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New Zealand Forest And Agriculture !
Regional Model (NZ-FARM) ‘@

e A static catchment-level economic model of NZ land use
— Objective is to maximize income from land-based activities
— Sub-region/zone-level spatial scale

Z

— Key outputs include changes in income, land use, GHG emissions, and
nutrient leaching

e Assess impact of changes in commodity prices, technology,
resource constraints on agricultural output

e Evaluation of farm, resource or environmental policy on
economic and environmental performance indicators

e Parameterised for Hurunui/Waiau
& Manawatu catchments e e
e Being used in Hinds & Selwyn/Waihora ssariteies =
catchments




NZ-FARM Objective \
e Model Objective: ‘e

— Landowners maximize net revenue from activities conducted
on all major farm enterprises in catchment

e Subject to constraints:

— Market Output Prices

— Costs of Production

— Physical Inputs Available

— Land Available

— lrrigation Water Available

— Regulated Environmental Outputs and Taxes

e Model separates catchment into
regions/zones and also major soil types

— Important to characterise land productivity
— Nutrient leaching can differ across soil types
— Doesn’t incorporate groundwater lag times




NZ-FARM - Key Components

e Land-use/enterprises:
— Pastoral: dairy, sheep, beef, deer
— Arable: wheat, barley, maize
— Horticultural: potatoes, grapes, berryfruit
— Forestry: pine, eucalyptus, native
— Other: scrub and DOC land

e Environmental outputs:
— Nutrients: nitrogen and phosphorous
— GHGs for farm and forest activities
— Water use: irrigation area and type
— Others being included

e Farm Management Options:
— Keep status quo and pay regulatory tax
— Change enterprise or land use
— Adjust fertilizer and stocking rates
— Add dairy feed pad or apply DCDs
— Enter forest carbon sequestration programme




NZFARM Data Needs

Underpinning data

Land area (ha) — Land use databases
Soil type — Fundamental Soil Layers
Enterprise type (ha) — Land use maps & Agribase
Inputs — various sources
— Water (mm/day)
— Fertilizer (kg/ha/yr)
— Stocking rates (units/ha)
— Animals purchased (units/ha)
Yields — various sources




NZFARM Data Needs

Economic Data

e Variable costs — various sources

e Fixed costs — various sources

e Qutput prices — MAF prices for all of NZ

Environmental data
e Environmental outputs
— N and P leaching rates — from OVERSEER &/or SPASMO

— GHGs — Calculated from farm-level inputs
& NZ GHG Inventory data & equations




Farmer Decision Model

e Agent-based approach
— Behaviour, traits, communication, networks,
mobility
e Farmer agents
— Satisficing approach
— Bounded rationality
e Heterogeneous farmer population

— Various typologies

e Sector, Attribute, Production, Life stage

— Information networks (social and geographic)

e Temporal changes to the networks



Presenter
Presentation Notes
Agent-based models are a computer-based representation of a system of multiple, interacting actors called agents.

---

ABM’s are suited to simulating individuals
Behaviour / Traits 
Typologies
Communication / Networks
Mobility
Actions

Bounded Rationality
Sets limits to behaviour
Heuristic reasoning – Rule of thumb
Maximising / Satisficing

---

Able to incorporate significant numbers of farmer agents that can be classified into types
Sector
Sheep, Beef, Dairy, Forestry, Horticulture
Attribute
farm size, family structure, land quality
Production
active, inactive, old, absentee (Bakker & van Doorn 2008)
traditional, subsistence, diversified, commercial (Acosta-Michlik & Espaldon 2008)
Life stage
Hobby, Semi-retiring, Persisting, Transitional, Capitalist, Diversified, Corporate (Burton, Forthcoming)

---

Huge range of typologies discussed in the literature. 
Cant cover them all, but will discuss 3 or 4 distinct types of typologies
But a key point is that a typology is supposed to represent similar types of actors in relation to their behaviour.

Initial typology is the singular rational profit maximiser perspective which is still used in a range of agricultural simulation models.

Both sector and attribute oriented typologies have attitude and or behavioural characteristics that are fixed for the model

The sector and attribute based approach to types of farmers is common within economic models within New Zealand. This is based on the ability to link into detailed Statistics NZ information from an Agricultural Production Census and the General census information to parameterise the model. This information ranges from personal (age, family, position) through to a production focus (hectares, type and number of animals, stocking rate).

Production oriented typologies focus on the level of involvement in the farming operation but also begins to infer the type of management practice being undertaken on the farm.

Both production oriented and life-cycle stage typologies are sector agnostic

An interesting point to note is that the basic typologies are discussed as a static representation of the typology, where by once the agent is assigned to that type and is fixed to that type throughout.

For some of the production orientated typologies (and for the life-cycle typologies) there is the inference the role of time within the framing of a typology. Actors change move around and explore options. These directions link more to a behavioural viewpoint and is something that needed exploring.

---

Social interaction & life cycle
Succession, expansion, transition

Aspects of social learning and networks
Endorsements (Alam et al, 2010)
Imitation (Schmit & Rounsevell, 2006)
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N-Manager

e Calibrated for the Rotorua catchment (using
Rotan results)

e Integrated model that simulates different
designs of N regulations

— Incorporates complex hydrology that slows
movement of N from farms to the lake\

— Doesn’t include explicit on-farm nutrient
mitigation options

e Annual time step model




N-Manager Framework
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N-Manager Inputs

e Regulatory design and environmental target
e Groundwater-surface water ratio

e Homogeneous groundwater zone

e Groundwater nutrient lags

e Land use map

e Mitigation cost functions for representative
farms




N-Manager Outputs

N leaching & land use across sectors/zones
N entering the lake

Ave cost & marginal cost of mitigation
Distribution of mitigation across farmers
Required stringency of regulation




Other options

e Cost-benefit analysis, cost effectiveness
— commonly used approach
— challenge to consistently compare across options

e Bio-physical assessment only

— No economic implications considered
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ARLUNZ Farmer agents

e Satisficing approach

e Economic input from GAMS

e Acceptance is tempered by

— Type
— Farm stage

— Social and geographic networks

| KX




Typology

e Sector based (SnB, Dairy, Forestry)
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Farm Generational Model

Successor
Birth and Full-time on Business Transition of Takeover of
socialisation farm expansion responsibilities farm
Takeover of Consolidation Business Transition of Retirement
farm expansion responsibilities
Incumbent Burton, Forthcoming

Life Stage Type of Change

Farm life-stage 1 40-45 years 15-20 years Succession

Farm life-stage 2 45-50 years 20-25 years Consolidation
Farm life-stage 3 50-55 years 25-30 years Expansion
Farm life-stage 4 55-60 years 30-35 years Transition
Farm life-stage 5 60-65 years 35-40 years Retirement
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Overlapping Generational Model


Networks

e Social interaction & life cycle

— Succession, expansion, transition

e Social network

— Sector based
— Endorsements (Alam et al, 2010)

e Geographic network
— Spatial based
— Imitation (Schmit & Rounsevell, 2006)
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Aspects of social learning and networks


Have begun to investigate but limited based on the EU Exchange

Existing focus on diffusion of technology and within models is focused on the tenant of thresholds

Social interaction plays a major role and one which changes over time. Younger farmers who aim to succeed the incumbent farmer are more constrained in their networks and rely on the cultural capital transferred from the incumbent on the farm

When later stages occur, similar sectors, ages and experience would result in a higher level of endorsement in the information relayed between farmers.

Similarly, location plays a role in shaping or reinforcing a decision made at once of the life cycle points. Schmit & Rounsevell found a level of imitation apparent in farming type. But also noted that more research needed to be done to look at the inter type imitation. A farmer going through an life cycle expansion stage could look at similar farms surrounding their farm and evaluate the success of the operation. There is also a range of empirical evidence supporting this position within the levels of dairy conversion occurring in NZ.
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Waiau Hurunui Catchment
Summarised Land Use

- Arable
W Dairy

Native Forest

- Other

- Production Forest

- Scrub/Tussock

Sheep and Beef




Waiau Hurunui Catchment
Subcatchments

- Hurunui hills

Hurunui foothill

Hurunui plain

B waiau hills
| waiau foothill

Waiau plain




ARLUNZ Setup Stages

Create Farmer
Import GIS Data Agents Create Market
¥ { { {

Cadastral Decision making Static location Global market
¥ 5 § §
Land use Parcels > 100Ha Organisational units Land prices
3 3 3 3
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F 3
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§

GhG, Revenue, etc
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ARLUNZ Run Stages

Market Adjustments

* Land
» Market
o Commodity

Evaluate sale of farms Evaluate Farmers & Age

» Farms sold * Increment age
» NO successor » Find Succession (if in stage)
 Financial reasons » Update farmer attributes

* Priority to similar sectors in » Update farmer networks
geographic proximity

Farmers decisions (LUCC) Economic Input

» Social network » Export farmer agents to

« Geographical network GAMS
e Farmer traits * Run GAMS and evaluate best

sector for each farmer
» Export back to NetLogo

» Economic information




Experimental outputs

e GHG prices: SO, 12.5, 25, 37.5 & 50/tCO,e

GHG Net GHG

GHG Price (I\Ijlﬁlrir(?npl\rgg) Emissions Emissions N L(teoanc;lng
(Million tCO2e)|(Million tCO2e)

2015
$0/tCO.e 19.1 1.0 0.8 2445 22.7
$12.50/tCO.e -2% -8% -37% -5% -8%
$25/tCOe -3% -29% -146% -14% -28%
$37.50/tCO.e -5% -24% -110% -13% -23%
$50/tCO.e -8% -23% -91% -15% -23%

2035
$0/tCO.e 21.6 1.1 0.8 2944 26.5
$12.50/tCO.e 1% -16% -111% -6% -15%
$25/tCOe -2% -43% -295% -19% -42%
$37.50/tCO.e -2% -57% -392% -26% -56%
$50/tCOe -1% -56% -379% -23% -54%

2055
$0/tCOze 23.6 1.3 0.9 3474 31.1
$12.50/tCO.e 14% -15% -122% 6% -10%
$25/tCOe 23% -37% -281% 4% -28%
$37.50/tCO.e 26% -48% -367% 2% -38%

$50/tCO%e 17% -61% -461% -12% -54%
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Same GHG price imposed for carbon sequestered in forest growing stock.
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Experimental outputs
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Experimental outputs

GHG price = $0/tCO,e  GHG price = $50/tCO,e




Conclusions / Future work

e Integrating modelling approaches is difficult
— Understanding
— Coupling
e Nightmare
e Although once well defined, it is relatively robust
e Future questions
— Social changes (Succession changes)
— Role of social networks in LUCC

— Combination of economic and geographic
guestions




Questions & Thanks

Contacts:

Suzie Greenhalgh (all)
greenhalghs@landcareresearch.co.nz

Fraser Morgan (Agent-based)
morganf@Ilandcareresearch.co.nz

Adam Daigneault (NZFARM/CBA)
daigneaulta@landcareresearch.co.nz

Pike Brown (survey analysis)
BrownP@I|andcareresearch.co.nz

James Lennox (global)
LennoxJ@landcareresearch.co.nz




Where NZ-FARM has been applied ¥

Increases in water storage from infrastructure projects
Proposed water quality caps or limits & allocation of limits
Mandatory good management practices for agriculture
Input & output taxes

Implementation of NZ-ETS on the forestry & ag sectors
Regional afforestation schemes

Implementation of new farm technology and good
management practices,

Increases in farm input costs and/or product prices
Combinations of the above options.



Application to GHG Policy

Still debates about agricultural emissions being
covered by NZETS

Due for inclusion in 2015

Points of obligation being considered
— Processor-level (currently favoured by govt)

— Farm-level

Main concern is GHG emissions but co-benefits are
important (e.g., water quality)

Looked at impacts of:

— Prices (S5, $15 & $25/t CO2e)

— Different points of obligation
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Results: Hurunui-Waiau

: Total GHG Net N
Scenario Net Revenle emissions = GHGs  Leaching - L0SS
(million $) (tonnes) (tonnes) (tonnes) (tonnes)

Processor-level point of obligation

$5/tCO,e —1% —4% —17% —1% 0%
$15/1CO,e —4% —14% —56% —6% —2%
$25/tCO,e —7% —24% -99% -11% —5%

Farm-level point of obligation

$5/tCO.e ~3% ~10% ~37% —3% ~1%
$15/tCO,e ~8% ~30% 119% —12% —7%
$25/tCO.e ~12% ~38% ~156%  —17% ~9%
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Manawatu Catchment

Summarised Land Use
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Presentation Notes
Agent-based models are a computer-based representation of a system of multiple, interacting actors called agents.

---

ABM’s are suited to simulating individuals
Behaviour / Traits 
Typologies
Communication / Networks
Mobility
Actions

Bounded Rationality
Sets limits to behaviour
Heuristic reasoning – Rule of thumb
Maximising / Satisficing

---

Able to incorporate significant numbers of farmer agents that can be classified into types
Sector
Sheep, Beef, Dairy, Forestry, Horticulture
Attribute
farm size, family structure, land quality
Production
active, inactive, old, absentee (Bakker & van Doorn 2008)
traditional, subsistence, diversified, commercial (Acosta-Michlik & Espaldon 2008)
Life stage
Hobby, Semi-retiring, Persisting, Transitional, Capitalist, Diversified, Corporate (Burton, Forthcoming)

---

Huge range of typologies discussed in the literature. 
Cant cover them all, but will discuss 3 or 4 distinct types of typologies
But a key point is that a typology is supposed to represent similar types of actors in relation to their behaviour.

Initial typology is the singular rational profit maximiser perspective which is still used in a range of agricultural simulation models.

Both sector and attribute oriented typologies have attitude and or behavioural characteristics that are fixed for the model

The sector and attribute based approach to types of farmers is common within economic models within New Zealand. This is based on the ability to link into detailed Statistics NZ information from an Agricultural Production Census and the General census information to parameterise the model. This information ranges from personal (age, family, position) through to a production focus (hectares, type and number of animals, stocking rate).

Production oriented typologies focus on the level of involvement in the farming operation but also begins to infer the type of management practice being undertaken on the farm.

Both production oriented and life-cycle stage typologies are sector agnostic

An interesting point to note is that the basic typologies are discussed as a static representation of the typology, where by once the agent is assigned to that type and is fixed to that type throughout.

For some of the production orientated typologies (and for the life-cycle typologies) there is the inference the role of time within the framing of a typology. Actors change move around and explore options. These directions link more to a behavioural viewpoint and is something that needed exploring.

---

Social interaction & life cycle
Succession, expansion, transition

Aspects of social learning and networks
Endorsements (Alam et al, 2010)
Imitation (Schmit & Rounsevell, 2006)



Results: Manawatu

Total

i Net GHGs Net N
Scenario Revenue S GHGs Leaching /P.Loss
(million $) e('w%%'gg)s (tonnes) (tonnes? (tonnes)

Processor-level point of obligation

$5/tCO,e —3% —8% —25% ~3% ~8%
$15/tCO.e —8% ~16% —51% 4% ~12%
$25/tCO.e ~13% —25% -78% 21% ~18%

Farm-level point of obligation
$5/tCO.e —5% —12% —29% 5% ~11%
$15/tCO.e ~13% —29% —65% 45% —25%
$25/tCO.e —20% —43% —96% 77% —35%




Results:
Manawatu
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However

NZFARM only accounts for economic behaviour

Linking the economic modelling to an agent-
based model
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Presentation Notes
Agent-based models are a computer-based representation of a system of multiple, interacting actors called agents.

---

ABM’s are suited to simulating individuals
Behaviour / Traits 
Typologies
Communication / Networks
Mobility
Actions

Bounded Rationality
Sets limits to behaviour
Heuristic reasoning – Rule of thumb
Maximising / Satisficing

---

Able to incorporate significant numbers of farmer agents that can be classified into types
Sector
Sheep, Beef, Dairy, Forestry, Horticulture
Attribute
farm size, family structure, land quality
Production
active, inactive, old, absentee (Bakker & van Doorn 2008)
traditional, subsistence, diversified, commercial (Acosta-Michlik & Espaldon 2008)
Life stage
Hobby, Semi-retiring, Persisting, Transitional, Capitalist, Diversified, Corporate (Burton, Forthcoming)

---

Huge range of typologies discussed in the literature. 
Cant cover them all, but will discuss 3 or 4 distinct types of typologies
But a key point is that a typology is supposed to represent similar types of actors in relation to their behaviour.

Initial typology is the singular rational profit maximiser perspective which is still used in a range of agricultural simulation models.

Both sector and attribute oriented typologies have attitude and or behavioural characteristics that are fixed for the model

The sector and attribute based approach to types of farmers is common within economic models within New Zealand. This is based on the ability to link into detailed Statistics NZ information from an Agricultural Production Census and the General census information to parameterise the model. This information ranges from personal (age, family, position) through to a production focus (hectares, type and number of animals, stocking rate).

Production oriented typologies focus on the level of involvement in the farming operation but also begins to infer the type of management practice being undertaken on the farm.

Both production oriented and life-cycle stage typologies are sector agnostic

An interesting point to note is that the basic typologies are discussed as a static representation of the typology, where by once the agent is assigned to that type and is fixed to that type throughout.

For some of the production orientated typologies (and for the life-cycle typologies) there is the inference the role of time within the framing of a typology. Actors change move around and explore options. These directions link more to a behavioural viewpoint and is something that needed exploring.

---

Social interaction & life cycle
Succession, expansion, transition

Aspects of social learning and networks
Endorsements (Alam et al, 2010)
Imitation (Schmit & Rounsevell, 2006)



	Approach to Assess the Impacts of Allocation Options
	New Zealand Forest And Agriculture Regional Model (NZ-FARM)
	NZ-FARM Objective
	NZ-FARM – Key Components
	NZFARM Data Needs
	NZFARM Data Needs
	Farmer Decision Model
	ARLUNZ
	N-Manager
	N-Manager Framework
	N-Manager Inputs
	N-Manager Outputs
	Other options
	Slide Number 14
	Slide Number 15
	ARLUNZ Farmer agents
	Typology
	Farm Generational Model
	Networks
	Slide Number 20
	Slide Number 21
	Slide Number 22
	ARLUNZ Setup Stages
	Slide Number 24
	ARLUNZ Run Stages
	Experimental outputs
	Experimental outputs
	Experimental outputs
	Conclusions / Future work
	Questions & Thanks
	Where NZ-FARM has been applied
	Application to GHG Policy
	Hurunui-Waiau �Baseline �Enterprise Mix
	Results: Hurunui-Waiau
	Hurunui-�Waiau
	Manawatu Baseline Enterprise Mix
	Results: Manawatu
	 �Results:�Manawatu
	However

