 1s a product of doubt. When we
have asked ourselves seriously whether we really know anything at
all. we are naturally led info an examination of knowing. in the
hope of being able to distinguish trustworthy beliefs from such as
are unfrustworthy. Thus Kant, the founder of modern theory of
knowledge. represents a natural reaction against Hume's scepticism. Few philosophers nowadays
would assign to this subject quite such a fundamental mmportance as it had i Kant's "critical”
system: nevertheless it remains an essential part of philosophy. It is perhaps unwise to begin with a
definition of the subject. since. as elsewhere in philosophical discussions. definitions are
controversial. and will necessarily differ for different schools: but we may at least say that the
subject is concerned with the general conditions of knowledge. in so far as they throw light upon
truth and falsehood.

g . ‘ “I. THE DEFINITION OF KNOWLEDGE
z Th e b 00 k h GS S I x The question how knowledge should be defined is perhaps the most important and difficult of the

three with which we shall deal. This may seem surprising: at first sight it might be
thought that knowledge might be defined as belief which is in agreement with the facts.

par"rs , & The PClr'T The trouble is that no one knows what a belief is, no one knows what a fact is, & no one

d “ L " - knows what sort of agr'eemenTB belfwefen them (uzllould make ';1 beliif true.
I elief. Words. Truth in Logic.

named “Language” is Truth in Logic
The blggeS'I' one WlTh Animal Inference. Mental & Physical Data.
ITT. METHODS OF INFERENCE

eleven ChapTer'S Induction. Probability. Limitation of Variety. Grades of Certainty.”
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What is Language: Some Preliminary Remarks

By John R. Searle
Copyright John R. Searle
6 L. Naturalizing Language

I believe that the greatest achievements in philosophy over the past hundred or

[42]

(@]

=

2 one hundred and twenty five years have been in the philosophy of language. Beginning
- with Frege, who invented the subject, and continuing through Russell, Wittgenstein,

>

S Quine, Austin and their successors, right to the present day, there is no branch of

the only achievement comparable to those of the great philosophers of language is
Rawls’s reinvention of the subject of political philosophy (and therefore implicitly the
subject of ethics). But with this one possible exception, I think that work in the

philosophy of language is at the top of our achievements.

6 November, 2006

philosophy with so much high quality work as the philosophy of language. In my view,

"Chomsky argues that no science
has a mechanical procedure for
discovering the truth anyway”

[In linguistic] ...

“the proper object of study was
the speaker's underlying
knowledge of the language,

his "linguistic competence"

that enables him to produce &
understand sentences

he has never heard before”

From: "Chomsky's Revolution in

Linguistics" by John R. Searle
The New York Review of Books, June 29, 1972
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Concept
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; In coming to understand the world—in learning concepts, acquiring language, and grasping
& [causal relations—our minds make inferences that appear to go far beyond the data available.
S [How do we do it? This review describes recent approaches to reverse-engineering human learning
c
= |and cognitive development and, in parallel, engineering more humanlike machine learning
o |pystems. Computational models that perform probabilistic inference ov
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4 4 Abstract .
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Fig. 2. Kemp and Tenenbaum (47)
showed how the form of structure in
a domain an be discovered by using
a HBM defined over graph gram-
mars. At the bottom level of the
model is a data matrix D of objects
and their properties, or similarities
between pairs of objects. Each square
of the matrix represents whether a
given feature {column) is ohserved
for a given object (row). One level
up is the structure S, a graph of rela-
tions between objeds that desaibes
how the features in D are distributed.
Intuitively, objects nearby in the graph
are expected to share similar feature
values; technically, the graph Lapladan
parameterizes the inverse covariance
of a gaussian distribution with one
dimension per object, and each feature
is drawn independently from that dis-
tribution. The highest level of abstract
principles specifies the form F of
structure in the domain, in terms of
grammatical rules for growing a graph
5 of a constrained form out of an
initial seed node. Red arrows repre-
sent P(SIF) and P(DIS), the condi-
tional probabilities that each level
specifies for the level below. A search
algorithm attempts to find both the
form F and the structure $ of that form
that jointly maximize the posterior
probability P(S,FID), a function of the
product of P(DIS) and P(SIF). (A) Given
as data the features of animals, the
algorithm finds a tree structure with
intuitively sensible categories at mul-
tiple scales. (B) The same algorithm
discovers that the voting patterns of
U.5. Supreme Court judges are best
explained by a linear “left-right” spec-
trum. (€) Subjective similarities among
colors are best explained by a circu-
lar ring. (D) Given proximities between
cities on the globe, the algorithm dis-
covers a cylindrical representation
analogous to latitude and longitude:
the cross product of a ring and a
ring. (E) Given images of realistically
synthesized faces varying in two di-
mensions, race and masculinity, the
algorithm successfully recovers the un-
derlying two-dimensional grid struc-
ture: a cross product of two chains.
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The Statistician (2000)
49, Part 3, pp. 293-337

"... uncertainty should be

@ - described solely in terms
of your probability.

The statistician's task is to
articulate the scientist's
uncertainties in the
language of probability... A
model is merely your
reflection of reality &, like

The philosophy of statistics

Dennis V. Lindley
Minehead, UK

[Received June 1999]

1 il
Summary. This paper puts forward an overall view of statistics. It is arg r [ g
study of uncertainty. The many demonstrations that uncertainties can on:;;o—nTt)Trhee..____-]i By
the rules of the probability calculus are summarized. The conclusion is that statistical inference i$

firmly pesed on 'probability anne_. Progress is therefore dependent on the construc‘gi_qn of a pr'o bab|||1'y’ |'|' desCr'ibes

probability model; methpde for doing this are con&dered. It is argued that the probabilities are .

bl ittt w g O N L T neither you nor the world,

:J()S:If\tvf\tjgfgci:rsmtgresgtlgg?r? :t';?lislﬁ‘éve.The paper has been written in the hope that it will be intelligible bu-l- Only a re'quonsh | p

'\i;e}(/jwrrds: Congl;)megal)bi_lliﬁt)l; %eti asnelysti'?.; Dec{ziog ::t?tell]t)/sis; Exchangeability; Law; Likelihood; between YOU & ThGT Wor'ld-"
odels; Personal probability; Risk; Scientific method; Utility (p 303)

".. data analysis assists in the formulation of a model & is an activity that precedes
the formal probability calculations that are needed for inference.” (p. 305)

"Karl Pearson said 'The unity of all science consists alone in its method, not in its
material’ (Pearson, 1892). It is not true to say that physics is science whereas
literature is not." (p. 316)

"Statisticians are not masters in their own house. Their task is to help the client to
handle the uncertainty that they encounter. The 'you' of the analysis is the client, not
the statistician.” (p. 318)
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ADDRESSING THE COMPLEXITY
OF THE EARTH SYSTEM

BY CarRLOS NoBRE, GuY P. Brasseur, MElvYN A. SHAPIRO, MYANNA LAHSEN, GILBERT BRUNET,
ANTONIO |. BusALACCHI, KATHY HIBBARD, SYBIL SEITZINGER, KEVIN NOONE, AND JEAN P. OMETTO
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COUPLED

HUMAN

- ENVIRONMENT
SYSTEM

*BioGeochemistry
(Soil fertility,
OM levels,
Fluxes)

-BioDiversity
(Species,
Community,
Landscape,
Genetic,
Functional)

*BioPhysics
(Albedo,
Energy exchange,
Structure)

Fic. 4. An example of a model of a coupled human-—
environmental system that accounts for the influences
of one subset of human actions (land use) on the natu-
ral systems and for the role of environmental goods
and services for human welfare (utilization). [While
“culture” is listed as a separate factor in this list, it is
worth emphasizing that culture is a pervasive factor

that also shapes institutions, economy, science, etc.
(Proctor 1998).]
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(Sro).

Arrows indicate

vertical & horizontal
components of matter, energy
& information circulation
(after Krcho, 1978)
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The Cybernetic Model
for the Landsgcape

K — HIGH ATMOSPHERIC LAYERS
AND ADJACENT COSMIC SPACE
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Each of these components may be
characterized by matrix of input {Wu}
matrix of output {Qi}, &

matrix of states {Hi}.

f —H System of

Physical

5 Geography
7" . Sphere (Sg;)
== independent
elements:
,Jl atmosphere,
—*“"""" G hydrosphere,
“a3- lithosphere,
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‘w7 ag biosphere
~ (after J. Krcho,
1978).
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— Sysgtemy Model (a)

AND ADJACENT COSMIC SPACE
.. (K€ gy)

for Waterghied in Landscape,
witk Map of Conditions (6)
& Muetoeayer Map (¢)

s p A ST System of Physical
B AT Geography Sphere
(Sgg) with five

27 independent elements:
a;- atmosphere,
a,- hydrosphere,
as- lithosphere,
a,- pedosphere,
as- biosphere
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runoff system Sg, i paEE Al - may be pr'esenTe as:

Each of these components may be - 92 = { 9;i. Ryi .
characterized by matrix of input {Wi}, where g;,- watershed
matrix of output {Qi}, & matrix of states {Hi}.
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The Multidimensgional
Structure of the
Relations

= The number of characteristics for

e, NP elements of landscape & watershed is
/é"‘:?;ig:‘fé%@ e\ unlimited but for stable landscape the
AT AR ) set of watersheds or stations with
‘%’ Rl data allows to obtain statistical

(Ri} N description of connections
IS a matrix of relations between Axis for hydrological space -
PGF‘TS of Iandscape (af’rer‘ KI"ChO, factors (principal componem‘s)
1978) of initial data matrixes
Entering the codes & numbers {Xiep),

allow consider
{Ri}

as a time spatial structure

for initial matrix {X . } we
open the way to recovery
connections those exist in landscape
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PRiCogoply of Data Analysis
& Natural Structures

Factor analysis is method for extraction that
are regarded as the basic variables that account for
the interrelations observed in the data

A factor is a portion of a quantity, usually an integer or polynomial

that, when multiplied by other factors, gives the entire quantity

t L s =

The main applications of Bt e M S
factor analytic techniques are: R e IR B T

* (1) to reduce the number of T e N © S e
variables and ' iy Vet SO S

+ (2) to detect structure in | DS e TO e TS
the relationships between variables, |~ —7« Dy &
that is to classify variables. WS N L 5
(From: Wolfram MathWorld) * i A - g
88°W EE:’W 84:‘W 82’I’W ED:’W TSLW w

The variables selected after factor analysis are considered as typical &
may be used for time-series analysis




Average for 1956-70:
blue - MAXIMUM;
red - MEAN;

green - MINIMUM
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Monthly
Proportions of Annual
Streamflow for 46 Watergheds
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TaBle of Factor Lloadings for

Monthly
Proportions
of Annual

Streamflow
(1966-70)

Factor | Factor | Factor

Month 1 2 3
October 0.43 0.39 0.80
November 0.97
December -0.25 -0.91

January -0.88 -0.40
February -0.77 -0.60
March -0.40 -0.63 -0.58
April -0.68 0.69

May 0.91

June 0.60 0.70

July 0.89 0.28

August 0.80 0.53
September 0.53 0.41 0.69
Explained 3.01 4.85 3.26
Variability (25.8%) | (40.4%) (27.2)

-. ) Great Lakes . ety of Mo
I e Ecosystem Forecasting Ann Arbor, Mich.
May 23-27, 2005
Improving Understanding & Prediction
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Factor Scoreg for 46 Waterghieds in Plane

of Firgt & Second Factorg Axis

F_2S

Factor Factor Factor
Month 1 3
obel 0.43 0.39 0.80
Scatterplot M2
November 0.97
] 0.10 [I
-0.40
-0.60
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O
0.89 0.28
0.80 0.53
0.53 0.41 0.69
3.01 4.85 3.26
Variability (25.8%) (40.4%) 27.2) ﬂ
1
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-. ; Great Lakes
I | Ecosystem Forecasting

Understanding & Prediction

University of Michiga
Ann Arbor, Mich.
May 23-27, 2005
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Map Source: Keys et al. 1995, Ecological units of
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Structures of Streamflow
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#Hydrology with
Strecture

- Number of factor's axis create annual & seasonal

structure of hydrologic space

» Distribution of watersheds in this space depends

upon their hydrologic characteristics

* Groups of watersheds in hydrological space may

provide a base for regionalization & creation of
hydrological map

+ The factor model characteristics present the part

of information used from empirical data

* The use of Cyber Model & Data Analysis allows

communicate the knowledge of hydrologic
structures
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HISTORY OF SCIENCE

Alexander von Humboldt and

of the Earth

In the early 19th century, Alexander von
Humboldt laid the foundations for today’s
Earth system sciences.

the General Physics

StephenT. Jackson

s scientists are celebrating the 200th
anniversary of Charles Darwin’s birth
and the 150th anniversary of the pub-
lication of his On the Origin of Species,
Darwin’s ideas continue to shape and enrich
the sciences (7). 6 May 2009 marks the 150th
amniversary of the death of another 19th-cen-
tury figure—Alexander von Humboldt—

el
whose scientific legacy also flourishes in the L
21st century. Humboldt helped create the &=
intellectual world Darwin inhabited, and his e —

writings inspired Darwin to embark on i)
H.M.S. Beagle. More pertinent to our time,
Humboldt established the foundation for the
Earth system sciences: the integrated system
of knowledge on which human society may
depend in the face of global climate change.

Like _Darwin, Humb undertook a
iy ge that wo

It Y bold

18 st A

e hys ideas
ing Venezuela, the nort .ndes, and

' |
tral Mexigm with yaaits nerife, Cuba,
¥ Stat 1 legsml botag@y
r oeol gl o gica
N e exNW. W . an(

physid® measurements, and recorded the
-aphic @:ation of their thousands of
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Countries, publishe
snowline depicted
describing elevatio
other physical, che

RINE SUTLIFF/SCIENCE; WIKIPEDI,

ON 23 JUNE 1802, PRUSSIAN NATURALIST
Alexander von Humboldt attempted to reach the
summit of Mount Chimborazo, the highest peak
in the northern Andes. Bleeding, his beard
gy d with ice, the 33-year-old Humboldt
ed his way along a 12-centimeter-wide
cliff some

's barometer
ing record
orought him
ey aal fars

The lasting impa

n. Having studied Mount Chimbo-
.earby peaks for months, Humboldt
the first comprehensive treatise—
he Geography of Plants—on how
saries with altitude, climate, soil, and
.s. The work was a groundbreaking
exploration of the physical underpinnings of
ecological structure: what determines the
species that make up a community and their
relative abundance.

More than a half-century later, Charles
Darwin quietly conducted experiments m his
garden at Down House that were even more

aler I&

On tl‘ _1‘i1‘1 (_)'

Ecological Structure

albeit a controversial one, for community
structure, and Darwin included the experi-
ment in On the Origin of Species. “What a
wondrous problem it is.,” Darwin wrote to the
botanist Joseph Hooker in 1857, “what a play
of forces, determining the kind and proportion
of each plant in a square yard of turf!”

Ever since, ecologists have wrestled with
understanding what dictates the kinds and pro-
portions of organisms in communities ranging
from meadows to montane forests. How these
forces set up communities has “arguably been
one of the most primary questions driving eco-
logical science since its origins,” says Brian
Enquist of the University of Arizona, Tucson.
Competition, predation, disturbance, and other
factors have a heavy hand, and new research is
showing the influential role of evolution as
well. “You can’t understand the assembly
process if you don’t think about evolution,”
says Jeannine Cavender-Bares of the University
of Minnesota, Twin Cities.

Despite these achievements, there is still no
consensus on the relative importance of the
various forces. Darwin and many later ecolo-
gists emphasized competition among species,
but proponents of a controversial
theory of biodiversity that
assumes competition has no
impact argue that immigration
and other random demographic
events can account for much of
the apparent makeup of communi-
ties. As a result, ecologists have a
long way to go to come up with
formulas that predict how com-
munities might arise and change.
Yet the ability to make predictions
is important for the restoration
and management of ecosystems
impacted by invasive species or
climate change.

Many forces
Species abundance and composi-
tion—i.e., structure—may be the

THE YEAR OF

DARWIN

This essay is the 10th in a
monthly series. Formore
on evolutionary topics
online, see the Origins
blog at blogs.sciencemag.
org/origins. Formore
on ecological structure,
listen to a podcast by
author Erik Stokstad at
www.sciencemag.org/
multimedia/podcast.

to place, wet tropical forests still existas recog-
nizable entities on four continents. A combina-
tion of physical and biological forces organizes
species into these predictable communities.

Following Humboldt’s lead, scientists in
the 19th century assembled evidence that the
composition of communities depends on
physical factors such as climate and soil
chemistry. Today, ecologists call these factors
“environmental filters” that broadly deter-
mine which species can live where. For exam-
ple, forests in the eastern United States are
rich in sugar maples in the north but gradually
become dominated by oaks and hickories to
the south as temperature rises. Hemlock and
beech trees disappear to the west as conditions
generally become drier.

On a global scale, the importance of physi-
cal factors varies with latitude, according to
conventional thinking, popularized by
Theodore Dobzhansky in 1950. Stress from
cold and freezing limits diversity at high lati-
tudes, according to this widely established
view, whereas species diversity in the tropics
1s capped by another major driver, biological
interactions.

But to what degree are local patterns
driven by the direct influence of climate ver-
sus biological interactions such as competi-
tion? “Answering this question is critical for
our ability to predict shifts in natural commu-
nities due to global climate change,” says
Nicholas Gotelli of the University of Vermont,
Burlington.

1t’s long been clear that biolog-
ical interactions—competition,
predation, and so on—can be big
players. In the 1930s, Soviet
microbiologist Georgii Gause
conducted influential research
into how competition sets up com-
munities. Gause studied mixtures
of three species of the protist
Paramecium that were provided
with one or two kinds of food:
yeast, bacteria, or both. The
experiments revealed that one
species of Paramecium would
always drive the others extinet if
they had to compete for the same
resource. This led to the principle
of competitive exclusion and
eventually to the idea that species

Ed
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The Coordinates for
THE CLIMATE RESPONSE TO THE ASTRONOMICAL FORCING t a e e a " t

M. CRUCIFIX*, M. F. LOUTRE and A. BERGER
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Space Science Reviews (2006) 125: 213-226  rbe)
DOI: 10.1007/s11214-006-9058-1
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Hdecisive advances towards an astronomical theory ¢
lsinsolation (1941) and independent findings, in 1976,
sediment data and from celestial mechanics calculatilf
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Figure 1. Angles relevant for the astronomical theory of climate, represented on (/eft) the ecliptic
plane of epoch, (right) the actual orbit plane, also called ecliptic of date, and (middle) in geocentric
coordinates. P is perihelion and V.E.. vernal equinox.
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Earth's Magnetosphere

download large image (620 KB, PNG)

Share this image Mext
You've seen the pattern in science class when you laid bits of iron around a bar
magnet, The invisible force field around the magnet becomes suddenly visible
when the iron filings fall into line.

The iron-cored Earth is also a great magnet, and scientists have spent a century
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Figure 1. Angles relevant for the astronomical theory of climate, represent

plane of epoch, (right) the actual orbit plane, also called ecliptic of date, zmdl
coordinates. P is perihelion and V.E.. vernal equinox.

rdinates for
the Earth

The pull of the planet

The most detailed map of Earth's gravity ever
made was unveiled last week in Munich,
Germany, when researchers presented eight
months’ worth of data from the European
Space Agency’s Gravity Field and Steady-

State Ocean Circulation Explorer (GOCE), a
satellite launched in 2009. GOCE maps subtle
variations in Earth’s gravitational field that arise

from the planet’s uneven distribution of mass.
The result is a ‘geoid’ (pictured — variations
exaggerated 10,000 times), showing the world

if it were covered by an ocean whose height was
influenced only by gravity. This reference allows
geoscientists to precisely measure the heights

of shifting oceans and continents. GOCE will
continue mapping until the end of 2012.
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account deep tectonic mass changes
(such as the continental uplift seen in the
region of Hudson Bay and southern Can-

Taking the “Boulder” Step
From Static to Dynamic Geoid

2009 Workshop on Monitoring North American Geoid Change;
Boulder, Colorado, 21-23 October 2009
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the authority of a thousand
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a single individual."
Galileo Galilei

reflection of reality &,
like probability,

it describes neither you
nor the world,

but only a relationship

between you & that world"
Dennis Lindley
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Evolution Is Vindicated

By CARL ZIMMER
Vladimir Nabokov may be known to most people as the author of classic novels like “Lolita” and
“Pale Fire.” But even as he was writing those books, Nabokov had a parallel existence as a self-

taught expert on buttertlies.

He was the curator of lepidoptera at the Museum of Comparative Zoology at Harvard
University, and he collected the insects across the United States. He published detailed
descriptions of hundreds of species. And in a speculative moment in 1945, he came up with a
sweeping hypothesis for the evolution of the buttertlies he studied, a group known as the
Polyommatus blues. He envisioned them coming to the New World from Asia over millions of

years in a series of waves.
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Resulte for Discussion

Knowledge about natural systems (watershed in our case) may be
only obtained by the analysis of the empirical data (instrumental
observations)

Uncertainty starts from the research task unveiled by the
scientist

The cyber model of watershed applied to landscape allows for
formulating research tasks, developing methods of analysis, &
presenting results as a map

The main sources of the uncer’rain’rz) come from the natural sz(sfem
“extraction” (the first is the unit's boundaries) for modeling

from the unavoidable limitations of data representing both time &
space variability

The math model does not have the criteria to verify itself (Godel's
incompleteness theorems) & multi-scale studies with empirical data
have fo be completed

The uncertainty has to be considered in the context of time &
space of the watershed in natural coordinates

The watershed has the formal determined boundary - this property
places hydrology in the center of regional climate research
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The Typical Stations
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