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How do we integrate the environment  
in engineering decisions? 

Emission Scenarios 

Hydrologic Model POSSIBLE FUTURE 
STATES 

Ecological 
Model 

DECISION? 

GCM projections as 
starting point for 
risk assessment 



Managing for ecological resilience 

Enhance capacity of ecosystem to 
withstand and recover from disturbance 



Principles of ecological resilience 

Rivers are: 
 
1. Dynamic systems – characterized by variation in flows, sediment, 
nutrients, and salinity. Extremes are often what matter most. 
 
2. Connected systems – longitudinal (upstream/downstream) and 
lateral (floodplain) connectivity is important for facilitating movement 
of organisms and enhancing ecosystem productivity.  
 
3. Heterogeneous environments – characterized by structural 
complexity and gradients from local to catchment scales 



Defining ecological performance criteria 

Species– endangered spp, indicator spp, fisheries population targets 
 
Community structure –species composition and diversity 
 
Local-scale habitat heterogeneity – structural habitat complexity 
 
Ecosystem functions – range of variation in flows, sediment transport, 
nutrients, and salinity 
 
River network connectivity – degree of longitudinal and lateral 
connectivity/fragmentation 
 
Macro-scale habitat heterogeneity – landscape variation in habitat types 
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Analysis in the context of stakeholder-
driven decision making 

 Desktop screening 
questions 

Climate 
sensitive?

NO

Context analysis –
Four C’s

NO

YES

Revised Project

YES

Conduct climate stress 
test 

Build complete 
system model

YES

Sensitive to 
climate? 

NO

Incorporate historical and 
GCM information

Prepare climate 
response map

PHASE 1 
Project 
Screening

PHASE 3 
Climate 
Stress Test

PHASE 4 – Climate 
Risk Management

Low – do not occur 
historically, in GCM 
projections or paleo

Ro-
bustness
achieva-

ble?
YES

What 
is plausible 

risk?

YES

PHASE 2 
Initial 
Analysis

-Choices (Definition of project objectives and constraints)
-Consequences  (Performance thresholds)
-Connections (Model)
-unCertainties

NO

Climate change risk –
do not occur 

historically, but occur in 
GCM projections

Climate risk – occurs in 
historical climate and 

projections

Risk matrix

Credibility assessment

Reconsider project – too 
risky?

Decis. mak. und. uncert. 
methodologies

Climate Risk 
Management Plan

Climate Screening 
Worksheet

LOW
HIGH

NO

MAYBE

Climate 
a dominant 

factor?

Simple 
system 
model?

Simple, direct design 
modifications

Climate Risk 
Statement

Climate Risk Report

Ex-post scenario 
elaboration

Build hydrologic model 
or adapt existing

Rapid Project 
Scoping

Build simple 
system model

Full 
system 
model?

YES

NO





Comparing alternatives’ climate sensitivity 
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Economic 
performance 

Floodplain area 
performance 

Mutually acceptable 
performance 

Status quo 

Levees raised 9 feet 
No re-operation 

No levee change 
Reservoir re-operation 

Levees raised 9 feet 
Reservoir re-operation 

Adaptation Portfolio 

Mutual satisficing: Floodplain area and cost 

CMIP3 
CMIP5 

Economic threshold = 1.5x historic 
baseline 
Area threshold = 1x baseline 



Is this useful? 

• Climate projections inform (but do not determine) the decision 
process 

• Decision scaling is stakeholder-centered and has a strong 
consensus-based framework that integrates with technical 
perspectives, even in highly uncertain environments; it is perfect for 
transboundary management 

• Although developed originally for engineers, eco-engineering 
decision scaling can easily be implemented for existing 
approaches to species- or ecosystem-services oriented approaches 

• However, it is most powerful in low-data environments, when we 
can compare the three critical “resilience” variables 

• Simultaneously assessing economic and ecological performance of 
water systems leads to selecting mutually robust adaptation 
portfolios 

• This process can occur early in a project cycle rather than including 
the environment at the end, as with an EIA, and it allows for direct 
analysis of tradeoffs at the beginning 
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