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Research Area

North Carolina



Research Focus

Urban Stream Syndrome



Causes

• Sediment erosion & surface runoff
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Endpoints

Harm to stream ecosystem conditions:

More bacteria in streams => human health risks

More murky water days



Ecosystem Condition



Human Health Risk



Murky Water Days



NC Piedmont/ Upper Neuse River Basin



Water quality modeling 
1) Identify stressors for important water quality indicators: 

• BI- Biotic index FC- fecal coliform
• TDU- turbidity SC- specific conductance
• TN- total nitrogen TP- total phosphorus

2) Assess potential water quality improvements 

• Forecast indicators throughout the Upper Neuse River Basin
• Compare potential management scenarios



Scenarios



Projections



Expert Elicitation
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Expert Elicitation

Human health risk

• We have data for fecal coliform; EPA 
standards are for E-Coli

• Standards are for adults, risks are for kids
• Regional heterogeneity



Survey Instrument

• Targets Wake, Mecklenburg and Guilford 
counties in NC 



Stated Preference Survey

• Initial stakeholder meeting
• 13 focus groups
• 8 cognitive interviews
• A complete on-line survey instrument
• 2 Qualtrics panel pretests (N = 730, 420)
• Primary data collection w/ push-to-internet 

design (N = 2,511)



Survey Instrument

• Programmed in Qualtrics with extensive pictures, 
graphics

• Accessible by computer & phone
• 4 choice experiment tasks
• Experimental design includes 10 blocks (Ngene)
• Attributes presented in one of two randomly 

assigned orders



Choice Experiments

• Center around action plans that improve 
water quality in about 25% of stream miles 
(~100 miles) in each county



Choice Experiments

• 3 water quality 
attributes, each 
having 3 levels

• Monthly 
stormwater fee



Choice Experiments



Demographics
Variable |        Obs Mean    Std. Dev.       Min        Max

-------------+---------------------------------------------------------

male |      2,511    .4752197    .4838155          0          1

age |      2,511    51.14356    16.14859         18         90

income |      2,511    99130.84    61630.62      10000     225000
fulltime |      2,511    .5644826    .4808435          0          1

retired |      2,511    .2393877    .4138101          0          1

-------------+---------------------------------------------------------

own_home |      2,511     .751213    .4191645          0          1
hs_diploma |      2,511    .9902641    .0952711          0          1

college |      2,511    .7237811    .4338343          0          1
adults |      2,511           2    .8845735          1         10

kids |      2,511    .5873789      .99405          0         10

-------------+---------------------------------------------------------

asian |      2,511    .0497099    .2105026          0          1

black |      2,511    .1574137    .3529555          0          1
white |      2,511    .7395972    .4254164          0          1



Raw Data
(all four choice experiments) 

Cost     |        Obs % Yes  

-------------+-----------------------

cost = 4  |      2,208       76.4%

cost = 9  |      1,960       64.1%

cost = 18 |      2,227       51.3%

cost = 32 |      3,443       32.9%



Mixed logit model in WTP space Number of obs =     15,168

Wald chi2(12)     =    1117.51

Log pseudolikelihood = -3238.9405               Prob > chi2       =     0.0000

|               Robust

ce |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

Mean         |

dummy |   15.50642   3.324751     4.66   0.000     8.990023    22.02281

male |  -1.565309   1.740209    -0.90   0.368    -4.976057    1.845438

age |  -.1601189   .0516024    -3.10   0.002    -.2612577   -.0589801

college |   4.213073   1.750302     2.41   0.016     .7825437    7.643603

white |  -5.362919   2.068736    -2.59   0.010    -9.417566   -1.308271

ec_g |   .3201667    .061378     5.22   0.000     .1998681    .4404653
ec_p |  -.2791668   .0646916    -4.32   0.000    -.4059599   -.1523736
hr_g |   .2664616   .0583058     4.57   0.000     .1521842    .3807389
hr_p |  -.6585985   .1781734    -3.70   0.000    -1.007812   -.3093852
md_g |   .1536107   .0392421     3.91   0.000     .0766976    .2305237
md_p |   -.144874   .0756479    -1.92   0.055    -.2931412    .0033932
mcost |   -1.98824     .11808   -16.84   0.000    -2.219672   -1.756807

-------------+----------------------------------------------------------------

SD           |

ec_g |   .8710257   .1951971     4.46   0.000     .4884464    1.253605

ec_p |    .451598    .260568     1.73   0.083     -.059106     .962302

hr_g |   .5087469   .1062016     4.79   0.000     .3005955    .7168983

hr_p |   1.838725   .9041197     2.03   0.042     .0666832    3.610767

md_g |   .4717708   .1353872     3.48   0.000     .2064167    .7371249

md_p |   1.001095   .1363579     7.34   0.000     .7338383    1.268351

mcost |   .1265296   .3916451     0.32   0.747    -.8941399    .6410808

------------------------------------------------------------------------------
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WTP Estimates
(all four choice experiments)

From baseline model

WTP to move 1 
stream mile from 

___ to ___.
Ecosystem Condition
Med to Good $3.84
Poor to Med $3.35

Health Risk
Med to Low $3.20
High to Med $7.90

Murky Water Days
Med to Low $1.84
High to Med $1.74

Per Household WTP to move lowest quality stream mile to 
highest quality stream mile $21.87

# of Adults in Wake County 400,172 
Total WTP $8,753,578



Debrief Results

• Generally encouraging
– Respondents thought survey was balanced (75%), provided enough info (83%), 

was price and policy consequential (88% and 61%)
– People did express some doubts about county gov’t being able to achieve quality 

changes (41%)

• Health Risk & Ecosystem Conditions = most important

88% Agree 
or
Strongly 
Agree



Trap Question 

91% selected 
disagree



COVID effects?

73%

18%
6%



Additional Models

• Analyze initial CE only

• Different ordering of attribute presentation

• County-specific results

• Distance decay models

• All responses

• Latent class models



Case Study
Upper Neuse River Basin

• Scenarios
– a 25 percent increase in canopy cover combined with a 25 percent decrease in the negative 

effects of impervious cover. 
– a 25 percent reduction in the site and random effects.



Case Study
Upper Neuse River Basin

• Scenarios
– a 25 percent increase in canopy cover combined with a 25 percent decrease in the negative 

effects of impervious cover. 
– a 25 percent reduction in the site and random effects.

Table 5.3. Annual Willingness to Pay Measures 

  Per Household WTP 
Aggregate WTP 

(millions) 
Sub-watersheds Scenario #1 Scenario #2 Scenario #1 Scenario #2 
Crabtree & 
Walnut $126.48  $39.01  $50.6  $15.6  
Swift & Middle $86.33  $31.44  $34.5  $12.6  

 



Piedmont Region



Thank you!

Questions or comments?  Send to

roger_von_haefen@ncsu.edu
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