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Causal Assessment 

Purpose and Motivation 
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Provide a brief introduction to causal assessment 

and the California Case Studies 

WHY? 

 The State of California is setting biological expectations to 

ensure protection of aquatic life beneficial uses for perennial 

freshwater streams. 

 When biological expectations are not attained and the cause is 

not readily apparent or obvious, a collaboration between 

regulated and regulatory agencies is required to identify the 

cause and remedy the situation. 

 Causal Assessment is a formal method for identifying the 

probable causes of biological impairment.    

-  can be conducted using available information 

-  can be a means for engaging stakeholders  
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Condition Assessment Evaluate chemical, biological, or physical state 

Forecast from causal relationship  

Evaluate  performance and effect on chemical, 
biological, or physical state 

Identify cause or source  Causal Assessment 

Predictive Assessment 

Outcome Assessment 

Management Action 

Desired Condition 

Restored 

Condition is Undesirable 

Environmental Assessment 
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Why Establish Causation? 

To fix the problem, 

you have to know 

what to fix. 

Biological 

assessments are 

commonly used to 

identify if streams are 

impaired. 

 In many cases, 

causes of impairment 

are unknown. 

Causes of Impairment 

NOTE: Click on the underlined "Causes of Impairment Reported" value to see a listing of those 
waters with that cause of impairment. Click on the underlined "General Impairment Name" to 
see the detailed state-reported impairment names. 

General Impairment Name Causes of Impairment Reported  
Percent of 
Reported  

MERCURY 8555 13.45 

PATHOGENS 8526 13.41 

SEDIMENT 6689 10.52 

METALS (OTHER THAN 
MERCURY) 

6389 
10.05 

NUTRIENTS 5654 8.89 

OXYGEN DEPLETION 4568 7.18 

PH 3389 5.33 

CAUSE UNKNOWN - 
BIOLOGICAL INTEGRITY 

2866 
4.51 

TEMPERATURE 2854 4.49 

HABITAT ALTERATION 2220 3.49 

PCBS 2081 3.27 

TURBIDITY 2050 3.22 

CAUSE UNKNOWN 1356 2.13 

PESTICIDES 1322 2.08 

SALINITY/TDS/CHLORIDES 996 1.57 

FLOW ALTERATION 591 .93 

ALGAL GROWTH 510 .80 

AMMONIA 415 .65 

OTHER TOXIC ORGANICS 339 .53 

TOTAL TOXICITY 292 .46 

DIOXINS 290 .46 

TOXIC INORGANICS 270 .42 

FISH CONSUMPTION 
ADVISORY - POLLUTANT 
UNSPECIFIED 

260 
.41 

SULFATES 259 .41 

NOXIOUS AQUATIC 
PLANTS 

229 
.36 

OIL AND GREASE 138 .22 

OTHER CAUSE 127 .20 

TASTE, COLOR AND 
ODOR 

83 
.13 

CHLORINE 78 .12 

FLOATABLES 73 .11 

NUISANCE EXOTIC 
SPECIES 

50 
.08 

NUISANCE NATIVE 
SPECIES 

30 
.05 

RADIATION 23 .04 

CAUSE UNKNOWN - FISH 
KILLS 

19 
.03 

HARMFUL ALGAL 
BLOOMS 

4 
.01 

CAUSE UNKNOWN - 
BIOTOXINS 

4 
.01 
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Because we make mistakes about causality 

We are human.  We tend to form conclusions quickly and, 
because we’re smart, we can ably defend them.  

All pollution is caused by industry 

Every time I wash my car it rains 

Hydrologist think hydrology 

I have a hunch it is nitrogen 

Overweigh chance events 

 

Have biases 

 

Are “educationally” predisposed 

 

Use intuition 

 

Rely on experiences A flood caused this last time  

Why Establish Causation? 
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 Causation is one of the most difficult 

& controversial concepts in 

philosophy. 

 A randomized, replicated, 

controlled experiment is the ONLY 

reliable method for establishing 

causation. 

 THE PROBLEM- Environmental 

monitoring designs are rarely 

randomized, replicated, and 

controlled. 

Establishing Causation 
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 To provide a defensible & reproducible evaluation 

 To identify causal relationships that are not immediately 

apparent 

 To prevent biases and other lapses of logic  

 To increase confidence that remedial or restoration efforts 

can improve biological condition 

 “Science is a way of trying not to fool yourself.  The first principle is that you must 

not fool yourself – and you are the easiest person to fool.”       [Feynman 1964] 

How to Establish Causation 

RELY ON A FORMAL METHOD  
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 AVOID General – Does C cause E? 

 Does smoking cause lung cancer? 

 Does increased water temperature reduce bull trout 

abundance in rivers? 

 MAKE Specific – Did C cause E? 

 Did smoking cause lung cancer in Ronald Fisher? 

 Did increased water temperature reduce bull trout abundance 

in my stream? 

How to Establish Causation 

Make SPECIFIC rather than 

GENERAL statements 



Causal Assessment 
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• EPA’s approach to Causal Assessments is Pragmatic (analysis 

guides actions). 

• Centered on Abductive Inference, where the best hypothesis is 

identified to explain the available information rather than proving 

a hypothesis correct or incorrect. 

• Aims to establish Specific Causation rather than General 

Causation (DID x cause y rather than CAN x cause y). 

• The most likely cause is established by Causal Inference, the 

interpretation of available evidence: 

• Identify and compare alternative candidate causes 

• Logically eliminate when possible 

• Diagnose when possible 

• Use strength of evidence for remaining 

• Identify most likely cause 

 

 

 



Causal Assessment 

• The Up-Side… 

– A formal method that provides scientifically defensible results when the 

stressor is not readily apparent or obvious. 

– The evaluation is reproducible. 

– Prevents biases and other logic lapses. 

– May identify causal relationships that are not readily apparent. 

– Engages stakeholders & decision makers early in the process thereby 

reducing controversy. 

– Increases confidence in the selected management option. 

• …and the Down-Side 

– Conducting Causal Assessments are not necessarily easy or 

straightforward. 

– Mechanisms of biological impacts can be complex. 

– There is no “one-size-fits-all” methodology. 

– Data are as data do (quantity and quality matter). 

– Net result, a smoking fish may not be found or multiple stressors remain 

probable causes.   
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Define the Case 

List Candidate Causes 

Evaluate Data from the Case 

Evaluate Data from Elsewhere 

Identify Probable Cause 

Detect or Suspect Biological Impairment 

As Necessary:  

Acquire Data  

and  

Iterate Process 

Identify and Apportion Sources  

Management Action:  

 Eliminate or Control Sources, Monitor Results 

Biological Condition Restored or Protected 

Decision-maker  

and  

Stakeholder 

 Involvement 

Stressor Identification 

The Causal Analysis Framework 



What is CADDIS? 
(www.epa.gov/caddis) 
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• Not every stream is going to meet biological 

objectives 

• When a stream is non-compliant, causes 

need to be determined for remediation 

• Causal assessment approaches have not 

been well-vetted in California 

 

• Three (four) case studies 

– Salinas River (agricultural) 

– Garcia River (timber dominated) 

– Santa Clara and San Diego (urban) 
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Causal Analysis and California 
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Define the Case 

List Candidate Causes 

Evaluate Data from the Case 

Evaluate Data from Elsewhere 

Identify Probable Cause 

As Necessary:  

Acquire Data  

and  

Iterate Process 

Identify and Apportion Sources  

Management Action:  

 Eliminate or Control Sources, Monitor Results 

Biological Condition Restored or Protected 

Decision-maker  

and  

Stakeholder 

 Involvement 

Stressor Identification 

Detect or suspect 
biological impairment • Fish kills 

• Organismal anomalies 

• Changes in 
community structure 

• Low biotic index 
values 

• Violation of biocriteria 
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The Salinas River 

Impairment Detection 
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• What biological effects 
are observed? 

• Where & when did they 
occur? 

• Where are comparable 
comparative sites? 

Define the Case 

Evaluate Data from the Case 

Evaluate Data from Elsewhere 

Identify Probable Cause 

Detect or Suspect Biological Impairment 

As Necessary:  

Acquire Data  

and  

Iterate Process 

Identify and Apportion Sources  

Management Action:  

 Eliminate or Control Sources, Monitor Results 

Biological Condition Restored or Protected 

Decision-maker  

and  

Stakeholder 

 Involvement 

Stressor Identification 

List Candidate Causes 

Step 1:  

Define the Case 
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The Salinas River- Step 1 

Case Definition 

Salinas River 

Length 282 km 

Basin 10,774 km2 

Discharge 12 (0-2690) m3/sec 

Mean Annual Discharge 268,699 acre-feet 

Precipitation 28-84 cm/yr 

Designated Uses 

municipal and domestic water supply 

agricultural supply 

industrial process supply 

industrial process supply 

groundwater recharge 

water contact recreation 

non-contact water recreation 

wildlife habitat 

cold freshwater habitat 

warm freshwater habitat 

migration of aquatic organisms 

commercial and sport fishing 
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The Salinas River- Step 1 

Case Definition 
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• Make a map 

• Gather information on 
potential sources, 
stressors, and 
exposures 

• Develop a conceptual 
diagram 

• Engage stakeholders 

• Develop “final” list 

Define the Case 

Evaluate Data from the Case 

Evaluate Data from Elsewhere 

Identify Probable Cause 

Detect or Suspect Biological Impairment 

As Necessary:  

Acquire Data  

and  

Iterate Process 

Identify and Apportion Sources  

Management Action:  

 Eliminate or Control Sources, Monitor Results 

Biological Condition Restored or Protected 

Decision-maker  

and  

Stakeholder 

 Involvement 

Stressor Identification 

Step 2:  

List Candidate Causes 
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The Salinas River- Step 2 

Candidate Causes 

• Potential Candidate Causes Identified for the 

Salinas River 

– Increased Sediments 

– Increased Ionic Strength 

– Increased Pesticides 

– Decreased Dissolved Oxygen 

– Increased Metals 

– Nutrient enrichment & toxicity 

– Flow Alteration 

– Physical Habitat Alteration 

 

 

 



Simple conceptual model diagram for 
SEDIMENT 

Developed 7/2007 by Kate Schofield & Susan 
Cormier; modified 7/2010 

biotic response 

proximate 

stressor 

source 

additional 
step in 
causal 

pathway 

LEGEND 

interacting 

stressor 

mode of action 

human 
activity 

insufficient sediments 

↓ plants or biofilm 

↑ suspended sediments ↑ deposited & bedded sediments 

↓ light 

↓ visibility 

Δ filter-feeding 
efficiency ↑ abrasion 

↑ sediment 
oxygen demand 

↓ interstitial spaces 

↓ interstitial 
habitat & flow 

↓ substrate size 

↓ substrate diversity 
& stability 

↑ coverage by fines 

↑ fine substrate 
habitats 

↑ burial 

↑ pool 
in-filling 

↓ water velocity 
& discharge 

↑ deposition 

other biological impairments 

biologically impaired invertebrate assemblages 

biologically impaired fish assemblages 

↓ habitat 

Δ sediment in stream 

↑ sediment in 
discharged waters 

↑ mobilization of bank 
& channel sediment 

↑ water velocity 
& discharge 

↓ availability of bank 
& channel sediment 

↓ sediment in 
discharged waters 

↓ deposition on 
floodplain 

watershed 
soils 

channel 
sediment 

streambank 
sediment 

upstream 
impoundment 

point source 
discharges 

↑ watershed 
erosion 

↑ sediment delivery 
to stream 

↓ sediment delivery 
to stream 

↓ deposition 

↑ streambank erosion 

↑ heat 
absorption 

channel alteration 

watershed land 
cover alteration 

riparian land 
cover alteration 

Conceptual Diagram 
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Define the Case 

List Candidate Causes 

Evaluate Data from Elsewhere 

Identify Probable Cause 

Detect or Suspect Biological Impairment 

Identify and Apportion Sources  

Management Action:  

 Eliminate or Control Sources, Monitor Results 

Biological Condition Restored or Protected 

Decision-maker  

and  

Stakeholder 

 Involvement 

Stressor Identification 

Step 3:  

Evaluate Data from the Case 

Evidence from the Case 

• Co-occurrence (space &  
time) 

• Exposure or mechanism 

• Causal pathway 

• Stressor-response 
relationships from field 

• Manipulation 

• Lab tests of site media 

• Temporal sequence 

• Verified predictions 

• Symptoms 
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Define the Case 

List Candidate Causes 

Evaluate Data from the Case 

Identify Probable Cause 

Detect or Suspect Biological Impairment 

Identify and Apportion Sources  

Management Action:  

 Eliminate or Control Sources, Monitor Results 

Biological Condition Restored or Protected 

Decision-maker  

and  

Stakeholder 

 Involvement 

Stressor Identification 

Step 4:  

Evaluate Data from Elsewhere 

Evidence from elsewhere 

• Stressor-response 
relationships (from lab, other 
field studies, or ecosystem 
models) 

• Mechanistically plausible 
cause 

• Manipulation at other sites 

• Verified predictions 

• Analogous stressors 
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Define the Case 

List Candidate Causes 

Evaluate Data from the Case 

Detect or Suspect Biological Impairment 

As Necessary:  

Acquire Data  

and  

Iterate Process 

Identify and Apportion Sources  

Management Action:  

 Eliminate or Control Sources, Monitor Results 

Biological Condition Restored or Protected 

Decision-maker  

and  

Stakeholder 

 Involvement 

Stressor Identification 

Step 5:  

Identify Probable Cause 

Evaluate Data from Elsewhere 
• Weigh strength of 

evidence for each cause 

– eliminate if possible 

– diagnose if possible 

• Compare strength of 
evidence across causes 
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Scoring Summary- Step 5 

309DAV against 309SAC 
Decreased 

DO 

Increased 

Pesticides 

Metals Increased 

Nutrients 

Increased 

Ionic 

Strength 

Increased 

Sediment 

(Bed) 

Increased 

Sediment 

(Susp) 

Altered 

Flow 

Regime  

Altered 

Physical 

Habitat 

Types of Evidence that Use Data from the Case 

Spatial/Temporal 

Co-Occurrence 
- NE NE + --- --- + - - 

Causal Pathway 0 + 0 0 0 - + 0 + 

Stressor-Response from the 

Field 
- - - - ++ + 

Laboratory Test of Site Media - - 

Temporal Sequence --- --- + 

Types of Evidence that Use Data from Elsewhere 

Stressor-Response from Other 

Field Studies 
+ 

Stressor-Response from 

Laboratory 
+ + 

Evaluating Multiple Types of Evidence 

Consistency of Evidence - - --- - + - - 



Candidate Cause Evidence and comments 

Suspended sediments Concentrations consistently higher at subject sites 

relative to comparator; 

Concentrations at levels associated with effects in 

other studies 

Physical habitat Especially as influenced by suspended sediments 
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Final Conclusions:  Likely Contributors 



Candidate 

Cause 

Evidence and Comments 

Dissolved 

oxygen  

Concentrations similar between subject and comparator 

sites; however, data was limited. 

Nutrients Concentrations peak and differences occur well after 

invertebrate samples are collected. 

Ionic Strength Concentrations peak and differences occur well after 

invertebrate samples are collected. 

Flow Regime Flow regimes are similar among the subject and 

comparator sites. 
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Final Conclusions:  Unlikely Contributors 



Candidate Cause Evidence and Comments 

Pesticides Very limited data available for assessment. 

Metals Very limited data available for assessment. 
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Final Conclusions:  Significant Questions 

Remain 
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Define the Case 

List Candidate Causes 

Evaluate Data from the Case 

Detect or Suspect Biological Impairment 

As Necessary:  

Acquire Data  

and  

Iterate Process 

Identify and Apportion Sources  

Management Action:  

 Eliminate or Control Sources, Monitor Results 

Biological Condition Restored or Protected 

Decision-maker  

and  

Stakeholder 

 Involvement 

Stressor Identification 

Evaluate Data from Elsewhere 

Identify Probable Cause 

Causal analysis is one 
step in management 

process 

• After causes identified, 
sources & management 
actions must be 
identified 

• Biological monitoring 
verifies that actions are 
effective 
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Causal Assessment- Conclusions 

 Causal Assessment is one step in environmental 

assessment. 

 The goal is to identify the causes of biological 

impairment. 

 It is a formal method that engages stakeholders to 

identify candidate causes of biological impairment. 

 Focuses on Specific Causations (Did X Cause Y) 

 Based on Available Evidence 

 Centered on the five steps of Stressor Identification 
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Condition Assessment Evaluate chemical, biological, or physical state 

Forecast from causal relationship  

Evaluate  performance and effect on chemical, 
biological, or physical state 

Identify cause or source  Causal Assessment 

Predictive Assessment 

Outcome Assessment 

Management Action 

Desired Condition 

Restored 

Condition is Undesirable 

Environmental Assessment 
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Causal Assessment-Lessons Learned 

California Case Studies 

• The formal process, which encourages stakeholder involvement, 

fostered and focused communication. 

 

• Useful for eliminating candidate causes. 

 

• Recommendations for the existing condition assessment monitoring 

program to increase causal assessment effectiveness. 

 

• Recommendations for California specific data analysis and support 

tools. 

• Formalized “comparator” site selection 

• Stressor-response models for pesticides   
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