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Appendix 1. Conceptual Models
The description and purpose of the conceptual models 

are presented in this appendix. Five figures (figs 1.1 to 1.5) 
are included, one for each of the fundamental objectives: 
hydrography, ecosystem function, ecosystem services, adverse 
effects, and cost. In each figure, the fundamental objective 
is on the right-hand side of the diagram in a green hexagon. 
Subobjectives that are nested under each fundamental objec-
tive are shown to the left of the hexagon in green rectangles, 
with arrows pointing from the nested subobjectives to the 
fundamental objective. There may be multiple layers of nested 
subobjectives, depending on the objective. These, too, will be 
in green rectangles and have arrows from them pointing into 
the upper-level objective. Moving to the left on the diagram, 
things that affect or have influence on the lowest level objec-
tives are shown in purple rectangles. There are arrows from 
the purple rectangles to the lowest-level objective. Continuing 
to move from right to left, things that affect or have influence 
on purple rectangles are also shown in purple rectangles, with 
arrows pointing to the purple rectangle it influences. There 

may be several influences depicted from right to left. Sto-
chastic events or states are shown in red circles, again with an 
arrow pointing directly to the rectangle it affects. Decisions 
that are part of the decision-making process of the restora-
tion are depicted in gray rectangles (that is, gate manipula-
tions and secondary management actions). On the Minimize 
Adverse Effects diagram (fig. 1.3), black rectangles are shown. 
These are actions that can be taken but that are not part of the 
management aspect of the restoration. For example, the Struc-
tural Design of the dike will affect the safety of pedestrians, 
fishermen, and boaters; however, it is not part of the decision-
making process of the restoration. Existing models that make 
predictions regarding the outcome of a given decision (gray 
rectangle) and a resulting state (purple or green rectangles) are 
shown in yellow diamonds. The yellow diamonds are placed 
on the arrow between two shapes: the shape to the left is the 
input to the model, whereas the shape the right is the output 
of the model. Yellow diamonds (that is, predictive models) 
may also be placed between two state rectangles; that is, 
the input to the model does not have to start with a decision 
node. The influence diagrams serve many purposes. They 
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Figure 1.1.  Conceptual model for the hydrography objective. (EFDC, Environmental Flow Dynamics Code; MEM, Marsh 
Equilibrium Model; SLAMM, Sea Level Affecting Marsh Migration; mgmt, management) 
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serve as depictions of conceptual models of how the system 
works regarding the objectives; the decisions we make and 
actions we take; and the effects that those actions have on the 
system, and ultimately, the objectives. The diagrams help to 
communicate our conceptual models. They help elucidate the 
areas where existing models predict outcomes of actions (for 
example, the Environmental Flow Dynamics Code [EFDC]) 
and where predictive models are absent and thus predictions 

are based on expert elicitation. The diagrams will also help 
to identify alternative courses of action, or strategies, whose 
predicted outcomes can be compared with respect to the objec-
tives. The influence diagrams include only as much detail as is 
necessary and useful for understanding the system and making 
predictions of outcome with respect to the objectives (that is, 
the green rectangles and green hexagon).

Area 
restored

Temp

EFDC

MEM

Temp

Channels

pH

DO

NH4

Flushing

Recreation

Appropriate 
salinity gradient 

Cover emergent 
vegetation

Plant 
composition

Primary 
productivity

Benthic 
community

Nekton 
community

Substrate 
conditions

Velocity at 
structures & 

culverts

Surface-water 
quality

Habitat quality 
estuarine 
community

Maximize 
ecosystem 

function/
integrity

Connectivity
diadromous fish

Salination of acid 
sulfate soil

Sediment 
disturbance

Plant 
growth 

rate

Marsh 
surface 
drainage

Porewater 
Sslinity

Soil 
chemistry

Water column
salinity

Flooding 
frequency & 

duration

Marsh surface 
elevation

Sediment 
deposition

Below ground 
matter

Fresh water 
inputs

Distance 
from 

harbor

Tide gates 
number, size, 

frequency 

Secondary 
mgmt

Figure 1.2.  Conceptual model for the Ecosystem-Function objective. (EFDC, Environmental Flow Dynamics Code; MEM, Marsh 
Equilibrium Model; DO, dissolved oxygen; NH4, ammonium; mgmt, management; Temp, temperature) 
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Figure 1.3.  Conceptual model for the Minimize Adverse Effects objective. (EFDC, Environmental Flow Dynamics Code; Temp, 
temperature; DO, dissolved oxygen; mgmt, management; veg, vegetation) 
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Figure 1.4.  Conceptual model for Ecosystem-Services objective. (DO, dissolved oxygen; EFDC, Environmental Flow Dynamics Code; 
mgmt, management; NH4, ammonium; Temp, temperature)
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Figure 1.5.  Conceptual model for Cost objective.
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