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Big Picture — What’s happening in the Deltas

* Change in seasonality of flows

* Less water

* Less lateral connectivity between river and wetlands
* Loss of traditional livelihood, language and identity

. P
\‘/

‘Slave River Delta
Image credit: C-core

Saskatechewan-River-Delta
Image credit:-Norm:Smith




Bridging knowledge systems
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The message from Delta people: Bring back nature’s flow to restore our deltas’ rhythms
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The evolution of e-flows: 1990s to today

1990J—

2000 mfem

2010=p=

2020 mfem

v

Emergence
& Synthesis

Consolidation

Globalization &

Future

& Expansion

New Challenges

Water

Participants

Practitioners

Researchers

Environmental NGOs

Engineers

Finance Institutions

Governments
and Agencies

Integrated Water
Resources Management

Humanitarian and
Development NGOs

Evolving Dimensions

Flow Regime,
Site-specific

Ecosystem as
Stakeholder

Humans as
Beneficiaries

Hydro-ecological
Empiricism

Sub-basin/basin
or Network Scales

Integration with
Social Frameworks

Accommodating
Climate Change and other
Forms of Non-stationarity

Current Opinion in Environmental Sustainability

Poff and Matthews 2013 Current Opinion in Env Sustain.




ELOHA: Ecological limits of hydrological alteration

Scientific process

rﬁf_e_-p_ 1. Hydrologic foundation - Step 2. River classification _(for each analysis.node)

v

_________________________________________________________________________________________________

1I.

Social process

Adaptive adjustments

Poff et al. 2010 FW Biology



Newer methods use holistic approaches

Aquatic biodiversity and natural flow regimes

Principle 3
lateral connectivity Principle 1
longitudinal connectivity channel form
habitat complexity —  pjotic diversity
N patch disturbance
access to spates N
Th e hyd rog ra p h floodplains .-,
i3/ variability Principle 2

remains the
fundamental unit
of analysis

|'.. > Life history patterns
: P 4 « spawning
reproductive triggers * recruitment

dispersal
triggers  :

\

Discharge

“.. seasonality of A

. stable baseflows
....... drought

llllllllll
‘e,
e

Time

Principle 4
natural regime discourages invasions

Bunn and Arthington 2002 Env Management



Current performance - Presumptive Standards

Moderate Level of
Ecological Protection:
+/- 11-20% from natural

’ Natural flows
High Level of (undepleted and unregulated)
Ecological Protection:
+/- 0-10% from natural

Increasing Ecological Risk

River Flow

v

Increasing Ecological Risk

Day of Year Richter et al. 2012 River Res. Appl.
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Photo: J. Mihalicz

Existing management is not meeting the e-flows or cultural flow needs of the
Saskatchewan River and Delta

Hydropeaking is a concern here because of the proximity of EB Campbell Dam
(eventual attenuation)

Loss of flood peaks is common to all three deltas under existing management



IMPC e-flows

* Develop flow-ecology relationships
» Species of special concern

* Mechanistic or process-based
* Expert knowledge

* Develop rule curves for those relationships

* Take outputs from water resource management
models to assess ecological implications

e Current performance with existing management



Future performance

e Assess future scenarios

* Future “acceptable”
performance

e Relative to economic and
social objectives

Expected long-term flow frequency of the five streamflow categories - (-4,+25%)
under current irrigation area 4
0,
1 0.5 0.25 0.03 ;5 X 10 - (0,+25%)
0.8} 0.025 1 (@:x25%)
. 0.4
B .0
0.8
° 02 [ 00
0.015 06
0.4} (4,0)
0.4
0.2 B -4.-25%)
0.005 0.2 - (0.-25%)
0
Flow<350 %350<=Flow<500  500<=Flow<1000 1000<=Flow<2000 Flow>=2000 [N (4.-25%)
Expected long-term flow frequency of the five streamflow categories - Observed
under expanded irrigation
-3
! 0.5 0.25 0.03 19 X10
0.8 0.4 0.2 0.025 ]
06 0.3 0.15 0.8
0.015 06
0.4 0.2 0.1
0.4
0.2
01 0.05 0.005 0.2
™ Flow<350 Ls0<= 2 0
350<=Flow<500 500<=Flow<1000 1GDU{=FIQW{20UD Flow>=2000

Hassanzadeh et al. in press Ecohydrology



Impacts on Livelihoods — Cultural Flows

* Impacts on food webs and thus traditional uses

* Impacts on access to the land (poor ice conditions and variable
depths)

* Less people having experiences on the land (loss of language and
knowledge routed in the land)

* Impacts to identity (“who are we if we aren’t Swampy Cree”)



Example expert elicitation
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Exploring Social learning in Participatory Modeling

1. Participatory Modeling (PM)

1.1 Trends in participatory
Modeling

1.2 Integrating Knowledge Systems
2. Social Learning in PM

2.1 Social learning in participatory
environmental management

2.2 Evaluating social learning

3. Participatory Water Resources
management in Canada

3.1 Water research and
management in Canada

3.2 Participatory watershed
modeling in Canada

Legitimacy,
credibility,
saliency of
models?

Relating
different ways of

- Interplay between cognitive
knowing relate to Pay 8

R R knowledge, values and
social learning

technology
Social learning Mental models and
concept in Single-, dO_Ub|E, triple-
sustainability loop learning

Trends: from level of
participation to using
fcm

Exploring participatory approaches applied to water
management in Canada

Indigenous communities Participation

How do we incorporate
learning in the modeling
process?

Learning Loops

Double-Loop Learning

Single-Loop Leaming
Are we doing things right?

Are we doing the right things?

Triple-Loop Learning

low do we decide what is right?

Research Question: In the context of participatory modeling with an indigenous community, are
fuzzy cognitive maps and focus groups be appropriate tools for assessing social learning?
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You've really
got to get into
the places to
even begin to
understand it



Summary

E-flows science has
come a long way

Deltas are important
but vulnerable

E-flows are difficult
to implement but not
impossible

Communication
should be about
whole systems

We need virtual ways
to experiment
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Supplemental Slides below



What the community needs from modelers

Understand
* How changing seasonality impacts flows?
* How different operational regimes impacts flows?
* How changes in management could improve health of delta?

Visualize
 different water futures for the delta
e connecting hydrological modelling with some hydraulic modelling

Learn other ways of knowing
 Communicate interculturally
* Share in clear language how we know what we know

Build capacity in the community
e Support community in data processing, analysis and interpretation

Responsiveness to the community
* Be honest about our ability to use models to respond to communities’ questions



What the modelers need from the
community

* Understanding of how the delta functions in different flow conditions

* The ability to experiment virtually with different management
regimes to explore alternative water futures

* How different flows and impacts on indicator species (e.g. fish,
furbearers and waterfowl)

e Expression of flow needs into the future
* The ability to tell us how useful the models are to the community
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za uelln 1genous objectives, methods, & - JUSTICE

nowledge desired outcomes

Recognize Indigenous Shelir.ed dfecision— | GOA L

self-determination making for mutua o< _—

benefits ‘ ‘—’

Innovative knowledge

Critical reflexivity ey
mobilization




Research Framework

Consensus
Double-loop Comml',lr.ﬂty Social
. Cognitive Map
learning
on model output
Merged Social
Cognitive Map
Group Discussion

Single-loop
learning

Based on: Henly-Shepard et al., 2015




What is WDPM?

Modelling approach: Spatial models
How does excess runoff move across the landscape?
Suitable for prairies, areas of poor drainage systems

Pros: Does not require presence of stream to create flood hazard
map, Requires less variables

Cons: No hydrological processes, no real-time, requires additional
GIS software, can take long time to simulate processes, limited
scenarios

Three modules: ADD, SUBTRACT, DRAIN
Simulation Order example:

ADD (simulating spring runoff) --> DRAIN (If there is stream) --->
SU B]IITI?CT (Simulating evaporation)-—=> ADD (simulating summer
rainfa

Scenarios previously used: maximum 24 hr accumulated rainfall
(1:100 year return periods), ‘what if’ scenarios according of
community’s concern (historical events, worst case scenario)



Working Drrectory:

Methods:
DEM Fle:
Water Fle:
Output Fle:
Scratch Fle:

Add Companents.

Subtract Components

Oran Components

Computation Settings

Load from file

weseun\Desktop\GPUWDPM | prowse
2dd v

Hop\GPUIWDPMIDasNS.asc prowse

L Browse

water.asc

OpencL Proces

it under the terms of the GNU General Public License as published by
the Free Softvare Foundation, either version 3 of the License, or
(at your option) any later version

This prograa is distributed in the hope that it will be useful.

but VITHOUT ANY VARRANTY: vithout even the implied varranty of

MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
General Public License for more details

You should have received a copy of the GNU General Public License
along vith this program. If not. see ¢http://wwv.gnu. org/licenses/>

This progran adds vater to an ArcGIS ASCII file of vater runoff
and redistributes vater over the DEN

From the algorithn of Shapiro. M.. & Westervelt. J. (1992)
An Algebra for GIS and Image Processing (pp. 1-22)

VDPM Parameters
a
DEX file: C:\Users\Oluvaseun\Desktop\GPU\WDFM\basin§ a
Output file: C:\Users\Oluwaseun\Desktop\GPU\WDPM\vater as
Scratch file: NULL
Vater added: 10 0 an
Runoff fraction: 1.0
Elevation tolerance: 1.0 am
Using Parallel OpenCL for Computation
ArcGIS file header
NCOLS 471
NROVS 482
XLLCORNER 3134200
YLLCORNER 5632511.0
1
NODATA_VALUE -99999.0
Setting array sizes
Using OpenCL CPU for Computation
Uater file will be created

Doing calculations

iterations nax diff Tun time
n s)
1000 0.817 5.80
2000 0.147 15.47
< >

Simulated flooding event at 25mm water added

Langenburg

naerting

0 800 1,600

3,200

4,800
Meters

Legend
[ water Leve

Major Roads

[ ] Legal subdivisons

Souces: Esri, HERE, GBrmin, Intermap, increment P Corp., GEBCO,
USGS, FAD, NPS, NRCAN, GegBase [IGN, Kadaster NL, Ordnance
Survey, EsriJapsn, METI, Esri Chins (Hong Kony e

). swisstopo, ©
OpenStreethap contribit ommunity

Legend
[ Legat subdivisons

— Road Innundated

[ water Level







Bringing people into the delta to experience
the “feeling” of wilderness



Animals are adapted to the
wetting and drying occurring at
particular times of the year
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Becoming Water: Art and Science in Conversation




