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Lesson 1:
When creating policy, design it with individuals in mind
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ARLUNZ - Overview
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Abstract

Agriculture is imporiant to New Zealand's economy. Like other primary producers, New
Zealand strives to increase agricultural output while maintaining environmental integrity. Uti-
lising medelling to explore the economic, environmental and land use impacts of policy is
critical to understand the likely effects on the sector. Key deficiencies within existing land
use and land cover change models are the lack of heterogeneity in farmers and their behav-
iour, the role that social networks play in information transfer, and the abstraction of the
global and regional economic aspects within local-scale approaches. To resolve these is-
sues we developed the Agent-based Rural Land Use New Zealand model. The model uti-
lises a partial equilibrium economic model and an agent-based decision-making framework
to explore how the cumulative effects of individual farmer's decisions affect farm conversion
and the resulting land use at a catchment scale. The model is intended to assist in the devel-
opment of policy to shape agricultural land use intensification in New Zealand. We illustrate
the model, by modelling the impact of a g1 gas price on f level land use, net
revenue, and environmental indicators such as nutrient losses and soil erosion for key en-
terprises in the Hurunui and Waiau calchments of North Canterbury in New Zealand. Key
results from the model show that farm net revenue is estimated to increase over time re-
gardless of the greenhouse gas price. Net greenhouse gas emissions are estimated to de-
cline over time, even under a no GHG price baseline, due to an expansion of forestry on low
productivity land. Higher GHG prices provide a greater net reduction of emissions. While so-
cial and geographic network effects have minimal impact on net revenue and environmental
outputs for the catchment, they do have an effect on the spatial arrangement of land use
and in particular the clustering of enterprises.

Introduction

Agriculture and Forestry are a significant part of New Zealand's economy, generating 70% of
its export merchandise earnings and about 12% of its GDP [1]. As the sector strives to maintain
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Abstract: While geographers and economists regularly work together on the development
of land-use and land-cover change models, research on how differences in their modelling
approaches affects the results is rare. Answering calls for more coordination between the
two disciplines in order to build models that better represent the real world, we (two
economists and a geographer) developed an economically grounded, spatially explicit,
ageni-based model to explore the effects of environmental policy on rural land use in New
Zealand. This inter-disciplinary collaboration raised a number of differences in modelling
approach. One key difference, and the focus of this paper, is the way in which processes
that shape the behaviour of agents are integrated within the model. Using the model
and a nationally representative survey, we compare the land-use effects of two
disciplinary-aligned approaches to setting a farmer agent’s likelihood of land-use
conversion. While we anticipated that the approaches would significantly affect model
outcomes, at a catchment scale they produced similar trends and results. However, further
analysis at a sub-catchment scale suggests the approach to setting the likelihood of
land-use conversion does matter. While the results outlined here will not fully resolve the
disciplinary differences, they do outline the need to account for heterogeneity in the
predicted agent behaviours for both disciplines.
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ARLUNZ - Model
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Lesson 2:
Understanding people, is really hard to do
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ARLUNZ - Data to inform
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Rural Decis.'io}l. Makers

SURVEY2019

Land Use Sheep and Beef
Size 2548 Ha
Age 57 Years

Experience 29 Years

Education High School

Productivity 54
Profitability Yes
Network Size > Median
Risk 6.9
Intensify 0.19659
De-Intensify 0.24512
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Real processes being modelled

Successor
Bi'rth' and Full-time on Business Transit'io.n. c;f Takeover of
Overlapplng socialisation farm expansion responsibilities farm
Generational S
M Odel Takeover of Consolidation Business Transition of Retirement
farm expansion responsibilities
Incumbent

Information ‘ * ’
Networks . gm

Social Network Geographical Network
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Lesson 3:
Individual’s goals vs their reality, don’t usually align
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Submitted to Ecosystem Services

Enhancing decision-making through incorporating ecosystem service approaches
in participatory processes and land use modelling

Suzie Greenhalgh® and Fraser Morgan®

2 Manaaki Whenua = Landcare Research NZ, 231 Morrin Rd, St Johns Auckland, 1072,
New Zealand. greenhalghs@landcareresearch.co.nz (corresponding author)

& Manaaki Whenua — Landcare Research NZ, 231 Morrin Rd, St Johns Auckland, 1072,
New Zealand. morganf@landcareresearch.co.nz

Abstract

There has been an upsurge in the use of ecosystem service concepts to assist decision
making globally, particularly in the use and management of natural resources. Both public
and private institutions are exploring how ecosystem service approaches can enhance the
sustainability of their decisions. New Zealand, a country of abundant yet diminishing
natural resources, is no different, with business, local government and researchers
alongside communities and landowners seeing how this concept can be applied in
practice. To test these approaches, a participatory process, the Biodiversity and
Ecosystem Services assessmenT (BEST) framework, was developed along with an
agent-based land use model to assess the economic and ecosystem services impacts of
alternative future land use scenarios in the Rangitaiki catchment in New Zealand. This
paper outlines the BEST framework and how it was used in a catchment context to
explore future land use decisions as well as highlighting some of the outstanding
challenges yet to be resolved when using this approach. These include, among others,
incorporating indigenous values, maintaining flexibility within participatory processes, and
the communicating information and modelling results.

Key words: ecosystem service assessment, agent-based modelling, scenario analysis,
land use futures, human behavior, catchment planning

Highlights
» Participatory processes and ecosystem service concepts enhance land use
planning
» Individualistic land use decisions mean meeting catchment goals need
interventions
« Agent-based modelling or similar shows more realistic land use development
pathways

» Ecosystem service impacts highlight wider impacts of land use development

1. Introduction

Making choices about how to manage our land, water and ocean resources is becoming
more challenging as our natural resources are becoming scarcer and the conditions under
which we operate are changing. To name just a few, fresh clean water is becoming scarce
in summer, water quality is under pressure, our soils are being pushed, aquatic life is no
longer abundant, weather patterns are less predictable, pests are prevalent, and markets

1
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BEST Programme - Rangitaiki catchment

1.
Introduction

2.
Field trip

3.
Prioritise

4. Future

scenarios

forecast

7.

Strategise

~
» Building a common platform
» Share knowledge and build a common understanding in the group around

the Rangitdiki catchment and the ecosystem services approach
J

‘
» Exploring the catchment
» Further extend collective knowledge and understanding of the catchment
and the ecosystem services it provides

J
* Recognising ecosystem services
» [dentify the local natural resources, current uses and associated services
critical for delivery of the groups objectives
J
* Scoping future landscape scenarios
» [dentify future drivers, translate these drivers into possible alternative
future land use and management scenarios for the catchment
J
~
* Exploring the scenarios
* Discuss scenario findings based on modelling
J
~
* Strategising
* |dentify decisions/options for future actions
J
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Lesson 4:
Just because individuals could change,
doesn’t mean that they wi// change
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Climate change costs more than we think because people adapt less than we

assume
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ARTICLE INFO ABSTRACT

Human behaviour is commonly optimised in economic models of adaptation to climate change. These models

Adaptation cemstraints assume that peaple work to maximise profit, subject to financial and technalogical limitations. In effect, these
Adaptation deficit models simulate adaptive potential. In reality, adaptation falls short of this potential. This shortfall is con-
Adaptation costs ceptualised as the adaptation deficit, and it has been causing increasing concern.

::‘I’._“;:!‘d:::";' ‘This smudy demonstrates the impacts of the ways by which people’s real-world adaptive behaviours depart
e from these assumed under pure optimisation. These departures, known as adaptation constraints, are formalised

a5 numerical preference funetions based on an empirieal case study in New Zealand, and they are used to
constrain an agent-based model of climate change adaptation. We show that these empirically-specified adap-
tation constraints reduce profits relative to an optimised specification by roughly one third. This demanstrates
that unconstrained economic models are likely o significantly underestimate the costs of adaptation to climate
change, the benefits of reducing greenhouse gas emissions, and the residual loss and damage that climate change

will cause.

1. Introduction

Near-term climate change is now inevitable (Kirtman et al | 2013
Rogelj et al, 2016), and adaptation will be essential. Despite im-
provements in physical scientific af change,

differ little from their short-term coping strategies (Burke and Emerick,
2016). Furthermore, the considersble damage currently caused by chi-
mate-related events is evidence of an adaptation deficit (Noble et al
2014; Burton, 2004; Burton and May, 2004; Fankhauser and
federmott, 2014; Parry et al., 2009a), defined as “the gap between the

we remain highly uncertain about peoples adaptive behaviours (oble
et al,, 2014; Adger and Barnett, 2009; Di Falco and Sharma, 2018).
Much work has been done to understand the adaptive patential of
people and communities. In many developed counties, there is a
widespread presumption that people will be able to adapt to climate
change (Dilling and Moser, 2007; Repetto, 2008). Even in

current state of a system and a state that would minimise adverse im-
pacts from existing climate conditions and variability” (Noble et a
2014, p.839). While this adaptation deficit is recognised to e large in

cific sectors and places, there is little knowledge about its scale
g]nhally (de Bruin and Dellink, 2011). And, as climate change outstrips

countries, a number of studies have shown that people often have
sufficient potential to adapt to climate change (Gawith et al,, 2015;
Iglesias and Garrote, 2015; Nordhagen and Pascual, 2013). These stu-
dies suggest that individuals can adapt to climate change, however this
«does not necessarily mean that they will adapt.

Despite our adaptive potential, many studies report a lack of
adaptive action (Berrang-Ford et al., 2011; Davidson, 2016; Lesnikowski
et al, 2015; Burke and Emerick, 2016). For example, empirical evi-
dence shows that farmers’ responses to long-term changes in climate

- Corresponding author.
E-mail address: gawith@gmail.eom (D. Gawith).

olarg/10.1016/].ecolecon. 2020.106636

Available online 19 March 2020
0921-8009 © 2020 Elsevier B.V. All rights reserved.

of ion, it is clear that the deficit is growing
(Burmr. 2004; Burton and May, 2004; IPCC, 2012; Eisenack et al.,
2014).

The adaptation deficit results from individual preferences, beha-
vioural traits, or barriers that make adaptation more difficult, but that
can, in principle, be overcome (Klein et al., 2014; Moser and Ekstrom,
2010; Fankhauser, 2017; Sime:
as adaptation ‘constraints' or ‘barriers’ in the climate change literature
(Bisaro et al, 2018). While these constraints are expected to result in
considerable residual damages under climate change (Parry et al,

eceived in revised form 15 January 2020; Accepted 26 February 2020
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Adaptation gap
 Hikurangi Catchment

* ‘Can population ‘X" adapt to the changes in climate
projected for their area?’

* Agricultural sector

— If conditions changed, could they change land
use? (Almost always YES)

- If conditions changed, would they change land

Projected Annual Mean
Precipitation Change between
1980-1999 and 2080-2099'

O
—NWA_—

Taihoro Nukurangi
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O

How ‘optimised’ are farmers in their decision making

Ong In One in which
which adaptation is
adaptation :

. . constrained
IS optimised.
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Adaptation constraints

Ad Hoc Constraints Quasi Objective Constraints
(Interviews) (Surveys/Regression)

Minimum Cash Flow Risk Aversion

Lifestyle Preference Disaster Experience
Kaitiakitanga Dairy Path Dependence
Cultural Identity Self Efficacy

Regulation Technical Expertise
Response Lags Agricultural Information

Labour Constraints

Social Information
Forestry Path Dependence
Scale

Climate Change Information

Gawith, D. and |. Hodge (2018). "Moving beyond description to explore the empirics of adaptation constraints." Ecological Indicators 95: 907-916.
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Results
Total Catchment Profit = NZ$89,600 per farm per annum
2010-2085
‘Optimised’ NZ$18.3bn Total catchment profit is 33.8%
‘Constrained’ NZ$12.1bn lower in the constrained
P scenario than in the optimised
Optimised” =\ 7¢6.2bn scenario.

‘Constrained’

» We have been underestimating the costs of adaptation.

» We have been underestimating the loss and damage that climate change will cause.
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Moving the Middle

Pressures
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acting
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