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Sustainability: Coping with Change Importance of Small-Scale SES
Research Program

Small-Scale SESs are Facing Change

The Kham Film Project (http:/khamfilmproject.org/SummerPasture.php)

SUMMER
PASTURE

In the high grasslands of Tibet, change is coming..
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Sustainability: Coping with Change Importance of Small-Scale SES
Research Program

Small-Scale SESs are Facing Change

Irrigated Agriculture: ' B
@ Consumes 70% of global developed
water supplies

@ Produces 40% of global agricultural
commodities from 17% of the global
cropped area

@ 90% of farms worldwide are less than 2
hectares and support the majority of the
world’s poorest people (> 1 billion)

Image source: Netra Chhetri, School of Geographical Sciences
and Urban Planning, ASU.
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Globalization Challenges for Irrigation SESs

HIT BY THE RETREATING MONSOON

The districts worst aﬂected by floods

- ‘Bidar
MAHARASHTRAI w__!x gxﬁnmga

Sindhudurg, O WMatboobnagar_ & ®

1O e

| Machllpa
5 X | ANDFIRA
5 O Da\langere PRADESH

KARNATA*A O (,‘hltradurga [
In 2009, the national average rainfall was P II
23% below normal. But the northern and
southern districts of Karnataka received
23% to 30% excess rain.

(Source: Hindustan Times)
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Importance of Small-Scale SES

Sustainability: Coping with Change
Research Program

Globalization Challenges for Irrigation SESs
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In 2009, the national average rainfall was
23% below normal. But the northern and
southern districts of Karnataka received
23% to 30% excess rain.
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Globalization Challenges for Irrigation SESs
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@ New livelihood opportunities (reduced
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Scale of Change

Projected changes in agricultural productivity 2080 due to climate
change, incorporating the effects of carbon fertilization
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Sustainability: Coping with Change Importance of Small-Scale SES
Examples Research Program

F%a ° Adapt|ve capacity of small-scale SESs is important for
. sustainable food production,

' ; . ; B
& o Important to link local governance systems into multilevel m
governance structures, 1

@ Governance must address robustness-fragility trade-offs -
mherent in these systems
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Sustainability: Coping with Change
Research Program

Extension of the IAD Framework

Biophysical
Conditions

I_’articipa_ms -] Interactions
Attributes of in an action
Community situation

Evaluative

Criteria
_____________ -| Qutcomes |

Static analysis: Constellation of factors that promote successful
collective action and self-organizing governance.
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Extension of the IAD Framework
o I = TR " TR (TS " VR T (R T OB TN

Dynamic analysis: Constellation of factors that affect
social-ecological systems’ ability to maintain capacity for
collective action, adapt their governance structures, and
continue to function in the face of change.

Exogenous Shocks

Resource /\
Users
Public
Resource Infrastructure
T~ Public
Infrastructure

Providers
Exogenous Shocks

Source: Anderies, Janssen, and Ostrom, 2004
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Research Methods: An lterative, Multimethod Process

Case Studies —> Comparative Analysis ——> Key Themes o
%q

¢ 2

Dynamic
Modeling

¢

Human
! Subject
: Experiments ‘

L s New knowledge and outreach to local communities, policy practi-
tioners, and NGOs.
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Examples

Specific Examples-NSF Sponsoréd Projects
@ Dynamical systems/robustness analysis of the Pumpa
irrigation system in Nepal.
@ Human subject experiments of collective action in
commons dilemmas.

“\ @') ’ “

. 4

Projected changes in agricultural productivity 2080 due to climate /
change, incorporating the effects of carbon fertilization
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Pumpa irrigation system in Nepal
Examples Human Subject Experiments
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Irrigation System Mana

Pumpa irrigation system in Nepal
Human Subject Experiments

gement and Robustness

ol

Water upp ly and Demand

Upper Limit

Desired Level

Mean Discharge \ .

Mean Rainfall Rate

Lower Limit

@ 120 Households, 6 regions with priorities
@ Crop: Rice paddy. Water demand is greatest in the first 2 weeks.
@ Headgate co

Mean Discharge (



Pumpa irrigation system in Nepal
Examples Human Subject Experiments

Adaptive Governance and Performance

&

B Deanar
- T 3 o ’
Performance ~ Governance
@ Water delivery
coordination: Open Flow,
. Sequential rotations, 12
p= and 24hr clock rotations.

@ Upstream-downstream
asymmetry

- e

Water Height

Drought G @ Mobilize labor for canal
maintenance and repair



Pumpa irrigation system in Nepal
Examples

Performance: Open Flow Versus Sequential

—— Open Flow

= = 12 hour turns - Sequential
—— 24 hour turns == 12 hour turns
- - - Optimized Sequential

20 25
Time Shift (days)

80 15
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Pumpa irrigation system in Nepal
Examples Human Subject Experiments

Performance: 12 and 24 hour rotations?

&

@ Model predictions for 12 and 24 hour rotations forced a
revisit of case study data.

@ Follow up with irrigators: only use 12 and 24 hour rotations =
under extremely low water conditions (headgate washout).

@ Headgate washout scenarios: 12 hour most equitable and
highest performance, 24 hour maximum fairness in very
bad situations.
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Pumpa irrigation system in Nepal
Examples Human Subject Experiments

What have we learned?

Adaptive Governance:

@ Can effectively coordinate water delivery, manage conflict
(balance equity, fairness, performance) and increase the
robustness of the system up to a point

@ BUT has become well-tuned to local biophysical context and

@ Assumes effective collective action (strongly aided by
biophysical context)

@ Changing disturbance regimes and livelihood options
9 Expenments to mimic |rr|gat|on dllemmas
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Sustainability: Coping with Change Pumpa irrigation system in Nepal
Examples Human Subject Experiments
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Examples

In the lab

Water delivery capacity: 40 cubic feet per second (cfps)

Position A 8
Available water per second 25 25
Wwater collected 525 o
Tokens earned 20 o

OPEN YOUR GATE

Tokens earned

Pumpa irrigation system in Nepal
Human Subject Experiments

200
175
15.0
125
10.0

5.0
25
0.0

Available water supply: 30 cubic feet per second (cfps)|

@ D E
25 5 5
245 0 o
4 0 0

Water applied to tokens earned

250 500 750 1,000
Cubic feet of water applied to your field

ed from water a

ed — Current water api
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Sustainability: Coping with Change Pumpa irrigation system in Nepal
Examples Human Subject Experiments

In the lab

@ Collect data by group, by position, chat, quiz scores.
@ Stable environments: Subjects can solve this problem,

tolerate moderate inequality, understanding of system
function not critical.

@ Variable environments: Subjects can still solve this
problem. Equality in investment and understanding of
system performance more important.

@ Group composition important (from exit surveys).

D G
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Pumpa irrigation system in Nepal
Examples Human Subject Experiments

In the field - does context matter?
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Pumpa irrigation system in Nepal
Examples Human Subject Experiments

In the field - does context matter?

¥
4 gy -

7
4 ' =
A
CI’OSS system comparlson

@ Again, groups can solve the collective action problem.
@ Trust (exit surveys) in community members is more

important than having resource use experience.
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Pumpa irrigation system in Nepal

Examples Human Subject Experiments

Summary

L] b I \ "l { |

Iterative, Multimethod Research Process

Case Studies —> Comparative Analysis — > Key Themes

Modeling

Human

Subject
‘ Experiments ‘

Institutional design principles to:

- Help link local SESs to multilevel governance structures,
- Enhance existing robustness properties while managing

associated robustness-fragility trade-offs,
- Build capacity to cope with global change.
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Pumpa irrigation system in Nepal
Human Subject Experiments

Examples

Find out more at csid.asu.edu
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Pumpa irrigation system in Nepal
Examples Human Subject Experiments

@ Collaborators

@ USA, ASU/IU: M. Janssen, A. Lee, O. Cifdaloz,
A. Regmi, A. Rodriguez, R Aggarwal,
R. Muneepeerakul, E. Ostrom

e Thailand/Nepal, Asian Institute of Technology:
G. Shivakoti, R. Bastakoti

@ Columbia, Universidad de los Andes:
J. Camillo-Cardenas

@ Financial Support
o NSF CNH: When Strengths Can Become Weaknesses:
Emerging Vulnerabilities in Coupled Natural Human
Systems under Globalization and Climate Change
los Andes (GEO-1115054).
o NSF HSD: Integrated Analysis of Robustness in
Dynamic Social Ecological Systems (BCS-0527744).
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