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1 For code, other documentation, and access to data for research purposes go to http://www.motu.org.nz/our-
work/environment-and-resources/lurnz/.  
2 All reported values are measured in 2013 dollars. 

http://www.motu.org.nz/our-work/environment-and-resources/lurnz/
http://www.motu.org.nz/our-work/environment-and-resources/lurnz/
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3 Harvestable forest is defined to be Pinus radiata between the age of 26 and 40 (inclusive), as described in Section 0. 
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4 The spatial allocation of land in LURNZ is documented and validated in (Anastasiadis et al. 2014).   
5 Exotic forest stands include Pinus radiata (radiata pine), Pseudotsuga menziesii (Douglas-fir or Oregon pine), and other 
exotic forest species.  Of the total area of exotic forests planted in the NEFD dataset, 89.9% is radiata pine, 6.2% is 
Douglas-fir, and 3.9% is other exotic forest species (categorized as cypress, softwoods, eucalyptus, hardwoods)  
(Ministry for Primary Industries, 2013b).     
6 The NEFD planted dataset is restricted and provided to Motu by MPI.  The Motu data library reference is 
R10080.     
7 Poor quality land tends to be steep, far from a port or mill, far from nearest town, and have a poor land-use 
capability (LUC) rating.   
8 Each pixel is assigned a ranking number from zero to one for each land-use type (dairy, sheep/beef, scrub, and 
forestry.  A pixel with a ranking close to one for, say, dairy is better suited for dairy land than a pixel with a dairy 
ranking close to zero.  Ranking is determined by a logit model using coefficients estimated by Timar (2011). 
Moreover, for a given pixel the pixel ranking for each land-use type sums to one.  
9 If we run out of scrub land, then we covert the poorest quality sheep and beef land to forest.  If we also run out of 
sheep and beef land, then we convert the poorest quality dairy land to forest. 
10 Differences between LURNZ and NEFD can be attributed to measurement error in each dataset.  LURNZ 
produces a simulated map building on the 2008 LUCAS map; it is subject to simulation error within the LURNZ 
algorithm and remote sensing error in the LUCAS map.  For the 2013 NEFD data was collected from a 
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questionnaire sent to all known forest owners and managers with more than 1000 hectares of forest combined with 
imputed data on smaller forest owners from the 2012 NEFD. These data were supplemented by 2004 data from 
AgriQuality Small Forest Grower Surveys.  Imputation error (leading to a small overstatement of areas in the older 
age classes), inaccurate reporting by forest owners and sampling error contribute to the measurement error in the 
NEFD dataset.   
11 The largest relative differences occur in the Franklin District.  LURNZ reports 6,950 ha and NEFD reports 43ha 
giving a -16,000% difference.  Franklin was divided between the Waikato and Auckland City district in 2010.11  The 
2011 NEFD report (MAF, 2012) reported 5,990ha of Pinus radiata in the Franklin District.  So the 2013 NEFD 
dataset incorrectly defines the Franklin District. The ungated versions of the 2011 and 2012 NEFD datasets do not 
report the Franklin District.  We suspect that the inclusion of the Franklin District in the 2013 NEFD was a 
mistake. 
12 To calculate the ‘relative error’ we calculate the percentage error using each of the datasets in turn as the base, 
then take the minimum of the absolute value of the percentage errors.  This minimises the influence of the choice of 
base dataset.   
13 Henceforth we assume that all forest reported in the NEFD dataset and in maps that we generate are radiata pine.  
This assumption is motivated by data limitations (the NEFD dataset does not separately report radiata pine and 
other exotic forest stands), the similarity between radiata pine and Douglas-fir, and the prominence of radiata pine in 
New Zealand.  The NEFD 2013 (Ministry for Primary Industries, 2013b) reports total planted forest by species.  
The difference between forest stands in the NEFD dataset and radiata pine in NEFD 2013 is 159,118 ha, suggesting 
that we over-report radiata pine by 9.3%. 
14 The age of a forest stand in 2008 is determined by Zhang and Kerr (2011).  The LURNZ algorithm aged the 
stands appropriately when creating the 2013 basemap.  In our 2013 base map, each pixel has a corresponding age: 
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either unassigned or 0-80.  Forest pixels with age = 0 are blocks awaiting replanting.  We assign these pixels age=1.  
Moreover, forests with age greater than 40 are deemed unharvestable.  So pixels with age>40 are reassigned to 
age=41. 
15 If there are insufficient pixels in a step, then all pixels at that step are renamed post-89 and the remaining pixels to 
be allocated are pulled from following steps.  If there are sufficient pixels in a step, then a random number generator 
is used to reassign the required number of pixels as post-89. 
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16 It is important to start with age=1, then move to age=2, … then move to 40 to minimize changes made.  Order 
of TA does not matter. 
17  If there is insufficient forest area in a step (say the first step), then the age of all unassigned pixels is set to j and 
the remaining forest area to be allocated age=j is settled in the following steps.  On the other hand, if there is 
sufficient forest area in a step (say the first step), then a random number generator is used to allocate NEFD – 
LURNZ unassigned pixels as age=j.  
18 The average age of harvest is 27.7 years (Ministry for Primary Industries, 2013b). 
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19 This does not imply that all forests between age 26 and 40 will be harvested. 
20 This definition is motivated by expert advice from Gerard Horgan. 
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21 We tried varying by WSR, but there was insufficient data to calculate positive harvest rates for all WSRs and age 
classes 26-40.  We could estimate harvesting rates by WSR if we had a time series of planted forest by year and 
WSR. 
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ℎ𝑎𝑟𝑣𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑖𝑗 × 𝑡𝑜𝑡𝑎𝑙 𝑝𝑙𝑎𝑛𝑡𝑒𝑑 𝑓𝑜𝑟𝑒𝑠𝑡𝑖𝑗𝑡

 

 

𝑖𝑗𝑡 = ∑ 𝑘𝑡 ×
𝑖𝑗𝑡

3

𝑘=1

,

 𝑖

 𝑗

 𝑡 𝑡 ∈ {2014, … ,2030}

 

𝑝𝑟𝑖𝑐𝑒𝑘𝑡

 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦𝑖𝑗𝑘

                                                 
22 A note to the analyst: Harvest code is located in R:\Environment\LURNZ\Projects - creating resources\Forestry 
profitability\Version 5 - MPI Project\Code\5. Profit Map by Year\Code\Profit3.m.  To apply this to LURNZ, 
minor alternations need to be made including changing harvest age assumption.  For simplicity I did not keep track 
of harvested forests’ age.  One would need to insert an indicator to do this.  The code could be faster with a more 
efficient sorting algorithm. 
23 We lack yield data for forests that have production thinning.  So we assume production thinning does not take 
place.   
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2014 = (1 +
2014

) × 2013

𝑡 = (1 +
𝑡
) × 𝑡−1 𝑡 = 2015 − 2017;

𝑡
=  

𝑡 − 𝑡−1 

𝑡−1
.

                                                 
24 Go to http://www.mpi.govt.nz/ and search for Indicative NZ Radiata Pine Log Prices.  Open the log price 
series.  Select the December 2013 average over 12 quarters price for pruned logs.  Go to the domestic price sheet.  
Let the price of: pruned logs be the average of class P1 and P2; unpruned logs to be the average of class S1, S2, 
L1&L2, and S3&L3; pulp be the class pulp.  Go to http://www.mpi.govt.nz/ and search for Indicative NZ Radiata 
Pine Log Prices.  Open the log price series.  Select the December 2013 average over 12 quarters price for pruned 
logs.  Let unpruned logs be the average of class A, J, and K.   
25 Inflation is reported in Table 1.1, and forest price estimates are reported in Table 3.1. 

http://www.mpi.govt.nz/
http://www.mpi.govt.nz/
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𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑖𝑗 = (𝑅𝑜𝑎𝑑 𝑐𝑜𝑠𝑡𝑗 + 𝐻𝑎𝑟𝑣𝑒𝑠𝑡 𝑐𝑜𝑠𝑡𝑗 + 𝐶𝑎𝑟𝑡𝑎𝑔𝑒 𝑐𝑜𝑠𝑡𝑗) × 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦𝑖 ,

                                                 
26 Go to http://www.mpi.govt.nz/ and search for NEFD yield tables.  Download the yield tables for each WSR at 
the bottom of the page.  The current yield tables do does not include the West Coast WSR.  We use the same yield 
tables as discussed in Olssen et al. (2012), which “halve the West Coast yield from the earlier tables … as 
recommended by Steve Wakelin from Scion Ltd … [since] it is widely believed that the earlier tables overstated 
West Coast yields”. 
  
27 Forest gradient and distance to port or mill are calculated in Olssen et al. (2012). 
28 Cost data is restricted.  Contact AgriFax, and purchase the Regional Log Price and Cost Report.  Go to 
http://www.nzxagri.com/agrifax for contact details.   
29 Costs are denominated in dollars per tonne.  We use the conversion factor of 0.926 for pruned, 0.893 for 
unpruned, and 0.812 for pulp to convert costs to dollars per m3 as recommended by AgriFax’s Forest Analyst Ivan 
Luketina. 

http://www.mpi.govt.nz/
http://www.nzxagri.com/agrifax
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𝑖𝑗𝑡 = 𝑖𝑡 − 𝑖𝑗 .

 

θpruned and not thinned

θij

                                                 
30 Pruning regime is determined in the 2013 map, and carried through to all other maps. 
31 We are implicitly assuming that the proportion of pruned forest will remain constant from 2013-2030.  The 
NEFD report might be underestimating the number of pruned forest: forest owners do not decide on pruning 
regimes until the forest is aged 10, and very few forest owners declare that they will prune the forest when it is less 
than 10 years old.   
32 We assume that all forests that will be harvested by 2030 have already been pruned in 2013 if they are going to be 
pruned.  The youngest are 9 years old.   
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33 We round stumpage profits to the nearest $100. 
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34  2030 is the first year that post-89 forests have a full age-class distribution (from 1-41).  It makes sense to compare 
histograms and stumpage profit maps in 2030, but no earlier.  
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𝑐 =

0.25.

𝑐 = 0.26

                                                 
35 Forest stands with IRR less than 5% in Nelson and Canterbury are on steep land. 
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