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This document outlines the steps involved in creating a TA level dataset of rural land use area that is annual 1981-1996 and 2002-2004. The rural land uses are pasture (also disaggregated into dairy, sheep/beef, and ‘other-pasture’), forestry, horticulture and other rural. 

The basis of our dataset comes from land use areas from Statistics New Zealand’s Agricultural Production Surveys, which contain areas by county for 1981-1990 and by TA for 1991-2004. We supplement this information with stock number data from the Surveys, population data from Statistics New Zealand’s Population and Dwelling Censii, land cover data from the 1996 Land Cover Database, and from national level data on the proportion of pasture used for dairy, sheep/beef and ‘other pasture’ provided by Meat and Wool Economic Service. 

In the first section of this document we give a brief outline of the major steps involved in converting the county data to the TA level. We then discuss potential sources of error arising from our method. Finally, we make corrections to our matching in TAs where the error is obviously large.
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1 Overview

The main steps involved are: 

1. creating a backcast of total rural land at the level of a county-TA intersection

2. converting county land uses (pasture, forestry, horticulture, and other rural) to TA, assuming that land uses are uniformly distributed over the backcast total rural within a county.

3. calculating dairy and sheep/beef stocking rates by TA and county

4. using supplementary information to calibrate each land use series, in an attempt to minimise error between the 1990 and 1991.

5. splitting pasture area into dairy, sheep/beef, and ‘other pasture’.

1.1 Calculating Total Rural Land by TA from 1981-1990

1.1.1 Total rural land - backcast (RL_B)

We have a GIS map of counties provided by Landcare Research, and a GIS map of TAs provided by Statistics New Zealand. To calculate total rural land we intersect the TA map with the county map, giving us subsections that we call TLCs, and calculate the total area of each TLC (we refer to this area as TOTAL). 

Second, we backcast total urban land from 1996 to 1981. We overlay meshblock boundaries onto the 1996 LCDB1, and determine which meshblocks are urban that year based on the LCDB1 classification
. We use a set of rules (please refer appendix one) based on meshblock populations to backcast when the urban meshblocks changed from rural meshblocks. We aggregate the urban meshblocks to TLC level and hence the County and TA level to give us an urban land series from 1981-1996, which we refer to as URBAN.

Then, we calculate the amount of conservation land and static features such as lakes in each TLC, using a 2003 version of the Conservation Land Register and static land features classified in LCDB1. We refer to these areas as DOC and STATIC
 respectively.

We then calculated our backcast total rural land, RL_B:

RL_B(yr) = TOTAL – URBAN(yr) – DOC – STATIC 

1.1.2 Total rural land – calibrated (RL_FINAL)

RL_B gives us a rural land series by TA from 1981 to 1990. To calculate a TA-level total rural land from 1991 to 1996 we use the more accurate series from the Agricultural Production Survey; we refer to this as RL_SNZ.
 However, because these series are derived in different ways, if we simply combined them, we would create an artificial discontinuity between 1991 and 1990. To smooth this discontinuity, we carry out the following calibration process:

First, we assume that rural land calculated by LCDB in 1996 (RL_LCDB) will be the most accurate source of data.

Second, we use RL_LCDB as our final measure of rural land (RL_FINAL) in 1996. Then, we backcast this to 1991, using the annual percentage change in RL_SNZ for each TA. This gives us our final series from 1991-1996:

RL_FINAL(yr) =  RL_LCDB* RL_SNZ(yr) / RL_SNZ(1996)

Third, to create RL_FINAL for 1981-1990, we backcast RL_FINAL(1991) using the percentage change in the RL_B series. This gives us our final series from 1981 to 1990:

RL_FINAL(yr) =  RL_FINAL(1991)* RL_B(yr) / RL_B(1991) 

1.2 Applying the uniform concordance transformation (‘landuse’_UNI) 
We have data on the area of different land uses from the Agricultural Production Survey at the TA level between 1996 and 1991 and county-level between 1981-1990. To create our full land use series, we need to convert the county data to the TA-level. 

Part of the process of converting county-level data to TA-level involves applying a uniform concordance transformation. To do this, in each county, we assume that the area of pasture, forestry, horticulture, and ‘other rural land’ are uniformly distributed (weighted by RL_B area) between each TLC.  Then, to calculate land use areas in each TA, we combine land use area for all TLCs within it, to giving us pasture, forestry, horticulture, and ‘other rural land’ area from 1981 to 1990. In later sections, we refer to the raw TA and county data as ‘landuse_SNZ’ and these transformed areas as  ‘landuse_UNI’.

1.3 Inferring SR by TA/County (sb_sr_ta, dairy_sr_ta, sb_sr_county, dairy_sr_county,)

We calculate stocking rates by TA and county to help us calibrate the pasture area from the uniform concordance, and to allow us to disagggregate the final pasture series into dairy and sheep/beef area.

In this section we calculate sheep/beef and dairy stocking rates for TAs from 2002 to 1991, and for counties from 1990 to 1981. To do this, we use the annual national dairy and sheep/beef areas calculated by MWES (SB_MWES, DAIRY_MWES) 1981-2002, and SNZ sheep/beef and dairy stock units by TA/county for 1981-2002 (SB_SU_TA, DAIRY_SU_TA, SB_SU_COUNTY, DAIRY_SU_COUNTY). We also make use of the maximum sheep/beef stocking rate observed each year in any farm-class or region in the MWES surveys (SB_SR_MAX).

We begin by calculating the national level stock units and stocking rates:

DAIRY_SU_NAT =sum(DAIRY_SU_TA)

SB_SU_NAT=sum(SB_SU_TA)
DAIRY_SR_NAT(yr) = DAIRY_SU_NAT(yr)/DAIRY_MWES(yr)

SB_SR_NAT(yr) = SB_SU_NAT(yr)/SB_MWES(yr)

Then, each year from 1991 to 2002 we carry out an optimisation to calculate dairy stocking rates by TA/county. Our objective is to find a stocking rate for every TA that is as close to the national average stocking rate as possible. So, in each Ta we want to choose the stocking rate that minimises the difference between the TA’s stocking rate and the national stocking rate:
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subject to three constraints:   

1. By dividing TA stock numbers by the TA stocking rate, we can calculate the dairy area within each TA implied by our stocking rates. We cannot have more dairy area than available pasture area, so we need the area implied by our TA stocking rates to be less than or equal to the pasture area available within the TA. I.e.:

DAIRY_AREA_TA* ≤ PASTURE_SNZ 

where DAIRY_AREA_TA* = DAIRY_SU_TA/DAIRY_SR_TA*

2. We need the TA areas implied by our TA stocking rates to add up to the national area (given by MWES). So we require the sum of each TA’s dairy area to be equal to the national dairy area:
 
∑( DAIRY_AREA_TA*) = DAIRY_AREA_NAT
3. Because the remaining pasture land is used as either sheep/beef or ‘other pasture’, in some TAs we could potentially choose a dairy stocking rate that implies an unrealistic sheep/beef stocking rate. To avoid this, we calculate a ‘minimum sensible area’ for sheep/beef within a TA by dividing the actual number of sheep/beef stock units in the TA by a maximum possible sheep/beef stocking rate. This gives us a ‘minimum sensible’ area on which sheep/beef could be farmed. We then require that the remaining pasture land in a TA, implied by the dairy stocking rate, must be at least as big as the ‘minimum sensible area’:

REMAINING_PASTURE ≥ SB_MINIMUM

where: 

REMAINING_PASTURE = PASTURE_SNZ - TA DAIRY AREA*

and SB_MINIMUM = SB_SU_TA/ SB_SR_MAX

This gives us our dairy stocking rate series by TA from 1991-2002 (DAIRY_SR_TA). We use the same method to calculate county stocking rates from 1981-1990  (DAIRY_SR_COUNTY).

Then, each year from 1991 to 2002 we carry out an optimisation to calculate sheep/beef stocking rates by TA/county. As with dairy, our objective is to find a stocking rate for every TA that is as close to the national average stocking rate as possible. So, in each TA we want to choose the stocking rate that minimises the difference between the TA’s stocking rate and the national stocking rate:
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subject to two constraints:   

1. By dividing TA stock numbers by the TA stocking rate, we can calculate the dairy area within each TA implied by our stocking rates. We cannot have more dairy area than available pasture area, so we need the area implied by our TA stocking rates to be less than or equal to the pasture area available within the TA. I.e.:

SB_AREA_TA* ≤REMAINING_ PASTURE

where SB_AREA_TA* = SB_SU_TA/SB_SR_TA*

2. We need the TA areas implied by our TA stocking rates to add up to the national area (given by MWES). So we require the sum of each TA’s sheep/beef area to be equal to the national sheep/beef area:
 
∑( SB_AREA_TA*) = SB_AREA_NAT
This gives us our sheep/beef stocking rate series by TA from 1991-2002 (SB_SR_TA). We use the same method to calculate county stocking rates from 1981-1990 (SB_SR_COUNTY).

Calibrating land use data (‘landuse’_FINAL) 

As we with total rural, simply combining the landuse_SNZ series for 1991-1996 with the landuse_UNI series for 1981-1990 would potentially create large discontinuities between 1990 and 1991. Again, to smooth this discontinuity, we carry out a calibration process for each land use. The steps are described below.

First, we assume that pasture, forestry, horticulture, and ‘other rural land’ calculated by LCDB in 1996 (which we refer to as PAST_LCDB, FOR_LCDB, HORT_LCDB, OTHER_LCDB respectively) will be the most accurate source of data. So, we use PAST_LCDB, FOR_LCDB, HORT_LCDB, OTHER_LCDB as our final measures of land use area in 1996. 

Second, we backcast them to 1991 using the annual percentage changes in PAST_SNZ, FOR_SNZ, HORT_LCDB and OTHER_LCDB from 1996 to 1991. This gives us our final series from 1996 to1991:

PAST_FINAL(yr) 
= PAST_SNZ(yr)* PAST_LCDB / PAST_SNZ(1996)

FOR_ FINAL(yr) 
= FOR_SNZ(yr)* FOR_LCDB / FOR_SNZ(1996)

HORT_ FINAL(yr)  
= HORT_SNZ(yr)* HORT_LCDB / HORT_SNZ(1996)
OTHER_FINAL(yr)
= OTHER_SNZ(yr)* OTHER_LCDB / OTHER_SNZ(1996)

These add to equal our final series of total rural land for 1991 to 1996:

RL_FINAL =PAST_FINAL + FOR_FINAL + HORT_FINAL + OTHER_FINAL

Third, before we carry out the uniform concordance, we scale the county level data so that it is consistent with landuse_FINAL series at the Island level:
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We then apply the uniform concordance to this series, giving us landuse_UNI for each land use.

Fourth, to create the final series for 1981-1990, we backcast each landuse_FINAL series from 1991 to 1980 and using a different method for each land use. We describe each method in the sections below.  

1.3.1 Pasture land calibration, 1981-1990 (Pasture_FINAL)

Although we do not have pasture area by TA in 1990, we do have stock numbers (SU) in 1990 at the TA level. We use the stock unit data to backcast PAST_FINAL to 1990. 

We use the national trends to backcast stocking rates (stock units per hectare) by TA to 1990 and then divide the 1990 stock units by the 1990 stocking rates to give TA area in 1990. 

The national trends from 1991 to 1990 are:

PC_SR_DAIRY_9190 = -0.2%

PC_SR_SB_9190 = 1.2%

Note this is the percentage change from 1991 to 1990 NOT from 1990 to 1991.

We use this percentage change to backcast the 1991 TA stocking rates to 1990: 

DAIRY_SR_ 1990 = DAIRY_SR_TA(1991)  + DAIRY_PC_SR_ 9190 * DAIRY_SR_ TA(1991) 

SB_SR_1990 = SB_SR_TA(1991)  + SB_PC_SR_ 9190 * SB_SR_TA(1991) 

Dividing stock units per hectare by stock numbers then gives us an estimate of dairy area by TA in 1990: 

DAIRY_ 1990 = SR_DAIRY_1990/SU_DAIRY(1990)

SB_1990 = SR_SB_1990/SU_SB(1990)

To calculate the change in ‘other pasture’, we use the national average linear trend estimated over the 10 year panel:

OTHERP_1990 = OTHERP_SNZ(1991)*(1-b/(b*1991+c))

Summing the dairy, sheep/beef and ‘other pasture’ backcasts gives us a backcast of pasture by TA: 

PAST_1990 = DAIRY_1990+ SB_1990+ OTHERP_1990

Next, we calculate the percentage change in pasture area between 1991 and 1990:

PC_PAST_9190 = ( PAST_1990- PAST_SNZ(1991))/PAST_SNZ(1991)
We use this to backcast PAST_FINAL to 1990:

PAST_FINAL(1990)= PAST_FINAL(1991)+ PC_PAST_9190* 









PAST_FINAL(1991)

Using PAST_FINAL(1990) as a starting point, we then backcast PAST_FINAL from 1990 to 1981 using percentage changes in PAST_UNI: 

PAST_FINAL(yr) = PAST_UNI(yr)*PAST_1990 /PAST_UNI(1990)

This gives us our final pasture area series by TA from 1981-1996.

1.3.2 Plantation Forestry calibration, 1981-1990 (For_FINAL)

Unlike pasture, we have no additional information to inform us about the change in forest area between 1991 and 1990. The best we can do is aggregate FOR_SNZ to the North and South Island level (FOR_ISL) in 1991 (from TA level) and 1990 (from county level) and calculate the area change. We then assume that the percentage change in plantation forestry area in each TA is the same as the island level change between 1991 and 1990:

FOR_FINAL(1990) = FOR_FINAL(1991)*FOR_ISL(1990)/FOR_ISL(1991)

We then backcast FOR_FINAL to 1981 using annual percentage change in FOR_UNI for each TA:

FOR_FINAL(yr) = FOR_FINAL(1990)*FOR_UNI(yr)/FOR_UNI(1990)

This gives us our final forest area series by TA from 1981-1996.
1.3.3 Calibration of ‘Other Rural Land’ and ‘Horticulture’ by TA (Other_FINAL, Hort_FINAL)

We then allocate the rest of the rural land to horticulture and other rural land by splitting the remaining land based on the proportions of horticulture and other rural land from the uniform concordance series.
 

REST (yr) =  (RL_FINAL(yr) – PAST_FINAL(yr) – FOR_FINAL(yr))

HORT_FINAL(yr) = REST(yr)*(HORT_UNI(yr)) /
 (OTHER_UNI(yr)+HORT_UNI(yr))

OTHER_FINAL(yr) = REST(yr)*(OTHER_UNI(yr))/( OTHER_UNI(yr)+HORT_UNI(yr))

This gives us our final series from 1981 to 1996.

1.3.4 Calibration of the 2002 to 2004 data

For consistency with the 1980’s time-series, we also calibrate the SNZ land use data at TA level from the year 2002 to 2004: 

PAST_FINAL(yr) 
= PAST_SNZ(yr)* PAST_LCDB / PAST_SNZ(1996)

FOR_ FINAL(yr) 
= FOR_SNZ(yr)* FOR_LCDB / FOR_SNZ(1996)

HORT_ FINAL(yr)  
= HORT_SNZ(yr)* HORT_LCDB / HORT_SNZ(1996)
OTHER_FINAL(yr)
= OTHER_SNZ(yr)* OTHER_LCDB / OTHER_SNZ(1996)

1.4 Splitting pasture into sheep/beef and dairy (sb_FINAL, dairy_FINAL, otherp_FINAL)

Finally we split the pasture series, PAST_FINAL, into dairy, sheep/beef and ‘other pasture’. We use the areas implied by the stocking rates, to calculate the proportions of pasture that are in sheep/beef, dairy, and ‘other pasture’ from 1991 to 1996:

SB_P 

= SB_AREA_TA /PAST_SNZ
DAIRY_P 
= DAIRY_AREA_TA /PAST_SNZ

SB_FINAL 

= SB_P*PAST_FINAL

DAIRY_FINAL 
= DAIRY_P*PAST_FINAL

OTHERP_FINAL 
= PAST_FINAL - SB_FINAL- DAIRY_FINAL

This gives us our final dairy, sheep/beef and ‘other pasture’ area from 1991 to 1996.

To calculate from 1981 to 1990:

SB_P

 = SB_AREA_COUNTY /PAST_SNZ
DAIRY_P 
= DAIRY_AREA_COUNTY /PAST_SNZ

We then apply a uniform concordance procedure to SB_P and DAIRY_P, assuming they are spread uniformly across PAST_FINAL, giving us shares at the county level: 

SB_FINAL 

= SB_P_UNI*PAST_FINAL

DAIRY_FINAL 
= DAIRY_P_UNI *PAST_FINAL

OTHERP_FINAL
= PAST_FINAL_UNI - SB_FINAL - DAIRY_FINAL

This gives us our final dairy, sheep/beef and ‘other pasture’ area from 1981 to 1990.

To calculate shares from 2002-2004 we need additional information from MWES on the shares of dairy, sheep/beef, and ‘other pasture’ at the national level.

2 Potential Sources of “Large” Error in Our Matching

2.1 Inconsistency between the county map and SNZ 1980s’ data

Errors may arise because some county names in the dataset actually refer to different areas than the areas with the same (or similar) county names in our map. Unfortunately, we may be unable to identify all these inconsistencies. The inconsistencies we did find are for those who do not exist in both data sources. Most of the non-data counties from the SNZ dataset are either tiny areas or central cities, and so we assume their missing values are because there is no agriculture land use or production within their boundaries. (E.g. tiny area like the diamond harbour, central city like Wellington city.) But there are a few counties that clearly have different names or boundaries in the two datasets, and we have listed these in the word document “adjustment for County with no data”.

2.2 Urban land Calculations. 

Errors may arise because we assign entire meshblocks as either urban or rural, when many on the outskirts of cities could be mixtures. Our initial classification of urban mbs in 1996 is based on 30% of the mb being urban in the LCDB1 map – this may lead to an over estimation of urban land.  Also, population density of urban areas likely to decrease in outer suburbs and in industrial zones – this may lead to over estimation of rural land.

2.3 Uniform concordance. 

Significant errors will arise when a TLC has characteristics quite different from average. If the TLC contains quite a large proportion of a TA’s rural area, the error in that TA will be large. Consequently, this problem is probably worse around city outskirts where land use often tends to be more intensive.

2.4 Calibration. 

Errors will arise when a TAs stocking rate trend is quite different from the national trends in stocking rates. This will probably be worse in smaller TAs, and TAs containing cities. Also, stock numbers likely fluctuate more between years than land use – this may introduce noise. 

3 Match Corrections for pasture

We applied our method to every TA in New Zealand between 1996 and 1981. We have graphed each type of land use in each TA to identify TAs where there appear to be discontinuities between 1990 and 1991
. We identified 4 suspicious TAs (Napier, Hastings, Central Otago District and Marlborough). We also have Hamilton city, Wellington city and North Shore city where our estimate of total pasture is greater than our estimate of rural land – this occurs because the SNZ dataset shows no agriculture land use or production in these TAs at all. 

In the following section, we have identified TAs that have either of the above problems and proposed possible corrections. We assume that our calibration doesn’t cause any errors, and all the errors introduced are from the concordance or urban land assumptions. 

Also of note is that some counties in the counties map do not have matching agricultural production data. We discuss these counties in appendix 4.

Hastings and Napier

Napier City has more pasture land than rural land after the calibration of pasture land. Also, we are concerned by the fact that Hastings has a sharp rise in pasture area between 1990 and 1991 and Napier has a sharp fall in pasture area (shown in the two figures on the next page). This suggests that we may be over allocating pasture area to Hastings and under allocating pasture area to Napier.

To investigate this further, we looked at the county/TA map (directly below). In this map we can see that these two TAs are mostly covered by the county “Hawkes Bay”. This means that the majority of the data we give these TAs during the 1980s comes derived from splitting the “Hawkes Bay” county. 
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Counties are represented by different colour areas and their names are in italic and bold fonts. TAs are distinguished by boundaries in different colours. 

Assuming that the calibration doesn’t cause any errors, we think the discontinuities might be because the rural land in the Napier TA is quite different from the rural land in the Hastings TA. This means using a uniform distribution will introduce error.

The solution we propose is to aggregate these two TAs together to make a new “TA” and call it “Hawkes Bay”. If the error is due to the uniform distribution assumption, it will cancel out when we aggregate. A graph of the resulting series is shown on the next page. (Sorry for not using same scales for all the graphs.)


[image: image6.wmf] 

220000

 

300000

 

Hastings TLA pasture

 

1980

 

1985

 

1990

 

1995

 

year

 

 
[image: image7.wmf] 

0

 

80000

 

Napier TLA Pasture

 

1980

 

1985

 

1990

 

1995

 

year

 



[image: image8.wmf] 

260000

 

310000

 

Hawkes Bay Pasture 

 

1980

 

1985

 

1990

 

1995

 

year

 


Marlborough

Although it appears there is a sharp fall in the graph, it occurs between 1989 and 1990. Since Marlborough TA has almost the same boundary as the former county boundary, we checked the raw county data and found the same decline in that year. Therefore, we accept that to the fall is in the underlying data and has nothing to do with our matching. 
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Note: The white dotty area is the county “Marlborough” and the red boundary is the TA “Marlborough District”. Other colourful areas are Marlborough’s neighbour counties.

Hamilton City

The Hamilton TA ends up with more pasture land than total rural land in 1988 and 1989. Looking at the county-TA map, we can see that the TA boundary covers the old “Hamilton” county, and some pieces of the “Waikato” and “Waipa” counties. Assuming the calibration doesn’t introduce errors, we think that this error might have been caused by:

We overestimate the amount of urban land in the TAs during the 1990s, causing us to under-estimate rural land.

The rural land in the intersection of “Waipa/Waikato” with the Hamilton TA is quite different from the rural land in the rest of the “Waipa/Waikato” counties, so assuming a uniform distribution will introduce error. 

Looking at the map, there appears no obvious way of aggregating to remove this error. Therefore, we suggest we just drop Hamilton City. 
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Counties are represented by different colour areas and their names are in italic and bold fonts. TAs are distinguished by boundaries in different colours. 

Waitakere City and Rodney District

Looking at the map, “Waitemata” county has been split into Rodney District and Waitakere City TAs. However, from the raw county data, we cannot find “Waitemata”, but the counties “Waitemata City” and “Rodney”, where Rodney has larger rural area and more agriculture production than Waitemata city. Due to the fact that “Rodney” county is not on the map, we believe that the “Waitemata” county in the map actually includes both “Waitemata City” and “Rodney” from the raw data. Since there is no information for pointing out the position of “Waitemata City”, (although we know that there is Waitemata hutt close to Waitakere city), we sum up the raw county data of the two counties and allocate them to “WAITEMATA”, so we could apply the uniform concordance from WAITEMATA to Rodney District and Waitakere City.
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Counties are represented by different colour areas and their names are in italic and bold fonts. TAs are distinguished by boundaries in different colours. 

Auckland and Manukau City
From the map below, we could see that the county that includes Auckland and Manukau City TAs is called “Auckland”. However, in the raw county data, there is no record refer to “Auckland”. It only contains data for “Manukau City” county for 1980-1990. Therefore, we assume the “Manukau City” in the data is actually “Auckland” county in the map and we use that to apply our uniform match. 
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Central Otago District

Looking at the time series of non-pasture rural land in Central Otago District, a sharp decrease appears at the year 1990/1991. Also, if we look at the time series for pasture land in that TA, a pretty obvious rise can be observed for the same time. This might because this TA has been combined from pieces of many counties and is more likely to violate our uniform assumption. Below is the map and the time-series of pasture land.
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Counties are represented by different colour areas and their names are in italic and bold fonts. TAs are distinguished by boundaries in different colours.
However, we don’t think we should drop Central Otago because it has lots of rural production and there is no obvious way to aggregate it with another TA, so we may just accept this for now and adjust the series in later analysis. 

Summary

In the original SNZ, TA classifications there are 73 TAs. With our proposed changes, our final TA dataset would have 68 TAs. A summary of the changes is given in the table below.

	Old TAs
	New TAs

	31
	Napier City
	80
	Hawkes Bay

	30
	Hastings
	
	

	16
	Hamilton City
	dropped

	5
	North Shore City
	dropped

	26
	Kawerau District
	dropped

	47
	Wellington City
	dropped


4 Appendix 1: Predicting urban land 

We begin by assuming that LCDB1 (1996) has correctly classified all urban land in 1996 (we refer to this as LCDB_urban), and the remaining land is either conservation land or rural (LCDB_rural).  

We assume conservation land in 1996 was conservation land in all previous years and exclude any land that was identified as conservation land in 1996 from our entire TA time-series. By doing that, we exclude just parts of meshblocks but not the whole meshblock.

We overlay meshblocks onto LCDB1. For each meshblock in 1996 that has some LCDB_urban in 1996, we assume that it is urban if more than 30% of the area in the meshblock is LCDB_urban. Otherwise, we classify it as rural.
For each population census year 1986
, 1991, 1996, we use census data to determine the population density of the meshblock and the area unit it is in. We extrapolate/interpolate the population density to cover the period 1980 – 1996.  

For all rural meshblocks in 1996, we assume they were rural in all earlier years.

For all urban meshblocks in 1996 with an estimated population density in 1996 below 2.2
, we assume they were  urban in all earlier years unless one of the following events occur:

1. If the population density in its AU is above 2.2 in 1996, and the population density in its AU falls below 2.2 in an earlier year and the population density in the meshblock is estimated to drop in that year (going backwards), or

2. If the population density in its AU is also below 2.2 in 1996, and either the population density in the MB or AU falls by 50% in an earlier year with another is estimated to drop at the same time. 

If one of the above events occurs, then we assume that the meshblock was rural in the year of the event and all earlier years.
For all urban meshblocks in 1996 with an estimated population density in 1996 above 2.2, if population density in the area unit drops in an earlier year and the population density in the meshblock falls below 2.2 or drops significantly (say 90%)
 in that year, then we assume the meshblock was rural in the year that it drops and was rural in all earlier years.  Otherwise it stays urban. 
Appendix 2: Aggregation of LCDB1 Classifications

	Land Type
	LCDB1 classification

	Plantation
	Afforestation (imaged, post LCDB1)

	
	Afforestation (not imaged)

	
	Deciduous Hardwoods

	
	Forest Harvested

	
	Other Exotic Forest

	
	Pine Forest - Closed Canopy

	
	Pine Forest - Open Canopy

	
	

	Pasture
	Alpine Grass-/Herbfield

	
	Depleted Tussock Grassland

	
	High Producing Exotic Grassland

	
	Low Producing Grassland

	
	Tall Tussock Grassland

	
	

	Horticulture
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	Surface Mine

	
	

	Static
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	Lake and Pond
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 Appendix 3: Time-Series by TA by Land Use

This section includes graphs of the area each of the land uses (excl dairy, sheep/beef) in each TA from 1981-1996, prior to our match corrections.

21Figure 1 Time-series for pasture land (thousand hectare) by TA


25Figure 2 Time-series for horticulture (thousand hectare) by TA


29Figure 3 Time-series for plantation land (thousand hectare) by TA


33Figure 4 Time-series for other rural land (thousand hectare) by TA


37Figure 5 Time-series for total rural land (thousand hectare) by TA




Figure 1 Time-series for pasture land (thousand hectare) by TA 
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Figure 2 Time-series for horticulture (thousand hectare) by TA
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Figure 3 Time-series for plantation land (thousand hectare) by TA
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Figure 4 Time-series for other rural land (thousand hectare) by TA
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Figure 5 Time-series for total rural land (thousand hectare) by TA
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5 Appendix 4: Counties identified in our map, but with no matching agricultural production data

Some counties identified in the counties map have no matching data from SNZ/MWES. Possible reason for this could be either there is no agricultural production in the county, or production that takes place in this county has been allocated to neighbour counties. We then check the map to see whether it’s possible and/or necessary to aggregate them to their neighbours. 

In each picture, TAs are in different colour shapes, and counties are in red boundaries. The county with no data in SNZ/MWES dataset is in light-blue boundary.

5.1 Cambridge

The whole county Cambridge belongs to the TA Waipa District (pink) and only occupies a tiny share of the whole TA. Therefore, the missing data of Cambridge will not cause significant error in the land use and agriculture production estimation of Waipa District. We decide to do nothing for this county.
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Christchurch

Christchurch county and its neighbours Waimairi, Heathcote are all matched to the TA Christchurch. Therefore, it doesn’t matter if there is actually no agricultural production in the county Christchurch or whether this production has been allocated to the neighbouring counties as all three counties are aggregated to the TA Christchurch. We will leave the data and map as they are.
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Diamond Harbour and Lyttelton

Diamond Harbour and Lyttelton are two small counties belong to Banks Peninsula District. We could see from the map that they are both at the edge of the land that not covered by the counties but by the TAs. Banks Peninsula District cannot be covered completely anyway even we had some adjustment done for the two counties with missing data. Also, the two counties are relatively too small to make large difference whether include it or not in the match. Therefore, we decide to leave their agriculture production as 0 in the 1980s.
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Fiord

Fiord and its neighbour county Wallace both completely belong to Southland District. It is unlikely that Fiord had no agriculture production in the 1980s. However, if in the original data, their production is combined with the production from Wallace and be recorded as Wallace county, 100% of their amount will be allocated to Southland. Moreover, most of the land in Fiord is conservation land and result in no effect on the size of rural land or agriculture production in Southland District (The rural land in Fiord only accounts 1% of Southland District’s rural land). Therefore, we don’t need to change either the data or the map name. 
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Hamilton and Ngaruawahia

The whole county Hamilton belongs to the TA Hamilton City (purple piece) and is the main part of Hamilton City. Missing information of the county will make our estimation of the rural land in Hamilton City much less than it should be. From the map, it is very likely that the SNZ/ES data of Waikato county has covered both Hamilton and Waikato. One possible adjustment we could do is to rename the county Hamilton to be Waikato and then Hamilton City could take around 1.5% of the Waikato data. However, due to that Hamilton City is only a small city with tiny rural land, we decide to just drop Hamilton City from the series since its estimation was obviously wrong with the missing information of Hamilton county.

Ngaruawahia is a tiny county between Waikato and Raglan, with its land totally go to Waikato District. Therefore, we would not do anything to that county since either it has no data at all, or its information has been included into one of its neighbourhood, there would be no difference in our match.
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Nelson

County Nelson has its land completely allocate to the TA Nelson City and occupies about 10% of Nelson City’s land. Given the fact that the rest of Nelson City all gets data from the county Waimea and Waimea is the only neighbour county Nelson has, we would suggest to assume that the data of Nelson has been included in Waimea county and change it in the map so the area of Nelson could all go to Waimea. 
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Takapuna

The whole county Takapuna has been matched to the TA North Shore City and the missing of the county data courses the TA data to be zero all the years in 1980s. Due to the fact that this is a relatively small and urban area, we would drop it from the time series.
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Palmerston North

The position of the county Palmerston North is very odd and seems to have nothing to do with the TA Palmerston North City. There is no information to tell which county could its data be possibly allocated to. (We have the doubt that it is not even Palmerston North.) Given the fact this county is tiny with respect to the TA (Manawatu District) it belongs to, we accept 0 for all the variables in this area and do nothing to it. 
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Te Aroha

County Te Aroha could have its data allocated to either Piako or Ohinemuri in the SNZ dataset. If its data (land use and agriculture production) has been included in Piako, then we don’t need to make any changes to the concordance since 100% of the data will be allocated to Matamata-Piako District (pink piece). If its data has been included in Ohinemuri, then it will make the estimation of Hauraki District to be maybe 0.1% less and Matamata-Piako District to be about 0.1% less than they should be, which is the error we could accept. Instead of merging its big neighbour Counties together to make sure cover this tiny area, we decide to ignore its missing. 

[image: image62.jpg]HAURAKS PLAINS.
5 Hauraki District

pako o
Matamata-Piako District ety niBay/OfjRienty




Waitara

Waitara county seems to be combined with two pieces of land, which could belong to Clifton or/and Taranaki. However, the three counties would have their land almost all allocated to New Plymouth District. Given that the size of Waitara is very small comparing with either New Plymouth or the two neighbour counties (less than 1% of New Plymouth), we would be quite confident to ignore the amount of rural land and agriculture production there as making it to be part of either county won’t give big impact on the time series of the three TAs involved. (New Plymouth, South Taranaki and Waitomo)
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Hutt

Counties Wellington, Porirua, Upper Hutt, Lower Hutt and Kapiti all have no land use or agriculture production data in SNZ/MWES dataset. Also, we found that the amount of pasture area in the county “Hutt” (the one across Lower Hutt city, Upper Hutt City and Porirua City) is more than it should be from the map. Comparing the pasture area of Hutt and the sum of the three cities it crossed plus Wellington City, we believe that the data of Hutt has included the agriculture land and production not only on itself, but also on the 5 missing counties (bright blue boundaries). Therefore, the method would be change the names of 5 missing counties to be “HUTT” from the map and allocate the data of Hutt to the 5 TAs they have covered. 
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� Please see Appendix 2 for the aggregation of the LCDB1 classifications used in this report.


� We only use the urban land series from the year 1981 to 1990 in our later calculations. The urban land code for each meshblock for the year 1992 to 1996 is just the by-product during the backcasting. 


� Please see Appendix 1 for the classification of Static features.


� we combine information on pasture, forestry, horticulture and other rural land from SNZ to calculate another estimate of total rural land from 1991-1996 at the TA level, and from 1981-1990 at the county level. We refer to this as RL_SNZ.


� We calculate one estimate of total rural land in 1996 using LCDB1, by combining pasture, forestry, horticulture and other rural land. We refer to this as RL_LCDB.


� This is calculated using the national trend equation for dairy: Dairy_SR = 0.890*log(yr-1980)+17.4 (Hendy and Kerr, 2006)


� This is calculated using the national trend equation for sheep/beef: SB_SR = exp(26.1-0.0120*yr)


� Because horticulture area is relatively small and we have a number of missing years (from 1981 to 1985), we aggregate horticulture_final with other_final to give us a new variable called “area_hortOL_final”. 





� The dataset currently on the web does not have either horticulture_final or area_hortOL_final, but only the other land that refers to regenerating indigenous forest and scrub.


� Please refer to appendix 3 for the time-series by TA by land use.


� 86 population at MB/AU level stored based on 96 MB/AU boundaries and we don’t have the official concordance of it on 2001 boundaries. Due to the errors we will make if we assign 86 population uniformly to the intersection of the two boundaries and we are doing the concordance for 1980s, given that the TA boundaries didn’t change a lot, we will do the concordance based on 1996 boundaries. Even some meshblocks are not included in the map, due to the fact they are either belong to or very close to “Area outside Territory Authority”, we could assume they will not be used for agriculture in all the years.


� 2.2 is the average population density of Secondary urban in 96 and 01


� This can catch some MBs having very high population in recent years and drops significantly in earlier years but still above 2.2. E.g. popdens96=34, popdens86=2.3
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