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Lessons from our NSF-funded project:
Directional asymmetry in modeling and monitoring

WHAT “WE” MODEL WELL

Human decisions

  →  Land use change

  →  BMP implementation

  →  Point source controls

Environmental outcomes

  →  Nutrient loading

  →  Water quality

  →  Habitat condition

WHAT WE’RE (GENERALLY) MISSING

How do environmental conditions 

lead to ∆ in…

  ⤳  behavioral response?

  ⤳  political support?

  ⤳  institutional adaptation?

  ⤳  investment decisions?

Signals exist, but are punctuated, 

dispersed, context-dependent



Workshop objectives

1. Synthesize the current 
state of applied CHANS 

science and its relevance 
to addressing challenges 
in the Chesapeake Bay 

ecosystem

2. Map feedbacks and 
identify gaps

3. Assess CHANS 
applications (i.e., where 

can this be used?)

4. Develop 
recommendations



Some common frameworks 
…for reasoning about human-environment interactions

https://saras-institute.org/social-ecological-systems/

Ostrom

Human activity is NOT 

separate from 

ecosystem

Environmental change 

results from social 

processes

Problems transcend traditional 

disciplines



Workshop background
5 key properties of Coupled Human And Natural Systems

Nonlinearity

Small changes, 

disproportionate 

effects

Feedback

loops

Outcomes 

reshape 

conditions that 

produced them

Heterogeneity

Responses vary 

across actors, 

places, and scales

Adaptation

& memory

Actors anticipate, 

learn, and change 

behavior over 

time

Emergence

System-level 

patterns arise

from interactions 

of individuals



But why now (or, why back in March)??? 
…a human-environment-sized gap

2023 CESR Report

Implementation and response gaps point to structural problems in 

how the management system handles environment → human 

feedbacks

2024 Beyond 2025 Report
Called for integrating social science into a systems-based 

approach to understanding decision-making across scales

2024-
STAC Social Science

Workgroup (SSWG)
Standing Workgroup established to integrate social science 

perspectives into CBP’s work

2024–25

2025 Watershed Agreement
Commits to integrating social science holistically and to 

adaptive management informed by the best available science



Workshop roadmap
Two days, four breakout sessions (plus some other stuff too)

S e s s i o n  1

MAP

Systems mapping of

focal sub-systems,

forward and feedback

pathways

→

S e s s i o n  2

TEST

Shock propagation

and gap analysis on

Session 1 maps

→

S e s s i o n  3

DIAGNOSE

Challenges and

Opportunities:

barrier-opportunity

pairs

→

S e s s i o n  4

PRESCRIBE

Develop actionable

recommendations 

for integrating socio-

environmental 

thinking

Day 1 Day 2



Two modes of recommendations
#1. Actionable, substantive recommendations
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Two modes of recommendations
#2. The repeatable practice coupled-systems-thinking (methodological recs)



This workshop as one 
illustrative example
or, evidence of how CHANS-thinking can be implemented in the CBW



~63 participants

5 in-person groups;

1 virtual group



1. People are at the center

2. Diagnostic overlay (blue 

labels) indicates constraints 

are social and political

3. Emergent group behavior: 

Group 3 created label 

“KORA”: known, observed, 

represented, actionable – but 

only for technical links

4. Policy shock broke social 

feedbacks, not ecological 

linkages

5. Failure pathway (due to 

shock) was almost always 

institutional, not ecological

Some generalizable 

findings



(more) 
Headlines 
from the future



Centrality of social 
systems

Participants wrote about…

• People

• Institutions

• Politics

And not (so much) about…

• TN loads

• BMP efficiencies

• Atmospheric deposition



Recommendations
Substantive and methodological



Substantive recommendations (group outputs)

1. Trust infrastructure: build agency-producer & community-

state relationships before BMPs (G1, G2)

2. Pre-positioned project libraries: ready-to-deploy designs 

to exploit short post-event/funding windows (G4)

3. Locally-led capacity + flexible BMP frameworks at the 

sub-watershed scale (e.g., locally-set nutrient-efficiency 

targets instead of one statewide number) (G3)

4. Institutionalize CHANS competency inside existing CBP 

structures (GITs/SSWG/LGAC/STAC) (all groups)

5. Priority science gaps: include behavioral-response 

modules in the watershed model; trust/capacity/civic 

indicators; IEK/LEK integration (G6)



Post-workshop evaluation → how do we deliver?

Caveats: small n, self-selected group, we missed a lot of (most) local stakeholders in our recruitment efforts



Methodological recommendations
(or, institutionalizing the process/practice while balancing resource realities)

1. Recurring CHANS-based facilitation should be a STAC-advised practice, not a one-off workshop

2. The partnership should develop & maintain standing pool of facilitators and conveners skilled in coupled-

systems methods, with STAC defining the competencies the role requires and advising on 

curriculum. CHANS work should feed structured products back into modeling, monitoring, and indicator 

design

3. Practitioner representation must be intentionally designed, not just “invited.” STAC should advise on group 

composition based on convening purpose

4. The partnership should establish a defined intake process for the outputs of CHANS-based work. What 

happens (or should happen) to our structural recommendations? 

5. STAC should explicitly steward “systems-thinking-with-heterogeneous-actors” as a method in its workshop 

portfolio

6. STAC, the Social Science Workgroup, and the modeling team should jointly define a structured handoff 

process between the outputs of convenings and the modeling and monitoring systems



Back to the headlines…

Gap between what participants 

hope for and what they are 

concerned about is a function of 

institutions, trust, and resources. 

Not just nutrients



Workshop Steering Committee
Not shown: Theo Lim, Christine Kirchhoff, Amy Handen, 

Denice Wardrop, Gary Shenk (pre-retirement)

NSF award #2009248: CNH2-L: Modeling the dynamics of 

human and estuarine systems with regulatory feedbacks



Bonus



In the near term…

1. document the workshop method as a repeatable protocol, drawing on the materials in the Appendices, so 

that a second convening does not begin from scratch (MR5)

2. advise partnership leadership on the timing and focal question of a second convening, so that it informs an 

upcoming decision point (e.g., quarterly progress meeting, milestone review) and informs the practitioner 

and local-stakeholder representation that this first workshop lacked (MR1, MR3)

3. define the competencies this work requires of a facilitator, and seed a pool by pairing experienced 

facilitators with new recruits at that convening, treating facilitation as a skill to be deliberately developed 

(MR2)

4. open a discussion with partnership leadership about where the outputs of this work should be received and 

acted on, and how they should feed the modeling, monitoring, and indicator systems (MR4, MR6)



Objectives

• Synthesize the current state of applied CHANS science and its relevance to addressing challenges in the Chesapeake Bay 
ecosystem. This objective will largely focus on the CBW but will also draw upon research and successful management actions in 
other watersheds. Participants will consider how CHANS frameworks can address persistent challenges while identifying 
opportunities to improve resilience and sustainability. We will focus on practical, solutions-oriented applications that align with the 
CBP’s goals, with special focus on implementation and response gaps as laid out in the 2023 STAC report5 .

• Map feedbacks and identify gaps. We will highlight key gaps between how the Chesapeake Bay system functions and how it is 
currently managed, with a particular emphasis on nonpoint source pollution and the limitations of current adaptive management, 
monitoring, and modeling efforts. This includes exploring and mapping disconnects between policy objectives and ecological 
realities, as well as identifying areas where knowledge, models, or monitoring are insufficient. Understanding these gaps is critical 
for bridging the divide between scientific understanding and practical application.

• Assess CHANS applications. In breakout groups, participants will evaluate the potential of CHANS research to enhance policies 
and management practices. Participants will consider how coupled systems frameworks can address persistent challenges, such 
as implementation and response gaps, while identifying opportunities to improve resilience and sustainability. This exploration will 
focus on practical, solutions-oriented applications that align with the CBP’s goals and the Watershed Agreement.

• Develop recommendations. The workshop will generate actionable recommendations for incorporating CHANS insights into the 
CBP’s adaptive management framework and decision-making processes. This will involve proposing strategies, pilot projects, and 
tools to better integrate human-environment feedbacks into management practices. The recommendations will be tailored to 
address specific challenges in the CBW and guide future research and policy efforts.
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