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Bat conservation and terrestrial wind

* Bat populations are difficult to study, have dynamic ranges, and many species are
thought to be declining

 Collision rates for bat—particularly migratory tree bats—can be high at terrestrial
wind turbines

* Turbine fatality rates may be high enough to impact hoary bat population status
(Frick et al. 2017)
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Turbine curtailment is an effective
management tool

* Arnett et al. (2013) finds strong evidence that curtailment ,
reduces bat fatality rates |

« Recommends turbine cut-in speeds 1.
the manufacturer settings

oreater than |

But...

nd those ranges
ty. Can we




Study Questions

Ecological
* What is the effect of turbine curtailment on bat fatality rates?
* Do larger magnitude curtailments (A m/s) lead to fewer fatalities?

Methodological

* How much information do we need to successfully evaluate these
guestions?

* How effective are individual turbine fatality studies in measuring
fatality reductions?
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Data from AWWIC and public sources
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Study

Effect Size (+ Uncertainty)



|dentification Screening Included

Screening for eligibility. Projects Conirol-ireaiment studies
excluded: No change in cut in speed identified from projects (n=26)
(n=3): Monitoring only (n=7); from 17 project sites. 10 projects
Testing non-blanket curtailment (n=2) tested muitiple control-treaiment
N=26 Projects pairs (hereafter “studies)

N=36 Studies
Random Effects Included in meta-

Responser,+

Response Ratio = log( Meta-analysis analysis

Response s

Fatality Estimation Power
Analysis

Objective: Assess the factors influencing
the power of individual studies to detect
fatality reduction

Informing future operational mitigation and
curtailment studies



Results: Fatality Response Ratios across 35 Studies
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Study, Year A Cut-in Weight Fatal. Ratio
Category 1

Beech Ridge, 2016 0.5 } - 2.19% 0.69[0.24, 1.98]
Beech Ridge, 2015 0.5 I i > 1.94% 1.00[0.32, 3.15]
Anonymous Pacific Southwest, 2012 1 I - 2.42% 0.80[0.29, 2.17]
Anonymous Midwest, 2010 1 ] 2.59% 0.53[0.23, 1.25]
Fowler Ridge 1, 2011 1 I = : i 2.79% 0.64[0.25, 1.62]
Raleigh Wind, 2014 1 | : 1.72% 0.23[0.15, 0.39]
Laurel Mountain, 2011 1 —— 1.34% 0.42[0.20, 0.91]
Criterion, 2012 1 —— 1.38% 0.38[0.18, 0.80]
Beech Ridge, 2016 1.3 —— 2.45% 0.53[0.20, 1.40]
Beech Ridge, 2015 1.3 I n > 2.16% 0.91[0.31, 2.67]
Beech Ridge, 2014 1.3 —— 2.73% 0.50[0.23, 1.10]
Wolfe Island Ontario, 2011 1.3 I—-—| 2.44% 0.52[0.22, 1.24]
Category 2

Casselman Wind Project, 2009 1.5 - : 3.50% 0.32[0.15, 0.69]
Casselman Wind Project, 2008 1.5 = : 3.98% 0.13[0.07, 0.27]
Fowler Ridge 1, 2010 1.5 —— 5.24% 0.50[0.26, 0.95]
Summerview Alberta, 2007 15 I L »> 1.65% 0.94[0.35, 2.54]
Lakefield, 2016 1.5 I # ; 0.96% 0.56[0.18, 1.76]
Fowler Ridge 1, 2012 1.5 b= ; 7.60% 0.16[0.10, 0.26]
Wild Cat 1, 2016 1.9 H— : 2.74% 0.20[0.12, 0.33]
Anonymous Pacific Southwest, 2012 2 I = ;i y 2.64% 0.65[0.26, 1.64]
Anonymous Midwest, 2010 2 = 2 2.94% 0.28[0.14, 0.57]
Fowler Ridge 1, 2011 2 ——y 3.70% 0.38[0.17, 0.84]
Talbot Wind, 2013 2 L] : 1.57% 0.04[0.02, 0.08]
Enbridge Wind, 2012 2 ——y 1.26% 0.38[0.17, 0.89]
Pinnacle Wind Force, 2013 2 —.— 2.99% 0.42[0.18, 0.97]
Bull Hill, 2013 2 I - 1.16% 0.70[0.28, 1.80]
Wild Cat 1, 2013-2015 2 —— 1.65% 0.41[0.13, 1.28]
Sheffield, 2012 2 e 1.41% 0.37[0.18, 0.76]
Pinnacle Wind Force, 2012 2 —— 2.95% 0.53[0.25, 1.15]
Wolfe Island Ontario, 2011 2.3 —— 2.60% 0.40[0.18, 0.88]
Category 3

Anonymous Pacific Southwest, 2012 3 I = { 2.78% 0.62[0.26, 1.50]
Casselman Wind Project, 2009 3 - 3.89% 0.24[0.12, 0.49]
Casselman Wind Project, 2008 3 —-— 3.28% 0.26[0.12, 0.58]
Fowler Ridge 1, 2010 3 e 7.75% 0.21[0.13, 0.35]
Summerview Alberta, 2005 3 I = | 1.75% 0.61[0.24, 1.53]
Pinnacle Wind Force, 2013 3.5 — 3.84% 0.25[0.13, 0.50]
Overall Effect 0.37 [0.30, 0.46]
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Fatality Ratio

Results: Overall
meta-analysis

Curtailment decreased
fatalities in these studies by
63% [95% Cl: 55-70%]

Fatality reduction ranged
from 0 — 96% across all
studies



Results: Increasing Curtailment Speed

Increasing curtailment speeds reduced fatality rates but the shape of the

relationship is uncertain

e Linear Model

* Fatality decrease of 14%/1
Am/s (p = 0.08)

e Categorical Model

* 17% decrease in fatality rates
between ~¥1 A m/s and ~2 A
m/s studies (p=0.06)

e 20% decrease in fatality rates
between ~¥1 A m/s and ~3 A
m/s studies (p = 0.04)

* Site was important

* No evidence that control cut-
in, region, or turbine
dimensions mattered
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So, how good are we at measuring these
effects anyway?
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Study Questions

Methodological

* How much information do we need to successfully evaluate these
guestions?



Meta-analysis design analysis using a
simulation approach

4 a priori scenarios in curtailment efficacy tested:
1. 25% linear decrease in fatality/1 A m/s
2. 50% exponential decrease in fatality/1 A m/s

3. 50% decrease in fatality with 1 A m/s curtailment but no additional
decrease

4. 50% initial decrease in fatality with 10%/1 A m/s after
AND

5. an a posteriori scenario tested to determine adequate sample sizes
based on this study’s results



Statistical Power

Sign Error Rate

Results: Meta-analysis Study Design Analysis

Best at detecting fatality decreases of greater than 25%/1 Am/s
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Number of Studies Per Group

5 studies per group were
needed to achieve
sufficient statistical power
to measure the overall
effect

20 + studies per group were
needed for the 50% then
stable scenario and the
current knowledge scenario

Scenario

50% Decrease then 10% Declines
50% Decrease Then Stable

—o— 50% Exponential Decrease

— —o— |Linear 25% Decrease

Present Study



Conclusions

e Curtailment is very effective overall, but variance across studies is high
and we don’t know all the factors driving those differences

* The magnitude of cut-in speed difference between control and
treatment groups explained some of these differences, but high
leverage studies create further uncertainty

* The meta-analysis can detect larger effects of changing cut-in speeds,
but not smaller, so we have uncertainty to the shape of this
relationship

* Overall, many studies have been conducted that are good at finding
large effects with few studies that can detect smaller effects

* There was no evidence that turbine dimensions or ecoregion affect
fatality rate reductions, though power is likely low for those variables

* Reducing the uncertainty in the effects of curtailment by improving
experimental design would be helpful in maximizing our knowledge



Questions




