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20062006

IntroductionIntroduction

The goal:The goal:
To talk on my To talk on my 
experience of experience of 

study river flow study river flow 
variability with variability with 
use of scienceuse of science

The topics:The topics:
* Introduction: * Introduction: 

Philosophy 
for water 

development
* Knowledge & * Knowledge & 

UncertaintyUncertainty
* Results as * Results as 

Math Models Math Models 
* Communicating * Communicating 

the the 
KnowledgeKnowledge

* Conclusions* Conclusions
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The Missouri The Missouri 
River BasinRiver Basin

(time(time--spatial variability spatial variability 
of stream discharge)of stream discharge)

Variability as Variability as 
Math Math 

ModelsModels
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From the National From the National 
Research ConsulResearch Consul
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... ... our relation to our relation to 
the hydrologic system requiresthe hydrologic system requires
a modicum of a modicum of reverence for riversreverence for rivers

“The management of resources cannot be carried out successfully if it is 
looked upon as just another facet of economics, administration, & politics.”

“The great geographer, William Morris Davis, viewed the river system as 
having a life of its own. Its youthful headwaters, he said, are steep and rugged. It 
rushes toward the sea, eroding bed & bank on its way. In its central part, it is mature, 
winding sedately through wide valleys adjusted to its duty of transporting water & 
sediment. Near its mouth it has reached, in its old age, a nearly level plain through 
which it wanders in a somewhat aimless course toward final extinction as it joins the 
ocean that had provided the sustaining waters through its whole life span.”

“Man’s engineering capabilities are nearly limitless. Our economic views are
too insensitive to be the only criteria for judging the health of the river organism. 

What is needed is a gentler basis for perceiving the effects of our 
engineering capabilities. This more humble view of our relation to the hydrologic system 
requires a modicum of reverence for rivers.”

A reverence for rivers
Luna B. Leopold

Keynote address to the Governor’s Conference on the California Drought 
Los Angeles, California, March 7, I972
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Lula Lula 
LeopoldLeopold

19151915--20062006
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The Knowledge The Knowledge 
& the & the 

UncertaintyUncertainty
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The Uncertainty The Uncertainty 
& Information & Information 
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Information in the Information in the 
LanguageLanguage

““In cognitive linguistics as In cognitive linguistics as 
in cognitive science, the in cognitive science, the human human 

mind ismind is considered to be an considered to be an 
informationinformation--processing deviceprocessing device

((StillingsStillings 1995), 1995), 
& & language islanguage is viewed as viewed as 

a a vehicle for communicating vehicle for communicating 
informationinformation.”.”

From: J. Van de From: J. Van de WalleWalle, 2008, 2008

Six communication 

functions 

distinguished 

by Jakobson,

(from Wiki)
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The Science & The Science & 
the Languagethe Language

“Chomsky argues that no science 
has a mechanical procedure for 

discovering the truth anyway”

“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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Statistics & UncertaintyStatistics & Uncertainty
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 probability, 
it describes neither you 

nor the world, 
but only a relationship 

between you & 
that world.” (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)
“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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From Data Analysis From Data Analysis 
to Statistical Learningto Statistical Learning
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& of the & of the 
Watershed Watershed 
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The Uncertainty The Uncertainty 
& Different & Different 

Systems of Coordinates Systems of Coordinates 

Mathematical & physical Mathematical & physical 
objects are abstractions objects are abstractions 
&& “have” the principle of “have” the principle of 
uncertaintyuncertainty

Technological  Technological  
objects have objects have 
the errors of the errors of 
measurement measurement 

Natural objects have fuzzy Natural objects have fuzzy 
boundaries in their own boundaries in their own 

coordinates of multicoordinates of multi--dimensional dimensional 
process & nonstationary axes    process & nonstationary axes    

zz

xx

yy

xx

zz

yy

xx

zz

yy
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Coordinates Coordinates 
for for 

the Earth the Earth xx

zz
yy
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The Coordinates on The Coordinates on 
the Earththe Earth

xx

zz
yy
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The gThe g22 -- stream runoff system stream runoff system 
as a part of aas a part of a22-- hydrospherehydrosphere

may be presented as:may be presented as:
SgSg22 = { = { ggjiji, , RRjiji },},

Any watershed Any watershed ggjiji for territory may for territory may 
be considered as a part of stream be considered as a part of stream 
runoff system Sgrunoff system Sg22..

ca

b

ggjiji

Each of these components may be Each of these components may be 
characterized by matrix of input {characterized by matrix of input {WiWi}, }, 
matrix of output {matrix of output {QiQi}, & matrix of states {Hi}.                                     }, & matrix of states {Hi}.                                     

System of Physical System of Physical 
Geography Sphere Geography Sphere 

(S(SFGFG) with five ) with five 
independent elements: independent elements: 

aa11-- atmosphere, atmosphere, 
aa22-- hydrosphere, hydrosphere, 
aa33-- lithosphere, lithosphere, 
aa44-- pedospherepedosphere, , 

aa55-- biospherebiosphere
(after Krcho, 1978)

where where ggJiJi-- watershedwatershed
in specific coordinates  in specific coordinates  

yy

Cybernetic Model (a) Cybernetic Model (a) 
for Watershed in Landscape,  for Watershed in Landscape,  
with Map of Conditions (b) with Map of Conditions (b) 

&  Multilayer Map (c)&  Multilayer Map (c)

xx

zz
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Math Models 
for the Analysis
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The Duration CurvesThe Duration Curves
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The Duration The Duration 
CurveCurve

103, cfs

%

Empirical Empirical 
durational curve durational curve 

19111911--2010 for 2010 for 
USGS 06191500 USGS 06191500 

Yellowstone Yellowstone 
River at Corwin River at Corwin 

Springs, MTSprings, MT

The hydrograph of The hydrograph of 
hydrological year for hydrological year for 
USGS 06191500 USGS 06191500 
19111911--20102010
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Annual Annual 
distributiondistribution
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Structure of Structure of 
the seasonal the seasonal 
variabilityvariability

Factor 1 Score
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More that More that 
one one 

dimensiondimension
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Shifts in the mean for Factor 2, 1911-2010
Probability = 0.1, cutoff length = 10, Huber parameter = 1
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Probability = 0.1, cutoff length = 10, Huber parameter = 1
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Shifts in the mean for Factor 3, 1911-2010
Probability = 0.1, cutoff length = 10, Huber parameter = 1
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Probability = 0.1, cutoff length = 10, Huber parameter = 1
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Modeling Modeling 
the  Regimesthe  Regimes
19111911--20102010
(2021)(2021)
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The WaveletsThe Wavelets
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The WaveletsThe Wavelets
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Math Models &Math Models &

Time Time 
VariabilityVariability
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The Knowledge of The Knowledge of 
Variability for WatershedVariability for Watershed

* The Knowledge about watershed comes only from the * The Knowledge about watershed comes only from the 
analysis of the empirical data (instrumental observations)analysis of the empirical data (instrumental observations)
* Variability has to be defined as annual & seasonal * Variability has to be defined as annual & seasonal 
structurestructure in coordinates of the hydrologic time & spacein coordinates of the hydrologic time & space
for particular watershed (coordinates have particular watershed (coordinates have nonstationarynonstationary
axes, the factoraxes, the factor’’s axes for multidimensional process are s axes for multidimensional process are 
considered as the basis for coordinate system) considered as the basis for coordinate system) 
* The math model does not have criteria to verify itself * The math model does not have criteria to verify itself 
(G(Göödel's incompleteness theorems) & multi models & del's incompleteness theorems) & multi models & 
scales studies with use of empirical data have to be scales studies with use of empirical data have to be 
completedcompleted
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Communicating Communicating 
the Knowledge the Knowledge 

N
at

ur
e 

P
re

ce
di

ng
s 

: d
oi

:1
0.

10
38

/n
pr

e.
20

11
.6

53
7.

1 
: P

os
te

d 
15

 O
ct

 2
01

1



The Uncertainty in The Uncertainty in 
Hydrology: Hydrology: 

the Usual the Usual 
ApproachApproach
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The Uncertainty & The Knowledge The Uncertainty & The Knowledge 
through Modeling: Object, through Modeling: Object, 
Data, Analysis & ResultsData, Analysis & Results

Photo picture Photo picture 

as  presentation 
as  presentation 

of the  natural 
of the  natural 

objectobject

The conceptual model 
The conceptual model 

(Cybernetic Model)
(Cybernetic Model)

is the way to use 
is the way to use 

previously obtained 
previously obtained 

KnowledgeKnowledge

The knowledge (K)= 0,The knowledge (K)= 0,
about a new object for about a new object for 
the considerationthe consideration
the uncertainty (U)= 1the uncertainty (U)= 1

KKpp = 1 & we have the = 1 & we have the 
direction for the direction for the 
research, the task,research, the task,
U = 0, but the U = 0, but the 
Knowledge is Knowledge is 
previous (previous (KKpp))

The Statistical Learning The Statistical Learning 
is the way to obtain is the way to obtain 
(“extract”) the structure (“extract”) the structure 
of a natural objectof a natural object

After After 
Statistical Statistical 

LearningLearning
K > UK > U

The Uncertainty from 
The Uncertainty from Analysis obtained for 
Analysis obtained for 

every model. every model. For Factor Analysis For Factor Analysis U=1U=1-- explained  variabilityexplained  variability
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Communicating the Communicating the 
Knowledge for the  Knowledge for the  

WatershedWatershed
Scientist Scientist 

working in working in 
Hydrology have Hydrology have 

to handle the  to handle the  
Uncertainty & Uncertainty & 
communicate communicate 

the Knowledge the Knowledge 
about about 

timetime--spatial spatial 
variability of variability of 

the Watershed the Watershed 
characteristics  characteristics  
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* The Knowledge & the Uncertainty obtained with math * The Knowledge & the Uncertainty obtained with math 
models help to determine:models help to determine:

-- the scope of practical applications to be the scope of practical applications to be 
developed (like water balance estimations for developed (like water balance estimations for 

conservation &/or management of water resources in conservation &/or management of water resources in 
different scales), different scales), 

-- the tasks to educate the public/communities the tasks to educate the public/communities 
about water resources & environmental issues. about water resources & environmental issues. 

* Communication of the knowledge of hydrologic objects * Communication of the knowledge of hydrologic objects 
& processes is successful with colleagues with equal & processes is successful with colleagues with equal 

experience.experience.
* Education has be based on research.* Education has be based on research.
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