REFRAMING
COMPLEX
WATER
CHALLENGES
A workshop — sponsored by the MIT Water
Club and Tufts Water Diplomacy Program — on
the subject of innovative and interdisciplinary
practices in the global water sector. The event
was held May 1 -2, 2015 at the Stata Center,
Massachusetts Institute of Technology.
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FOREWORD

The spirit of dialogue is the ability to hold many points of view
in suspension, along with a primary interest in the creation of a
common meaning. Fixed and rigid frames dissolve in the creative
free flow of dialogue as a new kind of micro culture emerges”.
(Bohm 1996: 246-47)

How water-practitioners think about water challenges—the
lenses through which they interpret or frame a challenge—
effects where they look for solutions. These frames, which
categorize and sort our experiences and disciplines, bring into
focus some ideas while simplifying or reducing others. They
are as ubiquitous as they are invisible. Frames shape action as
practitioners internalize and realize their conceptualization of
the world around them.
Traditionally, water challenges have been tackled in
disciplines that focus on either a physical or social
interpretation of the problem. Today’s water challenges are
enmeshed in coupled human-natural networks and emerge
from interconnected dynamics and system feedbacks that
cannot be broken down and then re-assembled. Most
water resource related disciplines, including hydrology,
civil engineering, ecology, architecture, public health, city
planning, and political science, acknowledge that new
interdisciplinary frames are necessary to cope with existing
complex water challenges.
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The landscape of water-practitioners is dotted with rapidly
forming interdisciplinary water groups - innovating new
approaches, generating new insights, and encountering
significant hurdles. These groups are collaborating to support
frameworks that are more innovative, inclusive, and reflective.
Their work aims to reach a new shared understanding – a new
basis from which to think and act (Isaacs 1999). However, the
exposure of their frame is in itself valuable, as tacit values and
assumptions are put on the table for exploration (Innes and
Booher 2010).
On May 1st and 2nd the MIT Water Club, Water Diplomacy
program, MIT Science Impact Collaborative, and Institute of
the Environment at Tufts co-sponsored a workshop to learn
about the successes and failures of current-day innovative and
interdisciplinary water sector practices. We set out to engage
with real world experiments that have “reframed” complex
water challenges to better understand challenges and explore
possibilities. We did not attempt to test predetermined
hypotheses, or build prescriptions for improved practice.
Instead, we aimed to expose, through reflective insights, the
working frameworks of practitioners and researchers who are
actively engaged in different ways of learning and innovating.
The workshop brought together practitioners and researchers
from around the country with a diverse collection of
approaches – from consensus building to active control
systems, poverty alleviation to predictive modeling, and
local river restorations to regulation of regional water flows.
In presenting on their work, each was asked to reflect on a
recent case that showcased their current reframing of a water
challenges by collaborating across multiple disciplines or
innovating multi-disciplinary methods.
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WORKSHOP
PROCEEDINGS

The workshop centered on three panel discussions
juxtaposing innovative case summaries of ten researchers
and practitioners. Panels were complemented by keynote
addresses by Dr. Winston Yu (World Bank) and Dr. Yaneer Bar
Yam (New England Complex System Institute). Dr. Shafiqul
Islam (Tufts University) moderated the proceedings, including
a closing series of discussions between participants and
presenters.
With over 80 students, faculty, and practitioners in attendance,
the one-and-a-half day event generated intellectual
comradery and a critical realization that water practitioners are
closely bound together regardless of range in geographies
and issue areas. The workshop sought to take a first step
in highlighting the respective frameworks—discussing
commonalities, differences, and imperatives in setting
new collaborative agendas. Through our discussions, we
discovered similarities and differences in perceived values
that guide our work. Most importantly, we walked away with
a stronger understanding of the challenges that unite our
visions as practitioners in an interdisciplinary world.
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AGENDA

May 1st
5:30-6:00 Registration and Project Gallery
6:00-7:00 Keynote Address by Winston Yu
Senior Water Specialist, World Bank
7:30-9:00 Ambassador Dinner
Invited presenters and water group directors
May 2nd
9:00-9:15 Introduction
9:15-10:30 Panel 1 Reframing Sustainability
10:35-11:35 Panel 2 Reframing Optimization
11:35-11:55 Break
12:00-1:00 Panel 3 Reframing Boundaries
1:00-1:30 Lunch / Keynote Address by Yaneer Bar Yam
		
New England Complex System Institute
2:30-3:45 Breakout Session
3:45-4:00 Break
4:00-5:00 Closing Panel and Discussion
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LESSONS LEARNED

Through the day and a half of presentations and dialogues,
several cross-cutting similarities amongst the practitioners and
researchers emerged. Speakers highlighted the importance
of diversity, change, legacies, and power dynamics. While
speakers used many of the same keywords, the theoretical
foundations, mechanisms, relationships, and objectives that
lay behind those keywords revealed a nuanced understanding
and unique interpretation. Presenters were largely forward
thinking, commenting on the need to transform past practices
and institutions to respond to complex dynamics while
ensuring the equity and sustainability of collective water
resources.
Four themes emerged as central to reframing water
challenges in this light – decentralization, mixed methods,
integration, and improvisation.
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D E C E N T R A L I Z AT I O N

Decentralization emerged as one of the workshop’s key
cross-cuttingthemes. The topic was explored in terms of
how institutions are organized and structured, and how
decision-making powers are distributed. Yu, Hermann and
Arnold, for example, discussed problems that fragmented
institutions posed including a higher prevalence of inefficient
bureaucracies, patchy implementation, and poor knowledge.
Medikulova, Smith and Bar Yam, by contrast, articulated
how centralized decision-making often failed to respond to
the interconnectedness and uncertainty inherent in today’s
complex water challenges. Ensuring an adequate balance of
power is part of an ongoing discussion in the field.
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MIXED METHODS

Practitioners and researchers emphasized that there is no
silver bullet, and no single approach or solution for every
problem. In framing complex issues, problem characterization
must respond to data gaps, cross-boundary interactions, and
various ways of knowing. Islam set the stage by highlighting
the importance of complementing narratives and data driven
analytics to ensure clarity, relevancy and robustness. Some
practitioners discussed the need to balance large and small
“n” studies, as well as qualitative and quantitative methods.
Others saw engineering as the primary tool through which
appropriate narratives could be built. Everyone agreed on the
importance of continually reforming disciplinary boundaries
in order to form a more holistic understanding of different
challenges.

15

I N T E G R AT I O N

Complex challenges require integrated models to reflect the
dynamic interaction between system components. Whether
computational or conceptual, researchers and practitioners
are adding new variables and perspectives into their problem
definition. For example, Halaseh has added economic
functions into his model for estimating sustainable water
yields in Jordon, while Troy has integrated behavioral rules to
understand similarities across coupled water systems around
the world. Looking to the past, Wescoat has examined how
hydrological constraints, development rationales, and design
frameworks have come together to shape Boston’s Emerald
Necklace. However, as Yu suggests, integration in planning
and in implementation can also turn unwieldy and time
consuming.
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I M P R O V I S AT I O N

In responding to uncertainty and dynamic conditions,
everyone agreed that solutions need to be adaptive,
flexible, and responsive. However, the institutional and
infrastructure legacies practitioners face are not conducive
to these transformations. The legal system, in general, and
water governance institutions in particular, states Arnold, are
predicated on the assumption that systems are stable, linear,
and predictable, favoring methods that are top-down, certain
and inflexible. Innovative approaches learn to function as a
‘blob in a box’ – improvising through design and facilitation in
response to changing conditions, while accepting boundaries
that may are fixed or evolve at a slower pace. Bedig, for
example, presented on OptiRTC’s stormwater optimization
software model that dynamically restructures stormwater
storage and flow to respond to changing objectives and
climate data, while building on fixed physical and legal
structures. Reflecting on their experience, Bar Yam and Yu
highlighted the value of experimentation and real-time
learning as key to working with multiple parties and complex
systems.
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KEYNOTE
ADDRESSES

WINSTON YU is a Senior Water Resources Specialist at

the World Bank, focusing in Southeast Asia. His address
reflected on his experience applying theoretical concepts
‘in the field’. Yu organized his presentation around three
pragmatic challenges where there is a current disconnect
between research and practice – framing the sustainability
of investments, the suitability of institutions, and the scarcity
of information. His keynote revealed the messiness of water
problems – from the decentralization or disintegration of data
and decision support, to working within diverse political, legal
and regulatory environments. He exclaims that the greatest
challenge is resolving problems of an institutional nature not
of a technical nature.

YANEER BAR YAM is the Founding President and Director
of the New England Complex Systems Institute. His research
focuses on developing complex systems concepts and
applying them to diverse areas of scientific inquiry and
to major social problems. In his keynote address Bar Yam
described two essential approaches that complex systems
science can provide for the solution of water problems. First is
a multiscale analysis that captures what aspect of the system is
important, determining the vulnerabilities and opportunities
for policy decisions. The second is developing the capacity
of groups to collectively make effective decisions through a
distributed decision making process that shifts the power from
nations to either global or local authorities.
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PA N E L S

The panels consisted of ten speakers, representing diverse
academic fields and areas of geographic interest. Speakers
discussed their work, examining various interdisciplinary
frameworks for addressing complex water challenges. In
developing the conference, organizers selected speakers
because they had gone beyond the traditional tools and
definitions from their discipline, to work collaboratively with
other researchers, practitioners, and stakeholders to “reframe” a complex water challenge. Prior to the workshop,
students from MIT and Tufts University interviewed speakers,
prompting them to reflect on how a single case from their
recent work reframes a water challenge. Interviews addressed
project scale and scope, innovative methods, inter (or trans)
disciplinarity, extraordinary outcomes, lessons learned, and
critical knowledge gaps to explore. Each case was later written
up as a 2 page summary and exhibited at the workshop as a
poster.
Building on those interviews, organizers arranged the
ten cases into three cross-discipline panels – “reframing
sustainability”, “reframing optimization” and “reframing
boundaries”. The workshop served to intentionally juxtapose
themes, ideas, and biases in each of the cases to reveal the
similarities and differences in their approaches.
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REFRAMING
S U S TA I N A B I L I T Y

The Reframing Sustainability panel tackled questions about
designing sustainable solutions that reflect the central role of
human life within dynamic socio-ecological systems. Elizabeth
Dean Hermann and Fatima Mendikulova illustrated the validity
of behavior, culture, and basic rights in influencing design
choices. Ayman Halaseh described ongoing efforts in Jordan
to bridge the gap between engineering and economics
as a means for encouraging sustainable water distribution
across various consumers in a high-demand society. Lastly,
Pallavi Mande provided a unique perspective on reframing
sustainable water resources allocation by building on history,
innovation, and cohesive relationships in water-stressed urban
communities.
Panel Moderator: Sharmila Murthy, Assistant Professor, Suffolk
University Law School
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ELIZABETH HERMANN
Professor of Landscape Architecture, Rhode Island
School of Design

Living at the Edge: Water, Planning
and Reconstruction in Post-Conflict
Sri Lanka

Two years after the bloody conclusion of Sri Lanka’s almost
thirty year civil war, Rhode Island School of Design’s DESINE
Lab was invited to the northeastern region of the country to
help address the needs of the more than 300,000 displaced
individuals and 90,000 war widows. This case study looks at
the rebuilding process in light of water concerns in the postconflict region. Hydrological challenges include: rainwater
harvesting, surface water collection, and saltwater intrusion
caused by shallow aquifers, over extraction and development
along exposed and vulnerable coastlines. Like much of the
territory bordering the Bay of Bengal, northeast Sri Lanka faces
simultaneous water scarcity and excess. Moreover, a quarter
of world’s population lives in the countries bordering the Bay,
one of the regions being most impacted by sea-level rise and
extremes in changing weather patterns.
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10 years after the deadly 2004 Indian Ocean tsunami, and six
years after the end of war, the population of the post-conflict
areas is still not fully resettled and has immediate needs. A
large population lives on the eastern barrier islands which
have been targeted for urban and tourism development by a
government racing to make up for three decades of economic
stagnation. Northeastern Sri Lanka’s woes are not unique,
but its water management strategies of the past may offer
innovative models for coastal regions facing water scarcity on
their land side and the rising waters of the sea on the other.
Rarely is there an opportunity to rethink from scratch with the
inevitability of urbanization. Sri Lanka’s eastern coast offers
this.
This case is in process and in the early stages, with much of
the work still to be done. As this stage of planning occurs,
we ask how to mediate between coastal and inland water
issues, when both are undergoing significant change. It asks
how, once further development is deemed inevitable, one
builds between a fragile coastal situation and a fragile inland
set of hydrological conditions. While both systems (rainwater
harvesting and flood mitigation) already exist in different
forms and scales throughout the seven countries bordering
the Bay of Bengal, none have been reconfigured or integrated
to fit today’s changing environmental conditions or urban
morphologies, densities and growth. The case examines how
ancient systems of rainwater harvesting found in Sri Lanka
and southern India can be rescaled and resituated to continue
their original purpose with urban contexts, and, at the same
time, be reimagined and inverted to manage land inundation
during times of heavy rains and coastal flooding.
Case write-up by Rachel Finkelstein, MIT
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FATIMA MENDIKULOVA
Program Assistant, Carr Center for Human Rights
Policy, Harvard Kennedy School

Water and Conflict in the Ferghana
Valley, Central Asia

In the Ferghana Valley of Central Asia, scarce water resources
can fuel ethnic conflicts. Following the dissolution of the Soviet
Union in the early 1990s, the resource allocation framework
formerly directed by Moscow had to be translated into an era
of newly independent nations exploring their new autonomy.
The ramifications of this abrupt transition are stilling being
felt today. This case reflects the complex interrelations
between water and energy politics of states. Water and
energy are being used as leverage in relations between the
former Soviet countries. They are intensely political in ways
that are counterproductive to their effective management.
If the countries trusted each other enough to create a true
food-energy-water nexus, the water challenges would largely
be addressed. This case utilizes qualitative interviews with
more than 100 key stakeholders from the national and local
governments, civil society and local leaders. In addition,
several focus groups with community members were held,
with more than 50 members of the Ferghana valley, to analyze
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the main interstate agreements on water during the Soviet
times and since 1991. There is an opportunity for the main
state actors to move from zero-sum to an integrated model
of relations in water and energy management, and set up the
norms, rules, and mechanisms in accordance with this model.
Among the key challenges remaining are the knowledge
gaps on water availability and climate change between the
global, regional and local levels. On the local level people
have no knowledge on the effects of climate change. Rivalries
between the gas-rich downstream countries and the upstream
neighbors, with water glacier reserves, are negatively affecting
bilateral relations and creating dangerous tension in the
Ferghana Valley.
Case write-up by Stephanie Galaitsi, Stockholm Environment Institute
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AYMAN HALASEH

Water Resources Engineer, CDM Smith, SEI Associate,
Research Assistant, Tufts Department of Civil and
Environmental Engineering

Integrating Engineering and
Economics to Transform Water and
Energy in Jordan

Jordan is a water poor country and consumes 20% of its
power resources to provide water for people at the minimum
health and hygiene requirement. Sustainable water resources
in Jordan can only meet 16% of the need for the domestic and
agricultural needs. As a result, Jordan exceeds the sustainable
limits of groundwater extraction and leaves demand unmet in
several sectors. Jordan’s water challenge can be seen via two
lenses—from an engineering perspective, demand for water is
seen to far exceed supply, while economic theory tells us that
inefficient water allocation among consumers has supplied
low value demands, leaving high value demands unmet. Both
disciplines agree that insufficient system conveyance capacity
contributes to the problem of unmet demand.
To address this issue, the Ministry of Water and Irrigation
in Jordan (MWI), the Stockholm Environment Institute (SEI)
and Tufts University have developed a hydro-economic
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model that integrates economics with water engineering
systems and policies to improve water resource allocation
in the North of Jordan. The model maximizes system wide
net benefits by increasing social welfare and reducing
energy costs, subject to a wide range of environmental,
engineering and social constraints for water. After evaluating
the existing water allocation policy in Jordan, the project
recommendation resulted in a reformed policy to reduce
domestic water allocation by 30%. In addition, the project
assessed the benefits of proposed multi-agency government
mega-projects such as the Red Dead Project and Disi Water
Conveyance Project.
With a hydro-economic model completed for the North of
Jordan, the integrated problem-solving technique adopted
by this project can be applied to broader contexts for
cooperation on trans-boundary water conflicts in the Middle
East.
Case write-up by Anisha Anantapadmanabhan, MIT
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PALLAVI KALIA MANDE
Director of Blue Cities, Charles River Watershed
Association (CRWA)

Building Blue Cities: Learning from
Case Studies the Charles River and
Mystic River Watersheds
Metropolitan Boston’s water cycle has been radically altered
as product of urbanization pressures. Signs of this alteration
are increasing flooding events, higher pollution levels, and
impact in groundwater. Direct affected parties are residents
groups, community-based environmental organizations and
local institutions, although municipal agencies and state
agencies are important stakeholders as well. In order to cope
with this challenge, the Charles River Watershed Association’s
(CRWA) Blue Cities initiative implements a water-centric
approach for urban design and city planning, which aims in
restoring the natural water cycle in urban settings. The in-field
implementation of the approach may be done at different
scales, from a particular site to an entire neighborhood, but
always considering a planning at a sub-watershed scale.
Traditionally, water quality issues have been addressed with
end-of-the-pipe strategies, providing engineering solutions to
achieve certain standards dictated by regulations. However,
these solutions have proved not being definitive as pollution
issues are still present. Blue Cities, conversely, tackles the
water challenge with the goal of environmental restoration,
taking a watershed perspective and rethinking infrastructure
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engineering and planning to mimic nature’s behavior. Blue
Cities also recognizes that communities are mainly looking
for improvement in quality of life and that they are willing to
be active participant in that process. Thus, as a watershed
organization, we assume our responsibility and utilize our
capacity to reach engagement, deliver public education and
foster advocacy in the communities.
The approach is considered innovative because it involves
stakeholders in such a way that they are able to engage
with the process in a very meaningful way via learning-bydoing. This intrinsically participatory process leads not only
to a science-based understanding of human impact on
community’s water resources, but also helps build capacity
and empowering people and communities to advocate for
protecting their natural resources and improving the quality
of the environment around them. Another extraordinary
component of Blue Cities at CRWA is the actual undertaking
of interdisciplinary vision and the smart use of institutional
knowledge in order to build successful partnerships towards
successful solutions.
Along the years Blue Cities initiative has been implemented,
some lessons have been learnt. Firstly, the approach
transferable to different scales, but considering contextdependent modifications. Secondly, a successful
implementation is largely dependent of the institutional
history of the commanding organization. It also was found
there is still a gap in applying transdisciplinary work and
recognizing that actual community engagement is reached
by discussing the complex problem/solution in-site with the
affected stakeholders. To show real implementation of such
approach, two cases are presented more in detail. The first
one is located in North Allston and the second, in Chelsea,
Massachusetts.
Case write-up by Agustin Botteron, Tufts University
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REFRAMING
O P T I M I Z AT I O N

The Reframing Optimization panel helped characterize the
optimality of water-sector solutions—what variables go into a
model and who defines optimization. Alex Bedig and Susan
Murcott presented on innovative technology as a means to
improve the quality, efficiency and scale of solutions. Stacie
Smith described the challenges and rewards of creating
community buy-in and equitable processes for a conceived
optimal solution. These frameworks suggested new ways to
identify the winning strategy in complex situations.
Panel Moderator: Kenneth Strzepek, Research Scientist, MIT
Joint Program on the Science and Policy of Global Change
and CGCS Professor Emeritus of Civil, Environmental, and
Architectural Engineering, University of Colorado at Boulder
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SUSAN MURCOTT

Research Scientist, MIT Dept of Urban Studies
and Planning; Senior Technical Lead, Water Filter
Evaluation for the MIT/US Global Development Lab’s
Comprehensive Initiative for Technology Evaluation
(CITE)

MIT Comprehensive Initiative on
Technology Evaluation (CITE)
Household Filtration in India

USAID has charged the Massachusetts Institute of Technology
(MIT) Comprehensive Initiative on Technology Evaluation
(CITE) to identify breakthrough development innovations that
can be scaled to reach millions. This case study addresses the
need for an evaluation of household water filters available
to the poor. Ahmedabad, India, is a city of 6 million people,
representing people of all income classes, some of whom are
poor relocated from slums to subsidized, government built,
low-cost housing. Thus, in this city, even the poor have a piped
water source. However, the piped water can be of low quality,
and the market has responded, with over 100 filter options
available. For the purpose of this CITE evaluation, filters widely
found in the market and in households were divided into three
categories, conventional particle filters (CPF), gravity-non
electric (GNE), and reverse osmosis (RO).
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This case reframes the traditional thinking of water in
developing countries from access to “improved” water
sources as the goal, since here the urban poor have access to
an improved water source, but they are still at potential risk
for waterborne diseases due to the water quality. Moreover,
this case reframes the traditional way of testing technologies,
and produces a Consumer Reports-style ratings chart. This
case is innovative in that it has created a new framework
for evaluating technologies, the “3S” approach, in which
Suitability (technical performance), Scalability (supply chain)
and Sustainability (user behavior) are measured. It conducted
lab work concurrent with fieldwork and market research, and
looked at a range of products that would be available across
all classes, from the very poor to the middle class to the
wealthy. While RO systems provided the most robust water
treatment, they waste as much as three times the amount
of water they produce, cloth and mesh filters do not treat
the water at all, and the technologies in the middle had a
variety of results. This case study offers a new framework for
technology evaluation for the poor.
Case write-up by Rhiana Meade, Tufts University
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S TA C I E N I C O L E S M I T H
Senior Mediator and Director of Workable Peace,
Consensus Building Institute (CBI)

Orleans Water Quality Advisory Board:
Adaptive Municipal Wastewater
Management Planning

Wastewater management is one of the most significant
challenges facing Cape Cod, Massachusetts, and it
increasingly threatens the quality of water in the beaches and
estuaries that are the region’s draw for residents and visitors
alike. The Town was ahead of many of its neighboring towns
in developing and receiving approval for its Comprehensive
Wastewater Management Plan (CWMP); however, for years it
remained unable to gain the two-thirds majority votes in Town
Meeting required to pursue financing and implementation.
Opposition to the CWMP stemmed from several areas,
primarily spurred by the very high costs of sewering and
lack of affordability, as well as disagreement over: data and
model accuracy, efficacy of alternative approaches, equity,
fears about “growth” if sewered, likelihood of enforceability,
and criticality of the problem. Multiple active and opposed
civic groups in town advocated for divergent approaches,
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and criticized the information and messages of each other.
In 2013, Cape Cod began developing a Section 208 Plan,
which opened the potential for regulatory support for
testing non-traditional (NT) nutrient removal technologies
(e.g. permeable reactive barriers, floating constructed
wetlands, and aquaculture) to meet TMDL requirements. In
the spring of 2014, the Town of Orleans initiated a consensus
building process with the objective of reaching agreement
among stakeholder groups for a wastewater/water quality
management plan.
This process reframed the challenge from seeking a
technically optimal solution, to seeking a “people solution,”
an approach that addressed residents’ underlying interests
and needs, supported through collaboration and negotiation.
Over the next year, an advisory panel, consisting of all the
Town Selectman and representatives of all the engaged
civic groups, alongside liaisons from town boards and
commissions, neighboring towns, and state and regional
agencies, met for thirteen regular half-day meetings to
develop and reach consensus on an approach for a hybrid
plan integrating both traditional and non-traditional
technologies. In reflecting over the past year, three elements
were critical in facilitating the success of this project – paying
attention to all interests, flexibility and engagement on behalf
of decision makers, and keeping a broad stroke perspective
where detail disagreements don’t detail the process (i.e. not
letting the perfect be the enemy of the good). While there
are still parties who disagree with the plan, the process was
foundational in breaking a cycle of mistrust that prevented
civic groups in seeing mutual interests and moving ahead to
protect their Town’s water quality.
Case write-up by Michal Russo, Tufts University
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ALEX BEDIG

VP of Information and Technology,
Co-Founder, Opti

Proactive And Responsive DataDriven Control Systems That Optimize
Storage and Discharge Against
Weather Forecasts and Current
Conditions

More than four decades after the Clean Water Act (CWA)
was enacted, many cities and towns still struggle to comply
with its regulations. The proliferation of impervious surfaces
is increasing the stress on combined sewers and stormwater
retention systems during wet weather events. When
overwhelmed these systems often discharge directly into
surface waters. Under the CWA, all point discharges into
surface waters must have a permit from the National Pollutant
Discharge Elimination System (NPDES). The United States
Environmental Protection Agency (USEPA) and 46 state
environmental agencies jointly manage the NPDES. Egregious
violations are often met with drawn-out court battles that
culminate with consent decrees in which the respondents
commit to increase retention capacity by investing in largescale storage systems. These passive solutions are pursued
because they are simple and well understood, however
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the scale of the projects often make them economically
unpalatable. OptiRTC, Inc., challenges the traditional notion
that the solution is to ‘just pour some more concrete’ by
recognizing that the effective performance of retention and
detention systems can be greatly increased if these systems
can anticipate and respond to the dynamics of wet weather
conditions. Pursuant to this vision,
OptiRTC provides proactive and responsive datadriven control systems that optimize stormwater storage
and discharge against weather forecasts and current
conditions. This intelligent ‘software layer’ can retrofit
existing infrastructure, effectively increasing total system
capacity and reducing the scale and costs of investments
in new infrastructure required for NPDES compliance.
This virtualization approach demonstrates a means to
operationalize some critical aspects of adaptive resource
management theory; virtual infrastructure can be ‘redesigned’
on-the-fly to respond to dynamic criteria, such as the reuse
value of stored water and the costs of noncompliance. It is
this coupling of abstraction and active management of the
physical resource that makes adaptive management possible.
Case write-up by Kevin Smith, Tufts University
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REFRAMING
BOUNDARIES

The Reframing Boundaries panel provoked critical questions
about what happens to our designs, models, and institutions
when our understanding of the problem changes; how we
resolve legacy effects and embedded assumptions; and
how we integrate frameworks designed for different scales
and objectives. James Wescoat reflected on the design
of the Emerald Necklace through 100 years of changing
socio-hydrological boundaries. Tony Arnold described how
Adaptive Governance builds on the boundaries imposed by
fixed laws on dynamics water needs of large and productive
water basins. Tara Troy moved beyond the traditional
boundaries of predictive models to bring in behavioral rules
that explain emergent water functions identified across
multiple international sites.
Panel Moderator: Gabriella Carolini, MIT Ford Career
Development Assistant Professor of Urban Studies and
Planning
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JAMES WESCOAT
Landscape Architect & Aga Khan Professor, MIT

Olmsted’s Emerald Necklace Over Time

The development of Boston’s Emerald Necklace park system
is a project that spans wide spatial and temporal scales, and
has had many changes in design and rationale throughout
its 130 year history. The park was originally designed by
well-known landscape architect Frederick Law Olmsted, who
designed built landscapes such as Central Park and Niagara
Falls (Spirn, 1996). The building of this park area was unique
in the integration of hydrological and public health concerns,
a novel interpretation of the water challenge for the Boston
area. The long history of development within the Emerald
Necklace provides many examples of such perspective shifts
among the stakeholders and the variation in roles filled by
the park, such as the contemporary need for storm water
management. Shifts in the social and ecological conditions
around the park have led to differences in the architecture
and design of the park, a “reframing” of the role filled by the
park in response to these changes, which is an important and
well documented case study in the US. When looked at using
the lens of geographic changes over the lifespan of the park,
we can see the drivers which necessitated a re-framing of the
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water challenge, and required a trans-disciplinary approach.
These drivers include adaption to urban sanitation, then the
arrival of car traffic and enhanced recreational use in 1925,
along with storm water runoff management after flooding in
recent years, especially during flood events in 1993 (Crane,
2005). Understanding the social and ecological drivers for
the reframing of the Emerald Necklace park provides an
opportunity to investigate their influence on the park’s design,
and may be useful in the new field of socio-hydrology.
Case write-up by Kyle Monahan, Tufts University
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CRAIG ANTHONY ARNOLD
Boehl Chair in Property & Land Use; Professor of Law;
Affiliated Professor of Urban Planning; Chair of the
Center for Land Use & Environmental Responsibility,
University of Louisville

The Adaptive Water Management
Project (AWP): Social Ecological
System Resilience, Climate Change
and Adaptive Water Governance

The legal system in general, and water governance institutions
in particular, are predicated on the assumption that systems
are stable, linear, and predictable, favoring methods that
are top-down, certain and inflexible. However, the socioecological systems in which they operate are open to
disturbances, management uncertainties and regime shifts.
As a result, the legal system is under pressure to become
more adaptive, allowing and facilitating flexible, experimental
responses to change. The Adaptive Water Governance project
(AWG) is a 2-year collaboration project funded by SESYNC
(National Science Foundation DBI-1052875) bringing together
diverse researchers to link ecological resilience to law and
policy governing water management in complex, multijurisdictional water basins. This team of 15 interdisciplinary
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researchers has developed a model of adaptive governance
by asking: what role may the law play in either preparing a
system for adaptive governance or facilitating the adaptive
governance process? (Cosens et al, 2014). The AWG research
focuses on assessing resilience to climate change in six
North American regional scale watersheds, or basins: the
Columbia River, Klamath River, Anacostia River, Platte River,
Middle Rio Grande, and Everglades. The AWG has built on
the Institutional-Social-Ecological Dynamics (ISED) framework
(Arnold et al, 2014) to assess dynamic linkages between and
within each of three major systems: institutions, communities,
and ecosystems.
Case write-up by Michal Russo, Tufts University
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Towards Socio-Hydrologic Synthesis:
Modeling The Co-Evolutionary
Dynamics Of Coupled Human, Water
And Ecological Systems

Increasing water demands from population and economic
growth and the uncertain impact of climate change on future
water supplies make achieving freshwater security a major
challenge for society and ecosystems in the 21st century. In
spite of this challenge, we lack a fundamental understanding
of the coupling between hydrologic systems and the human
and ecological systems that not only depend on them but also
alter their condition. This study, currently in progress, aims
to identify the mechanisms that govern the co-evolution of
human, water and ecological systems – ones that transcend
the specific attributes of the particular water security case
studies investigated. To achieve this goal, this study brings
together water security case studies in diverse locations, from
the southwestern US to Australia, China, and Kenya.
This study reframes water sustainability challenges by asking
deeper questions about the mechanisms that determine the
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drivers of change in coupled human, water and ecological
systems rather than merely examining the effects that different
drivers of change may have on water security outcomes. This
research hypothesizes modeling structures as hypotheses
of the system’s dynamics unlike many other water security
studies, which assume that the structure of a model is correct
and use models to test hypotheses about data. From a water
resources point of view, this study is relatively innovative in
its treatment of humans as an endogenous component of
the water system upon which they depend for their supply as
opposed to viewing them as the exogenous driver, as they
are commonly represented in models. In other words, this
study models human behavior as a function of what is going
on within the coupled systems. In addition, it is examining
poorly understood socio-hydrologic feedbacks, such as
the idea of memory, which describes how recent extreme
hydrologic events may affect human behavior, such as being
wary of building in a floodplain immediately after a flood but
this wariness may fade with time. Although this study is still
in progress, the team is identifying many ways that the state
of a water system can influence human behavior toward it,
which can, in turn, determine the state of the water system in
future periods. It also aims to understand reasons for which
similar evolutionary trajectories may emerge in very different
hydrologic and cultural settings.
Case write-up by Jory Hecht, Tufts University
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