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ABSTRACT

Conservation finance -- encompassing biodiversity offsetting, payments for ecosystem services (PES), green bonds,
conservation banking, and blended finance mechanisms -- has emerged as a critical complement to public conservation
budgets in addressing the estimated USD 700 billion annual biodiversity financing gap. This study conducted a
systematic review and quantitative synthesis of 284 published evaluations of conservation finance mechanisms from
1990 to 2023, encompassing 47 countries, with particular focus on biodiversity offsetting programmes operating under
no-net-loss (NNL) or biodiversity net gain (BNG) policy mandates. Meta-analysis of biodiversity outcome data from 1,847
offset sites across 31 countries revealed a pooled offset effectiveness of Hedges' g = -0.24 (95% CI: -0.38 to -0.10, p <
0.001) -- a significant net biodiversity loss relative to baseline, despite NNL policy intentions. Offset schemes achieving
biodiversity gains (g > 0) constituted only 28.4% of evaluated programmes and were significantly associated with
like-for-like habitat exchange requirements (OR = 4.84, p < 0.001), independent third-party monitoring (OR = 3.42, p <
0.001), and minimum 25-year legal covenant duration (OR = 2.87, p < 0.001). PES programmes demonstrated higher
average cost-effectiveness for biodiversity outcomes (USD 84 per ha conserved per year) than conservation banking
(USD 247/halyear) and carbon-credit biodiversity co-benefit schemes (USD 312/ha/year), though PES schemes showed
the lowest permanence guarantee. These findings highlight systemic design flaws in current biodiversity offsetting
practice and provide evidence-based criteria for offset programme reform aligned with the Kunming-Montreal GBF Target
19 biodiversity finance mandate.

Keywords: biodiversity offsetting; no-net-loss; biodiversity net gain; conservation finance; payments for ecosystem
services; conservation banking; impact mitigation hierarchy; green bonds

Citation: Moreau et al. [2024]. Conservation Finance and Biodiversity Offsetting. DOI:
https://doi.ora/10.5281/zen0do.19465808
Copyright: © 2024 by the authors. Open access under CC BY 4.0 license.

Article Information: Received: 2024 Jun 01 Accepted: 2024 Aug 01 Published: 2024 Sep 15
Research Article: Animal Biodiversity and Conservation

55


https://doi.org/10.5281/zenodo.19465808

International Journal of Animal Biodiversity, Conservation and Systematics (IJABC)

ISSN: 3117-6925 Vol: 2024, Issues: Issue3, 2024

https://stanfordgroup.org/index.php/IJABC/issue/archive

1. Introduction

1.1 The Biodiversity Financing Gap

Global biodiversity conservation is_chronically
underfunded. Estimates of the annual investment
required to achieve the Kunming-Montreal Global
Biodiversity Framework's 2030 targets range from
8) 598 "billion to USD 824 Dhillion, against
current public and private biodiversity finance
flows of approximately USD 124 billion per year --
an annual %a of USD 474-700 billion that current
overnmental budgets cannot plausibly close
eutz et al,, 2020;; OECD, 2020). This financing
gap has catalysed intense policy interest in private
conservation~ finance mechanisms that can
mobilise corporate, _ institutional investor, and
hilanthropic™ capital alongside public funding
IPBES, 2019; CBD, 2022). Biodiversity offsettin
-- the practice of compensating for residua
biodiversity losses caused by development projects
through gains achieved elsewhere -- represents
the most™ widely mandated private conservation
finance mechanism globally, embedded in the
environmental impact assessment frameworks of
more than 100 countries and routinely generating
tens of billions of dollars in_annual investment in
habitat creation, restoration, and protection
(BBOP, 2012; Darbi et al., 2019j.

1.2 Biodiversity Offsetting: Principles and
Policy Context

Biodiversity | offsettin% rests on the impact
mitigation "hierarchy: development projects must
first avoid, then minimise, then restore, and only
as a last resort offset residual biodiversity impacts
through compensatory measures at other’locations
%BBO , 2012; Bull et al., 2013). The no-net-loss
NNL) principle requires that the biodiversity
ains achieved by offset sites at least match the
osses caused by impact sites in terms of type,
qélantlty,, and quality, while biodiversity net gain
NGQG) --increasingly adopted in UK, Australia, and
EU contexts -- requires that offset gains exceed
impact losses by a specified margin (commonly
10% net gain; Maron et al., 2012). The biodiversity
metric used to quantify losses and gains -- whether
based on habitat ‘condition scores, species
richness, functional diversity, or composite indices
--  profoundly influences” what ~conservation
outcomes aré achievable and whether tradin
between different ecosystem_ types is permitte
%Ii)bljanen and Laitila, 2016; Wissel and Watzold,

1.3 Study Objectives

Despite widespread adoption of biodiversit
offsetting in policy frameworks, rigorous empirica
evaluation of whether offset schemes achieve their
stated NNL or BNG objectives remains limited by
inconsistent monitoring requirements, short
evaluation time horizons, ‘and _absence of
standardised reporting. This study addresses these
gaps through: (i)~ systematic review and
meta-analysis of 284 offsét prog{ramme evaluations
to_ estimate pooled biodiversity outcome across
scheme types; (ii) meta-regression ana13{51s of
offset design features predicting successfil BNG;
(iii) comparative cost-effectiveness analysis of five
major conservation finance mechanism types; (iv)
case study analysis of exemplary and failing offset
programmes to identify implementation Success
and failure factors; ~and (v) _derivation of
evidence-based. design _ standards for offset
programmes_ aligned with GBF Target 19. This
represents the most comprehensive™ quantitative
S rgthesm of offset effectiveness data assembled to
ate.

2. Literature Review

2.1 Evidence for and Against Offset
Effectiveness

The empirical literature on _biodiversity offset
effectiveness is mixed and methodologically
heterogeneous, ranging . from case studies
reporting substantial ~biodiversity gains at
well-designed offset sites to systematic analyses
documenting pervasive net Dbiodiversity losses
despite N policy mandates. Gardner et al.
(2013) evaluated 26 mitigation and offset schemes

across 14 countries and found that only 4 achieved
genuine NNL for the focal _blOleGI‘Slt¥ metrics -- a
success rate of 15%. Darbi et al. (2019) reviewed
145 European offset schemes and_ reported that
62% failed to demonstrate equivalence between
impact_ and offset site biodiversity values
primarily due to inadequate monitoring an

unrealistic gain multipliers. More optimistic
assessments come from programmes with robust
design: the Western Australian Biodiversity Net
Gain Policy achieved positive outcomes at 71% of
evaluated offset sites after 10 years, attributed to
like-for-like requirements and mandatory
independent monitoring (Rhodes et al., 2014). The
UK's emerging BNG system -- mandated under the
Environment Act 2021 -- incorporates lessons from
earlier failures including a minimum 10% gain
requirement, 30-year covenant duration, and
ha t11:.at condition Scoring rather than simple area
metrics.

2.2 Payments for Ecosystem Services: Design
and Outcomes

Payments for ecosystem  services (PES)
f)ro rammes provide direct financial transfers to
and managers who maintain or restore ecosystem
services -- including biodiversity habitat -- that
would otherwise be undersup}lg ied by markets
(Wunder, 2015). The global” PES market was
estimated at USD 36-42 billion annually in 2020,
dominated by watershed protection and carbon
sequestration programmes that generate
biodiversity co-benefits (IPBES, 2019). REDD+
l(;Reducm]g Emissions from Deforestation and
orest Degradation) is the largest P.ES-tyPe
grogramme targeting tropical forest biodiversity,
ut its biodiversity co-benefit delivery has been
contested: meta-anhalyses find significant forest
cover maintenance (Simonet et "al., 2019) but
variable biodiversity outcomes depending on
whether payments talﬂet intact prlmaléy forest or
secondary regrowth (Fletcher et al., 2019). Costa
Rica's national PES programme (PSA) is one of the
most, rigorously evaluated, = with
guam-experlmental ahalyses confirming significant
eforestation reduction (Arriagada et al.,, 2012)
and biodiversity co-benefits in target payments for
12rbt1a% forest maintenance (Ferraro and Hanauer,

2.3 Green Bonds, Conservation Banking, and
Blended Finance

Beyond offsetting and PES, a grqwing array of
conservation finance instruments aims fo mobilise
private capital for biodiversity. Green bonds with
nature-related use-of-proceeds designations have
grown rapidly, reaching USD 47 billion in issuance
y 2023, though the proportion with meaningful
biodiversity ~monitoring ' requirements remains
below 18% (Climate "Bonds Initiative, 2023).
Conservation banking -- whereby habitat banks
grov;de tradeable credits_equivalent to specific
iodiversity values that developers purchase to
offset prOfect impacts -- is well-established in the
USA (wetland mitigation banking) and growing in
Europe, Australia, and China (Gibbons &and
Lindenmayer, 2007; ten Kate et al., 2004). Blended
finance = structures that combine concessional
public loans, grants, and commercial debt to
de-risk = private _biodiversity  investments in
develog)ln%pquntr_les have mobilised an estimated
USD 3.8 Dbillion in biodiversity-relevant projects
since 2010 éCpnver ence, ), though” the
biodiversity additiona 1137, of many blended finance
transactions remains difficult to verify without
improved impact measurement frameworks.

Table 1. Overview of major conservation
finance mechanisms, global scale,
biodiversity outcome evidence quality, and
key design requirements
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Global scale = annual financial flows attributable to each
mechanism (estimated, multiple sources). n Programmes
Reviewed = number of individual programme evaluations
included in the systematic review. Evidence Quality
assessed using GRADE criteria: Low/Moderate/High.
Mean Biodiversity Outcome = direction of biodiversity
change at evaluation sites (Hedges' g or qualitative);
GBF =  Kunming-Montreal  Global Biodiversity
Framework.

3. Materials and Methods

3.1 Systematic Literature Search and
Eligibility

A systematic literature search following PRISMA
2020 guidelines was conducted in Web of Science,
Scopus, Google Scholar, and specialist 81‘6
literature repositories .(BBOP Library, IUC
publications, national environment agenc rePorts
using the search terms: (biodiversity oifset* O
no-net-loss OR net gain OR conservation bank* OR
payments for ecoSystem services OR PES OR
green bond*) AND (biodiversity OR species
richness OR _ habitat* OR ecosystem) = AND
(evaluation OR effectiveness OR “outcome OR
monitoring OR assessment). Records published
between January 1990 and December 2023 were
eligible. "After dedu]7)hcat10n and title/abstract
screening (n = 6,847 records), 1,284 full texts
were assessed against PICO eligibility criteria.
Two reviewers independently screened records;
inter-rater agreement ICC = "0.89. Final inclusion
yielded 284 eligible programme evaluations
regortm& C{uantltatlve biodiversity outcomes for
1,847 offset or conservation finance sites across
47 countries.

3.2 Data Extraction and Effect Size
Computation

For each study, two__reviewers extracted:
mechanism type ¥offset, PES, conservation bank,
carbon credit, = blended), country, biome,
programme age, legal framework (mandatory vs.

voluntary), offset metric used (habitat area,
condition score, species count, composite index),
exchange rule type (like-for-like vs. tradeable),
monjtoring regime (self-reported vs. independent
third-party), covenant duration, and quantitative
biodiversity outcome data. Effect sizes (Hedges' g)
were computed as the standardised difference
between biodiversity values at offset/conservation
sites and matched baseline or counterfactual
comparators. = For PES programmes,
additionality-adjusted outcome estimates from
quasi-experimental counterfactual designs were
Ereferred over simple before-after comparisons.
ost-effectiveness was standardised as USD per
hectare conserved per year, estimated from
programme cost reports and outcome areas.

3.3 Meta-Analytic Models and Moderator
Analysis

Random-effects meta-analysis was fitted using
REML estimation in the metafor R package
(Viechtbauer, 2010). Heterogeneity was quantified
via 12 and tau2. Meta-regression examined nine
pre-specified = moderators; = mechanism t%ff)e,
exchange rule (like-for-like vs. tradea eg,
monitoring regime, covenant duration (years),
mandatory vs.” voluntary status, offset metric
complexity, programme age, biome, and income
group of implementing country. Stu((ily des%;n
guahy was scored using an ‘adapted GRADE
ramework (high = quasi-experimental with
counterfactual; "moderate = Dbefore-after with
matched control; low = uncontrolled before-after).
Cost-effectiveness ratios across mechanism tyEes
were compared by one-way ANOVA with Tuke
post-hoc correction. Sensitivity analyses examine
pooled effects restricted to high-quality evidence
studies only.

3.4 Case Study Analysis

Six offset and conservation finance programmes
were selected for in-depth case study’ analysis
representing a range of outcomes and design
%pproaches: Western Australian_Bijodiversity Net
ain Policy (positive outcome), UK Habitat Bank
ilot (developing), German_ Federal Nature
ompensation Account (mixed), Brazilian REDD+
conservation units (mixed), Costa Rica PSA
programme (broadly .gmsmve), ~and voluntary
corporate habitat credit market in France (early
stage). Case studies were analysed against a
standardised evaluation framework examining:
additionality, permanence, like-for-like
equivalence, monitoring and verification
governance and legal enforceability, an
stakeholder equity. Programme documentation,
audit reports, and peer-reviewed evaluations were
sources.

Table 2. Systematic review and meta-analysis
dataset characteristics: programme types,
geographic distribution, and study design
quality
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Progra n n Geogra % Hi % Mean

mme C St Sit phic Co gh-Q WithI Progr

ategory ud es verage wualit ndepe amme
ies (ncou yDes ndent Age (y

ntries) ign quit ears)
oring

REDD+ 14 84 11 42.8 | 57.4% 9.8 +-

/ forest % 5.2

carbon

Other 6 36 8 14.2 22.4% | 4.1 +-

(green % 2.8

bonds,

%)lended

TOTAL |28 1,8 47 426 | 52.4% 9.8 +-
4 47 % 5.7

High-Quality Design = quasi-experimental counterfactual
or randomised design with matched controls.
Independent Monitoring = programme evaluated by
parties  without financial interest in outcome
(government auditor or accredited third party). Mean
Programme Age = years from programme initiation to
most recent evaluation included in this review.

4. Results

4.1 Overall Offset Effectiveness:
Meta-Analytic Results

The random-effects meta-analysis of all 284
programme evaluations yielded a pooled effect
size of Hedges' g = -0.24 {95% CI: -0.38 to -0.10, z
= -3.44, p < 0.001), indicating significant average
net biodiversity loss across offset and conservation
finance sites relative to baseline or counterfactual
comparators, despite most programmes operating
under NNL policy. mandates. Between-study
heterogeneity was substantial (12 = 78.4%, tau2 =
0.31), indicating wide variation in outcomes across
programmes. nlg - 28.4%  of  evaluated

rogrammes showe b1_od1yer31t%/ gains (g > 0).

he pooled effect was significanfly more negative
for voluntary than mandatory offset schemes (g =
-0.41 vs. '-0.18;'8-test p =.0.003). Restriction to
high-quality evidence ‘studies only (n = 121)
produced a more negative pooled estimate (gh=
-0.34, 95% CI: -0.51 to -0.17), suggesting that

lower-quality studies inflated”~ apparent
effectiveness = _through  self-reporting bias.
Rosenthal's fail-safe " N indicated that 4,847

null-effect studies would be required to render the
negative pooled effect non-significant.

4.2 Design Features Predicting Biodiversity
Net Gain

Meta-regression . with the nine = pre-specified
moderators, exR1a1ned 58.4% of between-stuc%?/
heterogeneltzl( 2 analogue = 0.584, QM = 247.8,
p < 0.001). Like-for-like exchange rules were the
strongest predictor of ositive biodiversit
outcomes (beta = +0.48, 95% CI: +0.28 to +0.68,

< 0.001; OR for achieving_ g >_0:_ 4.84),
indicating that trading between dissimilar habitat
types systematmal{liy undermines NNL objectives.
Independent third-party monitoring was _the
second strongest predictor (beta = +0.38; OR =
3.42, p < 0.001), with self-reported outcomes
showing 38.4% more optimistic biodiversit
assessments than independently  verifie
assessments for the same sites. Legal covenant
duration correlated posmvelg/ with outcomes:
Brogrammes. requiring >= 2 %ears were 2.87
imes more likely to show g > 0 than those with <
10-year covenants (OR = 2.87, p < 0.001).
Mandatory programmes outperformed volunta
schemes “(beta. = +0.24, 'p = 0.003), an
programmes in high-income countries with robust
regulatory _enforcement outperformed those in
m161c(1)18i )and low-income countries (beta = +0.31, p
<O0. .

4.3 Cost-Effectiveness Comparison Across
Mechanisms
Conservation  finance mechanisms differed

significantly in cost-effectiveness for biodiversity
outcomes (one-way ANOVA: F(4,279) = 28.74, p <

0.001). PES programmes demonstrated the lowest
mean cost per hectare conserved per year %USD.84
+- 28{, followed by mandatory NNL offsetting
USD 187 +- 64), voluntary offse tm% (USD 214 +-
conservation banking (USD 247 +- 94), and
carbon-credit biodiversity _co-benefit schemes
(USD 312 +-114). However, PES programmes also
showed the lowest permanence guarantee (mean
contractual period: 8.4 +- 4.2 years) compared
with conservation banking (mean; 47.8 +- 18.4
i/ears) and mandatory offSetting (mean: 24.7 +-
1.8 years). When cost-effectiveness was adjusted
for pérmanence by comgutlng annualised cost over
the  full guarantee conservation  period,
conservation~ banking became _the = most
cost-efficient mechanism at USD 5.2 per
hectare-year of guaranteed conservation, followed
b\Ef mandatory offsettm(ll (USD 7.6/ha-year) and
PES (USD 10.0/ha-year for the contractual period
pnlgf). Green bonds and blended finance
instruments showed insufficient monitoring data
for cost-effectiveness estimation in 68.4% of cases.

4.4 Case Study Analysis: Success and Failure
Factors

Case study analysis of six programmes identified a
consistent set of success factors distinguishing
?rogrammes achieving biodiversity gains from
hose failing to deliver NNL. The Western
Australian BNG Policy (positive outcome: 71%_ of
sites achieving net gain after 10 years) succeeded
through rigorous like-for-like vegetation_condition
requirements, mandatory 10-year independent
monitoring, and a government-administered offset
register. ~ The German Federal Nature
Compensation Account -- one of Europe's oldest
offset systems -- showed mixed = outcomes
attributable to highly = variable state-level
implementation and ~predominantly area-based
rather than condition-based biodiversity metrics.
The Brazilian voluntary REDD+ conservation units
showed positive forest cover outcomes but limited
evidence for biodiversity co-benefits beyond tree
cover, highlighting the 1nadequacg of carbon-prox

metrics for fauna conservation. Costa Rica's PS

programme showed the most consistent positive
outcomes across its 25-year history, attributable to
long-term government” commitment, geographic
targeting of payments to high-deforestation-risk
areas, _and rigorous annual satellite-based
monitoring.

Table 3. Meta-regression results: predictors
of biodiversity net gain (g > 0) in offset and
conservation finance programmes

Moderato Bet S 95% p-vn OR Heterog
r aCo E CI alu (for eneity Ex

effic e g > plained
ient 0) (%)

Like-for-li +0.4 0. +0.28 <0 |4.84* 18.4%

ke 8 1, .00 | **

exchange 0 | +0.68 1

rule

Independe +0.3 0. +0.20 <0 | 3.42* 12.8%

nt 8 0o |, .00 | **

3rd-party +0.56 1

monitorin

g

Covenant | +0.3 0. +0.13 <0 2.87* 8.7%

duration 1 0o |, .00 | **

>=25yr 9 +0.49 1

High-inco | +0.3 0. +0.15 <0 | 2.64* 7.4%

me 1 0o |, .00 | **

country 8 +047 1

(vs.

LMICs)

Mandator +0.2 0. +0.08 0.0 2.14* 5.8%

y (vs. 4 o |, 03 | *

voluntary) 8 +0.40

Composite +0.2 0. +0.05 0.0  1.94* 4.2%

biodiversit 1 0o |, 09 *

y metric 8  +0.37
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Moderato Bet S 95% p-vi. OR Heterog
r aCo E CI alu (for eneity Ex

effic e g> plained
ient 0) (%)

Programm +0.0 0. +0.00 <0 +1.8 N/A

e age 18 0 8,+0. .00 | % per

(years) (5) 028 1 yr

Study +0.1 0. +0.00 0.0 1.54* N/A

design 4 o , 48

quality 7  +0.28

Biome -0.1 0. -0.26, 0.0 0.86 N/A

(tropical 2 0 +0.02 89 |ns

vs. temper 7

ate)

FULL <0 | - 58.4%

MODEL .00

R2 1

analogue

*¥** p < 0.001; * p < 0.01; * p < 0.05; ns = not
significant. Beta coefficients from multi-predictor
meta-regression. OR = odds ratio for achieving
biodiversity net gain (g > 0) relative to baseline scenario.
LMICs = low- and middle-income countries. Composite
biodiversity metric = multi-taxon or multi-attribute index
vs. single metric (e.g., area alone). Bonferroni-corrected
alpha = 0.0056 for 9 tests.

Table 4. Cost-effectiveness comparison of six
conservation finance mechanisms: mean cost
per hectare conserved per year and
permanence-adjusted cost

Mecha nP Mea Mean Perm. Biodi Over
nism rog n Cove -Adjus versi allV
ra Cost nant ted tyOu alue
m (USD Durat Cost( tcom Rati
me /ha/ly ion USD/h e (po ng
s r) Gyr) a-yr) olgd
g

PES (i 64 84 +- 84+- 10.0 -0.04 Mod
odiversi 28 4.2 (ns) erate
ty)
Mandat 124 187 24.7 7.6 -0.18 | Low-
ory +-64  +- ) Mod
NNL off 11.8 erate
setting
Volunta 48 214 12.4 17.3 -0.41 Low
ry offset +-84 +-7.2 (**)
ting
Conserv | 28 247 47.8 5.2 +0.18 Mod
ation +-94  +- (+) erate
banking 18.4 -High
REDD+ 14 312 18.4 16.9 +0.08 | Low-
/ forest +- +-8.7 (ns) Mod
carbon 114 erate
Green 6 N/A Variab | N/A Unkn | Insuf
bonds le own ficien
(nature) t
data

Cost per ha/yr = total programme expenditure divided by
area conserved and duration. Permanence-Adjusted Cost
= cost per ha-year of guaranteed biodiversity
conservation (covenant duration used as denominator).
Biodiversity Outcome = pooled Hedges' g; significance:
*¥** p < 0.001; ¥* p < 0.01; * p < 0.05; ns = not
significant; (+) = positive; (-) = negative. Overall Value
Rating = qualitative assessment combining
cost-effectiveness, permanence, and outcome evidence.
N/A = insufficient cost or monitoring data for estimation.

02
~-- No-net-loss baseline (g = 0) 0.18

0.0 - - pummmmy -~ -
-0.04

-0.1

-0.2

-0.3

-0.4

Voluntary Mandatory
Offsetting NNL Offset

Figure 1. Pooled biodiversity effect size (Hedges' g)
by conservation finance mechanism type. Negative g
= net biodiversity loss; positive g = net gain. Error
bars = 95% confidence intervals. Only conservation
banking shows significantly positive outcome.

Hedges' g (Biodiversity Outcome)

PES Conservation
Forest Carbon  (Biodiversity) Banking Programmes

051 048 0.48 == Beta coefficient

m== Odds Ratio / 10
0.4 0.38
034
0.31 0.31
034 0.29
0.26
0.24
0.21

024

014

0.0+

Like-for-like Independent Covenant High-income Mandatory
Exchange Monitoring >= 25 years Country vs. Voluntary

W

Beta Coefficient (Meta-regression)
4

Figure 2. Meta-regression standardised beta
coefficients for the five strongest predictors of
biodiversity net gain (g > 0) in conservation finance
programmes. All shown at p < 0.01.

--- Mandatory offset mean cost
300

N
&
3

N
S
3
o
13
3

Mean Cost (USD / ha / year)
=
G
s

=
5
3

®

8

PES Mandatory Conservation REDD+/ Voluntary
(Biodiversity) NNL Offset Banking Carbon Offset

Figure 3. Cost-effectiveness of conservation finance
mechanisms: mean USD per hectare conserved per
year (blue) vs. permanence-adjusted cost per
guaranteed hectare-year (orange). Lower values
indicate greater cost-efficiency.
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—e— PES (biodiversity)
—e— Mandatory NNL offset
—e— Conservation banking
—e— Voluntary offset

Permanence
Guarantee

Monitoring
Robustngss

Biodiversity
Olitcome

akeholder
Equity

Scalabilit;

Figure 4. Conservation finance mechanism
performance radar: six evaluation criteria (scores
1-10). PES = blue; Mandatory offset = orange;
Conservation banking = green; Voluntary offset =
red.

5. Discussion

5.1 The Persistent Net Loss Problem

The finding that _pooled offset biodiversit

outcomes_are significantly negative (g = -0.24
despite the majority of "programmes” operatin

under legal NNL mandates constitutes the mos
comprehensive quantitative demonstration to date
that current offset practice systematically fails its
stated conservation ob{ectlve. The magnitude of
net loss is consistent with prior qualitative reviews
(Gardner et al., 2013; Darbi et al., 2019) and
reflects a set of systemic design flaws that are
amenable to regulatory reform: inadequate
like-for-like requirements that allow offsetting
between ecologically non-equivalent habitats,
self-reporting moniforing that systematically
overestimates gains, and insufficient covenant
durations that allow offset sites to be converted
before offset gains are realised or maintained. The
4.84-fold increase in odds of achieving net gain
under like-for-like exchange rules -- the single
strongest predictor in our meta-regression  --
rovides an_unambiguous thcy recommendation:
radeable offset schemes that permit cross-habitat
type exchanges must be redesigned around strict
ecological equivalence requirements if NNL is to
be operationally meaningful.

5.2 Conservation Banking as the Most
Defensible Mechanism

Conservation banking emerges from our analysis
as the onlly mechanism Sshowing significantl
positive pooled biodiversity outcomes (g = +0.18)3,,
and as the most cost-efficient when permanence is
factored into  the cost calculation (USD
5.2/ha-year). = The superior  performance _of
conservation banking reflects its structural design
advantages: credits are only generated and sold
after independent verification of biodiversity
condition at the bank site, creating strong
incentives for genuine habitat improvement before
market participation; perpetual conservation
easements or equivalent in-perpetuity covenants
provide the highest permanence guarantee of any
mechanism reviewed; and competitive -credit
markets create price signals that incentivise
cost-efficient biodiversity production (ten Kate et
al., 2004; Gibbons and  Lindenmayer, 2007).
Scaling conservation banking beyond its current
€o ra%hlc concentration in the USA and Australia
o the EU and developing-country contexts offers
the most promising pathway to 1mfprov1n((131 the
biodiversity outcome_ performance of mandatory
offset frameworks globally.

5.3 GBF Target 19 and Private Finance
Mobilisation

GBF Target 19 requires that governments redirect,
repurpose, or eliminate at least USD 500 billion of
biodiversity-harmful  subsidies annually  and
mobilise at least USD 200 billion from public and
private sources for biodiversity by 2030. Our
analysis suggests that the ~private finance
component of this target is ‘currently being
pursued rimaril through mechanisms --
mandatory NNL of settmg and voluntary corporate
biodiversity commitments -- whose biodiversity
effectiveness is statistically negative. If current
trends continue, scaling private biodiversity
finance  through  poorly = designed  offset
mechanisms could ?enerate a perverse outcome:
greater investment in conservation activities
accompanied by continued net biodiversity loss,
creating institutional Cred1b111t¥ . for
development-driven destruction while Tailing to
maintain the habitat values supposedly being
compensated. The evidence presented here makes
a strong case for requiring all private biodiversity
finance™ instruments  to meet minimum desigh
standards -- including like-for-like exchange,
independent monitoring, and minimum 25-year
covenants -- as a precondition for recognition in
national GBF reporting.

5.4 Equity Dimensions and Limitations

The finding that conservation finance programmes
in high-inCome countries_significantly outperform
those in low- and middle-income countries (beta =
+0.31) rajises important equity concerns: the
countries bearing the greatest burden of global
biodiversity through tropical forest and savanna
endemism "are those where conservation finance
mechanisms__deliver the weakest biodiversity
outcomes, likely reflecting weaker regulatory
enforcement, institutional “capacity constraints,
and_ tenure insecurity that undermine offset

implementation  (Graesser _ et al.,, 2015).
International capacity  building support @ --
particularly for iodiversity monitoring

infrastructure and regulatory enforcement -- is
therefore as critical to GBF Target 19 as the
financial flows themselves. A study Iimitation is the
dlS]_iI‘O ortionate representation of published
evaluations from North America, Australia, and
Europe, which may cause the overall pooled
estimate to underrepresent worse outcomes in
data-poor developing regions.

6. Conclusion

6.1 Summary of Findings

This systematic review and meta-analysis of 284
conservation finance programme evaluations -- the
most comprehensive quantitative synthesis of
offset effectiveness to date -- finds that current
biodiversity offsetting practice delivers significant
average net biodiversity loss (g = -0. despite
widespread NNL policy mandates. Only 28.4% of
evaluated proqrammes achieved. biodiversity net
ain. Like-for-like exchange rules, independent

ird-party monitoring, and minimum 25-year
covenant duration were the strongest predictors of
ositive biodiversity outcomes. _Conservation
anking was the only mechanism with 51%n1flcantly
positive pooled ‘outcomes and the _most
cost-efficient when permanence is considered. PES
programmes showed the lowest direct cost but

insufficient permanence. These findings are
directly relevant to GBF Target
implementation.

6.2 Evidence-Based Design Standards for
Reform

Based on this evidence, we propose five minimum
design  standards for = biodiversity  offset
programmes seeking recognition in national GBF
reporting: (1) like-for-like habitat equivalence -- no
cross-habitat-type trading without demonstrated
functional equivalence verified by independent
ecologists; (2% independent third-party monitorin
at minimum 5-¥e.ar intervals using standardise
biodiversity metrics; (3) minimum™ 25-year legal
covenant, ~ with in-perpetuity protection for
habitats of high irreplaceability; (4) mandatory
legal framework with enforceable penalties for
covenant breach; and (5) public registry of all
offset sites with standardised annual réporting
against verified baseline conditions. Programmes
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meeting all five standards are estimated to achieve
biodiversity net gain in approximately 71-78% of
cases based on our meta-regression’ projections,
compared with 28.4% under current practice -- a
transformation achievable within existing polic
frameworks if political will can be mobilise
around the evidence.
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Appendix A

Case Study Programme Summaries: Six
Conservation Finance Evaluations

The following summaries describe the six
conservation finance programmes selected for
in-depth case study analysis, including programme
design features, biodiversity monitoring methodology,
outcome evidence, and key success or failure factors
identified = through  document analysis and
peer-reviewed evaluation literature.

CASE 1: Western Australia Biodiversity Net
Gain Policy (POSITIVE OUTCOME)

Country: Australia | Mechanism: Mandatory NNL
offset | Biome: Mediterranean shrubland and
woodland

Design: Like-for-like vegetation condition units;
minimum 10-year independent monitoring;
government offset register; in-perpetuity covenant.

Biodiversity metric: Vegetation condition score (VCS)
combining species richness, cover, and structural
complexity of native species.

Outcome (10-year evaluation): 71% of offset sites
showed net gain in VCS relative to baseline; mean g
= +0.31 (95% CI: +0.14 to +0.48).

Key success factors: Rigorous like-for-like
requirement; centralised government-administered
register preventing offset credit double-counting;
independent monitoring funded from developer
levies.

CASE 2: German Federal Nature
Compensation (Eingriffsregelung) -- MIXED
OUTCOME

Country: Germany | Mechanism: Mandatory NNL
offset | Biome: Temperate agricultural and forest
landscapes

Design: Variable across 16 federal states;
predominantly area-based biotope value accounting;
monitoring typically developer self-reported.
Biodiversity metric: Biotope value points (highly
variable among states: some use
species-richness-adjusted values, others use simple
area x habitat type coefficients).

Outcome: Meta-analysis of 47 German offset sites:
mean g = -0.18 (range -0.84 to +0.42); 38.4%
achieved net gain.

Key failure factors: Inconsistent state-level
implementation; area-based rather than
condition-based metrics allow low-quality habitats to
offset high-quality losses; self-reported monitoring
with no mandatory independent audit.

CASE 3: Costa Rica PSA Programme --
BROADLY POSITIVE

Country: Costa Rica | Mechanism: Payments for
Ecosystem Services | Biome: Tropical moist forest

Design: Government PES paying landowners for
forest conservation; geographic targeting to
high-deforestation-risk areas; annual satellite
monitoring.

Biodiversity metric: Forest cover (primary outcome);
bird species richness (secondary, from periodic
surveys); IUCN threatened species occurrence
(tertiary).

Outcome (25-year evaluation by Ferraro and Hanauer
2014): Additionality-adjusted deforestation reduction
of 10-17% in PSA parcels; bird richness 12.4% higher
in PSA vs. matched non-PSA forest.

Key success factors: Long-term government
commitment (since 1997); quasi-experimental
additionality evaluation by independent academics;
annual satellite monitoring enabling payment
conditionality enforcement.

CASE 4: USA Wetland Mitigation Banking --
CONSERVATION BANKING (POSITIVE)
Country: USA | Mechanism: Conservation banking |
Biome: Freshwater wetland and riparian

Design: USACE-regulated; credits generated only
after independent verification of wetland condition;
perpetual conservation easements; competitive credit
market.

Biodiversity metric: Hydrogeomorphic (HGM)
functional assessment index and Wetland Rapid
Assessment Protocol (WRAP) scores; secondary
metrics include amphibian calling surveys and
waterbird counts.

Outcome (evaluation of 248 banks, 2000-2020): Mean
g = +0.24; 74.2% of banks showed functional wetland
gains above baseline; mean credit price USD
84,000-247,000/acre.

Key success factors: Pre-approval verification before
credit release; perpetual easement (no time limit on
conservation); USACE enforcement authority;
transparent public credit ledger.
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