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	Abbreviation
	Meaning
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	(D)
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Summary

The LUCAS (Land Use and Carbon Analysis System) project was established to enable New Zealand to meet its obligations under the United Nations Framework Convention on Climate Change (UNFCCC) and the Kyoto Protocol. The carbon accounting and reporting system must meet the Intergovernmental Panel on Climate Change (IPCC) Good Practice Guidance (GPG).

Indufor Asia Pacific (IAP) was engaged by the Ministry for Environment (MfE) to map and estimate the total area of deforested, awaiting, and harvested land occurring across New Zealand. The analysis tracks annual change between 2008 and 2012 across four forest classes; Natural forest, Pre-1990 planted forest, and Post-1989 forest. 
Mapping the area of deforestation is an integral part of LUCAS (Land Use and Carbon Analysis System). The mapping component forms the basis of establishing initial land cover maps for the baseline period 1990, mapping land-use changes from 1990-2008 and thereafter mapping change occurring between 2008 and 2012 – the Kyoto First Commitment Period (CP1). In addition, New Zealand is required to report annually the area of harvested (clear-felled) forests, and the emissions associated with deforestation. This report outlines the methodology used to map deforestation between 2008 and 2012 and provides a detailed summary of the results at both the regional and national-level.

For this project, the mapping and attribution of destocking is based on a combination of interpretation of satellite imagery, aerial photography, overflights and supporting ancillary data drawn from other national projects. The analysis has been conducted using a range of satellite imagery acquired between 2006 and 2012 as provided by MfE. The imagery included SPOT 5, SPOTMaps, Landsat 5 and Landsat 7, Disaster Monitoring Constellation (DMC), and ortho-photography. Aerial verification involved flying over and capturing oblique photographs of areas identified as having been destocked between 2008 and 2012. On completion, each destocked polygon is assigned a geo-tagged oblique photo as evidence to support the final destocking decision and classification.

In total, 270 350 hectares (ha) were assessed and attributed with a destocking classification. The area of confirmed deforestation that occurred between 2008 and 2012 is estimated at 35 698 ha nationally. Just over 45% of the deforestation occurred in the two Central North Island regions of Waikato and Bay of Plenty, 34% in Canterbury and Southland and the remaining 21% scattered across the remaining regions. The majority of the deforestation is attributed to the conversion of forestry land to pastoral activities such as dairying. 

By the end of 2012, a substantial destock area identified as ‘awaiting a land use decision’ remains. Approximately 26 000 ha cleared between 2009 and the end of 2012 falls into this category with 60% of this area cleared between 2010 and 2012. 
Report issued by Indufor Asia Pacific

1. Background

The LUCAS (Land Use and Carbon Analysis System) project has been established to enable New Zealand to meet its obligations under the Kyoto Protocol. A key requirement is that the carbon accounting and reporting system must meet the Intergovernmental Panel on Climate Change (IPCC) Good Practice Guidance (GPG). LUCAS has been developed to fulfil the following functions:

a. Be appropriate for the United Nations Framework Convention on Climate Change (UNFCCC) Land Use, Land-Use Change and Forestry (LULUCF) sector reporting.
b. Enable reporting under Article 3.3 of the Kyoto Protocol in the first (and subsequent) commitment periods.
c. Ensure New Zealand’s eligibility to participate in international carbon trading. 

d. Support and underpin New Zealand climate change policy development through to 2012 and beyond.

A key requirement of LUCAS is to establish land use maps for the baseline period 1990, mapping land-use changes for the time periods 1990-2008, and 2008-2012. In addition, New Zealand is required to report deforestation by polygon annually during the first Commitment Period (CP1, 2008-2012). There is however an opportunity to update and backfill information for the final CP1 report on completion of the 2012 mapping.
Prior to this project, three land-use change assessments have been conducted since the creation of the 2008 land use map (LUM). The first national assessment 2008 to 2010 used a combination of DMC 22 m resolution satellite data and Landsat ETM+ 30 m imagery. The second assessment focussed on identifying land cover changes between 2010 and 2011. This assessment focused on the four most active change regions (Northland, Waikato, Marlborough and Southland). The third assessment (the subject of this report) assessed all regions using data from the previous assessments and newly acquired SPOT 5 imagery.

As stated in the New Zealand GHG Inventory Report 1990-2008, it is important to highlight that New Zealand uses the IPCC (2003) definition of deforestation. Deforestation is the direct human-induced conversion of forested land to non-forested land. There is also an explicit distinction between deforestation and harvesting, in that harvesting is part of usual forest management practice and involves the removal of biomass from a site followed by reforestation (replanting or regeneration, i.e. no change in land use). 
In New Zealand, change resulting from forest harvesting is given a temporarily unstocked status, as these areas remain as forest land unless converted. When land is destocked (forest is removed) and not replanted for a period of four years, it is considered to be deforested for the purposes of Kyoto Protocol reporting. An area of deforestation can also be confirmed earlier if there is evidence of land use change such as farm infrastructure (fences, troughs, buildings or  irrigation), stock or other developments (i.e. non-harvest related roading or mining activities). Deforestation events are attributed to the year in which forest is destocked, not to the year in which deforestation is confirmed by the evidence of land-use change. The four-year time period was selected because, in New Zealand, the tree grower and land owner are often different people. Forest land can be temporarily unstocked for a number of years while land owners decide what to do with land after harvesting.

2. Scope

2.1 Requirements of the 2012 Deforestation Mapping Project

The requirement of the 2012 deforestation mapping activity is to create a robust defensible estimate of the total area deforested, awaiting, and harvested land occurring across New Zealand. The analysis tracks annual change between 2008 and 2012 across four forest classes; Natural forest, Pre-1990 planted forest, and Post-1989 forest. 
The mapping activity is divided by imaging season
 and region as outlined in Table 2‑1. The purpose of this report is to provide a summary for all regions.

Table 2‑1: Division of Regions by Mapping Season 

	Season 1 (mapped in 2012)
	Season 2 (mapped in 2013)

	Auckland
	Northland

	Gisborne
	Waikato

	Taranaki
	Bay of Plenty

	Wellington
	Manawatu-Wanganui

	Tasman
	Hawke’s Bay

	Nelson
	Marlborough

	West Coast
	Southland

	Canterbury
	Chatham Islands

	Otago
	


In designing the mapping methodological, two options were considered – full coverage of all areas of change or implementation of sample-based approach. Both options included the provision for overflight field verification 
The first option considered involved segmenting the destocked polygons into three main groups, less than 5 ha, 5 to 20 ha, and greater than 20 ha. These groups were analysed as follows:
a. For all destocked areas less than 5 ha in size, a sampling strategy was considered to determine the proportion of each type of HDA occurring for each forest type such that the total area of each type of HDA occurring by forest type can be determined to +/- 20% at the 95% confidence level.

b. For all destocked areas between 5 and 20 ha in size, again a sampling strategy was considered to determine the total area of each type of HDA occurring each year by forest type by obtaining oblique aerial photography of a statistically significant sample of the polygons in this size range such that the total area of each type of HDA occurring each year by forest type can be determined to +/- 20% at the 95% confidence level.

c. Analyse and produce area estimates for all polygons >20 ha.  

For (a) and (b), since a sampling approach was considered, uncertainty analysis would have been required for H, D and A by year and forest type.

The second option considered the assessment and aerial verification of all destocked polygons, irrespective of size. Since this option is a 100% assessment there is no need to calculate uncertainty. This option was subsequently adopted and implemented and is described in more detail in Section 3.

3. Approach

To determine the most appropriate methodological approach, Indufor and MfE jointly considered the pros and cons of each. A key requirement is that design needs to be robust, defensible and repeatable. This is especially relevant given that the exercise was to be carried out in two phases (i.e. Season 1 and Season 2). The merits of the first option were that it provides a rapid assessment of the smaller frequently occurring polygons. Conversely, this approach would require the estimation of uncertainty of each land cover type, HDA status by area group. 
In choosing the second option, Indufor assessed the budgetary and time implications of undertaking a 100% aerial survey of all polygons and concluded that the effects on the budget and duration would be negligible. In addition, a 100% aerial survey eliminates the need to estimate uncertainty in the accuracy of the HDA status. 

3.1 Definitions

As part of the on-going implementation of LUCAS, several definitions and classification guidelines that are relevant to prevailing anthropogenic land use practices in New Zealand were established. This included the four year-rule - whereby land that is destocked (i.e. the forest is removed) and not replanted within four years is then considered to be deforested. The change detection process can be divided into two stages. In the first stage, changes from forest to non-forest are detected by differencing two satellite images acquired at different years. The second step is to determine visually the end land use. From 2008 onwards one of three land-use change options could be selected. This included harvesting (H), deforestation (D) or land awaiting land-use decision (A). For the purpose of this project, the following definitions were applied;
· Deforestation:   Deforestation is the direct human-induced conversion of forested land to non-forested land, e.g. from forest to pasture. Typically, deforestation should only be confirmed when there is sufficient evidence of land use change such as farm infrastructure (fences, troughs, buildings or irrigation systems), livestock or other development of non-harvest related activities such as road construction or mining activity.

· Harvesting: Harvesting is part of usual forest management practice and involves the removal of biomass from a site followed by reforestation (replanting or re-vegetation, i.e. no change in land use).
· Land awaiting land-use decision: is an area that has been destocked but with insufficient evidence to confirm deforestation or harvesting. The land can remain in such a state for up to 4 years, after which the four-year rule becomes applicable.
· Non-anthropogenic change (NAC): is an area that has been destocked through natural events such as windthrow, erosion in steep terrain i.e. non-human induced change. 
There are three main considerations when determining the driver of change. These include; (a) the location (b), the intensity and scale of the change, and (c) the time elapsed since the change was first detected. All of these factors assist in determining the context of the change. Context becomes quite important, especially in situations where the change is recent, small, or isolated. In making a decision the operators consider the surrounding land use, trends observed from nearby change and other contextual clues such as infrastructure. If uncertainty remains then the change area is recorded as (A). Appendix 2, Table 1 and Table 2 provide detailed and illustrated descriptions of the destock classifications supported by the decision tree in Figure 3‑1. 

Understanding the context within which the change occurs is key. The primary contexts in which deforestation has occurred in New Zealand include, but are not limited to: 

· Dairy/cropping: Evidence of land use change in intensively farmed areas. Typically characterized by de-stumping and heaping of residual harvesting waste into regularly spaced windrows. Depending on time since clearance, pasture may be visible as will infrastructure developments associated with dairy conversion. Generally the conversion area will be located on flat to undulating terrain in close proximity to existing intensively farmed areas. 

· Farm: Evidence of land use change in hill country or more remote areas. Typically deforestation is characterized by expansion of existing pastoral areas. This can include clearance and conversion of natural forest or plantations. The clearance method may include heaping, burning or spraying, but in the case of natural forest is more likely to be smaller in scale, fragmented and in close proximity to areas identified as Grassland with Woody Biomass (GWB) in the LUM.  

· For plantation: the detection of the land use transition depends on the clearance method – de-stumping versus harvest with subsequent over-sowing. If no clear land-use change has occurred, or the plantation is located on steep country then the area should be classed as A.

· Development: Evidence of land use change in areas in close proximity to existing or new infrastructure and the proximity relative to existing settlements. Typically the development areas are a result of road construction (>15 m width), transmission lines, wind farm developments, quarries, subdivision or lifestyle block development. These changes are smaller scale and characterised as linear features (i.e. roads) or represent localized change. 

In identifying deforestation, the evidence and context are used to develop a series of rankings (Table 3‑1). This approach was adopted to assist mapping analysts with the classification of destocking events, especially if the change is recent.
Table 3‑1: Context for Deforestation Attribution

	Attributes/Cues
	Deforestation Context & Ranking*

	
	Dairy/Crop
	Farm
	Development

	Clearance Method & Final Land Use
	 
	 
	 

	Windrowing / heaping/ levelling
	3
	2
	3

	Vegetation burnt or sprayed
	
	3
	2

	Pasture establishment
	3
	3
	 

	Infrastructure Developments
	 
	 
	 

	Fencing
	2
	2
	2

	Building/ tower
	2
	 
	3

	Roading or tracks
	3
	2
	3

	Scale & Proximity 
	 
	 
	 

	Large scale > 50 ha
	3
	 
	 

	Flat land & extension of surrounding land use
	3
	 
	 

	Includes areas of Grassland with Woody Biomass (GWB)
	 
	3
	 

	Close to existing settlements
	 
	 
	3

	Other Sources
	 
	 
	 

	Planted Forest – Pre 1990
	2
	 
	2

	ETS (Application for Exemption to Deforest)
	1
	1
	1


*scale of 1 to 3, with 3 the highest (strongest evidence of land use change) and 1 the lowest.

If there was no clear indication of deforestation or harvesting then the area was classified as land awaiting decision.
3.2 Datasets

A range of datasets acquired between 2006 and early 2013 were used to identify the location and timing of deforestation between 2008 and 2012 (Table 3‑2). The primary datasets used included LUCAS destock layer showing all previously identified destocking, the Landcare Research (LCR) destock layer
, showing all destocking detected between 2008 and 2012. MPI plantation ownership maps provided in a non-GIS format depict the general extent of the exotic plantation estate. A list of the analysis and satellite imagery datasets are provided in Table 3‑2 and Table 3‑3. These datasets were used to update the two input datasets; the LUCAS and LCR destock layers.
The spatial accuracy and completeness of the MPI maps mean that this information was only used to assist in determining if the plantation area fell inside the corporate estate. The GIS layers provided by MPI from the Emissions Trading Scheme (ETS) show the location and extent of plantations entered into the ETS. Potentially this information assists with the decision-making process when determining if land use change has occurred.

Table 3‑2: Analysis Datasets

	Spatial Layer
	Data Extracted
	Purpose

	LUCAS Forest Mask (latest version used June 2013, v11)
	Forest masks 
	Analysis extent

	
	Forest classes (Planted & natural) 
	Context

	
	Pre-1989 and Post 1990 forest
	Context

	 2008 – 2010 deforestation 
	Harvest & Deforestation polygons
	Tracking & updating 

	MPI Ownership maps
	Corporate plantation  ownership extent 
	Context

	MPI Deforestation Exemption
	Potential location of deforestation
	Context

	MPI ETS allocations
	Plantation locations
	Context

	Elevation dataset
	Elevation and hill shade
	Context

	Image cut lines and footprints (for all image sources used in the table below)
	Individual scene names and capture dates when using mosaics
	Identify image capture dates


Table 3‑3: Satellite Imagery Used

	Image Source
	Image

Resolution  (m)
	Commitment Period 1

	
	
	2008-09
	2009-10
	2010-11
	2011-2012

	SPOT 5 2006-08
	10
	 
	 
	 
	 

	SPOT 5  2010-13
	10 
	 
	 
	 
	 

	SPOT Maps 2008-09
	2.5
	 
	 
	 
	 

	DMC national coverage
	22
	 
	 
	 
	 

	Landsat –national coverage
	30
	 
	 
	 
	 

	Ortho-photography
	0.25-2.5
	 
	 
	 
	 


3.3 Methodology 

3.3.1 Pre-processing 

The first part of pre-processing was to produce a mutually exclusive destock layer by intersecting the latest LUCAS destock layer with the destocking layer produced by Landcare Research (LCR). This process ensured no overlaps between LUCAS and the LCR destock layers.

In some instances, the intersect process produced destocked polygons and slivers below the minimum mapping threshold of 1 ha. These polygons were omitted from the analysis.  

The second part of pre-processing involved assessing the destocked polygons against high resolution ortho-photography for the purpose of classifying destocked areas following the decision criteria set out in Figure 3‑1.  

Figure 3‑1: Decision Tree for Determining Destock Status

[image: image2.emf]
This step identifies any obvious destocked areas where replanting is visible and harvesting can be confirmed. Each area is assigned a unique identifier (ID). Unique IDs are assigned to all LCR new polygons. 

The final step of the processing is to generate centroids for polygons that will be verified in the field. These centroids are used to create a flight path which is based on a shortest distance algorithm generated from code using a statistical application.

3.3.2 Overflights 

The purpose of the aerial verification process is to accurately attribute each destocked polygon with the appropriate destock classification based on demonstrable evidence. Field verification target polygons are determined in the pre-processing stage described in Section 3.3.1. A preliminary flight path is generated using the destock polygon centroids identified during the pre-processing stage. The flight path is generated using a least-cost model which determines and calculates the shortest distance to cover all target points. The preliminary flight path is expected to differ from the actual flight path as it does not account for the impact of flight logistics and variations in terrain. The two illustrations in Figure 3‑2 show the actual flight path flown (left) in comparison to the planned path (right) in the field.  Note that the preliminary flight path is required to calculate the least cost path. 
Figure 3‑2: Flight Path Illustrations 
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(Planned flight path)

The objective of overflights is to obtain definitive evidence of the change status. The process is based on aerial observations and the capture of oblique photographs. Both sources are used to assist in determining the final HDA of each polygon. The majority of overflights were performed using a Cessna 172 or similar, because of its top wing design. During overflights two operators used a GIS in combination with a live tracking system on a laptop and GPS unit to navigate along the planned flight path. The oblique aerial photographs were captured with a standard camera. Examples of oblique photographs are provided in Appendix 2 (Illustrated guide). The actual flight path is captured as a GPS track and subsequently used to geo-locate each oblique photograph based on capture date and time of each photograph. This creates a final track with points located along the flight path. 

A GPS equipped with a camera (5 megapixel) was used to capture the geo-located oblique photographs. 

3.3.3 Post-processing & Destock classification
On completion of aerial verification, the destock layer was updated with the relevant destock attributes. Each polygon is attributed with:
· The year in which destocking occurred based on satellite image time series
· The latest satellite image showing forest (forest image)
· The earliest satellite image showing destocking (destocking image)
· Destocking context
· A suitable oblique photograph if available.  An example is shown in Figure 3‑3. 

Figure 3‑3: Example of Geo-located GPS Photograph
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Forest image



Destock image
                      

Geo-tagged oblique photo
The attribution process is based on the decision tree illustrated in Figure 3‑1 and the illustrated mapping guide (see Appendix 2). 
In addition to the field observations, a number of spatial layers were used to determine final destock classification. To limit the misclassification of harvesting as deforestation, additional datasets such as publicly available corporate and private forest spatial layers were used to assess the context of the destocking event.  

In cases where no datasets provided sufficient evidence of the destocking type, the polygon was attributed as “land awaiting land use decision” and also assigned a “watch” flag. The watch flag was used to indicate the need to monitor for evidence of either replanting or complete land use conversion in the future.
At the conclusion of the process estimates of the destocked area by class were produced. High level area summaries for each region are presented in Section 4 and detailed regional summaries are presented in Appendix 1.

4. Summary of National results (2008 - 2012) 
Between 2008 and 2012, the total national deforestation identified through this project is 35 698 ha, giving an annual average of just over 7 000 ha. Of this total area, 45% occurred in Waikato and the Bay of Plenty, 16% in Canterbury with the remainder evenly distributed across other regions (Table 4‑1).  

As a percentage of the region’s total destocking, the Waikato region has the highest level of deforestation of 12 884 ha. Up to 47% of the deforestation in Waikato seems to have occurred in 2009 (4 451 ha) and 2012 (3 174 ha). This is presumably attributable to conversion of large corporate forest areas to pasture, mainly in the central part of region. Waikato also has the largest percentage of area awaiting land use decision followed by Manawatu-Wanganui and Bay of Plenty.

The Canterbury region has the highest level of deforestation in the South Island with an area of 9 259 ha. Up to 75% of the deforestation in Canterbury seems to have occurred in 2008 (2 025 ha) and 2009 (1 596 ha).  

The majority of deforestation seems to have occurred on land previously planted with exotic forest, with a small percentage occurring in natural forest. At the time of completing this report, the integration of deforestation data and LUM was not yet completed, therefore no specific statistics could be presented on deforestation by forest type. 

The highest occurrence of non-anthropogenic change was detected on the West Coast (803 ha) compared to a combined total of 623 ha detected in the rest of the regions. This can be attributed to wind damage and occurrence of large slips in the surround mountain ranges.  

Table 4‑1: National Destocking Summary by Region

	Region 
ID
	Region Name
	Land Awaiting 
Decision
	Deforestation
	Harvesting
	Total Area by Region
	Contribution 

	
	
	(ha)
	(%)

	1
	Northland
	1 741
	1 422
	28 571
	31 734
	12

	2
	Auckland
	467
	509
	4 619
	5 595
	2

	3
	Waikato
	4 443
	12 844
	35 488
	52 775
	20

	4
	Bay of Plenty
	4 350
	2 657
	43 172
	50 179
	19

	5
	Gisborne
	798
	181
	13 928
	14 908
	6

	6
	Hawke’s Bay
	2 447
	1 606
	12 039
	16 091
	6

	7
	Taranaki
	769
	951
	510
	2 230
	1

	8
	Manawatu-Wanganui
	4 317
	3 114
	11 850
	19 281
	7

	9
	Wellington
	865
	434
	5 578
	6 877
	3

	12
	West Coast
	535
	1 785
	3 077
	5 397
	2

	13
	Canterbury
	829
	5642
	6 606
	13 077
	5

	14
	Otago
	1 346
	1 111
	10 623
	13 080
	5

	15
	Southland
	988
	2 032
	8 589
	11 609
	4

	16
	Tasman
	739
	977
	13 188
	14 905
	6

	17
	Nelson
	55
	59
	1 966
	2 080
	1

	18
	Marlborough
	1 370
	373
	8 789
	10 533
	4

	Total by Class (ha)
	26 059
	35 698
	20 8594
	270 350
	100


Table 4‑2: Area Destocked by Year (2008-2012)

	Analysis Year
	Land 
Awaiting 
Decision
	Deforestation
	Harvesting
	Total by Year
	Contribution by Year

	
	(ha)
	%

	2008
	165
	6 281
	40 861
	47 308
	17

	2009
	2 946
	10 871
	57 049
	70 866
	26

	2010
	6 617
	7 645
	39 186
	53 447
	20

	2011
	7 820
	6 418
	36 718
	50 956
	19

	2012
	8 511
	4 483
	34 779
	47 773
	18

	Total by class (ha)
	26 059
	35 698
	208 594
	270 350
	100


The destocking trend (Table 4‑2 and Figure 4‑1) shows an increase in deforestation between 2008 and 2009 and a steady decline in overall rate between 2009 and 2012. Land awaiting decision steadily increases between 2008 and 2012. This can probably be attributed to land owners considering different land use options in light of the evolving NZETS and policies around New Zealand’s future participation in an anticipated second Commitment Period (CP2) of the Kyoto Protocol. 

Noticeably, 50% of the land awaiting decision is evenly distributed between Waikato, the Bay of Plenty, and the Manawatu-Wanganui regions. At the national level, Figure 4‑1 suggests the deforestation trend peaked from just over 6 000 ha in 2008 to nearly 11 000 ha in 2009. 
Figure 4‑1: National Destocking Trend 2008-2012
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5. Key observations

The following series of graphs present the findings by the five regions that account for over 50% of the 2008-2012 change. For reference the summary tables by region are provided in Appendix 1. 
5.1 Waikato, Bay of Plenty, Canterbury and Southland
Most of the deforestation between 2008 and 2012 occurred across Waikato, the Bay of Plenty, Canterbury, and Southland regions. Waikato has the highest area of confirmed deforestation at 12 844 ha. The area awaiting land use decision steadily increased from just 165 ha in 2008 to over 2 000 ha in 2012. A similar trend is observed in the Bay of Plenty although at a smaller scale if compared to Waikato. Areas of destocking by year are illustrated in Figure 5‑1 and Figure 5‑2.

The destocking trends are attributable to a number of factors.  In-depth analysis of factors that influence land use decisions is beyond the scope of this report.  
Figure 5‑1: Waikato - Area Destocked 2008-2012 by Class
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Figure 5‑2: Bay of Plenty Area Destocked 2008-2012 by Class
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Figure 5‑3: Canterbury- Area Destocked 2008-2012 by Class
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Manawatu-Wanganui also has a relatively high area of deforestation at just over 3 000 ha recorded between 2008-2012 period. The region also has a relatively large area classed as land awaiting decision. 
Figure 5‑4: Manawatu-Wanganui - Area Destocked 2008-2012 by Class 
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5.2 Remaining Regions

Most of the regions have a relatively modest level of deforestation. Combined, Auckland, Gisborne, Taranaki, Wellington, Tasman, Marlborough and the West Coast contribute less than 1 000 ha. In the Auckland region 509 ha was confirmed as deforestation and a further 467 ha remains awaiting land use decision. Approximately 64% of the deforestation occurred between 2009 and 2010, with a lesser amount (21%) in 2011. Of the land awaiting land use decision, 59% was confirmed as destocked in 2011. This means that this area will require post-CP1 monitoring to determine the final land use after four years. However, almost 50% of the deforested areas appear to have been classified as natural forest (LUCID = 71). This suggests that the cause of destocking may be non-anthropogenic.  

Gisborne region has a relatively small amount of deforestation, amounting to 181 ha between 2008 and 2012. However, some 798 ha of the total destocked area could not be confirmed as either harvesting or deforestation. This area was attributed as land awaiting land-use decision. Between 2008 and 2012 the majority (85%) of deforestation occurred through conversion of Pre-1990 planted forest (LUCID = 72) to non-forest. In general, the trend in Gisborne shows that the majority of deforestation is occurring in planted forest.

Wellington has 434 ha confirmed deforestation and 865 ha were attributed as land awaiting land-use decision. A key observation in Wellington and Taranaki is the prevalence of areas of dead woody vegetation that has been sprayed. It is assumed that these areas will be converted to another land use, although it is not possible to make that determination at this stage. 

Otago has 1 111 ha of deforestation between 2008 and 2012 and the area awaiting land use decision adds up to 1 346 ha. The area attributed as land awaiting land use decision in Otago is the highest among Season 1 regions. This is because the bulk of the destocking occurred after 2009. Therefore there has been less time in which to complete the land conversion process.
Marlborough, Tasman, and Nelson have relatively small amounts of deforestation, constituting just over 3% of the national total. The deforestation in these three regions is mostly constrained to small forestry blocks rather than within the corporate estate.

It was observed that in several regions, including Manawatu, Taranaki and Southland, there is a substantial area of natural forest and scrub that has been sprayed. This operation is observed in the context of farmland - as illustrated in the oblique photograph (Figure 5‑5). Such areas were attributed as “land awaiting land use decision” as the spraying alone could not provide sufficient evidence of land use conversion.

Figure 5‑5: Example of Sprayed Wood Vegetation (Southland)

[image: image10.jpg]



It is anticipated that sprayed areas will require monitoring in subsequent years to determine the eventual land use.
Conclusion
The result presented provides an overview of the temporal land use trends by region and land cover class over 2008-2012 period (CP1). 

The process of identification and mapping adopted has been progressively improved since 2008. These improvements have included refinement of mapping processes to consider the context of change and the development of a rule-based classification scheme. 

Further refinements have been applied to methods used for the verification of land use change. Progressively the reliance on desk-top analysis of satellite imagery to confirm destocking has been reduced in favour of an aerial-based process. 

The aerial assessment provides a high-resolution real time assessment of every destocked area. This effectively reduces the uncertainly in the destock classification.  

The process of destock classification is not as straightforward as expected. One of the confounding issues is that sometimes the land use decisions do not match the expected contextual indicators. For example, during the aerial survey areas that had been classified as harvested based on their proximity as corporate forestry (inside or on the edge of large blocks) were found to be deforested.
Further follow up monitoring of areas classed as land awaiting land use decision will be required as land use change is a transitional process that may occur over several years. 
Appendix 1
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Regional Summaries
Table 1: National Destock Summary by Region (2008 – 2012)
	Region 
ID
	Region Name
	Land 
Awaiting 
Decision
	Deforestation
	Harvesting
	Total Area by Region

	
	
	(ha)

	1
	Northland
	1 741
	1 422
	28 571
	31 734

	2
	Auckland
	467
	509
	4 619
	5 595

	3
	Waikato
	4 443
	12 844
	35488
	52 775

	4
	Bay of Plenty
	4 350
	2 657
	43172
	50 179

	5
	Gisborne
	798
	181
	13 928
	14 908

	6
	Hawkes Bay
	2 447
	1 606
	12 039
	16 091

	7
	Taranaki
	769
	951
	510
	2 230

	8
	Manawatu-Wanganui
	4 317
	3 114
	11 850
	19 281

	9
	Wellington
	865
	434
	5 578
	6 877

	12
	West Coast
	535
	1 785
	3 077
	5 397

	13
	Canterbury
	829
	5 642
	6 606
	13 077

	14
	Otago
	1 346
	1 111
	10 623
	13 080

	15
	Southland
	988
	2 032
	8 589
	11 609

	16
	Tasman
	739
	977
	13 188
	14 905

	17
	Nelson
	55
	59
	1 966
	2 080

	18
	Marlborough
	1 370
	373
	8 789
	10 533

	Total Area by Classification
	26 059
	35 698
	208 594
	270 350


NOTE:  For the purpose of completeness, the regional summaries include areas of polygons classified as non-anthropogenic change, no change or non-forest.  These three destock classes are not assigned a destocked year.
Northland
Table 2: Northland Region Destocking Area Summary
	Year
	Land Awaiting Decision
	Deforestation
	Harvesting
	Non anthropogenic Change
	No Change
	Non-Forest
	Total Area

	
	Destocking Area (ha) by Year

	2008
	 
	217
	6 827
	 
	 
	 
	7 044

	2009
	24
	298
	6 844
	 
	 
	 
	7 166

	2010
	449
	445
	5 278
	 
	 
	 
	6 172

	2011
	341
	200
	2 010
	 
	 
	 
	2 551

	2012
	926
	263
	7 613
	 
	 
	 
	8 802

	N/A
	 
	 
	 
	114
	138
	77
	329

	Total Area
	1 741
	1 422
	28 571
	114
	138
	77
	32 063


Figure 1 illustrates the location of targeted destocking polygons and the flight path taken to acquire evidential oblique photos at an altitude varying between 1500 to 3000 feet. The background image is a mosaic of 10 m resolution SPOT 5 imagery acquired in the summer of 2011/12 and 2012/13.

Figure 1: Northland Region Flight Path & Destock Polygon Locations
[image: image11.jpg])

Indufor

Legend
Actual Flight Path
N ©  Destock Targets

A 0 10 20 30 40 50 Kiometers





Auckland

Table 3: Auckland Region Destock Area Summary
	Year
	Land Awaiting Decision
	Deforestation
	Harvesting
	Non-anthropogenic Change
	No Change
	Non-forest
	Total Area 

	
	Destocking Area (ha) by Year

	2008
	 
	11
	554
	 
	 
	 
	565

	2009
	57
	239
	2 513
	 
	 
	 
	2 808

	2010
	95
	86
	871
	 
	 
	 
	1 052

	2011
	274
	160
	630
	 
	 
	 
	1 064

	2012
	41
	13
	51
	 
	 
	 
	106

	N/A
	 
	 
	 
	2
	338
	68
	408

	Total Area
	467
	509
	4 619
	2
	338
	68
	6 003


Figure 2 illustrates the location of targeted destocked polygons and the flight path taken to acquire evidential oblique photos at an altitude varying between 1500 to 3000 feet. The background image is a mosaic of 10 m resolution SPOT 5 imagery acquired in the summer of 2011/12 and 2012/13.

Figure 2: Auckland Region Flight Path & Destock Polygon Locations
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Waikato

Table 4: Waikato Region Destock Area Summary

	Year
	Land Awaiting Decision
	Deforestation
	Harvesting
	No Change
	Non Forest
	Total 

Area

	
	Destocking Area (ha) by Year

	2008
	165
	1 738
	7 253
	 
	 
	9 156

	2009
	279
	4 451
	7 995
	 
	 
	12 726

	2010
	740
	1 896
	6 468
	 
	 
	9 104

	2011
	938
	1 586
	3 124
	 
	 
	5 648

	2012
	2 320
	3 174
	10 648
	 
	 
	16142

	N/A
	 
	 
	 
	191
	53
	244

	Total Area
	4 443
	12 844
	35 488
	191
	53
	53 019


Figure 3 illustrates the location of targeted destocked polygons and the flight path taken to acquire evidential oblique photos at an altitude varying between 1500 to 3000 feet. The background image is a mosaic of 10 m resolution SPOT 5 imagery acquired in the summer of 2011/12 and 2012/13.

Figure 3: Waikato Region Flight Path & Destock Polygon Locations
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Taranaki

Table 5: Taranaki Region Destock Area Summary 

	Year
	Land Awaiting Decision
	Deforestation
	Harvesting
	Non-anthropogenic Change
	Non Forest
	Total 

Area

	
	Destocking Area (ha) by year

	2008
	 
	10
	15
	 
	 
	25

	2009
	342
	324
	286
	 
	 
	952

	2010
	249
	250
	110
	 
	 
	609

	2011
	41
	156
	57
	 
	 
	255

	2012
	137
	211
	42
	 
	 
	390

	N/A
	 
	 
	 
	14
	2
	15

	Total Area
	769
	951
	510
	14
	2
	2 246


Figure 4 illustrates the location of targeted destock polygons and the flight path taken to acquire evidential oblique photos at an altitude varying between 1500 to 3000 feet. The background image is a mosaic of 10 m resolution SPOT 5 imagery acquired in the summer of 2011/12 and 2012/13.

Figure 4: Taranaki Region Flight Path & Destock Polygon Locations
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Bay of Plenty

Table 6: Bay of Plenty Region Destock Area Summary
	Year
	Land Awaiting Decision
	Deforestation
	Harvesting
	Non- anthropogenic Change
	No Change
	Non Forest
	Total 

Area 

	
	Destocking Area (ha) by Year

	2008
	 
	450
	9 053
	 
	 
	 
	9 503

	2009
	175
	603
	9 489
	 
	 
	 
	10 267

	2010
	916
	683
	7 866
	 
	 
	 
	9 465

	2011
	1350
	657
	6 819
	 
	 
	 
	8 826

	2012
	1909
	264
	9 945
	 
	 
	 
	12 119

	N/A
	 
	 
	 
	5
	115
	106
	226

	Total Area
	4 350
	2 657
	43 172
	5
	115
	106
	50 406


Figure 5 illustrates the location of targeted destocked polygons and the flight path taken to acquire evidential oblique photos at an altitude varying 1500 to 3000 feet. The background image is a mosaic of 10 m resolution SPOT 5 imagery acquired in the summer of 2011/12 and 2012/13.

Figure 5:  Bay of Plenty Region Flight Path & Destock Polygon Locations
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Gisborne
Table 7: Gisborne Region Destock Area Summary
	Year
	Land Awaiting Decision
	Deforestation
	Harvesting
	Non- anthropogenic Change
	No Change
	Total 

Area

	
	Destocking Area (ha) by Year

	2008
	 
	13
	1 104
	 
	 
	1 117

	2009
	181
	26
	6 154
	 
	 
	6 361

	2010
	322
	90
	1 707
	 
	 
	2 118

	2011
	296
	53
	4 963
	 
	 
	5 312

	N/A
	 
	 
	 
	9
	109
	118

	Total Area
	798
	181
	13 928
	9
	109
	15 026


Figure 6 illustrates the location of targeted destocked polygons and the flight path taken to acquire evidential oblique photos at an altitude varying 1500 to 3000 feet. The background 


image is a mosaic of 10 m resolution SPOT 5 imagery acquired in the summer of 2011/12 and 2012/13.

Figure 6: Gisborne Region Flight Path & Destock Polygon Locations
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Hawke’s Bay

Table 8: Hawke’s Bay Region Destock Area Summary
	Year
	Land Awaiting Decision
	Deforestation
	Harvesting
	Non-anthropogenic Change
	No Change
	Non Forest
	Total Area

	
	Destocking Area (ha) by Year

	2008
	 
	374
	2 333
	 
	 
	 
	2 707

	2009
	113
	531
	3 578
	 
	 
	 
	4 222

	2010
	839
	266
	2 167
	 
	 
	 
	3 272

	2011
	1 104
	375
	3 234
	 
	 
	 
	4 713

	2012
	390
	60
	726
	 
	 
	 
	1 177

	N/A
	 
	 
	 
	5
	137
	18
	160

	Total Area
	2 447
	1 606
	12 039
	5
	137
	18
	16 251


Figure 7 illustrates the location of targeted destocked polygons and the flight path taken to acquire evidential oblique photos at an altitude varying 1500 to 3000 feet. The background image is a mosaic of 10 m resolution SPOT 5 imagery acquired in the summer of 2011/12 and 2012/13.

Figure 7: Hawke’s Bay Region Flight Path & Destock Polygon Locations
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Manawatu-Wanganui
Table 9: Manawatu-Wanganui Region Destock Area Summary
	Year
	Land Awaiting Decision
	Deforestation
	Harvesting
	Non-anthropogenic Change
	No Change
	Non Forest
	Total Area

	
	Destocking Area (ha) by Year

	2008
	 
	584
	1 649
	 
	 
	 
	2 232

	2009
	297
	961
	3 075
	 
	 
	 
	4 332

	2010
	1 662
	563
	1 346
	 
	 
	 
	3 571

	2011
	536
	728
	2 337
	 
	 
	 
	3 601

	2012
	1 822
	279
	3 444
	 
	 
	 
	5 544

	N/A
	 
	 
	 
	7
	180
	176
	362

	Total Area 
	4 317
	3 114
	11 850
	7
	180
	176
	19 643


Figure 8 illustrates the location of targeted destocked polygons and the flight path taken to acquire evidential oblique photos at an altitude varying 1500 to 3000 feet. The background image is a mosaic of 10 m resolution SPOT 5 imagery acquired in the summer of 2011/12 and 2012/13.

Figure 8: Manawatu Region Flight Path & Destock Polygon Locations
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Wellington

Table 10: Wellington Region Destock Area Summary
	Year
	Land Awaiting Decision
	Deforestation
	Harvesting
	Non-anthropogenic Change
	No Change
	Total 

Area

	
	Destocking Area (ha) by Year

	2008
	 
	107
	1 628
	 
	 
	1 735

	2009
	229
	40
	1 337
	 
	 
	1 606

	2010
	110
	105
	712
	 
	 
	927

	2011
	526
	182
	1 900
	 
	 
	2 609

	N/A
	 
	 
	 
	4
	53
	58

	Total Area
	865
	434
	5 578
	4
	53
	6 935


Figure 9 illustrates the location of targeted destocked polygons and the flight path taken to acquire evidential oblique photos at an altitude varying between 1500 to 3000 feet. The background image is a mosaic of 10 m resolution SPOT 5 imagery acquired in the summer of 2011/12 and 2012/13.

Figure 9: Wellington Region Flight Path & Destock Polygon Locations
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Tasman

Table 11: Tasman Region Destock Area Summary
	Year
	Land Awaiting Decision
	Deforestation
	Harvesting
	Non-anthropogenic Change
	No Change
	Non Forest
	Total Area 

	
	Destocking Area (ha) by Year

	2008
	 
	629
	3 157
	 
	 
	 
	3 786

	2009
	249
	113
	4 592
	 
	 
	 
	4 955

	2010
	191
	119
	2 491
	 
	 
	 
	2 801

	2011
	291
	99
	2 913
	 
	 
	 
	3 303

	2012
	7
	17
	35
	 
	 
	 
	59

	N/A
	 
	 
	 
	127
	19
	51
	198

	Total Area
	739
	977
	13 188
	127
	19
	51
	15 102


Figure 10 illustrates the location of targeted destocked polygons and the flight path taken to acquire evidential oblique photos at an altitude varying between 1500 to 3000 feet. The background image is a mosaic of 10 m resolution SPOT 5 imagery acquired in the summer of 2011/12 and 2012/13.

Figure 10: Tasman Region Flight Path & Destock Polygon Locations
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Nelson

Table 12: Nelson Region Destock Area Summary
	Year
	Land Awaiting Decision
	Deforestation
	Harvesting
	No Change
	Total Area

	
	Destocking Area (ha) by Year

	2008
	 
	21
	1 091
	 
	1 112

	2009
	9
	35
	494
	 
	537

	2010
	2
	 
	253
	 
	256

	2011
	44
	3
	128
	 
	174

	N/A
	 
	 
	 
	2
	2

	Total Area
	55
	59
	1 966
	2
	2 081


Figure 11 illustrates the location of targeted destocked polygons and the flight path taken to acquire evidential oblique photos at an altitude varying between 1500 to 3000 feet. The background image is a mosaic of 10 m resolution SPOT 5 imagery acquired in the summer of 2011/12 and 2012/13.

Figure 11: Nelson Region Flight Path & Destock Polygon Locations
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Marlborough


Table 13: Marlborough Region Destock Area Summary
	Year
	Land Awaiting Decision
	Deforestation
	Harvesting
	Non-anthropogenic Change
	No Change
	Non Forest
	Grand Total

	
	Destocking Area (ha) by Year

	2008
	 
	99
	1 189
	 
	 
	 
	1 288

	2009
	165
	44
	2 098
	 
	 
	 
	2 307

	2010
	336
	180
	1 688
	 
	 
	 
	2 205

	2011
	494
	43
	2 521
	 
	 
	 
	3 058

	2012
	375
	7
	1 293
	 
	 
	 
	1 675

	N/A
	 
	 
	 
	97
	94
	16
	207

	Total
	1 370
	373
	8 789
	97
	94
	16
	10 739


Figure 12 illustrates the location of targeted destocked polygons and the flight path taken to acquire evidential oblique photos at an altitude varying between 1500 and 3000 feet.  The background image is a mosaic of 10 m resolution SPOT 5 imagery acquired in the summer of 2011 and 2012.

Figure 12: Marlborough Region Flight Path & Destock Polygon Locations
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Canterbury

Table 14: Canterbury Region Destock Area Summary
	Year
	Land Awaiting Decision
	Deforestation
	Harvesting
	Non-anthropogenic Change
	No Change
	Non Forest
	Total Area

	
	Destocking Area (ha) by Year

	2008
	 
	1 307
	1 410
	 
	 
	 
	2 718

	2009
	183
	1 805
	2 287
	 
	 
	 
	4 275

	2010
	181
	1 429
	1 360
	 
	 
	 
	2 971

	2011
	465
	1 098
	1 548
	 
	 
	 
	3 111

	2012
	 
	2
	 
	 
	 
	 
	2

	N/A
	 
	 
	 
	59
	48
	164
	271

	Total Area
	829
	5 642
	6 606
	59
	48
	164
	13 348


Figure 13 illustrates the location of targeted destock polygons and the flight path taken to acquire evidential oblique photos at an altitude varying between 1500  and 3000 feet. The background image is a mosaic of 10 m resolution SPOT 5 imagery acquired in the summer of 2011 and 2012.
Figure 13: Canterbury Region Flight Path & Destock Polygon Locations
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West Coast

Table 15: West Coast Region Destock Area Summary
	Year
	Land Awaiting Decision
	Deforestation
	Harvesting
	Non-anthropogenic Change
	Non Forest
	Total
Area

	
	Destocking Area (ha) by Year

	2008
	 
	46
	73
	 
	 
	119

	2009
	215
	811
	868
	 
	 
	1 894

	2010
	175
	447
	1 179
	 
	 
	1 801

	2011
	137
	461
	951
	 
	 
	1 549

	2012
	7
	20
	7
	 
	 
	35

	N/A
	 
	 
	 
	803
	128
	930

	Total Area
	535
	1 785
	3 077
	803
	128
	6 328


Figure 14 illustrates the location of targeted destocked polygons and the flight path taken to acquire evidential oblique photos at an altitude varying between 1500 to 3000 feet. The background image is a mosaic of 10 m resolution SPOT 5 imagery acquired in the summer of 2011/12 and 2012/13.

Figure 14: West Coast Region Flight Path & Polygon Locations
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Otago

Table 16: Otago Region Destock Area Summary 
	Year
	Land Awaiting Decision
	Deforestation
	Harvesting
	Non-anthropogenic Change
	No Change
	Non Forest
	Grand Total

	
	Destocking Area (ha) by Year

	2008
	 
	193
	771
	 
	 
	 
	964

	2009
	416
	298
	4 110
	 
	 
	 
	4 824

	2010
	205
	368
	3 063
	 
	 
	 
	3 635

	2011
	725
	245
	2 680
	 
	 
	 
	3 650

	2012
	 
	7
	 
	 
	 
	 
	7

	N/A
	 
	 
	 
	52
	18
	48
	118

	Total
	1 346
	1 111
	10 623
	52
	18
	48
	13 198


Figure 15 illustrates the location of targeted destocked polygons and the flight path taken to acquire evidential oblique photos at an altitude varying 1500 to 3000 feet. The background image is a mosaic of 10 m resolution SPOT 5 imagery acquired in the summer of 2011/12 and 2012/13.

Figure 15: Otago Region Flight Path & Destock Polygon Locations

[image: image25.jpg]Indufor

A 0 20 4 6 8 100 Kiometers





Southland

Table 17: Southland Region Destock Area Summary
	Year
	Land Awaiting Decision
	Deforestation
	Harvesting
	Non-anthropogenic Change
	No Change
	Non Forest
	Total 

Area

	
	Destocking Area (ha) by Year

	2008
	 
	484
	2753
	 
	 
	 
	3 237

	2009
	11
	292
	1329
	 
	 
	 
	1 633

	2010
	144
	718
	2627
	 
	 
	 
	3 489

	2011
	258
	372
	905
	 
	 
	 
	1 534

	2012
	575
	166
	975
	 
	 
	 
	1 716

	N/A
	 
	 
	 
	129
	168
	650
	948

	Total Area
	988
	2 032
	8 589
	129
	168
	650
	12 557


Figure 16 illustrates the location of targeted destocked polygons and the flight path taken to acquire evidential oblique photos at an altitude varying between 1500 to 3000 feet. The background image is a mosaic of 10 m resolution SPOT 5 imagery acquired in the summer of 2011/12 and 2012/13.

Figure 16: Southland Region Flight Path & Destock Polygon Locations
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Appendix 2
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Destock Classification Guide and Illustrations
Visual Evidence to Assist with Destock Classification
Table 1: Definitions

	Forest type prior to destocking
	Destock Classification

	
	Harvesting
	Awaiting
	Deforestation

	Natural Forest
	To confirm harvesting area must have one of:

· replanted in exotic species

· clear evidence that the area has been set aside to regenerate naturally 

· coupe felling patterns in beech forest

· vegetation removed was wilding pines within an area completely surrounded by natural forest

· the site has been prepared for planting i.e. roller crushing or mounding

· tree weed exemption

· Afforestation Grant Scheme 
	Areas which cannot be confirmed as either harvesting or deforestation are classed as awaiting.  Evidence consistent with awaiting land include:
· sprayed/burnt vegetation

· incomplete vegetation removal

· less than 4 years since destocking

· no evidence of land-use change e.g. establishment of pasture, fences or other infrastructure
	To confirm deforestation area must have one of:

· pasture established

· crop, settlement or other land use established

· vegetation removed was wilding pines in a pasture or tussock context where replanting is unlikely

· area cleared for 4 years and no forest has re-established

· Deforestation decision is supported by ETS Application for Tree Weed Exemption

	Pre-1990 planted forest
	To confirm harvesting area must have at least one of:

· replanted

· evidence of ripping and/or mounding in preparation for planting

· destocked area surrounded by natural or exotic forest with a forestry context
	Areas which cannot be confirmed as either harvesting or deforestation are classed as awaiting. Awaiting land has the following characteristics:
· stumps not removed

· no evidence of active land use conversion

· less than 4 years since destocking
	To confirm deforestation area must have at least one of the following:

· stumps removed

· large debris piles

· pasture established

· fences established

· roading consistent with settlement expansion as opposed to forestry access

· evidence of alternative land use such as cropping, livestock, buildings, irrigation, power lines

· 4 years since destocking with no evidence of replanting

· ETS deforestation notification

Deforestation decision is supported by the following indicators:

· ETS Application for Exemption to deforest

· species of trees removed had not reached maturity

· proximity of high value land e.g. dairy, coastal

	Post -1989 forest
	To confirm harvesting area must have at least one of:

· replanted

· evidence of ripping and/or mounding in preparation for planting

· destocked area completed surrounded by forest or within a forestry context

Harvest decision is also supported by:

· mature  trees removed e.g. Eucalypts

· stumps are still in the ground
	Areas which cannot be confirmed as either harvesting or deforestation are classed as awaiting. Awaiting land has the following characteristics:

· stumps not removed

· no evidence of active land use conversion

· less than 4 years since destocking
	To confirm deforestation area must have at least one of the following:
· stumps removed

· large debris piles

· pasture established

· fences established

· roading consistent with settlement expansion

· evidence of alternative land use such as cropping, livestock, buildings, irrigation, power lines

· 4 years since destocking with no evidence of replanting

Deforestation  decision is also supported by:
· immature trees removed

· proximity of high value land e.g. dairy, coastal

· withdrawal from ETS 


Table 2: Illustrated Destock Classification Guide

	Harvesting
	[image: image27.png]



The 2008 SPOT 5 image (above left) shows a planted forest polygon (POY_0809_3634). The 2010 SPOT 5 image in the (above middle) shows the same polygon with the forest removed. This polygon was classified as harvested based on the oblique photograph (above right) acquired in July 2013.
In this example, the oblique photograph clearly shows replanting and is therefore classified as harvesting. Further evidence to support harvesting includes:

· Corporate forestry context

· Surrounded by forest

· Classified as pre 1990 planted forest

	Land Awaiting 
	 SHAPE  \* MERGEFORMAT 



The 2008 SPOT 5 image (above left) shows a planted forest polygon (IAP_2012_464).  The 2011 SPOT 5 image in the (above middle) shows the same polygon was harvested, but to date shows no evidence of replanting. This polygon was classified as awaiting land use decision based on the oblique photograph (above right) acquired in March 2013.

In planted forests, areas which cannot be confirmed as either harvesting or deforestation are classed as awaiting.  Evidence consistent with awaiting land include:

· sprayed/burnt vegetation

· incomplete vegetation removal

· less than 4 years since destocking

· no evidence of land-use change e.g. establishment of pasture, fences or other infrastructure. 

In Pre-1990 forests, areas which cannot be confirmed as either harvesting or deforestation are also classed as awaiting. Awaiting land has the following characteristics:

· stumps not removed

· no evidence of active land use conversion less than 4 years since destocking

	Deforestation
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The 2006 SPOT 5 image (above left) shows a planted forest polygon (IAP_2012_NOR_438). The 2008 SPOTMAPs image (above middle) shows the same polygon with the forest removed. This polygon was classified as deforestation based on the oblique photograph (above right) acquired in July 2013. For clarification, due to the orientation of the oblique the same area has been highlighted (yellow box) in this oblique photograph. 
The destock image was captured in December 2008. This means it is highly unlikely that replanting will take place before December 2008 given the oblique photograph was captured in July 2013. Further evidence to support deforestation includes:

· The four year rule (this would allow only several months to replant)
· Farm context
· Stumps removed
· Evidence of land conversion (oblique does not support evidence of any preparation for replanting)
Further points of evidence to suggest deforestation may include (not visible in this example):

· Livestock

· Establishment of roads and fences

· Settlement expansion


Appendix 3
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QAQC Checklist
Attribute Check List

	Rule ID
	Polygon Query
	Expected polygon count
	(
	Description

	1
	("POLY_SORCE" <> 'LCR'  AND "POLY_SORCE" <> 'IAP') AND "ORIG_PROJ" = 'IAP 2008 - 2012 map'
	0
	
	Only ‘LCR’ and ‘IAP’ polygon sources should be used for newly mapped polygons.

	2
	"REGION_ID" IS NULL OR "REGION_ID" = 0
	0
	
	REGION_ID should be populated for every region.

	3
	"ORIG_PROJ" (click “Get Unique Values” button)
	0
	
	ORIG_PROJ should be either:

'IAP 2008 - 2012 map'

'IAP 2010 map'

'POY 2008 - 2009 map'

	4
	"ORIG_PROJ" = "UPDAT_PROJ"
	0
	
	Update project should not be the same as original mapping project

	5
	"ORIG_PROJ" = 'IAP 2008 - 2012 map' AND "UPDAT_PROJ" <> ' '
	0
	
	If the current project is the first project to map this polygon then the update project should not be populated

	7
	"ORIG_PROJ" = "UPDAT_PROJ"
	0
	
	Original and update projects cannot be the same

	8
	"UPDAT_PROJ" <> ' ' AND "PREV_HDA" = ' '
	0
	
	PREV_HDA must always be populated when polygon has been updated (only when the polys’ HDA has changed because updates can also occur in other attributes without affecting the HDA)

	9
	("DESTOCK_YR" < 2007 OR "DESTOCK_YR" > 2013) AND FINAL_HDA <> 'NF' AND "FINAL_HDA" <> 'NC'
	0
	
	Destock year should be in the range 2007-2013. Blank destock years acceptable for NC and NF

	10
	"CON_EVIDNC" = '2' AND "ORIG_OBLIQ" = ' '
	0
	
	Oblique photo name must be populated when Contractor Evidence is oblique aerial photography

	11
	"CON_EVIDNC" = '1' AND "ORIG_OBLIQ" <> ' '
	0
	
	Oblique photo name should not be populated when contractor Evidence is satellite imagery

	12
	"FOREST_IMG" = "DSTOCK_IMG"
	0
	
	Forest image and destock image cannot be the same except where HDA is NC or NF in which case populate with earliest image and latest image.

	13
	"FOREST_IMG" = ' '
	0
	
	Forest image must be populated 

	14
	"DSTOCK_IMG" = ' '
	0
	
	Destock image must be populated

	15
	"UPDATE_IMG" = ' ' AND "UPDAT_PROJ" <> ' '
	0
	
	Update image should be populated for all polygons which have been updated.

	16
	"FINAL_HDA" = ' '
	0
	
	FINAL_HDA must be populated for all polygons

	17
	"FINAL_HDA" = 'A' AND "WATCH" = 0
	0
	
	Awaiting polygons are not confirmed and therefore should still be watched

	18
	"FINAL_HDA" = 'D' AND "CON_EVIDNC" = '2' AND "WATCH" = 1
	0
	
	Deforested polygons which have been confirmed by oblique aerial photography should not have the watch flag set

	19
	"FOUR_YR" = 1 AND "FINAL_HDA"<> 'D'
	0
	
	Four-year rule is only used to confirm deforestation.


Other checks:

· No multipart polygons

· No duplicate Unique Ids

· MFE_HDA, MFE_COMMENT and MFE_EVIDENCE are preserved from LUCAS destock layer

� Season 1 regions were mapped from satellite imagery acquired in the summer of 2011/12; Season 2 regions were mapped from satellite imagery acquired in the summer of 2012/13


� Newsome, P., Shepherd, J., and Pairman, D. (2003). Establishing New Zealand's LUCAS Land Use and Land Use-Change and Forestry 2012 Map: Landcare Research Contract Report: LC1667 prepared for the Ministry for the Environment, Wellington, New Zealand


� Location: Easting - 1291083, Northing - 4912856 Polygon ID: IAP_2012_SOU_396 Photo ID: 130508sou_kt_122
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