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How we understand natural capital

“Natural capital refers to the stocks
of environmental assets (including
natural resources, ecosystems and
a stable climate) that generate
flows of goods and services into
the economy.”

UN (2020)
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Outline

 Different modelling approaches, strengths and (further)
requirements

1. Aggregate production function with finite and regenerative resources
2. Extension to the biosphere

3. Damage functions and Integrated Assessment Models
 Where to go from here?
1. Data needs

2. Extensions
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Model 1a: CD production function with resources

Y = AKHPR°®
Witha, b,c>0 Some applications in the literature
R: finite resources (crude oil, iron ore)  * Brandt et al. (2014, 2017), Cardenas
and regenerative resources (fish, Rodriguez et al (2018): adjustment of
timber, ...) TFP for natural capital inputs in a Cobb-

Douglas function

Typically, contributions from nature * Galiano-Bastarrica et al (2022);
are implicitly covered in TFP or K. Blampain et al (2023): Difficulties with

estimating CD function in practice.
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Model 1b: generalisation to CES

v = |- pakent-o

With y a share parameter and o the
elasticity of substitution between the
bundle of produced capital / human

capital and the resource R.

A and Ay are levels of input-saving
technology for capital/labor (TFP) and
resources (‘resource productivity’).

Alternative specifications are
possible, e.g. a CES for K&R nested
iIn a CD function.

+ y(AgR) ]

Some applications in the literature

* Hassler et al (2021): focus on
substitutability

* ECFIN simulations of gas disruption
with Global Multicountry Model

* More disaggregated in CGE models e.g.
of the energy sector




Model 2: extension to the biosphere

Y = ASPKaHPRC

SB: service flows from the biosphere
(S) (e.q. soil regeneration,
pollination)

dS(t)/dt = G(S(t)) - R(t) — Y(t)/a,

The evolution of S depends on
natural regeneration (G), resources
(R) taken out and waste deposited
(Y/a,)

This formulation follows
Dasgupta (2021) chapter4*

Applications in the literature

 JRC (e.g. La Notte et al 2022) has
studied individual ecosystem
services (e.g. flood prevention,
pollination)

* No macroeconomic work we are
aware of so far [but cf. model class
3 below]



Model class 3: Integrated assessment models

Feedback loop from economic activity with pollution as an unintended output —
negative impact on NK — damage to economic output (‘Damage Function’).

E (O<E<1) represents stylised

1 :
_ . _ damages to output as a function of
Q=YE[1-A] ad £ A pollution (W):
(WH A\ stands for mitigation efforts

« Damage functions are typical in climate IAMs; similar approach to NK in its
Infancy (Hackett and Moxnes 2015; Bastien-Olvera and Moore 2021)

* Very large bio-physical models with an economy module (e.g. GCAM,
IMAGE, ..., overview in Harfoot et al 2013).

 CGE models with ecosystem services and feedback loops (e.g. Banerjee et
al 2017, Johnson et al 2023).



Overview of the three model classes

la. Cobb-Douglas (CD) with
resources

1b. Constant Elasticity of
Substitution (CES) with resources

2. CD extended to the biosphere

3. Integrated Assessment Models
(IAM)

Not discussed in this paper but for future work: natural capital in the utility function

Straightforward formulation
Visualising the importance of NK
CD widely used in resource
economics

Account for critical enabling
systems (water etc) and tipping
points/planetary boundaries

Explicit coverage of feedback
loops

Well established (climate
modelling)

Measurement of resources (non-
monetized/non-produced capital)
Calibration substitutability; CD’s
o0=1 may be hard to justify (input
essential if 0<1)

Interpretation contribution of NK:
can imply over-harvesting or land
conversion beneficial for the env.

Difficult to measure ecosystem
services

Interdisciplinary cooperation
needed

Difficult to measure damages
Further development of macro-
economic core in env. IAMs
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Where to go
from here?

Photo: T. Swinnen



Data

We have:

Traded resources In
/O tables
(Comext, FIGARO)

Material flow accounts
(ESTAT)

Ecosystems accounts
(UN, ESTAT, JRC)

Natural capital stocks
(WB-CWON)

We need:

More complete
coverage of
natural assets

Compatibility
with national
accounts

Resource flows (material flow accounts)
- fill data gaps
- values in addition to volumes
- add countries of origin

_| Ecosystem services

- Widen the coverage
- 25 SEEA categories; ESTAT so far covers 9
- Leg. proposal has 7 more (EP wants more).

Non-traded natural assets
- Outside the NA boundaries...
- ... but still crucial for economic production

Variation of NK stocks

|- useful alongside GDP
- extend coverage
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Data (cont'd)

Quality Coverage Integration with SNA
« Official statistics « EU Member States * Need to go beyond
(ideally) for all SNA conceptual
_ boundaries
« Experimental e Imports, exports,
statistics as a country of origin for « Compatibility with 1/O
stepping stone traded resources tables as far as
. . possible
« Academic estimates  For planetary
as first approximation boundaries: global

 TiIme series




Communication and data use

e Raise awareness of already existing data among mainstream
macroeconomists

e Green NDP (e.g. Barbier 2019)
e Consider what is useful for evidence-based policy-making
e this presentation focuses on the sustainability of potential economic output

e there are other dimensions of sustainability and wellbeing
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Extensions

e Beyond production: Natural capital
and utility / wellbeing

e Inputs into production vs.
consumption footprints

e Accounting frameworks for
sustainability and well-being (e.qg.
New Zealand Living Standards
Framework, OECD Better Life
Initiative, Stanford Natural Capital
Project).

Picture: Natural Capital Project
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https://lsfdashboard.treasury.govt.nz/wellbeing/
https://lsfdashboard.treasury.govt.nz/wellbeing/
https://www.oecd.org/wise/better-life-initiative.htm
https://www.oecd.org/wise/better-life-initiative.htm
https://doi.org/10.1073/pnas.1911439117
https://doi.org/10.1073/pnas.1911439117

Tentative conclusions

Our objectives:

* Unbiased estimates of long-run potential output for surveillance & policy analysis

» Cover feedback loop economic activity — natural capital — potential output

« Understand nonlinear features (tipping points)

Knowledge gaps:

» Understanding of the bio-
physical processes through
which NK enters production
Is advancing but still
incomplete.

» Measurement and valuation
are still partial.

Way(s) forward:

a)

b)

C)

d)

Highly aggregated production functions (DSGE, EUCAM) for
simulations and basic understanding.

Structure of SEEA is compatible with 1/O tables. Suitable for use
in CGE-type models.

Focus on (small number of) critical systems to assess tipping
points.

Damage functions as key ingredient for integrated assessment
modelling.
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