Tipping points in lowland
agricultural landscapes (TPAL)

Stephen Watson

Department of Life and Environmental Sciences
Faculty of Science and Technology

Bournemouth University BU Ecslogy & Hydtsiogy
-

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

*  Email stephen.watson@port.ac.uk



Overview

e A collaborative project between
Bournemouth University (Adrian Newton,
Stephen Watson, Paul Evans, Arne Loth)
and CEH (James Bullock, Lucy Ridding,

Morag McCracken)

e Undertaken as a contribution to the
Valuing Nature Programme

e Report available from VNP / CEH:
https://valuing-nature.net/node/931
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Analytical framework
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Alternative forms of natural capital
asset—benefit relationships, as
hypothesized by Mace et al.
(2015), J. Appl. Ecol.

The continuous line represent a
threshold response (possible
tipping point in benefit provision).
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We hypothesized that the relationship
between anthropogenic pressures and
natural capital status might also
demonstrate a threshold response
(continuous line).




Analytical framework

Mace et al. (2015) identify three dimensions of asset status:

(i) guantity or ‘amount’ of the asset (i.e. its area, volume or mass);
(ii) guality, which refers to the condition of the asset; and

(iii) spatial configuration, which refers to its location and spatial
distribution pattern.

Potentially, tipping points could be associated with each of these three
dimensions, although this has not been examined systematically.

Consequently, we examined each of these three dimensions
independently.



Aims and objectives y

Overall aim: to examine the mechanisms and

&
consequences of tipping points in lowland agricultural A
landscapes. _7

Specifically this research aimed to find out:
e How has the environment of Dorset changed in the recent past?
e How might it change in the near future?

o Is there any evidence for thresholds or tipping points in supply of
ecosystem benefits?

e What are the implications of such change for human society, and
specifically for economic growth and employment?



Approaches

We used three approaches to assess the occurrence of thresholds and
tipping points, in the:

e past— using analysis of long-term data sets (WP1)

e present— using gradient analysis (WP2)

o future — using scenario development supported by agent based
modelling (WP3)




esults WP 1: land cover change

Maps produced of Dorset land cover indicating major changes since
1930 — see presentation by Lucy Ridding!
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Key findings — WP 1 biodiversity

e Dorset’s environment has been seriously degraded over
the past 80 years. Measures of biodiversity value have
undergone a substantial decline in this period, as illustrated
by the 97% loss of neutral grassland and 70% loss of
calcareous grassland.

e The condition of remaining semi-natural habitats has
been reduced by nitrogen deposition and habitat
fragmentation; for example the mean area of heathland
patches has declined by 29% since 1978. These trends are
primarily attributable to agricultural intensification and
changing farming practices.



Results WP 1: ecosystem services

« Land cover maps used to map ecosystem services using INVEST
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Results WP1: ecosystem services
INVEST
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Key findings WP 1- ecosystem

services

e Provision of most ecosystem services have declined

significantly since the 1930’s.

e Some services, such as soil quality and carbon storage,

have declined continuously over
of recovery.

e Others, such as mitigation of f
recent years owing to changing

this interval, with no sign

ood risk, have increased in
and use, particularly the

transition from arable to livestoc
over large areas after the 1950s.

K farming that occurred



Key findings WP 1- tipping points

e \We detected a number of non-linear trends and
thresholds, e.g. in provision of some ecosystem services

e True tipping points difficult to detect because of difficulty
in identifying underlying feedback mechanisms

e Best evidence comes from local scale (e.g. clam fishery in
Poole harbour)

o If there are tipping points in agricultural landscapes, it is
likely that we have already passed them, because of the
magnitude in decline of natural capital since the 1930s

eWatson, Stephen CL, Francis GC Grandfield, Roger JH Herbert, and Adrian C. Newton. "Detecting ecological thresholds and tipping
points in the natural capital assets of a protected coastal ecosystem." Estuarine, Coastal and Shelf Science 215 (2018): 112-123.



WP 3 : Links to the economy

« Results show a trade-off between natural capital and economic

development
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WP 3- Economic modelling

e Conventional input-output model developed for Dorset

e Based on ONS data, incorporates links between economic
sectors

e However — it omits the environment!

e Agent-based economic model (DONC) also developed for
Dorset

e Spatially explicit; incorporates land use change, natural
capital condition and ecosystem services flows, plus links to
economy



Input-output economic model for Dorset
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DONC: Agent-based model
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WP 3: future scenarios

High Intensity GreenBrexit (HIGB)

Low Intensity GreenBrexit (LIGB)
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Economic impacts — ignoring value of
ecosystem services

Total GVA difference between
the future TPAL scenarios
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GVA = gross value added; a measure of the value of goods and services
produced in an economy. GVA is output minus intermediate consumption



Economic impacts — including value of
ecosystem services

Total GVA difference between
the future TPAL scenarios
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Economic impacts of investing in natural capital can be much larger than
investing in increased agricultural production



WP 3 Scenarios: Employment

e Changes in employment values obtained with the input-
output model were very small, the total number of jobs
increasing by 0.25% in the “Agribrexit” High Intensity
scenario.

e Much larger values were obtained using the agent-
based model, which incorporated ecosystem service
flows. Here, the largest increase (of 8%) was obtained
in the “Green Brexit” High Intensity scenario.

e This demonstrates how investment in natural capital
can make a significant contribution to increasing
employment.



Key findings — future economy

e Economic analyses indicate that the further intensification
of agriculture would provide limited benefits to the local
economy.

e Even if all remaining land in Dorset that is suitable for
agriculture were converted to farmland, GVA would
increase by < 0.3%.

e However, investment in natural capital, aiming to improve
the extent and condition of semi-natural ecosystems, could
have a much greater impact on the economy, with GVA
increases of up to 5% in the scenarios explored.

e Such investment could deliver an £0.8 billion increase in
GVA and create more than 25,000 jobs.



Policy recommendations
lowland agricultural systems

e Reduce nitrogen deposition. There is an urgent
need to improve the condition of semi-natural
ecosystems in agricultural landscapes such as
Dorset. Initiatives designed to help farmers reduce
nitrogen applications, such as the Code of Good
Agricultural Practice for Reducing Ammonia
Emissions should be strongly supported.

e Invest in natural capital, by enhancing
ecosystem condition and by increasing the area of
semi-natural habitats of high conservation value.

e Develop policies aimed at providing incentives
for farmers to produce environmental goods and
services. Evidence indicates that this would
provide greater benefits to the economy than
increased production of traditional agricultural
products.
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Further TPAL reading:

° Watson, S. C., Grandfield, F. G., Herbert, R. J.,, &
Newton, A. C. (2018). Detecting ecological thresholds
and tipping points in the natural capital assets of a
protected coastal ecosystem. Estuarine, Coastal and
Shelf Science, 215, 112-123.

. Watson, S.C.L and Newton, A., (2018). Dependency
of Businesses on Flows of Ecosystem Services: A Case
Study from the County of Dorset, UK. Sustainability,
10(5).
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