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The dialog between field scientist and modeler




The dialog and model uncertainty: R
Epistemic uncertainty and Modeler

m Uncertainties that
arise from lack of
kKnowledge rather than
random natural
variability
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Dialog Btw

Field
Scientist

OUtI i ne and Modeler

m The dialog betweeen ’,
field scientist and N
modeler
O Brief history R e
O Recent work — 2 1

m Future issues . \'

O Scaling as process N\ //

realism \‘

University of Saskatchewan




Brief history




o o ° . Dialog Btw
o A meeting just like this “Fids
‘ | ~4O years ago.“ . and Modeler

Accurate prediction of the
headwater hydrograph 1mplies

adp atop ndali
daequate moaeliing of

sources, flowpaths and

residence time of water
and solutes.
Hewlett and Troendle, 1975 ASCE

University of Saskatchewan



Storm Precupu‘ra‘ruov|1
Var'lable Source Concept Hortonian Concept

"..the opposite appr'oach is
more logical in the case of
forest land; that is, to begin
with the assumption that all
flow is subsurface flow until
there is evidence otherwise” (p.
277)".

Hewlett and Hibbert (1967)

W /
Basin Hydrograph

Re-drawn from Hewlett and Troendle, 1975




Dialog Btw
Field

The next quantum leap

and Modeler

Catchment
{Complex Flow Path Distribution}

Precipitation ~, Baseflow
.4 "‘x."_} <
2 . 8
o ° :‘ , S VATV AVAVY L
12 ”:5 : _ 12 =
16 P 18
mrera -9.4%: HQ\ ' Average 9.4

Mean transit time for wa‘rer' through catchments
can be orders of magnitude longer than the
timescale of hydrologic response

McDonnell et al., 2011 HP



Dialog Btw

Field

An example o
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Hillslopes store water for months to years and then release
it in minutes or hours to streams (Kirchner, 2003 HP)

Universi



The past 20 years:

Searching for mechanisms
explain this behavior




Dialog Btw

The importance of soil depth and _Fild_
subsurface topography and Modeler

Depth
Min 0.0 m

Max 1.86m
Average 0.63 m

Volume
510 m3 (6 0.55)

Scale
2 m gridscale

R
> v;o;o;o;o?&’"
A

University of Saskatchewan McDonnell et al., 1996 EOS
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Field

One EXt reme Scientist

and Modeler
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University of Saskatchewan Graham and McDonnell., 2010 JoH



Dialog Btw
Field

Another extreme Scientist

m Slope25-5°
m Depth to argillic layer
O (mean: 0.97 m, cv: 21%)
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Hopp et al., in prep



Fill, spill, connectivity, threshold

Dialog Btw
Field

Scientist
and Modeler

Filtering £ ) Black-box
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The dialog



Dialog Btw

The soft data framework ot

and Modeler
Evaluation rules
Experimentalist Modeller

Values for evaluation rules (a)

“Degree of acceptability”

g 1 4, a3
S, a]/ \34

Seibert and McDonnell (2002 WRR; ASCE JHE in review

University of Saskatchewan



Dialog Btw

And links to Keith Beven's "Landscape Fiel

. Scientist
space to model space mapping” and Modeler
Hillslope box &m Runoff

Hollow box
. Riparian box
Umax |
U | '
Uni, '
[SPace ] ':.‘:-ll'

Psor M, Beven and Freer, 2001 HP
niversity of Saskatchewan P, "4 >100 Beven papers since...




Dialog Btw
Field

Use of soft data Sl

and Modeler
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Dialog Btw

Field

= = Scienti

Model efficiency : 0.93 and Modeler
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Dialog Btw

Field
Scientist

Model efficiency : 0.92 and Modeler
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Dialog Btw

Field

Model efficiency : 0.93 anc Modeler
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Dialog Btw

Field

Model performance and Modeler
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Other examples e

Scientist

Soft data and a posteriori parameter rejection and Modeler

1.00 1,00

m A poorly gauged
watershed in Chile

0251 025
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University of Saskatchewan



m Red dots

m Black dots = %
hew water > 50

m |dentifies
parameter sets
that produce the
“efficient” results
for the wrong
reasons

University of Saskatchewan

Efficiency

Dialog Btw

Field
Scientist
and Modeler
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Other examples:

Dialog Btw
Field

Scientist

Soft data as orthogonal measures for model evaln |k

Model 1

0.5

Strearm MRAT Soil MRT
University of Saskatche

Model 2

08
5 06

0.4 1%

0.5
Strearm MRT Soil MRT

Model 4

Strearm MRT Soil MRT
Vache and McDonnell, 2006 WRR



Looking
forward




Dialog Btw

Field

The dialog: Looking forward PKaws

» Process realism as scaling realism

= Scaling rules aggregate key process
information

= Residence time and storage make sense
across all scales

 Both are quantifiable

Precipitation / E \“‘-. Baseflow
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University of Saskatchewan



Dialog Btw
Field

Scientist
and Modeler




Dialog Btw
Field

Rainfall-runoff for the two sites St

and Modeler

Alsea Watershed Study, Oregon Coast Range
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Dialog Btw

On a log scale Scintist

Alsea Watershed $tudy, Oregon Coast Range
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Dialog Btw
Field

Exploring the scaling relations in low
of e Scientist
permeability rock and Modeler
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Dialog Btw
Field
Scientist
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Coast Range Diclog Bt
Scientist

The opposite scaling behavior! and Modeler

Soil Layer

Impermeable
Bedrock

= Permeable
< Bedrock

Perennial
Groundwater

Hale and McDonnell, WRR in review



“Getting the right answers for the P

Scientist

right reasons” Kirchner (2006 WRR) ad) Caelar

m Developing models that are minimally
parameterized and therefore stand some
chance of failing the tests that they are
subjected to

m Experimentalists delivering orthogonal
measures (but not all the gory detalls)
that can be used for 2“
model testing

. . - log{Area), A_[ha
niversity of Saskatchewan a( ). A_ [ha]






b Let's not let another 40 "

Scientist

Y ¥ and Modeler
= years go by...

Accurate prediction of the
headwater hydrograph 1mplies

adp atop ndali
daequate 1moaeiing of

sources, flowpaths and

residence time of water
and solutes.
Hewlett and Troendle, 1975 ASCE

University of Saskatchewan



Dialog Btw
Field

Scientist
and Modeler

WRITTEN TESTIMONY OF

"how can we manage water for the
benefit of mankind in nonstationary

times when we know so little about
its various stores, flow pathways

Atand residence times evenina 'EM
developed country like the United
States?”

C].l&llllﬂll LI, .I."LEIlL[’LJ‘.l]‘.E IVICIITUNCT  JJUITITOrIT Tl OUIIlcT ITICITIOr TS D 1IN COUIIInrrneees., l]_la].]k_
you for the opportunity to provide testimony on the National Integrated Drought
Information System (NIDIS).




Dialog Btw
Field

Summary | ot Mdeer

m The dialog between FS and M is key for reducing
epistemic error in the modeling process

m Precipitation-runoff data do not inform questions
of sources, flowpaths and residence times

m [T of water through catchments can be orders of
magnitude longer than the timescale of hydrologic
response

University of Saskatchewan



A storage-based view of runoff Diclog 81w

Scientist

Fill, spill, connectivity, threshold and Modeler

University of Saskatchewan



Dialog Btw

Field

Summary II S

m Defining residence time scaling can lead to
significant improvements in process realism

m Data availability is on the cusp of radical change
O laser spectrometers!

m A binary classification of permeable vs poorly
permeable could be a good start

University of Saskatchewan
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