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Business Growth Agenda 

Increase forestry exports 

to $12bn by 2022 



INTENSIFICATION & SUSTAINABILITY 
FRAMEWORKS 



 

Management to limits 

Production within limits 
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Montreal Process Criteria and Indicators (2009 edition) 

Criterion 1: Conservation of 

biological diversity 

1.1. Ecosystem Diversity 

1.1.a  Area and percent of forest by 

forest ecosystem type, successional 

stage, age class, and forest ownership 

or tenure 

1.1.b  Area and percent of forest in 

protected areas by forest ecosystem 

type, and by age class or successional 

stage 

1.1.c  Fragmentation of forests 

1.2. Species Diversity 

1.2.a  Number of native forest-

associated species 

1.2.b  Number and status of native 

forest-associated species at risk, as 

determined by legislation or scientific 

assessment 

1.2.c  Status of on site and off site 

efforts focused on conservation of 

species diversity 

1.3. Genetic Diversity 

1.3.a  Number and geographic 

distribution of forest-associated species 

at risk of losing genetic variation and 

locally adapted genotypes 

1.3.b  Population levels of selected 

representative forest-associated 

species to describe genetic diversity 

1.3.c  Status of on site and off site 

efforts focused on conservation of 

genetic diversity 

Criterion 2: Maintenance of 

productive capacity of 

forest ecosystems 

2.a  Area and percent of forest land 

and net area of forest land available for 

wood production 

2.b  Total growing stock and annual 

increment of both merchantable and 

non-merchantable tree species in 

forests available for wood production 

2.c  Area, percent, and growing stock 

of plantations of native and exotic 

species 

 

2.d  Annual harvest of wood products 

by volume and as a percentage of net 

growth or sustained yield 

2.e  Annual harvest of non-wood forest 

products 

Criterion 3: Maintenance of 

forest ecosystem health and 

vitality 

3.a  Area and percent of forest affected 

by biotic processes and agents (e.g. 

disease, insects, invasive alien 

species) beyond reference conditions 

3.b  Area and percent of forest affected 

by abiotic agents (e.g. fire, storm, land 

clearance) beyond reference conditions 

Criterion 4: Conservation 

and maintenance of soil and 

water resources 

4.1 Protective function 

4.1.a Area and percent of forest whose 

designation or land management focus 

is the protection of soil or water 

resources 

4.2  Soil 

4.2.a  Proportion of forest management 

activities that meet best management 

practices or other relevant legislation to 

protect soil resources 

4.2.b  Area and percent of forest land 

with significant soil degradation 

4.3  Water 

4.3.a   Proportion of forest 

management activities that meet best 

management practices, or other 

relevant legislation, to protect water 

related resources 

4.3.b  Area and percent of water 

bodies, or stream length, in forest 

areas with significant change in 

physical, chemical or biological 

properties from reference conditions 

6.2  Investment in the forest sector 

6.2.a  Value of capital investment and 

annual expenditure in forest 

management, wood and non-wood 

forest product industries, forest-

based environmental services, 

recreation and tourism 

6.2.b  Annual investment and 

expenditure in forest-related 

research, extension and 

development, and education 

6.3  Employment and community 

needs 

6.3.a  Employment in the forest 

sector 

6.3.b  Average wage rates, annual 

average income and annual injury 

rates in major forest employment 

categories 

6.3.c  Resilience of forest-dependent 

communities 

6.3.d  Area and percent of forests 

used for subsistence purposes 

6.3.e  Distribution of revenues 

derived from forest management 

6.4  Recreation and tourism 

6.4.a  Area and percent of forests 

available and/or managed for public 

recreation and tourism 

6.4.b  Number, type, and geographic 

distribution of visits attributed to 

recreation and tourism and related to 

facilities available 

6.5 Cultural, social and spiritual 

needs and values 

6.5.a Area and percent of forests 

managed primarily to protect the 

range of cultural, social and spiritual 

needs and values 

6.5.bThe importance of forests to 

people 

Criterion 7: Legal, 

institutional and economic 

frameworks for forest 

conservation and 

sustainable management  

7.1.a Legislation and policies 

supporting the sustainable 

management of forests 

7.1.b Cross sectoral policy and 

programme coordination 

7.2.a Taxation and other economic 

strategies that affect sustainable 

management of forests 

7.3.a Clarity and security of land and 

resource tenure and property rights 

7.3.b Enforcement of laws related to 

forests 

7.4.a Programmes, services and other 

resources supporting the sustainable 

management of forests 

7.4.b Development and application of 

research and technologies for the 

sustainable management of forests 

7.5.a Partnerships to promote the 

sustainable management of forests  

7.5.b Public participation and conflict 

resolution in forest-related decision 

making 

7.5.c Monitoring, assessment and 

reporting on progress towards 

sustainable management of forests 

Criterion 5: Maintenance of 

forest contribution to 

global carbon cycles 

5.a  Total forest ecosystem carbon 

pools and fluxes 

5.b  Total forest product carbon pools 

and fluxes 

5.c  Avoided fossil fuel carbon 

emissions by using forest biomass for 

energy 

Criterion 6: Maintenance 

and enhancement of long-

term multiple socio-

economic benefits 

6.1  Production and consumption 

6.1.a  Value and volume of wood and 

wood products production, including 

primary and secondary processing 

6.1.b  Value of non-wood forest 

products produced or collected 

6.1.c  Revenue from forest based 

environmental services 

6.1.d  Total and per capita 

consumption of wood and wood 

products in round wood equivalents 

6.1.e  Total and per capita 

consumption of non-wood forest 

products 

6.1.f  Value and volume in round 

wood equivalents of exports and 

imports of wood products 

6.1.g  Value of exports and imports of 

non-wood forest products 

6.1.h  Exports as a share of wood and 

wood products production, and 

imports as a share of wood and wood 

products consumption 

6.1.i  Recovery or recycling of forest 

products as a percent of total forest 

products consumption 

 

www.montrealprocess.org  

http://www.mpci.org/




New Zealand Forests in a Good Position 
• New Zealand Forest Accord 
• New Zealand Climate Change Accord 
• Principles of Plantation Management 
• Environmental Code of Practice  
• NZIF Forestry Handbook 
• FOA Harvesting Manual 
• Primary Sector Water Partnership 
• Developing National Environmental 

Standard for Planted Forests 
• New Zealand Forestry Standard 

NZ4708 
• Forest certification 

– 51% of planted forest area 
• Promoting benefits 

– NZ Wood 
– Montreal Process C&I reports 
– GHG footprinting 

• Public Goods – ecosystem services 
for the wider community 
 

 

Montreal Process 



So why won’t people believe us? 



What do we need? 

• An evidence base to answer important 
questions e.g. 

– How can we persuade regulators that we can 
fertilise our forests? 

– What is that forest going to do to our water 
supply? 

– Are the trees degrading the soil? 

– What is the risk level for harvesting? 

– Are our forests sustainably managed? 



LETS TALK ABOUT INTENSIFICATION 



Types of Intensification 



EFFECTS OF INTENSIFICATION 



 
Pressure: 
Climate 

Perceptions 
Economics 
Regulations

: 

Impact 

Changes 

Response: 

Different: 

Land Use Patterns 

Economic Returns 

Environmental Impacts 

Social and Cultural Impacts 

Drivers: 
Pressure: 

State: 
Impact: 

Response: 
Benefits 



Montreal Process Criteria and Indicators (2009 edition) 

Criterion 1: Conservation of 

biological diversity 

1.1. Ecosystem Diversity 

1.1.a  Area and percent of forest by 

forest ecosystem type, successional 

stage, age class, and forest ownership 

or tenure 

1.1.b  Area and percent of forest in 

protected areas by forest ecosystem 

type, and by age class or successional 

stage 

1.1.c  Fragmentation of forests 

1.2. Species Diversity 

1.2.a  Number of native forest-

associated species 

1.2.b  Number and status of native 

forest-associated species at risk, as 

determined by legislation or scientific 

assessment 

1.2.c  Status of on site and off site 

efforts focused on conservation of 

species diversity 

1.3. Genetic Diversity 

1.3.a  Number and geographic 

distribution of forest-associated species 

at risk of losing genetic variation and 

locally adapted genotypes 

1.3.b  Population levels of selected 

representative forest-associated 

species to describe genetic diversity 

1.3.c  Status of on site and off site 

efforts focused on conservation of 

genetic diversity 

Criterion 2: Maintenance of 

productive capacity of 

forest ecosystems 

2.a  Area and percent of forest land 

and net area of forest land available for 

wood production 

2.b  Total growing stock and annual 

increment of both merchantable and 

non-merchantable tree species in 

forests available for wood production 

2.c  Area, percent, and growing stock 

of plantations of native and exotic 

species 

 

2.d  Annual harvest of wood products 

by volume and as a percentage of net 

growth or sustained yield 

2.e  Annual harvest of non-wood forest 

products 

Criterion 3: Maintenance of 

forest ecosystem health and 

vitality 

3.a  Area and percent of forest affected 

by biotic processes and agents (e.g. 

disease, insects, invasive alien 

species) beyond reference conditions 

3.b  Area and percent of forest affected 

by abiotic agents (e.g. fire, storm, land 

clearance) beyond reference conditions 

Criterion 4: Conservation 

and maintenance of soil and 

water resources 

4.1 Protective function 

4.1.a Area and percent of forest whose 

designation or land management focus 

is the protection of soil or water 

resources 

4.2  Soil 

4.2.a  Proportion of forest management 

activities that meet best management 

practices or other relevant legislation to 

protect soil resources 

4.2.b  Area and percent of forest land 

with significant soil degradation 

4.3  Water 

4.3.a   Proportion of forest 

management activities that meet best 

management practices, or other 

relevant legislation, to protect water 

related resources 

4.3.b  Area and percent of water 

bodies, or stream length, in forest 

areas with significant change in 

physical, chemical or biological 

properties from reference conditions 

6.2  Investment in the forest sector 

6.2.a  Value of capital investment and 

annual expenditure in forest 

management, wood and non-wood 

forest product industries, forest-

based environmental services, 

recreation and tourism 

6.2.b  Annual investment and 

expenditure in forest-related 

research, extension and 

development, and education 

6.3  Employment and community 

needs 

6.3.a  Employment in the forest 

sector 

6.3.b  Average wage rates, annual 

average income and annual injury 

rates in major forest employment 

categories 

6.3.c  Resilience of forest-dependent 

communities 

6.3.d  Area and percent of forests 

used for subsistence purposes 

6.3.e  Distribution of revenues 

derived from forest management 

6.4  Recreation and tourism 

6.4.a  Area and percent of forests 

available and/or managed for public 

recreation and tourism 

6.4.b  Number, type, and geographic 

distribution of visits attributed to 

recreation and tourism and related to 

facilities available 

6.5 Cultural, social and spiritual 

needs and values 

6.5.a Area and percent of forests 

managed primarily to protect the 

range of cultural, social and spiritual 

needs and values 

6.5.bThe importance of forests to 

people 

Criterion 7: Legal, 

institutional and economic 

frameworks for forest 

conservation and 

sustainable management  

7.1.a Legislation and policies 

supporting the sustainable 

management of forests 

7.1.b Cross sectoral policy and 

programme coordination 

7.2.a Taxation and other economic 

strategies that affect sustainable 

management of forests 

7.3.a Clarity and security of land and 

resource tenure and property rights 

7.3.b Enforcement of laws related to 

forests 

7.4.a Programmes, services and other 

resources supporting the sustainable 

management of forests 

7.4.b Development and application of 

research and technologies for the 

sustainable management of forests 

7.5.a Partnerships to promote the 

sustainable management of forests  

7.5.b Public participation and conflict 

resolution in forest-related decision 

making 

7.5.c Monitoring, assessment and 

reporting on progress towards 

sustainable management of forests 

Criterion 5: Maintenance of 

forest contribution to 

global carbon cycles 

5.a  Total forest ecosystem carbon 

pools and fluxes 

5.b  Total forest product carbon pools 

and fluxes 

5.c  Avoided fossil fuel carbon 

emissions by using forest biomass for 

energy 

Criterion 6: Maintenance 

and enhancement of long-

term multiple socio-

economic benefits 

6.1  Production and consumption 

6.1.a  Value and volume of wood and 

wood products production, including 

primary and secondary processing 

6.1.b  Value of non-wood forest 

products produced or collected 

6.1.c  Revenue from forest based 

environmental services 

6.1.d  Total and per capita 

consumption of wood and wood 

products in round wood equivalents 

6.1.e  Total and per capita 

consumption of non-wood forest 

products 

6.1.f  Value and volume in round 

wood equivalents of exports and 

imports of wood products 

6.1.g  Value of exports and imports of 

non-wood forest products 

6.1.h  Exports as a share of wood and 

wood products production, and 

imports as a share of wood and wood 

products consumption 

6.1.i  Recovery or recycling of forest 

products as a percent of total forest 

products consumption 

 

www.montrealprocess.org  

Target 

Soil 

Water 

Species 
Employment 

Community 

Carbon 
Regulation 

http://www.mpci.org/


Interventions for intensification 

Intensification Interventions 

Current  Solid fertilisers, foliar fertilisers,  herbicide, biocide, 
thinning (undercropping, N fixers) 

Current: 
replant 

Targeted genotypes, species mixtures, increased 
stocking, cultivation, solid fertilisers, soil 
amendments, herbicides, biostimulants, 
phytohormones, microbial manipulation 

New Forests As above 

Infill Forests Higher value genotypes, species mixtures, 
herbicides 



CURRENT FORESTS 



Changes in
Site Quality

Rotation0 Rotation end

+
_

- soil disturbance

- nutrient loss

- herbicide

- cultivation

- fertiliser

- legumes

+
_

+
_

- fertilser

- thinning

- compaction

+
_

- fertiliser

+
_

pre-forestation indicator baseline

A
B C

D

SITE QUALITY IMPACT  =   f (A,B,C,D)

Challenge: To develop a robust Site Quality Scoring System.

WITHIN FOREST INTENSIFICATION 

MO D E L   O F   F O R E S T   P R O D U C T I V I T Y   A N D   S I T E   Q U A L I T Y 



Intensification within existing forests 

Precipitation 

Interception 

Groundwater flow 
Quality of water 

Quantity & timing of flow 

Aquatic biodiversity/fisheries 

Evapotranspiration 

Tree 

uptake 

Recharge 

Shade 

Wood & litter input 

More trees 

Increased 

chemical inputs 

More frequent 

harvesting 



Risks from intensification: existing forests 

Intensific
at’n 

Biodiver-
sity 

Product-
ivity 

Health Soil and 
Water 

Carbon 
Cycle 

Socio-
econ 

Legal 

Current Regulation 
may hinder 

intensification 

Regulation 
may hinder 

intensification 
 

Current: 
replant 

Decrease 
likely if 

stockings 
higher 

Regulation 
may hinder 

intensification 
 

Higher 
stockings . 

More disease, 
wind and fire 

risk 
 

Roading, 
harvesting, 
chemicals 

 

Increased 
carbon stocks 

Negative 
Perceptions 

lead to 
greater 

regulation 
 

Low 

Medium 

High 



Impacts of intensification: existing forests 

Intensific
at’n 

Biodiver-
sity 

Product-
ivity 

Health Soil and 
Water 

Carbon 
Cycle 

Socio-
econ 

Legal 

Current Regulation 
may hinder 

intensification 

Roading, 
harvesting, 
chemicals 

 

Regulation 
may hinder 

intensification 
 

Current: 
replant 

Decrease 
likely if 

stockings 
higher 

Regulation 
may hinder 

intensification 
 

Higher 
stockings . 

More disease, 
wind and fire 

risk 
 

Roading, 
harvesting, 
chemicals 

 

Increased 
carbon stocks 

Negative 
Perceptions 

lead to 
greater 

regulation 
 

Negative 

Neutral 

Positive 



LONG TERM SITE PRODUCTIVITY 



Nutrient Depletion 

• Soil nutrient supply 
varies 

• Some soils have 
huge nutrient 
reserves, others 
very small 

• This affects onset 
of nutrient decline 
and need for 
fertiliser 



Range in Site Quality  
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Needle litter 

Branch litter 

Stem litter 

Soil 

minerals 

Soil solution 

Soil exchange 

sites 

Leaching 

Chemical equilibria 

Weathering 
Fixation 

Needles 

Branch/twig 

Stem 

Cones/pollen 

 fertiliser 

Atmospheric 

inputs 

Partitioning 



225

29

200

604 N

P

K

Mg

B

Typical Quantities of Nutrients  
Removed in Whole-Tree Harvest (kg) 

Output > Input = Risk of productivity decline 



Experimental framework 
- Manipulate site nutrient pools 

Organic matter removal 

Fertiliser amendment 

6 sites, established 1986 



Maintain harvest debris and litter 
on site 

 



Code Description Woodhill Tarawera 

SR Whole tree + Forest Floor + 2.5 cm topsoil removed   ü 

FF Whole tree + Forest Floor removed ü ü 

WT Whole tree removed ü ü 

SO Stem only removed ü ü 

M Management practice   ü 

NWR Management practice - not windrowed ü   
WR Management practice - windrowed ü   

Summary of harvest treatments applied 
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Fertiliser responses at Woodhill, 3-5 year 
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Harvesting treatment

Severe treatments longer to reach DBH35 at 

Tarawera, no fertiliser response 

2014 results 



r e m o v a l r e m o v a l 
R A T E S   O F 
S U P P L Y 

r o o t s 

f o r e s t   f l o o r 

s l a s h 

1 s t   R O T A T I O N 

S O I L 

F E R T I L I S E R 

X   R O T A T I O N 

? 

S I T E 

·   T e m p e r a t u r e 

·   M o i s t u r e 

w e e d s 

t h i n n i n g   s l a s h 

l i t t e r 

S U P P L Y 

R A I N 
W e t   d e p o s i t i o n 

W I N D 
D r y   d e p o s i t i o n 

NuBalm – Forest Nutrient Balance Model 

Smaill et al 2011 



NEW AND INFILL FORESTS – REGIONAL 
INTENSIFICATION 
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Percent farmland vulnerable to extreme rainfall events

Farmland following afforestation of 
1.2m ha marginal land

Current farmland

Regional Intensification – new forests: 
effect on erosion and sediment yield 

 



2,036,121

1,901,398

472,686

8,758,682

6,395,922

2,706,283

Area of LCDB3 Land Use Categories (ha)

Planted Forests

Low producing and
depleted grasslands

Croplands

High Producing Grasslands

Native Forest

Scrub, shrub and other
woody vegetation
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Riparian (“In fill”) Forests 
Strengths Weaknesses 

Opportunities Threats 



Risks from intensification: New and Infill forests 

Intensific
at’n 

Biodiver-
sity 

Product-
ivity 

Health Soil and 
Water 

Carbon 
Cycle 

Socio-
econ 

Legal 

New Regulation 
may hinder 

intensification 

Regulation 
may hinder 

intensification 
 

Infill Regulation 
may hinder 

intensification 
 

Roading, 
harvesting, 
chemicals 

 

Negative 
Perceptions 

lead to 
greater 

regulation 
 

Low 

Medium 

High 



Impact of regional  intensification: 
New and Infill forests 

Intensific
at’n 

Biodiver-
sity 

Product-
ivity 

Health Soil and 
Water 

Carbon 
Cycle 

Socio-
econ 

Legal 

New Regulation 
may hinder 

intensification 
 

Infill Regulation 
may hinder 

intensification 
 

Negative 

Neutral 

Positive 

Major Ecosystem Benefits from forests replacing other 

land uses 



ECONOMIC CHALLENGES 



A Simple Economic Metric 

Sector Area Export value 

(2013) 

$/ha 

Dairy 8% $12.91bn $6,017 

Forestry 7% $4.29bn $2,503 

Meat & Wool 34% $4.6bn $514 

Arable 0.6% ($0.6bn) $3,915 

Horticulture 0.4% $2.36bn $21,997 



Changing the economic paradigm 

Land Use 

$ 

Return 

Timber 

Planted  
 forests 

Sheep  
and beef 

Dairy 

Carbon 

Water 

Erosion 

Biodiversity 
Recreation 

Hunting 

Health and wellbeing 

See Yao et al 2014 for a full treatment of planted forest ecosystem service values 



Forest Investment Finder 
http://prezi.com/vbuofvrbk7nb/fifindustry/ 

Regional Economic 

Forestry Scenarios 

• Environmental data 

• Forestry Costs 

• Variable regimes 

• Valuation data 

• Land 

• Forest Products 

• Forest Ecosystem 

Services 

• Transport networks 

• Processing Locations 

Full value and returns at 

any given location  

http://prezi.com/vbuofvrbk7nb/fifindustry/


Research Aims 

Understanding the 
environmental impacts 

of intensification on 
soil, water and 

biodiversity 

Maintaining productive 
capacity – effects of 

organic matter removal 

Maintaining productive 
capacity – minimising 

and mitigating  
steepland harvest 

impacts 

Spatial economic 
models for sustainable 

forestry 



Leading to: 

Forest models that have 
the ability to evaluate the 
environmental impacts of 

intensified regimes 

Forest models for 
evaluation of long term 

site productivity 
scenarios under different 

regimes 

Improved site 
management regimes 

that maintain or increase 
forest productivity on 

steeplands 

The ability to make forest 
investment decisions that 
incorporate the full value 

of ecosystem services 



And: 
 

Providing the evidence base 
for key questions relating to 
intensification of our forests 

to keep our markets and 
neighbours happy with what 

we do 

 



Conclusions and food for thought 

• Technically the challenges are not immense 
– Intensification of existing forests – variable environmental impacts –  

• harvesting highest risk 

• All adverse impacts mitigated if good practice followed! 

– Afforestation of marginally economic agricultural land could improve 
profitability of land and halve the area at risk of erosion 

– Maximum environmental and economic benefits of forests in an 
intensified landscape may be from riparian or other ‘in fill’ forests 

• The biggest challenge is to relate what we do to 
society 
• This will require excellent science and superb communication 

• Sustainability Frameworks are very useful for framing the debate and 
discussion 



http://www.scionresearch.com/gcff 

Tim Payn, Principal Scientist 

tim.payn@scionresearch.com 

Science Team: Brenda Baillie, Les Basher, Loretta Garrett, Duncan 

Harrison, Marie Heaphy, Barbara Hock, Mike Marden, Juan Monge, 

Dan Neary, Tim Payn, Chris Phillips, Richard Yao 


