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LONDONO CADAVID AND ANDO : VALUES OF STORMWATER MANAGEMENT OUTCOMES.

Suppose your city could do a project that would change features of stormwater control near
you. Options A and B are the only choices you can have instead of your current situation. Which
option would you choose? Please read all the features of each option and then check the box that
represents your choice below. If you don’t like option A or B, then choose the box “current
situation” - that means no project is done, so flooding and environmental quality stay the same
and there is no cost.

Option Option Current
A B situation
Number of street floods within 1
blockof Yourhouse. 25 less 50% less No change
frequent than frequent than
current current
50% less 50% less No change
frequent than frequent than
eurrent eurrent
Number of floods in your
basement 50% less 25% more No change
fraquent than frequent than
current current
[ Change in quality of waterin |
nearby streams better quality: better quality: No change:
fishable swimmable boatable
Water infiltration
less infiltration: more No change:
very low infiltration: high medium
infiltration
$20 $40 $0
1 would choose: OA aB O Current
situation
3/21
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id origstudy studyid wtp Qo Qi choiceexp thesis Tnyear
1 1004.1 1004 1 180.7128 70 50 o 0 1.0986123
= 1047.1 1017 2 240.93441 50 70 ] 0 1.3862944
3 1017.2 1017 2 75.665351 50 70 o 0 1.3862944
4 1041.1 1041 3 36.252 25 H ] o o
5 1041.11 1041 3 19.836 50 70 o o o
6 1041.12 1041 3 57.228 25 70 o o o
7 1041.14 1041 3 84.132 25 50 o ] s}
: 1041.15 1041 3 42.864 50 70 ] ] 0
5 1041.16 1041 3 137.256 25 70 o ] [}
10 1041.2 1041 3 40.128 25 50 ] ] 0
11 1041.3 1041 3 28.272 50 70 o o o
12z 1041.4 1041 3 71.136 25 70 ] ] 0
13 1041.6 1041 3 66. 504 25 50 o o o
14 1041.7 1041 3 28.5 50 70 o 0 s}
15 1041.8 1041 3 97.812 25 70 ] ] ]
16 1063.1 1063 4 390.6781 50 70 ] 0 1.6094379
17 1063.2 1063 4 404.194843 50 90 o 0 1.6094379
1s 1070.1 1070 5 255.00884 50 20 o "] 2.7080502
19 1070.2 1070 5  262.28511 50 90 o 0 2.7080502
20 1085.1 1085 6 124.03994 25 ,—45| ] 0 1.9459101
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log (wtp) = A+ Blog(y) + Y090 +va (g1 — qo), or
wtp = y’exp (A +70q0 + 7a (91 — 0))
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Sensitivity to scope?
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Sensitivity to scope?

Gthlq * wtp
—= 190 = YA k Wip,
oq1 7

ya > 07
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Adding-up property?

?
wtp (g2 — qo) = wtp (g1 — qo) + wtp (g2 — q1)

yexp (A) exp (7090 + 74 (92 — Qo)) #
yPexp (A) %
(exp (7090 + 74 (g1 — qo)) + exp (7091 +7a (92 — q1))) ,
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Adding-Up violation is a real “practical headache”

Many EPA policies proceed in increments
over time and/or space

Example: Chesapeake Bay watershed implementation plan to
reduce TMDLs

Multiple phases across sectors and jurisdictions

Example: Steam Electric Power Plants rule

EPA needs to know partial benefits from partial cleanup AND
benefits “still on the table”

First raised in the peer-reviewed literature by
Newbold et al. (2018)



Adding-up
oeo

Adding-up

Example: from “boatable” (q=2.5) to “fishable” (q=5.1) to
“swimmable” (q=7.0)



Adding-up
oeo

Adding-up

Example: from “boatable” (q=2.5) to “fishable” (q=5.1) to
“swimmable” (q=7.0)

4o = —0.124
Aa = 0.2095
do = 2.5, qir = 5.1, g2 = 7.0



Adding-up
oeo

Adding-up

Example: from “boatable” (q=2.5) to “fishable” (q=5.1) to
“swimmable” (q=7.0)

4o = —0.124
Aa = 0.2095
do = 2.5, qir = 5.1, g2 = 7.0

wtp (g1 — qo) + wtp (g2 — q1)

=1.09
wtp (g2 — qo)
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Adding-up

Example: smaller steps around “fishable”

J0 = —0.124
Aa = 0.2095
do = 5.0, a1 = 5.1, q> = 5.2
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Example: smaller steps around “fishable”

J0 = —0.124
Aa = 0.2095
do = 5.0, a1 = 5.1, q> = 5.2

wtp (g1 — qo) + wtp (g2 — q1)

=1.95
wtp (g2 — qo)
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q
wtp = / yPexp (A) exp (vq)dg =
q

]

Yiexp (A) (i (exp (101) — exp (Wo)))

log (wtp) = A+ Blog (y) + log <i (exp (vq1) — exp (’Yqo))>

11/21
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yis = XisB + log (v (exp (Yquis) — exp (Ydo,is))) + s + €is
Us ~n (O, 03) ,

€is ~ N (0, Ufw,-s) , where wis ~ ig (%, %)
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Model Comparison

Meta-Data:

e 140 obs., 51 studies

e wtp for water quality change, 100-point scale

e 22 explanatory variables

e used by EPA to inform steam electric rule revision (ongoing)

13/21
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Model comparison via Bayes Factors

NL-MRM vs:  log-Bayes Factor

MRM1linlin -24.285
MRM1linlog -20.958
MRM1loglog -23.742
MRM2 -6.560
MRM2Slin -9.053
MRM2Slog -23.870

14 /21
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Empirical Example

BT context:

e riperian ecosystem
e can be borrow from remaining (lake) data?

e Bayesian Stochastic Search Variable Selection

15/21
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WTP

River data (n=96)

WTP

Lake data (n=44)

Interaction
terms

16
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Ys = Xlsﬁx + Ms/Bm + 256+

log (7 -+ 8,ds) ™ (exp (7 + 6ds) ar.s) — exp (7 + 8,d) qo.2)))
+isUs + €5
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Empirical Example

Ys = Xlsﬁx + Ms/Bm + 256+

log (7 -+ 8,ds) ™ (exp (7 + 6ds) ar.s) — exp (7 + 8,d) qo.2)))
+isUs + €5

p(6;) = po* n(0,c%t?) + (1 — po) n (0, £?),

17/21
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Empirical Example

Scenario 1: WQI 25-51, 51-70 (boatable, fishable, swimmable)
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Scenario 1: WQI 25-51, 51-70 (boatable, fishable, swimmable)

BT results, SSVS, total WTP (%)

NL-MRM MRM1linlin
scenario (WQI)  low mean high low mean high
25 to 51 0.00 50.99 156.53 0.72 32.33 85.59
51 to 70 0.00 26.33 80.10 0.94 24.08 63.65
25 to 70 0.00 77.19 235.89 0.91 41.12 108.12
adding-up error 0.17% 37.18%

18/21
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Empirical Example

Scenario 2: WQI 73-73.5, 73.5-74
(option D of Steam Electric rule)
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Empirical Example

Scenario 2: WQI 73-73.5, 73.5-74

(option D of Steam Electric rule)

Empirical Example
0O000e0

BT results, SSVS, total WTP ($)

NL-MRM MRM1linlin
scenario (WQI)  low  mean  high low mean high
73 to 73.5 0.00 0.57 1.74 0.46 16.26 43.89
73.5 to 74 0.00 0.57 1.73 0.47 16.21 43.79
73 to 74 0.00 1.14 3.47 0.28 16.36 43.98
adding-up error 0.18% 98.40%

19/21
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Empirical Example

e Option D of SER: $ 1.14/HH
e 84.5 million HHs affected
¢ Benefits: $96 million (2007 dollars)
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Conclusion

Existing MRMs for quality change theoretically flawed

Adding-Up: serious problem of high practical relevance

NL-MRM provides compromise of theoretical consistency and
reasonable empirical fit

Bayesian methods allow for rigorous model comparison,
full exploitation of meta-data for BT application

THANK YOU!

21/21
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