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University of Siegen, AWTI Ethiopia, TU = World domination by the University of
Delft, Imperial College London, Bristol in the area of water — or
University of Arizona, Penn State something close to that. (P.S. Do not
University, University of Bristol mention to Exeter and Cardiff)
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For my undergraduate thesis I spent
5 months in rural Ethiopia
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Little information was available regarding
local hydrology/ meTeor'ology/ clnma’rology

The _céur'r'ence interval of
dhanged from ever'y 10, ’ro




Solutions to technical problems were
needed (though straightforward)

AC/DC converters
dying in the heat

Sediments clogging
the pipes




Survey's and project visits across

Ethiopia to understand the socio-
. . |

Male Joint tasks Female
-  Terracing - Digging - Collecting water
- Building. - Sowing - Carrying, spreading manure
maintaining houses - Weeding - Looking after children
- Fencing (mainly - Harvesting - Cooking, grinding
houses) - Scaring birds - Collecting firewood
- Dispute settling - Looking after animals - Fetching water
-  Washing clothes -  Brewing beer




Finally, success would be impossible with
creating ownership and education

GRAVITY FED
’/—5 GAL RESERVOIR
1

PLASTIC MULCH FILM
-n-——-FILTERFITTI&G Y ¥ W v/" W
/ AV‘!‘!'!\!J??—!,!—/7

DRIP LINES
4'-6' APART

PLASTIC MULCH F‘LH—\ /
_/é@@%b 5 Q\-'_:'IT T METEa~_

DRIP LINE 1'" BELOW FILM

10



e This work taught me a lot about good water engineering

| [1] It requires a thorough understanding of the physical
bz and socio-economic system.

o | [2] It requires sensible (not always optimal) solutions.

A
-

[3] It requires consideration of people to be sustainable.
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So what:is ci"hof, flat
and crowded world like?
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Well, think of being in a busy

British pub drinking British ale! !



The World population is growing rapidly

Population Energy consumption Temperature increase

Compared to

billion EJ/yr pre-industrial (°C)
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? For The first time in human hls’ror'y more
than half the world's population lives in
urban areds.




Human activity changes flow patterns and
impacts biodiversity, e.g. dams in the US

1800 1852

* Dams (NID)
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And often we cannot even remember what
we did to the landscape, e.g. milldams!

Buried Holocene
wetland

Walter and Merrits, 2008. Science 18



And we add new things: E.g. Shale gas
wells (red crosses) in Pennsylvania

4

A Treatment Facilities Accepting Shale Waste Water quality monitors (Cl- and/or TSS)

0 20 40 80K ilometers Watersheds Shale gas wells
Marcellus Formation A NPDES Facilities

%

Olmstedt et al., 2012. PNAS
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Though we have not yet reached the planetary
boundary with respect to freshwater

] 98ueyd ajewtld

Rockstroem et al., 2009. Nature 20



The future is looking less promising
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A growing, increasingly prosperous, and
rapidly urbanizing global population
demands more energy, food and water!

-
40% more

energy by
2030

"

50% more |

meat in
2025

http://www.21stcenturychallenges.org/focus/

Potential 40% shortfall

between water demand
and available

freshwater supply in

2030
/

62.

of the water used
to create the UK’s
food and goods
comesfromabroad

The UKis the world’s
sixth net largest
importer of water
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The expectation of increasing frequenc:y
of ex’rr'emes is similar
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'RESEARCH AND PRACTICE



How do we have to change hydrology,
to be fit for a changing world?

WATER RESOURCES RESEARCH, VOL. 46, W05301, doi:10.1029/2009WR 008906, 2010

The future of hydrology: An evolving science for a changing world

Thorsten Wagener,] Murugesu Sivapalan,z’3 # Peter A. Troch,” Brian L. M(:Glyrm,'S
Ciaran J. Harman,®> Hoshin V. Gupta,5 Praveen Kumar,® P. Suresh C. Rao,’
Nandita B. Basu,® and Jennifer S. Wilson”
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We need to overcome the limitations of
studying one place, by contrasting many places

Current Future

"

Learning from studying individual places (often Comparative hydrology: learmning from individual
pristine experimental catchments) to extrapolate or places embedded along gradients (e.g. changing
upscale to other places climate, human imprint) and across spatial scales

26



ydrology has long been focused on
understanding individual places in great detail
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So for example, how different is one
hillslope from the next one?
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How variable are shallow subsurface flow
thresholds?

Not yet open for distribution

Courtesy Prof Brian McGlynn, Duke University



Let's contrast this with 30 hillslopes in a
single Montana catchment

Not yet open for distribution

Courtesy Prof Brian McGlynn, Duke University



Not yet open for distribution

Courtesy Prof Brian McGlynn, Duke University



Precipitation and size create an organizing
principle

Not yet open for distribution

Courtesy Prof Brian McGlynn, Duke University



Performance

We have recently analyzed over 25,000
catchments in a comparative hydrology
synthesis study

Runoff Prediction
in Ungauged Basins

Performance

.

Climate or Catchment

Do
3. Runoff Prediction
¢ in Ungauged Basins
Q. >
B )
R c
S| ©
S — £
| S
B t
)]
o
Method Data i

Murugesu Sivapalan
Thorsten Wagener
Alberto Viglione

Hubert Savenije

Available from April 2013
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We gained new understanding on what
controls our ability to do PUB

Annual
runoff
3
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2 Seasonal, FDC,
< low flows
o
Floods,
hydrographs

Catchment scale
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How can we enhance the credibility of our
models in a changing world?

Current Future

Model predictions derive credibility by reproducing Model predictions derive credibility via more in-depth
historical observations diagnostic evaluation of model consistency with
underlying system and testing of behavior outside of

observed range

35



We often model the continuous behavior
of catchments, e.g. streamflow

02472000: Leaf River Near Collins, MS; Pascagoula Basin, Upper Leaf Subbasin
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Kollat et al., 2012. WRR



We often use trade-offs between multiple
objectives to indicate model structural error

Full Precision - 65,699 Pareto Solutions

0.246

0.244

0.242

¢ Variability
1 0 - m
0.00 30 6.0 9.0 12,0

Water balance — 3
@ o
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0.240
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0.236

<— Low flow error
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Kollat et al., 2012. WRR 4 High flow error

37



We find - in contrast to previous research -
that most trade-offs are insignificant
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Where meaningful trade-offs exist, they
indicate actual problems

03070000 Cheat River at Rowlesburg, wv; Monongahela Basm, Cheat Subbasm

Runoff (mm/day)

Runoff (mm/day)

Hymod - 259, HBV - 174 Parameter Sets

S
Year 8 Year9

_'___f__..ll _____ ].1 _____ |___1_

Kollat et al., 2012. WRR
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How do catchments respond to bigger
rainfall events than previously observed?

Current Future

VN

Assumption of stationarity: past is a guide to the Nonstationary world: past is no longer a sufficient
future guide to the future, expected variability could be
outside the range of observed variability
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Apparently similar systems can respond
dlfer'enﬂy to new input, e. 9. ramfall N
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But easily observable features do not
always tell the whole story!

The system
characteristics we
can easily observe
often are only of
limited value for
understanding
expected behavior

42




So how do we protect ourselves against
such surprises?

-
0O

-
O

discharge (m3/s)
40

20

Courtesy Dr Alberto Viglione, TU Vienna

Weerbach, 73 km?

Monte Carlo with
hydrologic model

By (essentially) adding
process understanding

B Flood
statistics

10 20 50 200 500

return period
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So if the (easy) science is not there, how
do we solve engineering problems through
receipes? Well, we don't anymorel

Joseé Ortega y Gasset
‘Life (engineering)
cannot wait until the
sciences have

explained the universe
scientifically’

http://en.wikipedia.org/wiki/José Ortega y Gasset 44
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MOCHA

How can we create an online faculty learning community?

WATER ENGINEERING
EDUCATION
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Are open educational resources the
future of University education?

[ Australian

NI B @ FARvARD  OBerkeley @ rewm B McGill g, faiord”

Institute of
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935

Supported with $60M in 2012
by MIT and Harvard alone
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HYDROLOGICAL PROCESSES
Hydrol. Process. 21, 17789-1792 (2007)

Taking the pulse of hydrology education

120
| C__JTeaching first time

100 - I Teaching subsequent times
Thorsten Wagener
Markus Weiler l -
Brian McGlynn 80 -
Mike Gooseff 1
Tom Meixner 60 -
Lucy Marshall ]
Kevin McGuire 40 -
Mike McHale ] ]

o Nl I -

NA O 1-2 35 6-10 11-20
Number of hours preparing class
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Groundwater
Hydrology ErfL

WATER
RESOURCES
ENGINEERING

Intraduction to

HYDROLOGY

P Edvos
Elements of
PuysIcAL
HYDROLOGY

David K. Todd
Lnarge M Mamberger, Larry W. Mays
Sefyvey . Ruforunesyer,
PFairiia L Wity

& Ktk N, Eshlovsan

Applied
Hydrogeology

FENVIRONMENTAL Y
HIDROLOGY &

HANDBOOK
HYDROLOGY

David R, Makdmecot
Foor i el

C. W. Fetter

Weater in Huvial Processes
Environmental Planning  in Geomorphology

Hydrology

?MJR%‘E;:;‘;NT PRINCIPLES OF [t R
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THIRD EDITION
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http://www.amazon.com/gp/product/images/067399337X/ref=dp_image_0?ie=UTF8&n=283155&s=books
http://www.amazon.com/gp/reader/0801858577/ref=sib_dp_pt
http://www.amazon.com/gp/reader/1577665619/ref=sib_dp_pt
http://www.amazon.com/gp/reader/0521824796/ref=sib_dp_pt
http://www.amazon.com/gp/product/images/0071001743/sr=1-1/qid=1257278912/ref=dp_image_0?ie=UTF8&n=283155&s=books&qid=1257278912&sr=1-1
http://www.amazon.com/gp/product/images/0070397325/ref=dp_image_0?ie=UTF8&n=283155&s=books
http://www.amazon.com/gp/reader/0470866713/ref=sib_dp_pt
http://www.amazon.com/gp/reader/1566706165/ref=sib_dp_pt
http://www.amazon.com/gp/reader/0471059374/ref=sib_dp_pt
http://www.amazon.com/gp/reader/0471705241/ref=sib_dp_pt
http://www.amazon.com/gp/reader/0486685888/ref=sib_dp_pt

Our approach to hydrology education has
to be more holistic and focused on skills

Current Future

Strong separation between engineering and science Integration of qualitative and quantitative aspects
approaches to hydrology education into a holistic teaching of hydrology

Focus on teaching established solutions to current Focus on teaching of evolving skill sets with a strong
problems scientific basis that can be adapted to solving new
problems and to understanding new phenomena

The future of hydrology: An evolving science for a changing world

Thorsten Wagener,' Murugesu Sivapalan,>** Peter A. Troch,® Brian L. McGlynn,®
Ciaran J. Harman,® Hoshin V. Gupta,® Praveen Kumar,®> P. Suresh C. Rao,’ 50
Nandita B. Basu,® and Jennifer S. Wilson®



How can we improve hydrology teaching
given existing time constraints?

Hydrol. Earth Syst. Sci., 16, 1-14, 2012 A

www.hydrol-earth-syst-sci.net/16/1/2012/ Hydrology and

doi:10.5194/hess-16-1-2012 Eartlé System
ciences

It takes a community to raise a hydrologist: the Modular
Curriculum for Hydrologic Advancement (MOCHA)

T. Wagener', C. Kelleher', M. Weiler’, B. McGlynn*, M. Gooseff!, L. Marshall*, T. Meixner’, K. McGuire®,
S. Gregg!, P. Sharma’, and S. Zappe®

Funded by the US National Science Foundation, Division for Undergraduate Education 51



The Modular Curriculum for Hydrologic
Advancement (MOCHA) is

... establishing an online faculty learning community for hydrology
education and a modular hydrology curriculum based on
modern pedagogical standards.







MOCHA is based on modules, each covering ~3
hours of in-class teaching material

infiltration

desired

in progress

hydrometry ’
hydro-ecology

evapo-
transpiration

river basin
planning
stream
restoration
porous media ‘

hillsiope
hydrology

interception

... Seamless connectivity through a common template!

H,0 ’ global hydrology

precipitation

regional water
and energy
balance

snow hydrology

watershed
modeling

channel
processes and
hydravulics

groundwater
hydrology

integrated water
resources mgmt.

radiation and
energy balance

runoff generation
mechanisms

tracers in
hydrology

wetland
hydrology

data analysis

groundwater-
surface
connections



We use a control volume approach for
consistency in theory development

Real-world
process
Z q > :-.' " : =y /;-'

Typical Typical
engineering science
textbook textbook
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We created an ABCD of lesson design and

teaching notes to share experience

Baseline pedagogy
Al B Cc D

Planning the lesson  Beginning the lesson  During the lesson  Ending the lesson
stuaents responc
differently to the

Example from infiltration
module: Prompt class to
discuss how the infiltration
curve of a gravel soil would be
different than a clay soil, and
to identify why these
differences exist.

56



In-depth learning slides enable additional
depth for science and engineering classes

Theory depth

Expansion of the suction gradient yields... |

Reciprocal of the specific

water capacity
oV aW)oe
c— e J€ Wetness gradient
0z \d8oz

The suction gradient is expanded as shown with soil suction head
varying with moisture content and moisture content varying with
elevation

mOoo
» [Mays, 2005, Water Resources Engineering] % %1 %]

slide

The vertical slices are excavated
and then photographed

Process depth
slide
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Space and focus classification of slides
enables easy tailoring to teaching styles

~
~ . Topic

~
Scale "«
~

Theory

Observation

Modeling

Application
Examples

Point

Plot

Watershed

small version o

=)

The vertical slices are excavaq
and then photograp
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I think that the future of hydrology
education lies far beyond better slides!

B o ' 2 | = B
www.mocha.psu.edu
Myanmar Ethiopia

How can we transfer experience?
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