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,W@HﬁATIONAL PROBLEM

Collision monitoring is only useful if we can trust the evidence " " [=%SE

The reporting gap

WTG OHL FIELD Was the intended area actually searched?
IMPLEMENTATION

turbine searches line searches
Were searches frequent enough for local
TIMING persistence?
BIAS TRIALS How detectable and persistent were carcasses?
OUTCOMES What m_ortali’.cy occ.urred. and with what
uncertainty given bias trial results?

Periodic reports can describe activity without preserving the audit trail needed to test monitoring
quality.
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The Knowledge Behind
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Matters
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i
( PCFM QUALITY CHAIN o
\I@/Nle%.'

Four measurements sit between a carcass search and a
defensible fatality estimate

A F R I C A

1 3 4
SEARCHER CARCASS
SPATIAL COVERAGE S5 SEARCH INTERVAL S5 EEFICIENCY S5 PERSISTENCE
el Interval between What proportion of How long does a
searcher actually searches? carcasses are carcass persist?
walk? ' detected? P ’

Observed carcasses + survey effort + bias correction > fatality estimate

The IFC PCFM framework treats search design, unsearched area, searcher efficiency and carcass
persistence as required linked components, not optional reporting detail.
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The Knowledge Behind

CASE STUDY \ﬁfl\\l IjAcllé\..

WATT
An anonymized portfolio spanning different monitoring INDITAS, Ve
histories

~15 ~10y 4

operational WEFs :;opégc)errl]r;gdhlstory sites with GPS-enabled consolidated datasets
assembled - P SafeTurbines search data from reports / mortality
for portfolio analysis across the source files

records

Analysis sequence

How well are we What biases affect WA O Can evidence be
- 2> observed / >

searching? detection? estimated? audited consistently?

Sites are anonymized. Cross-site results describe this operational portfolio, not the South African
wind industry as a whole.
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\
RESULTS - SEARCH INTERVAL

Search intervals vary markedly across the portfolio

All-site observed PCFM search interval with variability

25 E <7 days 4 d

>7-14 days
B >14 days 21.9
------ 7-day reference
Variability range

22.1

median interval at 6 top
performing sites
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22 d

longest observed site-
level
interval in the portfolio

Observed search interval (days)
=)

Interval is not just
“weekly” or
“monthly”: variability
around the
target/ideal matters.
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COV

Spatlal search coverage is often not dlrectly audltable

Portfolio spatial-coverage evidence by site
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SITE_C

SITE_A

SITEJ  SITEF

7/13

sites with directly
measured
GPS-union coverage

88.8%

median measured
coverage
across those four sites

For many legacy
datasets, the question is
not “low coverage?*, itis
“can coverage be
reconstructed at all?”
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\
RESULTS - SEARCHER EFFICIENCY

Detection varies—and averaging can hide the operational signal

Sptarcher efficiency acrosg tJ1e opera
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71%

pooled Bat/ Small
decoy detection

81%

pooled Medium
decoy detection

83%

pooled Large
decoy detection
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5\2 RESULTS - CARCASS PERSISTENCE ( I
J -
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Raw persistence duration shows why search timing matters e e
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Observed carcass-pgrg\i{s&tenge dlélration

A. By facility arcass siz C. By season
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The Knowledge Behind
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WHAT THE BIAS TRIALS MEAN mdAM'

A F R I C A

Search design and carcass persistence cannot be interpreted separately

A carcass must still be present when the next search occurs—and then it must be detected.

Bat / Small — ~1 d median persistence

Medium

Large e ~7 d median persistence

4-day search

A nominally “regular” search interval may still be poorly matched to the carcass size classes
driving the monitoring objective.
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\
RESULTS - MORTALITY

Bias-corrected bird mortality differs substantially among facilities

Latest complete-year GenEst bird-fatality estimates

SITE_H (90% interval) 1

SITE_K (90% interval) 1

SITE_J (95% interval) 1

SITE_E (90% interval) 1

SITE_I (95% interval) 1

SITE_C (90% interval) 4

SITE_F (95% interval) 4

SITE_A (90% interval) 4

SITE_M (90% interval) 1
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3.99

2.45

2.22

1.98

1.21

171

0.62
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1.09

0
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GenkEst-estimated bird fatalities per WTG-year
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2.0

median estimated bird
fatalities / WTG-year

range of site medians
in latest complete years

Uncertainty intervals are
wide at several sites:
point estimates alone
are not enough.
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Bat

Raptor

Passerine or other small bird

Waterbird or shorebird

Aerial insectivore

Pigeon or dove

Owl

Bustard or korhaan

Crow or raven

Unidentified

Gamebird

Crane, stork or flamingo

species grou

Portfolio carcass composition by guild
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782 (35.8%)

417 (19.1%)

340 (15.6%)

142 (6.5%)

129 (5.9%)

83 (3.8%)

67 (3.1%)

65 (3.0%)

58 (2.7%)

40 (1.8%)

38 (1.7%)

25 (1.1%)

200 400 600 800
Observed carcass records

1000

Observed mortalities:

36% of observed records
were bats

25% were small bird species

2209/ were raptors

1 20/ were large terrestrial, gamebird
0 and waterbird species
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A relatively small set of species dominates the raw observed WTG and
OHL bird fatality records

Jackal Buzzard o 82 Jackal Buzzard
observed records
Verreaux's Eagle 62
Pied Crow
Helmeted Guineafowl 62 Verreaux's Eagle
Greater Kestrel observed records
Egyptian Goose
African Pipit
Karoo Korhaan 33 Karoo Korhaan
Pale Chanting Goshawk observed records
Lark-like Bunting
Red-capped Lark 26 Booted Eagle
Common Swift observed records
Booted Eagle
Crowned Lapwing
Cape Sparrow
6 2'0 4'D GTO 8]0
Observed raw fatality count
@ SAWEA SafeTurbines - WindAc Africa 2026 12 w})z/m



Threatened-species

Conservation-priority event pool by infrastructure type

100 4
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40 A

Share of observed records (%)

201

27.2%
(n=538)

Threatened bird (NT/VU/EN/CR)
LC wind-priority species

LC non-priority species
Unidentified bird

Bat

WEF records are led by large raptors and bustards

ATEFSERN CA

WTG records included a
wider range of both
threatened (~8%, n = 150)
and non-threatened

species

OHL records contain a
much higher proportion
of threatened/NT birds
(~32%, n = 65)
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Verreaux's Eagle (VU)
Ludwig's Bustard (EN)
Cape Vulture (EN)
Blue Crane (VU)
Martial Eagle (EN)
Lanner Falcon (VU)
Denham's Bustard (VU) 0.17
Black Harrier (EN) 0.10
Striped Flufftail (VU)

White-backed Vulture (CR)

211

IUCN Red List status

Il Critically Endangered (CR)
I Endangered (EN)

[ Vulnerable (VU)

' Near Threatened (NT)
I Least Concern (LC)

I Not Evaluated (NE)

0.0 0.5

1.0

1.5

2.0

Observed fatality rate (records per 100 WTG-years)
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Threatened-species WEF recbrds are led by large raptors and bustards

Verreaux's Eagle
2.11 records per 100 WTG-
years

Ludwig's Bustard
0.83 records per 100 WTG-
years

Cape Vulture
0.66 records per 100 WTG-
years

Rates are standardised
against 2,891 monitored
WTG-years
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Ecological outcomes must be interpreted alongside evidence quality

Field-evidence score: coverage, interval, and fatality rates (bias trials excluded)

99%*

96%*

93%*

88%*

B Limited (<60%)
[ Developing (60-69%)
[ Substantial (70-79%)
Bl Strong (>=80%)

0 20 40 60 80 100
Custom field-evidence score (%)

A site can have low observed mortality
yet weak evidence that the monitoring
design was implemented a)
appropriately or b) as intended.
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FROM MONITORING TO AUDIT TRAIL ﬁd I‘L. WATT
S o . . NDA . Matt
The solution is not another report, it is a chain of evidence NHIAG Y Matters
PLAN CAPTURE VALIDATE ACT
: s : : GenEst-ready
Project-specific > Offline field > . : > > Thresholds and
PCFM design records Sﬁv:?ad :I?i:;)rs\f;is. exports, mitigation
assets - intervals - GPS - timestamps - mgl ton observed + issues - triggers -
bias trials carcasses compieteness corrected evidence
outcomes

SafeTurbines links search design, field evidence, validation, and mitigation
performance in one auditable workflow.
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{>)] FROM MONITORING TO AUDIT TRAIL

How the chain of evidence works in practice

Every search becomes traceable evidence, validated records and measurable management action.

SET UP

Define the turbine
search box

(os:as =9

SafeTurbines

. Carcass Searching
Back  Session

Turbine

Project- and turbine-specific
search area

SEARCH
Run GPS-tracked
field searches

10:55 @ LR s o)
u SafeTurbines

1:57 6pts

(© Stop Tracking

@

Map

Offline records ¢ timestamps ¢
coverage

CAPTURE

Log carcasses
and evidence

(08:49 L0000 X0, @N

u SafeTurbines
(2) Add Bird (2) Add Bat

Carcasses Found (1)

T1-26126-356 MM
. Martol Eagle
=D —=> emn

Notes

© Stop Tracking

"
k Findings J
Species ¢ photos ¢ notes ¢

status

9

VALIDATE

Manager QA
and audit trail

Issue #3 - Caprock Ridge Wind Farm

Contractual cap — European Starling (FY2026) ~ tat  coppwn

® Open~  Duenct set = - System cpened this 3 hours ag

DESCAPTION Systerm - opened 3 hours ago " Eoit

Raised autematically by the ‘Cont-actial cap — European Starding’ trigger
Contractual cap breachad: 2 of 1 fatalties recorded this period

EVIDENCE

Choose Flie  JREERIEEREEEE

ACTIVITY
Manager McManager linked mitigaton "Low-wind curtadment, T03-T09
{dawn/dusk)"”
System cpened this issue

Systom assigned this issue 10 Manager McManagor

Review changes ¢ link issues
export evidence

GenEst-ready exports « Compliance triggers * Audit-ready reporting

ACT & LEARN

Track mitigation

effectiveness
All species aggregated
PCFM
™178.1% 3011 n/a
" SOA'I".‘;-
Frosh B Decayed

W oo [ foatts

YAV

Implemented
SDOD
™12.9% Q7.7 ™12.3%
= o/
T'23§.2 % |
Worneg ¢ W Sove S '
B Newr miss B Collacn

Before/after performance
confidence « response

SafeTurbines links search design, field evidence, validation and mitigation performance
in one auditable workflow. N\
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SafeTurbines

Protect wildlife. Power clean energy.

If monitoring quality is not measurable and ,
mortality results and PCFM efficacy are harder to defend.

Make the search effort visible. Preserve PCFM compliance. Link outcomes to action.

Safelurbines - operational biodiversity monitoring and compliance

\
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