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1. Introduction

Forests cover approximately 31% of the Earth's land
surface and harbor over 80% of terrestrial biodiversity,
providing essential ecosystem services valued at trillions of
dollars annually. These services include provisioning (timber,
products),  regulating  (carbon
sequestration, water purification), cultural (recreation,
spiritual values), and supporting (habitat provision, nutrient
cycling) functions. However, deforestation and degradation—
driven by agricultural expansion, logging, and urbanization—
threaten this biodiversity, with global forest loss averaging 10
million hectares per year between 2015 and 2020. The
economic cost of this loss is staggering: biodiversity erosion
could reduce global GDP by up to 10% by 2050,
disproportionately affecting low-income countries where
forests support 5090% of rural livelihoods.

non-timber  forest

Forest economics applies principles such as cost
benefit analysis (CBA), market-based instruments, and
valuation techniques to address these challenges. By
monetizing nonmarket benefits, shift
conservation from a perceived burden to an investment
opportunity. This chapter explores the intersection of forest
economics and biodiversity conservation, drawing on recent
reviews and empirical studies to examine valuation methods,
incentive mechanisms like PES, case studies, challenges, and

economics can

inform policy amid accelerating loss: tropical forests, hosting
50% of terrestrial species, have lost 25% of their cover since
1992, with extinction rates 1001,000 times background
levels.

Key themes include:

Biodiversity Focused Management: Studies advocate
integrating biodiversity metrics into forest planning. For
instance, a Special Issue in Diversity (2023) examines
periurban and urban forests, finding that multifunctional
management enhances both carbon storage and species
richness. Another paper proposes decision frameworks
incorporating biodiversity into climate mitigation, showing

diverse forests store 50% more carbon than monocultures.

Ecological Economics Approaches: Pearce and Moran
(1997) critique constructivist philosophies, advocating
ecological economics that views forests as complex systems
were biodiversity drives resilience. The Das gupta Review
(2021) reframes biodiversity as an "enabling asset," arguing
that degradation disrupts complementarities, leading to
regime shifts like Amazon dieback.

Trade Offs and Instruments: Busch and Ferretti Gallon
(2017) quantify conservation development conflicts, finding
PES averts 28% of deforestation at low GDP cost (<1%). A
global evidence gap map (2023) identifies PES and protected
areas as effective but under evaluated for equity.

li hways. in the D Review'
policy  pathways Grounded i the s gupta neviews Theme Key Studies Main Contributions
framework of natural capital as a regenerative asset, it argues :
. . Valuation Kumar Meta-analyses of 265+
for integrated approaches that balance economic , i
. . . Reviews (2010); valuations; stated
development with ecological resilience. The structure , ,
. . . . Himes- preferences dominate.
proceeds as follows: Section 2 reviews the literature; Section
) . . . Cornell et al.
3 details economic valuation methods; Section 4 analyzes
. . . ‘ (2018)
PES and case studies; Section 5 discusses challenges; Section . .
. . . Management | Linden mayer | Urban/peri-urban
6 offers policy recommendations; and Section 7 concludes. , .
) ) Integration et al. (2023) forests for biodiversity-
2. Literature Review climate synergies.

The literature on forest economics and biodiversity Economic Sommer ville | PES,  offsets, and
conservation has evolved from descriptive ecological Instruments etal. (2017) subsidies: global
assessments to interdisciplinary economic  analyses adoption but variable
emphasizing tradeoffs and synergies. Early works, such as SUCCESS.

Costanza et al. (1997), estimated global ecosystem services at Broader Crises | Das oupta | Forests as bounded
$33 trillion annually, highlighting forests' undervalued role. (2021) natural capital; impact
Recent reviews underscore the need for robust valuation to inequality (I > G).
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This review reveals a consensus: economic tools can
align incentives, but require addressing data gaps and equity.

3. Economic Valuation Methods for Forest Biodiversity

Valuing forest biodiversity is challenging due to its
nonmarket nature, irreversibility, and spatial dependencies.
Methods fall into revealed preferences (RP), stated
preferences (SP), and benefit transfer (BT), with SP—
particularly contingent valuation (CV)—most common for
nonuse values like existence and option benefits.

A meta-analysis of 93 studies (265 observations)
shows per hectare values varying by GDP per capita, forest
cover, and method: SP yields higher estimates ($500-
$5,000/ha/year) than RP ($100-$1,000/ha/year) for
regulating services. Global forest ecosystem services are Meta
estimated at $1.6-%$4.5 trillion annually, with biodiversity
contributing 20-30% via resilience (e.g., pollination worth

$33-$140 billion in avoided fertilizer costs).

Theme Key Studies Main Contributions
Valuation Kumar (2010); | Meta-analyses of
Reviews Himes-Cornell et | 265+ valuations;
al. (2018) stated  preferences
dominate.
Management | Lindenmayer et | Urban/peri-urban
Integration al. (2023) forests for
biodiversity-climate
synergies.
Economic Sommerville et | PES, offsets, and
Instruments al. (2017) subsidies: global
adoption but
variable success.
Broader Dasgupta (2021) | Forests as bounded
Crises natural capital;
impact inequality (I >
Q).

Challenges include conceptual fragmentation (e.g.,
using species richness proxies over functional traits) and
underrepresentation of low income contexts. The OECD
Handbook (2002) recommends hybrid approaches for CBA
in policy.

4. Payments for Ecosystem Services (PES) and Case Studies

PES compensates landowners for maintaining
biodiversity rich forests, aligning private incentives with
public goods. Globally, PES covers 1.5 billion hectares,
generating $1.5 billion annually via REDD+. Effectiveness
varies: a review of 38 schemes found modest deforestation
reductions (2-10%), with additionality higher in high threat

areas.

4.1 Costa Rica PES Case Study

Launched in 1997 under Forestry Law 7575, Costa
PES—administered by FONAFIFO—pays $50-
$100/ha/year for forest protection, reforestation, and
agroforestry, funded by fuel taxes and hydro contracts.
Outcomes: Forest cover rose from 21% (1980s) to 52%
(2010), protecting 860,000 ha and enhancing biodiversity
hotspots. Economic impacts: $341 million disbursed (1997-
2012), boosting rural incomes by 15-20% via diversification,
though biased toward large landowners. Lessons: Flexible
governance and monitoring ensure additionality (61% vs.
21% cover on enrolled vs. non enrolled land), but need
better smallholder targeting.

4.2 Other Cases

a. Mexico (2003-present): PES conserved 3.5 million
ha, reducing deforestation by 40% in targeted areas,
with $500 million invested; biodiversity benefits
include jaguar habitats, but equity issues persist for
indigenous groups.

Rica's

b. Uganda (REDD+ PES): Post payment permanence
low (20-30% leakage), but community involvement
raised incomes 10-15% via agroforestry.

c. Paraguay (BAAPA Region): PES perceptions link
forest cover to water services, averting 15% loss;

values $200-$400/ha for biodiversity.
d. CBA shows PES yields $1.20-$8.90 return per $1

invested, outperforming logging.

5. Challenges in Forest Economics for Biodiversity
Conservation

Despite progress, challenges persist:

a. Economic Pressures: Bio economy demands (e.g.,
biofuels) conflict with biodiversity; harvest increases
could halve species in managed forests. Subsidies
($1.3-$5.3 trillion/year) distort toward extraction.

b. Valuation Gaps: Invisibility of services (e.g., soil
formation) and nonlinearity (tipping points) lead to
undervaluation; 70% of forests are fragmented,
reducing resilience by 75%.

c. Equity and Social Issues: Conservation displaces
communities; lowincome nations bear 90% of loss
costs despite 42% natural capital reliance.

d. Climate and Externalities: Warming exacerbates
pests/fires; trade offshores 29-39% emissions.

e. Investment Barriers: Long horizons, volatility, and
regulations deter funding; biodiversity risk modeling
predicts $10 trillion annual impacts by 2050.
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Challenge | Description Economic
Impact

Habitat Deforestation for | $2-4.5

Loss agriculture/mining. trillion/year  in
lost services.

Market Externalities unpriced. | GDP loss up to

Failures 10% by 2050.

Funding $830 billion annual | Limits PES

Gaps shortfall. scaling.

6. Policy Recommendations

To overcome challenges, policies must integrate
economics with ecology:

1. Incentive Reforms: Scale PES with additionality
checks; bundle with tenure reforms for 4% global
tree cover gain. Redirect subsidies to green

bonds/debt swaps.

2. Valuation Integration: Mandate inclusive wealth
accounting in national plans; use InVEST models

for spatial CBA.

3. Equity Focused Design: Prioritize
indigenous/smallholders in PES (e.g., 30% targets);

community-based  enterprises  for  20-30%
biodiversity gains.
4. Cross Sectoral Coordination: Align

forestry/agriculture policies; protect 30% land for
$170-$534 billion avoided damages by 2050.

5. Global Mechanisms: Enforce Kunming Montreal
Framework targets via trade penalties; invest in
monitoring for transparency.

These align with SDG 15, fostering "winwin"
outcomes like 22% income rises via agroforestry.

7. Conclusion

Forest economics offers powerful tools to conserve
biodiversity, transforming forests from extractive resources to
regenerative assets. Valuation methods and PES demonstrate
high returns, as evidenced by cases like Costa Rica's 52%
forest recovery. Yet, challenges like externalities and
inequities demand urgent policy innovation. By prioritizing
inclusive incentives and integrated planning, we can avert
$10 trillion in losses, securing prosperity for current and
future generations. Future research should refine spatial
models and equity metrics to bridge remaining gaps.
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