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So what is an environmental 
engineer doing here?



Broad Accountability 
EPA’s Report on the Environment

• Focuses on long-term, big 
picture trends in air, water, 
land, health, and eco. 

• Indicators are not tied to 
specific programs or short-
term management 
objectives



Focused Accountability 
EPA’s Strategic Plan & Performance 

Reports

• EPA Strategic Plan
Sets EPA’s goals and 
5-year performance 
objectives. 

• EPA Annual 
Performance Reports

Reports on 
achievement of 
performance 
objectives.



Government Performance and 
Results Act (GPRA) 

• Establish performance goals to define the level of 
performance to be achieved by a program activity

• Express goals in an objective, quantifiable, and 
measurable form

• Establish performance indicators to measure the 
relevant outputs, service levels, and outcomes of each 
activity

• Provide a basis for comparing actual program results
with the established performance goals

• Describe the means used to verify and validate the 
measured values



The Risk Model….



.. is not the same as the Logic Model

Resources

...We use 
resources 
(such as 
people, 
equipment, & 
funds) ...

Activities

...To sustain 
these 
activities 
(such as 
programs or 
tasks) ...

Outputs

... To 
produce 
these outputs 
...

Customers 
Reached

... For these 
customers ...

Short-Term 
Outcomes

... So that they 
change 
(behavior or 
actions) in 
these ways ...

Intermediate 
Outcomes

... Which leads 
to these 
intermediate
outcomes ...

Long-Term 
Outcomes

...and produces 
these 
measureable 
long-term 
outcomes.

Externalities

These are factors outside of the program's control that may influence (help or hinder) the success of the
 program and the accomplishment of its results.

   Outreach 
Communication, tech transfer, and training activities 

are essential to enable clients to apply the
 outputs and achieve the short-term outcomes 

Performance Measurement

Program Design Proceeds from Right to Left

Program Evaluation Proceeds from Left to Right



Will any old performance 
indicator do?



What makes a good  
performance indicator?

• Important
• Specific to action
• Sensitive
• Representative
• Acceptable measurement uncertainty
• Timely results
• Appropriate scale 
• Careful around elephants



An important example 
Stratospheric Ozone

Shorter term outcome anticipates longer term outcome



Another important example   
Acid rain

• How many lakes and streams in the U.S. 
were acidic because of acid deposition?

National Surface Water Survey (probability sample 
in geologically sensitive areas)

• How many would be expected to recover or 
get worse under different SOX and NOX 
emission scenarios?

Direct-Delayed response model
• How many actually did recover or get worse 

after controls were put into place?
TIME/LTM program



Shorter term outcomes anticipate longer-term 
outcomes



Another important example 
– Surface Waters

• How many acres/miles of surface waters are 
in good condition, and what are the trends 
over time?

National Coastal Condition Assessment
Wadeable Streams Assessment
More to come (large rivers, lakes, wetland 
condition) 

• Probability sampling to insure representative 
results 

• Emphasis not just on chemistry but also
biological community structure



Probability sampling
Dissolved Oxygen in Gulf Coast Estuaries 1991-1994
Despite diurnal oxygen fluctuations, annual frequency distributions are similar



Representative sample
Wadeable stream indicators



Fully
Supporting

87%

Not 
Supporting

13%

Traditional Targeted Monitoring

Fully
Supporting

13%

Not 
Supporting

87%

Probability Survey

Fully 
Supporting 

95%

Not
Supporting

5%

Fully
Supporting

75%

Not 
Supporting

25%

Delaware

Nebraska

Comparisons with stream non-representative 
305(b) reports



Example of lack of comparability in state 
water quality data



Sensitivity
SAV in Chesapeake Bay

By 2008, SAV 
will increase
to 120,000 acres



Specific to management action?
Relationships between infant mortality 

rate and stream degradation
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Let’s also take a look at 
some more examples of  

regional variability



Regional differences in impact
Loss of native fish species

7% of land area

2% of land area

21% of land area

55% of land area

15% of land area

Figure 128-1.



Regional differences and 
accountability targets

Coastal condition indicators

By 2008, increase all indices by 2%



Measurement uncertainty 
Gulf of Mexico Coastal Indicators
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Measurement uncertainty
Power to detect a trend or achieve a 

target in two lake indicators
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The power to detect a 2% peryear trend in Secchi transparency and zooplankton species richness with a
sample size of 50 lakes per year.  Data were generated from the 1991-1994 EMAP lakes study in New
England.  



Regional differences in stressors
Estuarine Benthic Invertebrate IBI

Degraded 
30 ± 6%

Undegraded
70 ± 6%

Degraded
18 ± 8%

Undegraded
82 ± 8%

Louisianian Province Virginian Province

Metals 42%

Toxicity 4%
Contaminants 28%

Low D.O.

Habitat 14%

Unknown
10% Unknown

39%

Contaminants 10%
Both
2%

Low Dissolved
Oxygen 49%

Condition

Stressors Associated with Degraded Condition



Regional
differences in a 

pollutant-
specific 

response 
indicator

Ozone 
injury to forest 

plants



Do indicators scale by 
hierarchy?

Boundary Conditions

Focal Level

Initiating Conditions



Hierarchy and Scale

operations

enforcement

appropriations

statutes

regulations

Nation

Local

State/
Region

Days Months Years Decades



Importance of indicator scale 
National trends may mask important regional, 
state, and local variation
Are we concerned about

• a family?
• a community?
• a state or region?
• A nation?
• the globe?

Each concern may require an indicator or 
performance measure with a time and space 
scale that is “just right.”



Scale of outcomes
Global sea surface temperature



Scale of accountability targets
Regional safety of public water supplies



Scale of restoration targets
Local - Brasstown Creek, NC

Stream restoration



Scale – national 
urbanization



Scale – local urbanization



Importance of elephants 
(large facilities)



Importance of large facilities
Trends in Health-Based Violations 

at Community Water Systems 
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Importance of large facilities
Trends in TRI Releases to Land

(1988 core chemicals) 
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Take Home Messages

• When constructing performance 
indicators -

Consider their importance, 
sensitivity, measurement 
uncertainty, timeliness, and 
representativeness
Consider the potential importance of 
scale and hierarchy
Watch out for the elephants!



Or else ….


