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I. Introduction.  

Given the important role that agriculture plays in the New Zealand economy, changes in rural land use have important implications to New Zealand as a whole. But these effects may differ across the country. In addition, changes in rural land use have important environmental implications. For example, shifting from sheep and beef farming to dairy farming has a big impact on New Zealand’s greenhouse gas emissions and therefore liability under the Kyoto agreement. These effects may also impact different areas of the country differently. 

Motu is currently in the process of building the second version of its simulation model, Land Use in Rural New Zealand version 2 (LURNZv2) to simulate the effect of price changes on New Zealand land use. This model will allow us to assess the impact of particular policies and price shocks at a national level, but also at a regional level. LURNZv2 will improve on the earlier version (LURNZv1) by incorporating spatial variation into the estimation providing more accurate estimation at the sub-national level. 

For LURNZv2, we need to have a consistent and spatially varying dataset of land use in New Zealand. The Statistics New Zealand Agricultural Production Census and Surveys is the most consistent panel data of sub-national land use available for New Zealand. This data has been collected since 1981 but unfortunately it has not been reported on a consistent data frame. Between 1981 and 1990, data was collected at the county level. But in 1991, they shifted to collecting at the territorial authority (TA) level. This change decreased the number of sampling units (from 103 down to 73) and resulted in redrawing of the boundaries. 

In this paper, we outline the method we used to create a consistent and suitable data series. A number of different datasets were used in the creation of the final land use dataset. So we start the paper with a brief description of the dataset that were used before moving onto the methodology. The creation of the final dataset involved several main steps. First, the existing data from Statistics New Zealand was cleaned to remove obvious errors and impute values for suppressed data. Further variables were also created from the data. Second, a concordance between the county map and county data was created, to correct the inconsistencies between the data sources. Third, as the Agricultural Production Census and Surveys only covered rural land, panel data for non-rural land uses were developed since rural land use does not occur in isolation. Fourth, a concordance between county and TA boundaries was developed. Finally, the resulting data was calibrated to LCDB2. 

II. Data Used

The creation of a consistent TA level dataset of land use required the use of different datasets. Below gives a brief description of the data that we used during the creation of this data series. 

A. Statistics New Zealand Agricultural Production Censes and Surveys

The Statistics New Zealand (SNZ) agricultural and production survey is a panel dataset with estimates of private rural land use for counties (1981-1990) and TAs (1991-1996, 2002-2004) (Statistics New Zealand, 2003). 
  Over our period of interest, 1981-2004, Statistics New Zealand (SNZ) conducted censuses of agricultural production in 1981-1987, 1990, 1994, and 2002, and sample surveys in the years 1988, 1989, 1991-1993, 1995-1996, and 2003-2004.
 For each of these years, they measured rural production and land use on June 30th, including measuring livestock numbers and fertiliser use for dairy, beef cattle, and sheep.
 

The agricultural production censuses and surveys also include the area of ‘pasture’, ‘plantation’ and ‘other’ rural land uses. The ‘Pasture’ area generally includes rural land that is in grass, lucerne, or tussock. However, in some years ‘land for crops’ was also included in this category.
 ‘Plantation forestry’ includes plantations of exotic trees grown for timber (and harvested areas), but excludes plantations of native trees, conservation plantings, and shelterbelts (Statistics New Zealand, 1997). The‘other’ rural land includes mature and regenerating native bush, native scrub, and all other land (encompassing farm building area, houses, domestic gardens, shelterbelts, conservation plantings). 

In 1987 a significant amount of ‘other’ rural land was reclassified as conservation land. Consequently, it was not included in the ‘other’ category from that point on (Statistics New Zealand, 1997; personal communication with Andrew McLaren, Statistics New Zealand, 2004). From 2002 onwards, they have disaggregated ‘other land’ into three subcategories: mature native bush, native scrub and regenerating bush, and all other land.

The Agricultural Production Survey population frame changed in 1994 and again in 2002.
 Prior to 1994, the population included all units in Statistics New Zealand’s Business Directory engaged in agricultural activity, where agricultural activity included horticulture, grain and arable cropping, livestock farming, and exotic forestry operations. From 1994, the population changed to include only units that were registered for Goods and Services Tax. This resulted in a decline in the number of farms included. The 2002 census used the 1994 population definition but, in addition, included units on the Inland Revenue Department’s Client Register engaged in agriculture activity (Statistics New Zealand 2003).
 

Meat and Wool Economic Service has collected SNZ Agricultural Production Survey data as it was publicly released, and has endeavoured to improve the time-series consistency and enhance the land-use detail by supplementing the SNZ data with information from their own farm surveys. Specifically, they improved the time-series consistency in the ‘pasture’ area category by including ‘land for crops’ in the ‘pasture’ category for the entire period. In this project we use the improved Census and Surveys data from Meat and Wool New Zealand. 

B. Land Cover DataBase 

The Land Cover DataBase (LCDB) is a spatial dataset of land cover in New Zealand, constructed from a classification of satellite imagery from the Sensor Placement + Optimisation Tool (SPOT) sensor. The datasets represent land cover in 1996-1997 (LCDB1) and 2001-2002 (LCDB2).  We used a corrected version of LCDB1, which accounts for new information acquired in LCDB2 that allowed for improved classification of the earlier dataset.  For example, the locations of newly planted forests that were difficult to identify in 1996 were easily identified in 2001 after an additional 5 years of growth.  

C. Statistics New Zealand Population and Dwelling Censes

We used population data from national Censuses to estimate population density across the country.  As censes are conducted every five years, we get six years of data for our period of analysis, beginning in 1981. We used linear interpolations of population by county or TA for intervening years. As the data is available at a finer scale than TAs and counties, we aggregated the data up to the appropriate level. 

D. Department of Conservation Land

The Department of Conservation (DOC) land register is a GIS database of conservation land, covering the New Zealand mainland and offshore islands. Conservation land includes Crown land held under the Conservation Act, Reserves Act, National Parks Act, Wildlife Act, Marine Reserves Act, and the Marine Mammals Protection Act. These lands are primarily managed for recreation, conservation, or limited extraction (Conservation General Policy. Published:  May 2005, amendments to Chapters 2 and 4, June 2007).  The dataset provides spatial boundaries of areas owned by the Crown and managed for the public good. It excludes seabed or foreshore not set aside for a particular purpose. The map also includes private or Maori land that has legal protection through a conservation covenant or Nga Whenua Rahui kawenata, a lease to the Minister of Conservation, agreement under s76 Reserves Act, easement held by the Minister of Conservation, sanctuary refuge or management area under the Wildlife Act. In addition, the map includes other conservancy land for which DOC has information (mostly local authority reserves). 

The register is not time-stamped, and is updated when conservation units change so that it is accurate at each point in time. We acquired two versions: one in May 2003 and another in September 2006.

Although we infer a panel of conservation land based on changes in private land, we used a dataset from the Department of Conservation (DOC) for the purposes of verification. 

E. Statistics New Zealand Area Boundaries

We used a spatial dataset of surveyed boundaries for Teritorial Authorities (TAs), counties, and meshblocks from the 1996 census.  These boundaries are used to capture the spatial areas of different land uses within these units, as well as to calculate the statistical area of the units. The boundaries were established in 1996 and reported as meshblocks, which can be aggregated into TAs and then into Area Units.  The database is maintained by Statistics New Zealand.  

To create the pseudo TAs, we used 1996 boundaries. To predict urban increases 2002-2004 and calibrate the final dataset to LCDB2 we used the 2001 boundaries. 

F. National Exotic Forestry Description

The National Exotic Forest Description (NEFD) began in 1983 and describes area, age-class, and management information for planted production forest as at 1 April. 

The NEFD is compiled primarily from an annual postal census of forest owners and managers of large planted production forests. Every year, MAF carries out a census of larger forests, with the forest area threshold alternating between 40ha and 1000ha in consecutive years.
 In years where the census includes forests greater than 40ha, the coverage of total forest area is approximately 80%, and in the other years, it is nearer 70%.
 When the threshold is 1000ha, the survey data is supplemented with information on smaller forests from the previous year’s survey (Ministry of Agriculture and Forestry, 2003). The remaining 20% of forest area includes forests under 40ha and newly planted area. 

Since 1992, new planting has been imputed using a survey of the sale of planting stock from commercial forest nurseries. Since 1995, forests smaller than 40ha are accounted for using the 1995 Statistics New Zealand small forest grower survey and imputation of new planting (Ministry of Agriculture and Forestry, 2003). Because the data coverage is variable, the time-series consistency is not good.

III. Creating the Panel Dataset

The data available from the Statistics New Zealand Agricultural Production Censuses and Surveys is the most comprehensive panel data on agricultural land use in New Zealand at the TA level. Thus we use this as the basis for our work on New Zealand rural land use. But this data has some limitations and it does not provide all the variables that we require. Consequently, we make alterations to the existing data to remove large, perceived errors and create additional variables using other data sources such as LCDB and Meat and Wool Economic Service Farm Surveys. Our method involves:

· Cleaning the raw data

· Remove obvious errors

· Impute suppressed values

· Generation of new variables

· Develop a concordance between the county level data and the county map

· Generate panel datasets for non-rural land uses 

· Urban land

· Static, non-productive land

· Conservation land

· Develop a concordance between county and TA boundaries

· Calibrate the data with LCDB2 to identify the spatial location of land use areas

The remainder of this section will discuss each of these steps in more detail. 

A. Cleaning the Raw Data

The raw data that we received had some problems. First, there were some spikes within the data that did not seem to reflect reality. Thus we undertook a cleaning process to remove these spikes and irregularities. Second, a number of the cells were suppressed for confidentiality reasons post 2002. To avoid losing a significant proportion of our sample, we imputed values for the suppressed cells. Third, the variables available in the raw dataset did not completely match our requirements. Thus we created additional variables. 

1. Removing obvious data errors

a) Land use adjustments

As described above, the Statistics New Zealand Agricultural Production Censuses and Surveys are the most comprehensive source of land use information at the TA level. Although it provides us with a long panel of data, the collection methods have changed over time, and as a result the data is not always consistent. To improve the time-consistency, we examined the data, TA by TA and county by county, identified and corrected those errors. The following text will refer to the checking progress carried on TAs but an identical process was also carried out on the county data. 

For each TA, we plotted the areas of plantation forestry, pasture, horticulture and other land over time. We identified instances where large changes or spikes occurred in the time series in a single year. These changes could occur for one of two reasons. 

First, areas may be misclassified in the wrong TA for a single year. If an area of plantation forestry, for example, was recorded in an incorrect TA for a single year, we would observe a spike in the total rural land use and plantation forestry corresponding to a inverse spike in a neighbouring TA. These spikes need to all be of a similar magnitude, but not identical as other land use changes may occur during this time. 

Second, a temporary spike in the area associated with a land use may occur within a single TA. If a large spike in land use is not accompanied by a change in the total rural area of the TA, the spike must be offset by changes in another land use. We questioned the accuracy of the data when we observed large spikes of similar magnitude but opposing direction in two of the land uses within the TA in a single year. It is possible that these kinds of spikes reflect real changes in land use. However, as large-scale land-use change usually takes more than a single year to occur and changing between plantation forestry and pasture is costly, it is more likely that these spikes reflect misclassification of significant areas in a particular year.


Once we identified the spikes that were probably inaccurate, we smoothed the data series. When we observed a conspicuous upward spike in one TA and a downward spike in its neighbour, we calculated an average adjustment value and then subtracted this value from the upward spike and added it to the downward spike. This value was calculated by averaging the absolute increases and decreases surrounding the spikes observed in each TA. We did this because we did not expect an identical change on both sides of the spike or between the two TAs, as there are likely to be other “real” changes in the land use area between years.  More details on the methods used and the adjustments that were made are available in the supporting documentation paper (Steps to filling in suppressed cells.doc – Put in the appendix?).
Our smoothing process is not comprehensive. As spikes were identified visually, data errors are less likely to be picked up in a noisy series. Also, we have not examined all large changes in the series, only those that suggest potential inconsistencies. Despite this, we picked up a large number of probably errors in the raw data (see Table 1 and Table 5 for more details). 

Table 1 Smoothed and non-smoothed cells by land use
	Land use
	Smoothed cells
	Percentage smoothed

	Pasture
	29
	4.3%

	Plantation Forestry
	14
	2.0%

	Horticulture
	0
	0%

	Other
	8
	1.2%

	Total
	THIS WASN’T DONE!
	??


Table 2 Smoothed and non-smoothed cells by year

	Year
	Smoothed cells
	Non-smoothed cells

	1981
	5
	8.0%

	1982
	7
	11.1%

	1983
	7
	11.1%

	1984
	5
	8.0%

	1985
	3
	4.8%

	1986
	0
	0%

	1987
	0
	0%

	1988
	0
	0%

	1989
	0
	0%

	1990
	0
	0%

	1991
	0
	0%

	1992
	10
	15.9%

	1993
	2
	3.2%

	1994
	2
	3.2%

	1995
	0
	0%

	1996
	0
	0%

	2002
	0
	0%

	2003
	2
	3.2%

	2004
	2
	3.2%


b) Stock number adjustments

In the above adjustment, some land use areas were move between TAs. When this occurs, it is important to ensure that the animals associated with the land also move. 


The Statistics New Zealand Agricultural Production Census and Surveys provides the number of sheep, goats, cattle, deer and dairy cattle by TA. Yet in the later analysis we use only the stock numbers.
 Therefore, instead of undertaking the adjustments to the stock numbers, we adjusted the stock units to account for the changes in the land use between TA. When land use was moved into or out of pasture within a TA, we have assumed that the animal numbers were corrected.


For confidentiality purposes, some of the stock numbers in this datasets were suppressed. This generally happens in counties and TAs that only have a few stockowners. Thus we needed to impute values for these missing cells. We completed this imputation by each stock type. Suppressed values were assumed to remain equal to the closest unsuppressed cell. But in the cases where the stock number data was available in 2002 and 2004, yet suppressed in 2003, the suppressed data was imputed linearly from the neighbouring years’ data. 


This process lead to a number of imputed numbers but given the large number of TAs in the dataset, these were a small proportion of the total data points (Table 3).

Table 3 Imputations for stock numbers by stock type
	Stock type
	Imputed
	Percentage imputed

	Dairy
	21
	1.7%

	Sheep
	10
	0.8%

	Cattle
	9
	0.7%

	Deer
	43

	3.5%

	Goat
	42
	3.4%


Stock numbers were also adjusted to account for the changes in land use areas between TAs. As outlined above, when a land use appeared to have moved between TAs, we adjusted the land use areas to maintain consistency over time. But stock numbers are associated with the land and consequently these also need to be adjusted. 

As we did not know the number of animals associated with the amount of land that was moved between the TAs, we calculated the percentage of change in the pasture area in the TA before and after the adjustment and then adjust the stock numbers accordingly. There were four occasions where this adjustment needed to take place. 

2. Filling in missing cells for land use 

To maintain confidentiality, values were suppressed in the years 2002 – 2004.
 Consequently, the post-2002 raw data has a significant number of missing data points. Thus we needed to approximate the missing values to avoid losing a large number of data points. Since any of the land uses could be suppressed, we had to create a method for imputing data points for each land use that was consistent across all land uses. For example, if horticulture and pasture were suppressed in a TA, these values should be imputed in a way that ensures that the all of the land use areas exactly sum to the total rural area in the TA. 

To fill in these data points, we used information from other sources and approaches designed to minimise the error that would be introduced. These steps are summarised below.
 

1. We began by imputing the values of the missing horticulture data points first. Horticulture is usually the smallest proportion of a TA’s total area. Thus by imputing horticulture first, we minimise the error introduced.

a. If horticulture data was available for 2002 and 2004, we linearly interpolated the 2003 horticulture area.

b. If horticulture was missing in 2002, 2004, or any pair of years, we assumed that horticulture area remained constant throughout 2002 – 2004. 

2. After imputing the horticulture data, if there is a single missing value remained in some TAs, we imputed this value by subtracting the sum of all other land uses from the total rural area. 

3. Next we imputed missing plantation forest values by using the National Exotic Forestry Description (NEFD). Although the plantation forest areas measured by the NEFD are not entirely consistent with the Agricultural Production Census and Survey data, the NEFD gives us the likely changes in plantation forestry. Because of these differences in sampling frame, we use the proportional changes in the NEFD to predict how plantation forestry would have changed in the Census and Survey data. 

If plantation area was missing in one or two of the years, the missing values were calculated by applying the percentage change observed in the NEFD between the observed and missing year(s). If the plantation area is missing in 2003 only, it is not clear whether we should use the change between 2002 and 2003 or 2003 and 2004. In this work, we use the change between 2002 and 2003. 

4. We repeated step 2, identifying instances where only a single value was now missing within a TA in a particular year. This value was set to equal the difference between the area already assigned to other land uses and the total rural area. 

5. After the above steps only a few pasture cells still needed imputation. Those that did remain were in TAs that were later dropped or aggregated (See Section III.D for more information), thus imputation of these cells was not attempted. 

6. This process meant that the only cells that still had missing cells either had two land uses suppressed throughout the entire time-series or a single land use and total rural land were suppressed at the same time. 

This process enabled us to fill in all of the suppressed cells that we require for later analysis. The level of imputation required was not evenly spread over the land uses or years. Pasture required much less imputation compared to the other land uses (Table 4). Much more imputed was required for the 2004 data than the earlier years (Table 5). 

Table 4 Number of imputed cells by land use

	Land use
	Imputed
	Percentage imputed

	Pasture
	4
	0.6%

	Plantation Forestry
	20
	3.0%

	Horticulture
	16
	2.4%

	Other
	16
	2.4%

	Total
	8
	1.2%


Table 5 Number of imputed cells by year

	Year
	Imputed
	Percentage imputed

	2002
	15
	23.8%

	2003
	21
	33.3%

	2004
	29
	46.0%


For our analysis we are interested in the total amount of scrub land. However, for the majority of our sample period the best information that we have is on ‘total other land’ which includes ‘mature native bush’, ‘native scrub’ and ‘all other land’ such the land under buildings. For the last three years of our sample we received data on in each of these three land uses. We used these to create a new variable, scrub area, for all of the TAs and years which had data for ‘mature native bush’ and ‘native scrub and regenerating native bush’. But given that these areas were quite small in a number of the TAs a lot of these cells were suppressed in the raw data. Thus, we had to impute values for the missing cells in the variables ‘mature native bush’ and ‘native scrub and regenerating native bush’. 


Different rules were used to impute the missing values depending on the amount of information available in the raw data. First we tried to impute the values of the variables ‘mature native bush’ and ‘native scrub and regenerating native bush’.

1. If the variable was suppressed for either 2002 and/or 2004, the missing value was assumed to be equal to the 2003 value.

2. If the variable was suppressed for 2002 and 2003 or 2003 and 2004, the missing values were assumed to be equal to the non-suppressed land area. 

3. If only the 2003 value was suppressed, it linearly interpolated from the 2002 and 2004 values. 

Unfortunately this did not create values for the suppressed cells in all of the TAs and years. Thus we had to impute values for the aggregate variable, scrub land, for the remainder of the cells. 

4. If ‘total other land’ and the ‘all other land’ were both available, scrub land was defined as the difference between these two variables. 

5. If ‘scrub land’ was suppressed for either 2002 and/or 2004, the missing values was assumed to be equal to the 2003 ‘scrub land’ area. 

6. If ‘scrub land’ was suppressed for 2002 and 2003 or 2003 and 2004, the missing values were assumed to be equal to the non-suppressed land area.

7. If only the 2003 ‘scrub land’ area was suppressed, it linearly interpolated from the 2002 and 2004 values.

This allowed us to fill in all of the suppressed cells that were needed for the later analysis. See Table 6 and Table 7 for more details. For more information on which of the above rules were used in each TA, see Table 11 in the Appendix. 

Table 6 Number of imputed ‘other land’ components by land use
	Land use
	Imputed
	Percentage imputed

	Mature bush
	17
	8.46%

	Native scrub
	8
	3.94%

	Total scrub
	7
	3.23%


Table 7 Number of imputed ‘other land’ components by year

	Year
	Imputed
	Percentage imputed

	2002
	12
	5.71%

	2003
	16
	7.77%

	2004
	8
	3.90%


3. Creating the necessary rural land variables

Unfortunately the available data relating to rural land use did not completely match our requirements. We required data on the amount of scrub land (mature and regenerating native bush) but the Statistics New Zealand Agricultural Production Census and Surveys provide data on ‘other land’ only prior to 2002. This variable contained information on the amount of mature and regenerating native bush but also contained land that was covered by farm buildings etc.
 We also required data on the area of land in dairy and sheep/beef farming. In the Agricultural Production Census and Surveys, the area of pasture is available but this does not provide information on how this land should be split between dairy and meat/fibre land.
 The process for creating the additional required variables is discussed below. 

a) Converting Other Land to Scrub

For 2002-2004, we calculated scrub area by aggregating the Statistic New Zealand area data for “Mature native bush” and “Native scrub and regenerating native bush”. However that data was not collected prior 2002, but instead those land uses were included in another category ‘other land’.  Consequently, for 1981-1996 we needed a different approach. 

As there was no other time series data available for regenerating bush over this period, we had to assume that changes in ‘other land’ were all due to changes in scrub. Scrub makes up the majority of the ‘other land’ area, making up 76.5% of the ‘other land’ variable between 2002 and 2004 (see Table 17 in the Appendix for a detailed breakdown by TA). There is also a reasonably strong correlation between changes in other land and changes in the scrub variable (0.5920
). Thus, we calculated scrub for 1981-1996 by subtracting the changes in ‘other land’ prior to 2002 from our scrub area in 2002. When negative values were generated, we set them equal to zero.

b) Splitting Pasture into Dairy and Meat/Fibre Area

From the Agricultural Production Census and Surveys we obtain the area of pasture in each TA. But we wish to know the area of dairy and meat/fibre land separately. Thus we need to split the pasture area into these two components using additional data sources.  These include StatsNZ data reporting stock numbers, as well as the statistical areas of land use reported by the Meat and Wool/Economic Service dataset.  In the following section, we explain how we used these data to allocate the ‘pasture’ land use into ‘dairy’ land and ‘meat/fibre’ land within TAs.

To allocate the pasture area between dairy and meat/fibre production, we first allocate the necessary dairy area and assume that the residual pasture area will be meat/fibre land as below. We allocate dairy land first due to the greater homogeneity of stocking rates across the country. This should introduce less error into the allocation than would be achieved if we focused instead on using the less homogenous meat/fibre stocking rates. 

We began by calculating a rough estimate of the amount of dairy land in each TA by dividing the number of dairy cows per hectare by the national average stocking rate. Unfortunately this approach lead to some implausible results with some TAs requiring more dairy land than total pasture area available and other TAs having insufficient land left for the meat/fibre production implied by the stock numbers. 

To prevent the above problems from occurring we used an optimisation approach to infer the dairy stocking rate for each TA. Once the TA specific stocking rate is identified, we calculate the dairy area for each TA, by dividing the stock numbers by the stocking rate.  

1. The objective of our optimization procedure is to find a dairy stocking rate for every TA each year that minimizes the difference from the national average dairy stocking rate, subject to the three following constraints: The stocking rates selected for each TA must not imply a dairy area that is greater than the total amount of available pasture in the TA. Stocking rates imply a required statistical area as we also have information on the number of dairy animals within each TA. 

2. The sum of the dairy area in each TA, implied by stocking rates, must be equal to the national dairy area from the MWES data.

The resulting meat/fibre production stocking rate, implied by the residual pasture area and meat/fibre stock numbers, must not exceed 16.5 stock units
 per hectare, the maximum stocking rate observed in the Meat and Wool Economic Service Farm Surveys. This ensures that there is sufficient land available for meat/fibre production.

This optimisation gives us our dairy stocking rate series by TA from 1981-1996, 2002-2004. As described above, this allows us to calculate the total dairy area in each TA by dividing the number of dairy animals by the stocking rate. The remainder of the pasture that is not allocated to dairy land is allocated to meat/fibre land.  
See Liang, Yun and Joanna Hendy. 2006. Creating a TA level dataset of rural land use areas: 1981-1996, 2002-2004. Motu Internal Paper. for further details of the optimization procedure used to separate pasture land into dairy and meat/fibre.
B. Mapping Counties data

Prior to 1991, all Statistics New Zealand data was collected at the counties level rather than the TA. To give us a consistent panel series at the TA level from 1981-2004, we needed to transform the county panel data into equivalent TA data. This requires identifying the spatial relationship between counties and TAs. This will allow us to convert the county level data into TA, extending the TA data series back from 1990 to 1981. See Section D for more information. 

However, to do this we needed a GIS map of the counties boundaries, which was not available from Statistics New Zealand. Fortunately, Landcare provided us with a county boundaries map but not all of the nomenclature is consistent between it and the corresponding panel dataset. Below, we describe the adjustments necessary to eliminate these inconsistencies.

Eighteen counties in the boundaries map have no matching name in the land use dataset.
 Most of these counties were small and so we assume that their land use data was recorded in neighbouring counties for administrative convenience. Where this is the case, we simply set the land use data in these counties to zero. The error introduced by this assumption will be minimal as these counties are small relative to the pseudo-TAs to which they are matched, thus they will not impact significantly on the final pseudo-TA panel. However, nine counties of significant size with no corresponding land use data remain – we discuss these cases individually in the text below. 

Christchurch County is identified in the map but has no corresponding panel data, which is a concern because it contributes to a large proportion of the pseudo-TA Christchurch City (Figure 1). We assume that the land use data for Christchurch County has actually been recorded in one or both of its neighbouring counties, Waimakariri or Heathcote, which are also within the Christchurch City pseudo-TA.  These three counties jointly make up the Christchurch City pseudo-TA. Therefore, this misclassification of land area from Christchurch County to the other two neighbouring counties will not alter the final data. Blue names – county, black -TA
Figure 1 County and TA boundaries surrounding Christchurch
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Nelson County also has no data associated with it and covers two TAs: Nelson City and Tasman District (Figure 2). Nelson City TA is small and entirely contained within Nelson County. In contrast, the Tasman District TA is large covering the remainder of Nelson County and all of Waimea County. It seems likely that the Nelson County data has been recorded in the Waimea County. Thus, we decided to aggregate the Nelson and Waimea Counties and Tasman District and Nelson City TAs. 

Figure 2 County and TA boundaries surrounding Nelson 
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Wellington, Porirua, Upper Hutt, Lower Hutt, and Kapiti Counties are identified on the map but are not included in the panel dataset (Figure 3). However, we believe their panel data is actually recorded in a county called Hutt, which is in the land use dataset but does not appear in the boundaries map. This assertion was checked by comparing the aggregate county data with the data from the corresponding TA in the post 1990 data. These are of a similar magnitude and thus we merge the counties together to form a new county called ‘Hutt”. 

Figure 3 County and TA boundaries surrounding Wellington
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Waitemata County is in the county boundaries map but not in the counties land use dataset (Figure 4). It overlaps with the Rodney District and Waitakere City TAs. In the county land use dataset there are two counties which are not listed on the map – Rodney and Waitemata City. Thus we believe that the data for the Waitemata County was recorded in the counties Rodney and Waitemata City. To solve this problem, we aggregate the data for Rodney and Waitemata City County and assign it to Waitemata County. We also aggregated the Rodney District and Waitakere City TAs.

Figure 4 County and TA boundaries surrounding Waitemata
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Finally, Auckland County, which coincides with the TA Manukau City, is in the boundaries map (Figure 5) but not in the panel dataset. We believe the data for Auckland County has been recorded under the name of Manukau City, which is in the panel dataset but not in the boundaries dataset. Thus, we assign the land use data for Manukau City to the county Auckland.

Figure 5 County and TA boundaries surrounding Auckland and Manukau
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C. Generating a panel of Urban, DOC, Static and Rural Land 

For our analysis we wish to have information on the amount of rural land in each TA. But rural land does not occur in isolation. Thus we also required information on the amount of urban, static
 and DOC land in the TA. Unfortunately, the Agricultural Production Censuses and Survey only provide information on private rural land area. Thus we have to draw on other sources to provide an indication of the area of the other land uses in each TA over time. The process for creating series of urban, static and DOC land by TA are different and thus will be addressed separately below.

1. Urban land


Urban land is not a straightforward classification.  The delineation of other land uses, such as plantation forestry or pasture, is relatively simple: where the corresponding land cover ends, the land use also ends.  The boundaries are clear and distinct from remote sensing imagery.  In contrast, urban land might be characterized as passing a threshold somewhere along a gradient of increasing land uses we might characterize as “urban”: an increasing density of roads, a higher number of dwellings per hectare, or a reduction in the size of the average parcel of land might all indicate transitions from rural to urban land.  Even the type of work done by the inhabitants or the way they receive household services might be useful ways to separate urban from rural areas.


Unfortunately, we lack many of these different types of data, and we lack time series data for all of them.  As a result, we must make use of another proxy for urban land use: population density.  Population density is not a perfect indicator of urbanization – different cities are more or less dense, or there may be heterogeneity within units of analysis that is masked by measuring overall density, creating the possibility for errors of omission and commission regardless of what threshold is selected.  Nevertheless, for a country like New Zealand, with relatively few urban areas, a fairly homogeneous pattern of development over a relatively short history, and when examined over a short enough period of time that substantial changes are not likely to occur, a population density threshold can produce reasonable estimates of urban area that few local residents would question.  


Population density for all meshblocks is available from the Population and Dwelling census in years 1981, 1986, 1991, 1996, 2001 and 2006 allowing us to classify urban land.  We have population on the same meshblock boundaries for the years 1981-1996, but not for 2001-2006 (See Table 16 in the Appendix for a comparison of urban areas in the meshblock data and LCDB data). Therefore we have to use different procedures for identifying rural and urban land for 1981 – 1996 and 2001 – 2006. 

a) General Approach for 1981 – 1996 Data

To identify urban areas in the data we undertook two steps. First, we identified a threshold for distinguishing between urban and rural areas by examining the land cover classification and corresponding population density in 1996. Second, we use this threshold to identify urban land within each TA for each of the other years.

Population density is available from the Statistics New Zealand Population and Dwelling Census at the meshblock level. Meshblocks are standardised areas that aggregate up to TAs and are of an equivalent size to a city block in a metropolition area. The geographical area of the meshblocks are defined in such a way that they typically contain approximately 100 people in 40 dwellings (Statistics New Zealand, 2002) Thus meshblocks become larger as the population becomes more dispersed and the meshblock boundaries change over time. In this work we use the meshblock boundaries from the 1996 Population and Dwelling Census.

By overlaying the LCDB1 map of land classes and the meshblock boundaries, we were able to identify the spatial location of urban areas. From this overlay, we found that classifying meshblocks with at least 30% of their geographical area in urban areas produced maps that matched the recognisable extent of cities. Requiring a higher fraction of “urban” land cover eliminated suburban neighbourhoods; allowing a lower fraction caused city size to balloon far outside their recognisable boundaries. This was partly due to the way meshblock boundaries are drawn. Thus we classified all meshblocks with at least 30% urban land cover as urban meshblocks and the remainder as rural in 1996.

As LCDB, which provides the urban land cover maps, is only available for 1996 and 2002, we couldn’t use this rule to classify through time. Instead we need to create a threshold based on population density which is available at a higher frequency. 

After linearly interpolating population densities between census years, we can identify the year that meshblocks became urban. From the 1996 classification of meshblocks, we identified a population density threshold of 2.2 people per ha which was the average of all Secondary urban areas in 1996 and 2001 population census data. This closely matches the urban land distribution across New Zealand. 

1. backwards from 1996 to 1981, but forwards from 2002

2. no MB can change from urban to rural
b) Temporal Anomalies in 1981 – 1996 Data

With the national extent of the analysis and the large number of meshblocks in the sample, exceptions in the time series were sure to arise. Some meshblocks had a substantial urban area according to the satellite data but a low population density. Other meshblocks showed significant population growth despite being classified as urban. We used a secondary methodology to assess whether these meshblocks were correctly classified. During this process we assumed that urban land only increased over time (i.e. once land is urban, it will stay urban in the future). Given New Zealand’s increase in overall population and its urbanisation, this assumption is plausible.

Low Density Urban Meshblocks

We closely examined the few meshblocks that surpassed the 30% urban land cover threshold in 1996, but did not have a population density greater than 2.2 persons per ha in that year. For these meshblocks, we used the additional data to determine when it became urban. 

Area Units are the next larger census unit and are comprised of several meshblocks. We used the population density of the relevant Area Unit to classify when these meshblocks become urban according to the following procedure. 

1. If the population density of its parent Area Unit was above 2.2 in 1996, the meshblock within it was assumed to have become “urban” in the year when its AU passed the threshold of 2.2 persons per ha.

2. If the population of its parent Area Unit was below 2.2 in 1996, the meshblock was assumed to have become “urban” in any year when either the AU or the meshblock experienced a 50% or greater increase in population. This sharp increase in population indicates a period of strong population growth which is likely to be associated with urbanisation of the meshblock.

3. In all other cases, we designate the meshblock as “urban” in all years, even if it was consistently below the population density threshold, on the basis of its land cover in 1996 and afterward. Since there has been no strong period of population growth and it is urban in 1996, by default we assume that it was urban throughout the length of our time series. 

Urban Meshblocks with Significant Population Growth

Some of the meshblocks that were classified as urban based on the population density threshold but still experienced significant population growth after the year it was classified as urban. For example, some meshblocks that under the above rules were classified as urban experienced over 1000% population growth in 10 years. Thus, we assume that meshblocks that experienced a large amount of population growth had not “urbanised” in the initial years of the data and should have been classified as rural rather than urban. In such cases, we again refer to the parent Area Unit of the meshblock.  In the year in which the parent Area Unit surpasses the density threshold, the meshblock is designated to have become urban.  Otherwise, it maintains its urban status throughout the time series, regardless of its context or its earlier population dynamics (as long as the projected population density is above 2.2).


This gave us a series of urban meshblocks from 1980 to 1996 where the number of urban meshblocks increased from 23,490 to 24,755 (See Table 12, Table 13, Table 14, Table 15, and Table 16 in the Appendix for more statistics on the urban meshblock series). 

c) General Approach for 2001 - 2004 Data

As we did not have population data associated with a consistent meshblock boundary post 2001, we need to use different analysis than the above. Instead we are restricted to undertaking the analysis at a higher resolution. Over the period 2002 – 2004, the TA boundaries change only slightly, unlike the meshblock boundaries. Thus we assign urbanisation at the TA level. 

We identified urban land in 2002 using LCDB2. We then extrapolated the expansion of urban land identified by LCDB2 at the TA level using population density. 

2. Static Land

For our work we are not interested in areas that are not going to be able to be used for productive purposes, such as lakes, rivers, sand and snow-covered mountain tops. But to exclude such areas we need information on the amount of non-productive land in each TA or county. We identified the amount of non-productive land in each TA through the land use categories in LCDB1 and LCDB2. The following land use categories were considered to be static features – 

· Alpine Gravel and Rock

· Coastal Sand and Gravel

· Estuarine Open Water

· Herbaceous Freshwater Vegetation

· Herbaceous Saline Vegetation

· Lake and Pond

· Permanent Snow and Ice

· River

· River and Lakeshore Gravel and Rock

· Transport Infrastructure.

The extent of static land changed by only 625 ha between LCDB1 and LCDB2 (Table 8). So, if a feature was identified as static in either LCDB1 or LCDB2, we assume that it remained in through the entire time-series. Thus, the amount of static land should remain constant within each TA through the time series. However, in some cases it may change if it is converted to conservation land. 

Table 8 National Static Area from LCDB maps (units – ha)
	National Static Area 2002 shapefile
	1686473

	National Static Area 2002 Motu grid 
	1682875

	National Static Area 1996 shapefile
	1979287

	National Static Area 1996 Motu grid
	1682250


3. Conservation land

Once we are able to distinguish between urban, static and non-urban land, we need to be able to split remaining land into private rural and conservation land. By definition, all land within a TA can be classified as either urban, private rural, static or conservation land. Thus, as we already have identified the amount of urban, private rural, and static land within each TA, we can assume that the residual is conservation land. While this may not be a perfect match with the actual conservation land at a particular point in time (Table 9), this does provide with the only available time-series of conservation land by TA and is a reasonable approximation (correlation no)
. The national conservation land area includes static land whereas inferred conservation land does not.

Table 9 National Conservation Land Area (ha?)
	National Conservation Land Area

	National Conservation Area 2003 from DOC
	8395268.456

	Inferred Conservation area 2003
	10739004


D. Creating a Concordance Between County and TA Data

It is vital that the data is combined in a consistent manner. Many of the TA boundaries align closely with the county boundaries but there are also a large number of cases where there is not an exact match between county and TA boundaries. For example, the Central Otago District TA overlaps 6 different counties (Figure 6). As a result, these data cannot be directly compared and trends over this time period are lost. 

To deal with this issue, we took steps to transform county-level data, creating concordance among units of analysis across time.

Figure 6 County and TA boundaries in the Central Otago area
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A Territorial Authority – County (TAC) is a spatial unit created by the intersection of county and TA boundaries.  Accuracy is at the level of the original cadastral survey (sub-meter).  This is probably the highest resolution data we have.

Our approach was to create a time series of land use allocation that ultimately uses the TA as the unit of analysis.  Thus, as we look backward in time, we must simulate the existence of TA boundaries before they actually existed – and infer the land use within those boundaries. These boundaries will be amalgamations of the TAC areas. We do this by a careful reconstruction of land use in counties, along with a procedure that allocates land use to the TACs in a way that attempts to avoid introducing bias into the data we have. 

This procedure relies on a step-wise process of absolute and proportional adjustments, using different data sets. Based on the spatial information available, we use slightly different methods for each land use to allocate between TACs. Then we aggregate the resulting land use in TACs into the TA boundaries.  This is intended to give us a consistent unit of analysis that captures changes in land use over the whole time interval 1981-2004. The methods used to transform each land use are described below.

1. Urban land

As described earlier, we have a series of urban land by meshblock. This provides us with information on the location of urban land at a lower spatial aggregation than the TACs. Thus we can identify the urban area in each TAC aggregating the urban meshblock’s statistical area.  

2. Static Land

Our static land areas are based on land cover information from LCDB1. Thus we already know the spatial location of these features and can directly identify the area of static features in each TAC. 

3. Plantation forestry

To transform each year of the counties data, we begin by assuming that plantation forestry is distributed across TACs according to the pattern identified by LCDB1. This is used to allocate plantation forestry between TACs by assuming that plantation forestry occurs in the same places that it occurs in the 1996 distribution. Given that there is generally a 30-year lag between forests being planted and harvested, it is reasonable to assume that the plantation forests location is not changing dramatically between 1996 and the earlier years of the data.   

However, it is unlikely that the plantation forestry area prior to 1996 is exactly equal to the area of plantation forestry in any of the previous years. If the plantation forestry area in the year of interest is greater than the 1996 area, the extra plantation forestry area is assumed to be uniformly distributed over the TACs. If the plantation forestry area in the year of interest is less than the 1996 plantation area, the 1996 distribution is scaled down uniformly by the required amount.

As an alternative, we considered using a path-dependent backcasting approach. For example, we could assume that the forest in 1995 was distributed in the same way as 1996, and then uniformly increase or decrease it so that it matched the TA value for 1995. Then, in the same way we could calculate 1994 forest based on the distribution of 1995 forest. We could continue this method back to 1981. However, this method would have meant errors propagated backwards through time. By using the first method, we ensure the errors will be independent across time. 

4. Other land uses 

When allocating the remaining land uses (conservation, scrub, dairy and meat/fibre land), we assume that the land use is distributed uniformly across the rural land within the county. Thus, the area of each land use is allocated proportionally between the TACs based on the area they cover of the original county. 

E. Calibrating to LCDB2

In LURNZv1, we used historical national land use data from Statistics New Zealand to estimate our land use change model. We use this information because it is the only time series information available but without calibration to a spatial dataset we are unable to create land use maps from the simulations as the location of land use areas is not known. Thus we calibrated the Statistics New Zealand data to match a satellite map of land use excluding conservation land in 2002 (LCDB2). 

We calibrated each land use by scaling every year of the national data using the percentage error between the two series in 2002. For example, if the national data recorded 2% more forestry than the spatial data in 2002, we would have reduced every year of the national forestry data by 2%. Because the percentage errors were reasonably small, this procedure roughly preserved the land use trends identified in the raw national data.

In LURNZv2, we use historical TA land use data from Statistics New Zealand to estimate our model. Again we needed to calibrate this data to a spatial dataset. However, because the TA data is much noisier than the national data, using the same calibration technique as LURNZv1 did not preserve the national trends identified in the raw national data. Therefore, we had to consider alternative calibration techniques. 

LCDB gives land use maps for 1996 and 2002, so it is possible to calculate trends in land use from this data. The second calibration option that we considered was calibrating the TA land use trends to the LCDB trends. However, the trends identified by LCDB may contain considerable errors. LCDB2 does not pick up young plantation forests or newly harvested land and may falsely identify these areas as pasture or scrub. Thus, it underestimates plantation forest area and overestimates pasture and scrub. LCDB1 does not contain this bias because it has been corrected using information from LCDB2  (assuming that forests that are 5yr+ in LCDB2 must have been present in 1996). This bias in LCDB2 would bias trend in plantation, scrub and pasture area. Therefore we cannot accurately calculate the trend in each of these land uses between 1996 and 2002 by using LCDB1 and LCDB2. 

The third calibration option we considered was to adjust the TA data by a constant amount every year. By setting the constant equal to the error between the TA data and LCDB2 excluding conservation land in 2002, our method would ensure that the two series matched in 2002. It also preserves the land use trends identified in the raw national data. For example, if the national data recorded 10,000ha more forestry than the spatial data in 2002, reducing every year of the national forestry data by 10,000ha would result in the panel data matching LCDB in 2002 and the trends matching those in the raw panel data. However, because the raw panel data is very noisy at the TA level the method resulted in many “negative” land use areas and so we were unable to use it.

As a result we concluded that without a great deal of time spent accounting for the LCDB2 bias in forestry or reducing the noise in the Statistics New Zealand data, we would be unable to calibrate to LCDB2 excluding conservation land. However, ensuring that the TA data is less than LCDB including conservation land is the minimum criterion we need to allow us to create land use maps from the simulations. 

Our final approach involved dividing TAs into three groups that we then calibrated in different ways. These groups were: 1) those whose 2002 panel areas were less than the corresponding areas in LCDB2 for each land use, 2) those where at least one land use area in the panel dataset was greater than the corresponding LCDB2 area and where an absolute adjustment was possible, and 3) where at least one land use area in the panel dataset was greater than the corresponding LCDB2 area but where an absolute adjustment was not possible because “negative” areas were created (Table 10).

1. Calibration where 2002 panel areas were smaller than the corresponding LCDB area in all land uses

Twenty TAs fell into this category, and in this case we made no adjustments. 

2. Calibration where at least one land use area was greater than the corresponding LCDB area

Forty-three TAs had at least one land use area greater than LCDB2, and thirty-four could be calibrated using an absolute adjustment. We adjusted these TAs by:

1) Reducing the panel areas to match LCDB2 areas for land uses where the panel exceeded LCDB2, by subtracting the excess area from the panel land use areas. 

2) Allocating this excess area to other land uses in the TA by:

i. Calculating the difference between the LCDB2 and panel areas for land uses with more LCDB2 area than panel area, 

ii. Calculating the distribution of this land within the TA, and 

iii. Allocating the excess area in proportion to this distribution. 

3. Calibration where at least one land use was greater than LCDB2 but where absolute adjustment is not possible

Nine TAs could not be adjusted using an absolute approach. We considered each of these individually.  In four of these, plantation forestry had been imputed. In these cases, we assumed that our imputation was incorrect, and reset the area equal to the LCDB2 value for 2002. In another four, the aberrant land use area in the panel appeared to have a spike in 2002 suggesting that noise might be complicating the calibration process. In these cases we also reset the area to that LCDB2 for 2002. Three of the TAs also had small discrepancies between horticulture values – and with small adjustments they were easily corrected. After these corrections, we were able to fix the remaining discrepancies using the absolute adjustment approach. For more details see the documentation file “Checks on calibration”.

Table 10 TAs where land use areas exceed LCDB2

	Type 1
	Type 2
	Type 3

	Central Hawke's Bay District
	Banks Peninsula District
	Dunedin City
	Grey District

	Far North District
	Bay of Plenty District
	Masterton District
	Stratford District

	Franklin District
	Buller District
	Matamata-Piako District
	Westland District

	Gore District
	Carterton District
	Timaru District
	Kaipara District

	Horowhenua District
	Central Otago District
	Waimakariri District
	Invercargill City

	Kaikoura District
	Christchurch City
	Whangarei District
	New Plymouth District

	Mackenzie District
	Hauraki District
	Gisborne District
	Papakura District

	Manawatu District
	Hurunui District
	Hawke's Bay District
	Waitomo District

	Queenstown-Lakes District
	Nelson-Tasman District
	Hutt District
	Auckland City

	Rangitikei District
	Otorohanga District
	Manukau City
	Waitakere City

	Rotorua District
	Rodney District
	Marlborough District
	

	Selwyn District
	South Taranaki District
	Palmerston North City
	

	South Wairarapa District
	South Waikato District
	Ruapehu District
	

	Southland District
	Tararua District
	Waipa District
	

	Taupo District
	Thames-Coromandel District
	Wanganui District
	

	Waikato District
	Whakatane District
	
	

	Waimate District
	Opotiki District
	
	

	Wairoa District
	Ashburton District
	
	

	Waitaki District
	Clutha District
	
	


IV. Conclusion

This process removed the majority of the problems associated with the Statistics New Zealand Agricultural Production Census and Survey data, creating a consistent panel dataset covering 20 years of data. This work also created additional variables that were not available in the initial dataset. However, there are still a few problems with this work which are documented elsewhere 

(R:\Research\Environment_new\LURNZ\Documentation\Data\Projects\Land use dataset\Version 2\ Potential Problems with the TA Level Land Use Dataset.doc). 
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VI. Appendices

Table 11 The method used to fill suppressed scrub cells in each TA. 

	TA
	Rule used to fill suppressed cell

	
	Mature bush
	Regenerating bush
	Scrub

	
	2002
	2003
	2004
	2002
	2003
	2004
	2002
	2003
	2004

	Buller
	
	
	
	1
	
	
	
	
	

	Central Otago
	
	
	
	
	
	
	
	3
	3

	Clutha
	
	
	1
	
	
	
	
	
	

	Gore
	1
	
	
	
	
	
	
	
	

	Grey
	
	2
	
	1
	
	
	
	
	

	Hamilton City
	1
	1
	
	
	2
	
	
	
	

	Invercargill
	1
	
	
	
	
	
	
	
	

	Lower Hutt City
	
	
	
	
	
	
	
	
	3

	Mackenzie
	
	
	
	
	
	
	3
	
	

	Napier City
	
	
	
	
	
	
	3
	
	3

	Nelson City
	1
	1
	
	
	
	
	
	
	

	North Shore City
	
	1
	1
	
	
	
	
	
	

	Opotiki
	
	1
	1
	
	
	
	
	
	

	Queenstown-Lakes
	
	2
	
	
	
	1
	
	
	

	Papakura
	
	
	
	1
	
	
	
	
	

	Porirua City
	
	
	
	
	
	
	5
	3
	3

	Tauranga
	
	
	
	
	
	
	
	4
	

	Thames-Coromandel
	
	2
	
	
	
	
	
	
	

	Upper Hutt City
	
	2
	
	
	2
	
	
	
	

	Wellington City
	
	
	
	1
	
	
	
	
	

	Westland
	
	2
	
	
	
	
	
	
	

	Whakatane
	
	2
	
	
	
	
	
	
	


Table 12 Classification of meshblocks into urban types

	Total Number of Meshblocks
	36787

	# of Urban MB in 1996
	24755

	# of Urban MB in 1996 with Population Density > 2.2
	22806

	# of Urban MB in 1996 with Population Density < 2.2
	1949

	# of Urban MB in 1996 with Population Density < 2.2 & AU Population Density > 2.2
	1573

	# of Urban MB in 1996 with Population Density < 2.2 & AU Population Density < 2.2
	376


Table 13 Number of Urban Meshblock by Year

	# of Urban Meshblock by Year

	1980
	23,490

	1981
	23,634

	1982
	23,754

	1983
	23,828

	1984
	23,881

	1985
	23,923

	1986
	23,961

	1987
	24,150

	1988
	24,233

	1989
	24,276

	1990
	24,314

	1991
	24,348

	1992
	24,506

	1993
	24,596

	1994
	24,674

	1995
	24,719

	1996
	24,755


Table 14 Area Urban by year (from MB),

	Area Urban by Year

	year
	Total Area by MB

	1980
	142,261.11

	1981
	143,770.39

	1982
	145,116.73

	1983
	146,111.72

	1984
	147,196.29

	1985
	147,807.40

	1986
	148,445.91

	1987
	149,970.33

	1988
	150,997.29

	1989
	151,530.43

	1990
	152,363.04

	1991
	152,845.61

	1992
	154,932.08

	1993
	156,664.47

	1994
	157,988.67

	1995
	158,400.99

	1996
	158,726.99


Table 15 Number of Meshblocks that become urban between 1981 and 1996

	Number of Meshblocks that Become Urban between 1981 and 1996

	 
	# Became Urban
	MB>2.2
	AU>2.2

	1980
	134
	3
	7

	1981
	115
	1
	4

	1982
	69
	3
	2

	1983
	41
	5
	7

	1984
	31
	2
	9

	1985
	35
	1
	2

	1986
	182
	1
	6

	1987
	76
	0
	7

	1988
	36
	1
	6

	1989
	30
	4
	4

	1990
	30
	2
	2

	1991
	140
	7
	11

	1992
	78
	3
	9

	1993
	46
	1
	31

	1994
	44
	1
	0

	1995
	33
	3
	0


Table 16 Comparison of urban area by TA from meshblock and LCDB data

	Urban Area by TA in ha

	 
	1996 MB
	1996 LCDB1
	2002 LCDB2

	Ashburton District
	1579.61
	15040.00
	2430.00

	Auckland City
	15744.34
	405.88
	12700.00

	Banks Peninsula District
	569.94
	731.84
	722.15

	Buller District
	773.44
	1925.39
	1650.00

	Carterton District
	299.26
	1916.15
	356.81

	Central Hawke's Bay District
	630.68
	3372.12
	910.64

	Central Otago District
	1676.83
	5552.54
	2170.00

	Christchurch City
	17443.60
	3173.71
	17300.00

	Clutha District
	1217.07
	1438.89
	1640.00

	Dunedin City
	6175.96
	1708.57
	6240.00

	Far North District
	1776.57
	745.12
	2850.00

	Franklin District
	1699.81
	2604.44
	2210.00

	Gisborne District
	2910.66
	557.85
	2840.00

	Gore District
	783.51
	4689.79
	1120.00

	Grey District
	910.67
	1531.51
	1290.00

	Hamilton City
	6145.89
	11199.52
	5900.00

	Hastings District
	2995.84
	1553.16
	3150.00

	Hauraki District
	1055.03
	1611.78
	1500.00

	Horowhenua District
	1892.84
	3123.26
	1980.00

	Hurunui District
	832.89
	3718.79
	1110.00

	Invercargill City
	3431.13
	7870.87
	3800.00

	Kaikoura District
	227.41
	290.86
	301.46

	Kaipara District
	773.66
	379.50
	1200.00

	Kapiti Coast District
	3142.02
	3599.75
	2810.00

	Kawerau District
	710.51
	1711.00
	604.91

	Lower Hutt City
	4891.71
	2313.07
	4610.00

	Mackenzie District
	396.99
	1033.80
	604.82

	Manawatu District
	1779.31
	3637.64
	1780.00

	Manukau City
	12842.96
	3828.83
	12900.00

	Marlborough District
	2277.17
	1518.61
	4040.00

	Masterton District
	1334.62
	1672.29
	1460.00

	Matamata-Piako District
	1224.97
	1626.99
	1870.00

	Napier City
	3063.78
	611.94
	2960.00

	Nelson City
	2521.26
	522.25
	2390.00

	New Plymouth District
	4230.67
	898.16
	4220.00

	North Shore City
	8449.06
	2851.65
	8640.00

	Opotiki District
	415.19
	4487.11
	429.76

	Otorohanga District
	388.03
	2373.29
	430.10

	Palmerston North City
	3962.53
	2360.80
	4050.00

	Papakura District
	2563.80
	2589.79
	2170.00

	Porirua City
	2315.71
	2108.67
	2220.00

	Queenstown-Lakes District
	1551.22
	432.58
	2330.00

	Rangitikei District
	985.95
	7011.55
	1170.00

	Rodney District
	3796.55
	672.04
	4430.00

	Rotorua District
	3862.64
	2396.87
	4480.00

	Ruapehu District
	1042.97
	5923.19
	1870.00

	Selwyn District
	1203.65
	1271.96
	1940.00

	South Taranaki District
	1724.37
	1595.04
	2030.00

	South Waikato District
	1693.08
	3109.40
	2000.00

	South Wairarapa District
	450.32
	1630.00
	546.84

	Southland District
	1756.50
	569.87
	2870.00

	Stratford District
	659.95
	898.49
	643.35

	Tararua District
	809.26
	1801.90
	1070.00

	Tasman District
	1986.36
	15500.00
	3320.00

	Taupo District
	2720.73
	912.19
	4640.00

	Tauranga District
	5457.38
	6360.00
	5270.00

	Thames-Coromandel District
	2689.34
	995.95
	3140.00

	Timaru District
	2604.19
	997.90
	3050.00

	Upper Hutt City
	2497.16
	564.91
	2190.00

	Waikato District
	1596.64
	3854.53
	2970.00

	Waimakariri District
	2325.08
	293.91
	2580.00

	Waimate District
	287.97
	360.91
	583.60

	Waipa District
	2282.31
	2206.30
	2410.00

	Wairoa District
	403.92
	2190.00
	649.81

	Waitakere City
	7527.33
	1645.27
	9460.00

	Waitaki District
	1280.13
	1077.81
	2670.00

	Waitomo District
	540.56
	2054.89
	894.12

	Wanganui District
	2872.07
	1960.00
	2610.00

	Wellington City
	6231.35
	2884.70
	5780.00

	Western Bay Of Plenty District
	1338.56
	1459.91
	1900.00

	Westland District
	395.27
	398.91
	946.67

	Whakatane District
	1989.17
	1884.47
	2380.00

	Whangarei District
	3550.22
	644.61
	4050.00


Table 17 Percentage of other land that is scrub, 2002-2004

	% of scrub in other land 2002 - 2004 

	TA
	2002
	2003
	2004

	Ashburton District
	19.73%
	51.42%
	65.21%

	Auckland City
	86.51%
	89.26%
	86.45%

	Banks Peninsula District
	88.45%
	76.38%
	85.14%

	Bay of Plenty District
	66.21%
	73.57%
	75.36%

	Buller District
	91.95%
	90.73%
	78.15%

	Carterton District
	82.49%
	82.16%
	87.55%

	Central Hawke's Bay District
	66.85%
	63.96%
	66.17%

	Central Otago District
	87.71%
	88.08%
	62.69%

	Christchurch City
	57.32%
	50.71%
	58.30%

	Clutha District
	73.02%
	72.52%
	54.97%

	Dunedin City
	74.59%
	59.31%
	64.02%

	Far North District
	65.77%
	65.08%
	67.73%

	Franklin District
	68.87%
	64.39%
	71.68%

	Gisborne District
	84.08%
	87.98%
	71.24%

	Gore District
	14.93%
	54.01%
	56.82%

	Grey District
	89.24%
	75.78%
	64.27%

	Hauraki District
	78.12%
	68.74%
	77.73%

	Hawke's Bay District
	57.41%
	58.61%
	58.85%

	Horowhenua District
	64.23%
	78.28%
	63.42%

	Hurunui District
	89.75%
	89.12%
	86.13%

	Hutt District
	84.95%
	92.76%
	90.96%

	Invercargill City
	50.22%
	67.97%
	63.12%

	Kaikoura District
	97.28%
	98.66%
	93.04%

	Kaipara District
	78.06%
	77.23%
	66.70%

	Mackenzie District
	6.17%
	12.69%
	14.85%

	Manawatu District
	69.01%
	65.87%
	69.31%

	Manukau City
	81.41%
	70.99%
	73.15%

	Marlborough District
	94.30%
	92.13%
	85.48%

	Masterton District
	77.11%
	68.55%
	75.76%

	Matamata-Piako District
	52.92%
	57.59%
	51.35%

	Nelson-Tasman District
	80.36%
	71.73%
	71.37%

	New Plymouth District
	89.40%
	87.62%
	89.80%

	Opotiki District
	45.90%
	47.00%
	50.66%

	Otorohanga District
	85.98%
	90.54%
	89.07%

	Palmerston North City
	61.60%
	67.75%
	39.83%

	Papakura District
	71.14%
	35.64%
	63.76%

	Queenstown-Lakes District
	91.77%
	67.23%
	67.69%

	Rangitikei District
	89.57%
	86.98%
	82.64%

	Rodney District
	73.26%
	66.64%
	61.01%

	Rotorua District
	69.29%
	77.16%
	61.58%

	Ruapehu District
	84.78%
	85.55%
	85.75%

	Selwyn District
	73.85%
	71.08%
	63.02%

	South Taranaki District
	87.63%
	89.95%
	87.27%

	South Waikato District
	11.15%
	21.37%
	19.09%

	South Wairarapa District
	87.06%
	90.00%
	88.11%

	Southland District
	77.76%
	73.77%
	71.92%

	Stratford District
	93.18%
	88.41%
	90.80%

	Tararua District
	89.65%
	90.41%
	82.57%

	Taupo District
	76.69%
	71.29%
	67.44%

	Thames-Coromandel District
	68.91%
	71.44%
	81.21%

	Timaru District
	75.05%
	58.23%
	56.97%

	Waikato District
	63.37%
	72.86%
	69.27%

	Waimakariri District
	66.05%
	57.52%
	28.91%

	Waimate District
	77.15%
	46.51%
	21.20%

	Waipa District
	47.33%
	57.57%
	57.45%

	Wairoa District
	76.52%
	64.52%
	61.99%

	Waitakere City
	71.93%
	77.73%
	54.06%

	Waitaki District
	63.30%
	54.65%
	55.94%

	Waitomo District
	94.03%
	93.82%
	91.07%

	Wanganui District
	95.38%
	95.34%
	86.30%

	Westland District
	75.11%
	88.97%
	73.98%

	Whakatane District
	100.00%
	30.35%
	51.98%

	Whangarei District
	74.84%
	73.19%
	73.76%


� Unit record data has been kept for most variables for census years 1994 and 2002 and for the units sampled in the 1995, 1996, 1999 and 2000 surveys.


� A survey was also conducted in 1999 but it had a different population base. It did not include enterprises that were mainly exotic forestry or horticulture. It also was based on the Agribase Frame. This means the land use data, with the exception of pasture, is not comparable with other years.


� Exotic forestry is an exception to this. Before 1977 it was measured at January 30th.  


� ‘Land for crops’ was generally separated out after 1983.


� For 1999, a completely different frame was used so we exclude this year from our database.


� It was also supplemented with information from other sources such as Agribase and Meat and Wool New Zealand: Economic Service farm surveys.


� E.g. the 2002 survey included forests over 1000ha, and the 2001 survey included forests over 40ha.


� Initially, the survey had 90% coverage when the Forest Service and large companies dominated the industry (Personal communication with Paul Lane, 2003).


� Personal communication with Paul Lane at MAF, 2003.


� A stock unit is a relative measure based on the feed requirement of different livestock species. See � ADDIN REFMGR.CITE <Refman><Cite><Author>Hendy</Author><Year>2007</Year><RecNum>9488</RecNum><IDText>Impacts on the Pastoral Sector from Emissions Charges on Agriculture Gases: Analysis from the model Land Use in Rural New Zealand version 1: Climate</IDText><MDL Ref_Type="Report"><Ref_Type>Report</Ref_Type><Ref_ID>9488</Ref_ID><Title_Primary>Impacts on the Pastoral Sector from Emissions Charges on Agriculture Gases: Analysis from the model Land Use in Rural New Zealand version 1: Climate</Title_Primary><Authors_Primary>Hendy,Joanna</Authors_Primary><Authors_Primary>Kerr,Suzi</Authors_Primary><Date_Primary>2007</Date_Primary><Keywords>agriculture</Keywords><Keywords>Analysis</Keywords><Keywords>climate</Keywords><Keywords>emissions</Keywords><Keywords>emissions charges</Keywords><Keywords>gases</Keywords><Keywords>land</Keywords><Keywords>Land-use</Keywords><Keywords>land use</Keywords><Keywords>Model</Keywords><Keywords>New Zealand</Keywords><Keywords>pastoral</Keywords><Keywords>Rural</Keywords><Reprint>In File</Reprint><User_Def_1>To be checked</User_Def_1><Web_URL_Link2><u>I:\Library\Motu Electronic Library\MEL0256.pdf</u></Web_URL_Link2><ZZ_WorkformID>24</ZZ_WorkformID></MDL></Cite></Refman>�Hendy and Kerr (2007)� for more details. 


� These contains the three values that set the North Shore data to zero. I am not yet sure why this is the case. See the ‘Potential problems’ document for more details. 


� Confidentiality was maintained in the earlier years of the data by rounding all data to base three. This approach continued between 2002 – 2004 alongside the suppression of data. 


� For more detailed information on this process see (“…\Steps to fill in Suppresssed Cells.doc”).


� From 2002 the ‘other land’ variable was split into three separate variables – Mature native bush, regenerating native bush and scrub, and other land.


� Meat/Fibre land encompasses land that is used to farm sheep, cattle, deer, goats and other specialty livestock such as alpacas. 


� This was calculated using the pooled TA variation. 


� A stock unit is a relative measure that is based on the feed requirements of different livestock types. Regardless of species, one stock unit requires approximately the same amount of feed. Thus, converting livestock numbers into stock units allows us to aggregate different species.


� The counties that do not have a matching name in the land use dataset are: Cambridge, Diamond Harbour, Lyttelton, Ngaruawahia, Palmerston North, Te Aroha, and Waitara. Another simple case is Fiord, which has no data recorded, but as it is conservation land we simply assume it has no private land. 


� Static land refers to land that cannot be used for productive uses and is unlikely to become available in the future including snow covered tops of mountains, rivers and lakes. 
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