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Humans, ecology, and hydrology: three intertwined systems

hydrology

drological

 regulation
processes

‘services

ecosystems



Freshwater is embedded in social-ecological systems

Governance systems
Social, economic, and political settings

Global North vs. Global South (4)

United Nations Sustainable Development Goals (6)
Social, economic, and political settings

National, transboundary governance/management (7)
Virtual water trade (5)
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Interpreted for a
freshwater-connected
environment

Civil society (10)

Researchers (11)

Sea level rise (21) Aquatic and terrestrial biodiversity (16) Policy makers (12)
Salt water intrusion (22) Groundwater dependent ecosystems (17) Agricultural sector (13)

Decreased crop yields and food security (23) Groundwater (18) Related ecosystems

Nature based solutions (24) Surface water (19)

Domestic sector (14)

Industrial sector (15)

Wells running dry and reduced water security (25) Soil moisture (20) Actors

2 . — Resource units
Environmental flow requirements not satisfied (26)

Hydrodiplomacy and/or instigating of tension/conflict (Huggins et al. in rev.)
Outcomes
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Embracing the SES perspective would benefit
sustainability-oriented freshwater work in a number of ways

comp\exity sciencﬁs

Paradigm or method benefitting
from improved contextualization

Groundwater
hydrology

Freshwater under Socio-hydrology
climate change

Eco-hydrology

Groundwater-surface
water interactions Food-energy-water nexus

Water security 1o rated water
One water paradigm resources management

Paradigm or method introduced or amplified

(Adapted from Huggins et al. in rev.)

SES paradigm

Socio-hydrology | Eco-hydrology



Global hydrological change affects humans and

ecosystems

14. Groundwater depletion

T 15. Groundwater depletion and drought
|

|

2. Ice-sheet loss @
16. Groundwater depletion and drought

/—® 17. Decline of the Aral Sea
! 18. Decline of the Caspian Sea
6. Precipitation increase
11. Glacier melt, surface-water
diversion and irrigated agriculture

4. Glacier and ice-cap loss

5. Precipitation increase
3. Glaciers retreating

19. Surface
water drying » 10. Precipitation increase
20. Progression 12. Groyndwater
from dry to depletion
wet period . —a 9. Three Gorges and
other reservoirs
filing

21. Groundwater
depletion and
drought

22. Drought

13. Water depletion
and precipitation
decrease

8. Precipitation

25. Recovery from &
early-period increase and
drought groundwater
policy change
Zg}oRuec&m ® —a 7. Groundwater
; depletion

« 33. Progression

24. Progression
from dry to wet

from wet to
dry period period
23. Patagonian # 34. Return to normal
ice-field melt after wet period
32. Groundwater
1. Ice-sheet loss depletion

¥ 28. Increasing lake levels
@ Probable climate change impact and groundwater

@ Possible climate change impact @ 31. Precipitation decrease
@ Probable direct human impact

© Possible or partial direct human impact

@ Probable natural variability

# 27. Progression from dry
to wet period

# 30. Precipitation decrease
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Adapting the hotspots concept from conservation biogeography

Interpreted through the lenses of:

Biodiversity hotspots Global Freshwater-in-SES Hotspot basins for social and
(Myers et al. 2000) Hydrological change paradigm ecological impacts
(Huggins et al. 2022)

“maximize the number of
species “saved”
given available resources”

e et | “minimize social and ecological
impacts from freshwater stress and
1 storage loss, given available resources”

by asking: by asking:
“‘where are places rich in “‘what basins with sensitive ecosystems
species and under threat? and limited social adaptive capacity are

exposed to freshwater stress and
storage loss? 5



Vulnerability as framework to consider impacts

“Vulnerability is the degree to which a system, subsystem, or system component is likely to experience
harm due to exposure to a hazard, either a perturbation or stress/stressor” (Turner et al. 2003).

Exposure: to freshwater stress, storage loss

Low social adaptive capacity
Adaptive capacity = “ability of social
system to respond to disturbances”
- Strength of economy

- Good governance

-  Human development

Ecological sensitivity

“relative indicator of ecological

sensitivity to freshwater storage

and use”

-  Environmental flow sensitivity to
groundwater head changes

- Vegetation sensitivity to water
availability anomalies




Co-occurrence of freshwater stress and storage loss

Blue basins have
high freshwater stress
and are wetting

Red basins have
high freshwater stress

IES ; (losing storage)
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Adaptive capacity to consider social vulnerability

Yellow basins have a
severe freshwater status
but high social adaptability *=

Red basins have a e
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Hotspots for social and ecological impacts
from freshwater stress and storage loss

rap
basins are
transitional basins ‘ \:po 75 ‘ L|
= ; . ‘ . ; 1 Basins Surface area [A:
o 0 4 : .‘. sy TR Tk . u“ es“cpwdu

n S|
e g™ ¢ o8 00P s T

a Very high 78 0.31 (4%) | 0.46 (4%) | 4.18 (4%) 5 40
High 90 1.26 (17%) | 1.29 (13%) | 9.70 (9%) 6 117
Transitional 2.45 (34%) | 3.54 (35%) | 37.4 (36%) 9 544

Low 804 people x10° kcal x10"® USD x10 (chnass

¢ Social-ecological me
vulnerability classes e arn®

Red basins are
hotspot basins with
very high vulnerability

[ Excluded from study

(W% University
&J of Victoria

Orange basins are =
hotspot basins with
high vulnerbaility

168 basins for global prioritization
* 1.5 billion people

Data from: Hotspots for social and ecological impacts from
freshwater stress and storage loss

W

* 17% of global food crop production
Data are available for download « 13% of global.GDP (Huggins et al. 2022.)
on UVic’s Dataverse * 157 Ramsar Sites




IWRM is less implemented in transboundary hotspot basins

“coordinated development and management of water, land and related resources, in
order to maximize the resultant economic and social welfare in an equitable manner
without compromising the sustainability of vital ecosystems” (Hassing et al. 2009).
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(Huggins et al. 2022.)
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Interested?

for more about the work...

A~

Scholars Portal Dataverse > University of Victoria Dataverse > UVic Research Data Collection >

ARTICLE - - -
Data from: Hotspots for social and ecological impacts

Hotspots for social and ecological impacts from from freshwater stress and storage loss

freshwater stress and storage loss Code for: Hotspots for social and ecological impacts from

uggins, Xander: Gleeson, Tom; Kummu, Matti: Zipper, Sam C.; Wada, freshwater stress and storage loss
T et e e e ot Wk =] S e e e Mo e s
1. Read the paper (open access!) 2. View/use the data 3. Use/modify the methodology
’ ff an O
[ ]
let’s talk over coffee! or over twitter

How can these concepts be applied to other global freshwater trends
with social-ecological impacts and at other scales of analysis?

How can we use the hotspots concept to improve integrative St
management/planning, particularly in transboundary basins? '

« PhD cand. @uvic+@usask_water
« groundwater in complex social-ecological systems
DWatUndrgrndBlo,

« runner + cyclist + cold water swimmer + poor pianist

How to generate greater process knowledge about social-ecological
feedbacks with hydrologic change, and to scale this knowledge globally?

@xander_huggins




Extra slides
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Sensitivity analysis

spatially uniform uncertainty

spatially variable uncertainty

a

Set 1:

Setn:

Spatially uniform perturbation sets, exploring impact of potential uncertainty in data bias

a

Withdrawal ~ Streamflow Storage trend Adaptability — VSl-water EFN sens.
-10 -10 -10 Same perturbation applied
=10 -10 -10 to every basin, per variable, + Uniform perturbation applied to all basins per realization
-10 -10 -10 per set + Perturbations, P, randomized from normal distribution

. - . . . ‘ For EFN sens. perturbation series: P = [2, ..., -2]

: : : : : Perturbations per set are P-N({p=0,0=0.7100)
randomly sampled from where 0o is the standard deviation of the variable's unperturbed
normal distribution with distribution.

o =0.10 of original data
andp=0
Withdrawal Streamflow Storage trend Adaptability VSl-water EFN sens.
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Ratio of perturbation sets identifying
basin as transitional or hotspot basin

Uniform perturbation applied to all basins (as ratio of each variable's o), perturbing all variables simultaneously

232 (58%) of transitional or hotspot basins
are identified as so in >95% of perturbation sets

391 (98%) of transitional or hotspot basins
are identified as so in >50% of perturbation sets

28 basins are not identified as transitional or hotspot
basins but are so in >50% of perturbation sets

9 (2%) of transitional or hotspot basins
are identified as so in <50% of perturbation sets
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600 900
Ranked basins

Transitional or hotspot basin in main text

Not a transitional or holspot basin in main text

[«

53 (32%) of hotspot basins

=]
£ 10 g _ areidenified as so in >35% of perturbation sets
= 09
5 c 143 (85%) of hotspot basins
=] g 0.8 are identified as so in >50% of perturbation sets
‘E f, 07 18 basins are not hotspot basins
2] g_ 0.6 but are so in >50% of perturbation sets
c
S&os -
E-ﬂ 0.4
5 % 25 (15%) of hotspot basins
£c 0.3 are identified as so in <50% of perturbation sels
oS
0 0.2
Lg
60 0.1 | |
o
= 0.0
g 0 300 600 900 /
Ranked basins

s Hotspot basin in main text
Not a hotspot basin in main text

Spatially variable perturbation sets, exploring impact of potential spatial uncertainty in data
Withdrawal  Streamflow Storage trend Adaptability — VSl-water  EFN sens.
Unique perturbation applied
Set 1: -9 -9 -8 -7 to every basin, per variable,
H 8 from randem sampling of + Unique perturbation applied to each basin per realization
. . 0 0 0 n normal distribution + Perturbation sets, S, randomized from normal distributions
: . : : : : \ | distribution’ For EFN sens. perturbation series: P = [S1, .., Sn]
Sampled normal distribution's where each perturbation set: Si ~ N(p = 0, o ~ U(0, 0.200)
Setn: / g is itself randomly sampled | where oo is the standard deviation of the variable's unperturbed
- from a uniform distribution distribution.
between 0 and 0.206.
Withdrawal Streamflow Storage trend Adaptability VSl-water EFN sens.

Number of hotspot basins
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Standard deviation of perturbation set applied (as ratio of each variable's o), perturbing all variables simultaneously

162 (41%) of identified transitional or hotspot basins
are identified as so in >95% of perturbation sets

386 (97%) of identified transitional or hotspot basins
are identified as so in >50% of perturbation sets

basins but are so in >50% of perturbation sets
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basin as transitional or hotspot basin

600
Ranked basins

Transitional or hotspot basin in main text
Not a transitional or hotspot basin in main text

19 basins are not identified as transitional or hotspot

14 (3%) of identified transitional or hotspot basins
are identified as so in <50% of perturbation sets
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Methodological subjectivity analysis

a
Freshwater Sensitivity
demand Steamflow Areal unit scheme aggregation
Withdrawal GSCD |HydroBASINS le vel 3

I@ GRUN |HydroBASINS le vel 4
I \{ HydrOBASINS Ie Vel 5

Total alternative configurations = 24

24
Methodology configurations identifying each cell

as member of a transitional or hotspot basin (in b)
or exclusively as as a hotspot basin (in c)
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Study mental model
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Method overview

Apply

Preprocessing  discretization I'}Lﬂ;‘:fgfste
scheme*
Freshwater Aggregate over__ Calculate N
withdrawal** 2010 year basin averages Freshwater
stress indicator

""""""""""""""""""""""""""""""""""""" Based on Withdrawal:Streamflow ratio

Streamflow** C_:aICUIate --------------------

basin averages

Storage trend

Freshwater storage . Calculate indicator
tl‘ends* » baSIn averages Based on Trend:Streamflow ratio
i PTPRTR Percentile Calculate
HegE s SRy reclassification " basin averages
Ecological
. sensitivity
Environmental flow Percent”e Calculate Arithmetic average of inputs
sensitivity* — reclassification= ,,5in averages
& inversion
Social adaptive : Calculate Social
capacity* —  Inversion basin averages —  sensitivity

* Considered in uncertainty analysis
* Considered in sensitivity analysis

Inputs averaged, clipped to range [0,1]

—

Vulnerability Vulnerability calculation
arguments
Basin
freshwater
status Social-ecological

T . vulnerability to
€ AP freshwater stress
= ) %
) AL 15 and storage loss

k g N Product of inputs
Y

—

Social-ecological
sensitivity
Fuzzy sum of inputs*

A

b

Head/Tail breaks
classification scheme




Ecological sensitivity + social adaptive capacity

Social-ecological
sensitivity (-)
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