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Abstract 
 
Land Information New Zealand, (LINZ), will replace its National Topographic Map 
series with a new national map series which better meets current and future user 
requirements. All 451 maps of the new series are being released on 23rd September  
2009. The existing series of 296 maps are being withdrawn nationally in the same 
month.  
 
This achievement has been made possible by fully automating the production process 
from a central digital topographic “single source” database with fully integrated 
maintenance and update processes.  
 
The new map series became necessary with the introduction in 1999 of a new globally 
consistent national datum, New Zealand Geodetic Datum 2000, followed in 2001 by the 
adoption of a new national mapping projection, New Zealand Transverse Mercator 
Projection 2000.  
 
Additional benefits of a fully automated production process have also been realized. 
These include the creation of GeoTiff, Tiff, just in time printing, all in addition to the 
generation of digital files for plate production and traditional off-set printing.  
 
The currency of the source data is now extremely important. The concept of a map 
reprint cycle for a complete update has all but disappeared. Updating the data for 
routine changes and/or critical data changes can be made available in all the above 
products within minutes of changing the source data and full off-set printing as soon as 
a printing press can be made available. This will lead to smaller but more frequent print 
runs allowing maps that show recent data, possibly only months old. With previous 
maintenance processes and CAD production techniques these maps would have been 
years old before getting to print. 
 
In the automated process maps are selected for printing via a simple web enabled front 
end where the map sheet and output type are selected. The map is then constructed 
within the system and the required output is generated. The processing time varies but 
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averages out at about 10 minutes to generate files for off-set printing or less than 15 
minutes to print the map directly to an output device at published quality.  
The project team has consisted of traditionally trained and qualified Cartographers and 
Photogrameterists supplemented by Survey, IT and GIS professionals. The support and 
determination from our dedicated vendor, 1Spatial Ltd was also integral to the success 
of the project.  
 
The authors will discuss the adopted methodologies that have led to the success of the 3 
year project. They will articulate the production flow-line, systems, economics, 
management and technology required for this solution. In the process key issues of 
cartographic design and representation including text placement, relief generation, 
roading structures and masking will be addressed while explaining how source data and 
representation clashes were resolved while maintaining the integrity of the original data.  
 
We will also discuss how this approach has lead to an integrated maintenance 
programme of work based on high resolution National Imagery, supplemented by data 
feeds direct from source agencies as they carry out construction within the environment. 
   
Introduction  
 
 A National Topographic Database for 21st Century, (Howard, G.M., Pickering R.P. and 
Woodford, P.), ICA 1999 sets out a detailed history of our National Mapping from its 
infancy to our long partnership with 1Spatial and the creative use of technology to meet 
our long term vision of automating our National map production.  
 
Background 
 
Central to the rationale for a New Topographic Map Series was a requirement to be 
mapping in a global rather than a national context. 
 
In 1999 LINZ introduced a new geodetic datum, New Zealand Geodetic Datum 2000 
(Blick 2005). One of the effects of the move to this datum is that the geographical 
position (latitude and longitude) of points will move by about 190m north and 10m east.   
 
The key features of the new datum over the previous NZGD49 datum are an increased 
accuracy; it is geocentric with its origin at the centre of mass of the earth; it is 
compatible with international systems such as the global reference system WGS84 
which is used as the GPS reference frame; it is three dimensional and allows the effects 
of crustal deformation to be managed through the inclusion of a deformation model in 
the datum definition. 
 
Subsequent to the introduction of New Zealand Geodetic Datum 2000 (NZGD2000), a 
decision was made in 2001 to introduce a new projection for national mapping, New 
Zealand Transverse Mercator 2000 (NZTM2000).  The false origin of the new 



 3

projection was moved by about 900km east and 550km north so that there could be no 
confusion between coordinates read off maps using the old NZMG and new 
NZTM2000 projections.  The key feature of the new projection over NZMG is that 
Transverse Mercator is a standard projection used internationally. 
 
The change to the new datum and projection result in the geographic positions and grid 
coordinates of features changing.  This necessitated consideration of remapping and/or 
changes to the NZMS 260 map series. Other considerations taken into account included 
the printing industry in New Zealand which was making it increasingly difficult to print 
large format and non standard map sheets. A number of these exist in the NZMS 260 
series. There had also been significant changes in map production processes since the 
introduction of the NZMS 260 series, notably a significant move towards using digital 
techniques. LINZ also had a well structured digital topographic database and had 
explored options for where to next. (Howard, G.M., O'Malley, G.V. and Pickering, R.P.  
New Zealand's Topographic Database: Where to Next? 1991)   
 
Based on these considerations, a decision was made by LINZ in 2005 to produce a new 
1:50 000 map series to be known as the Topo50 series.  Our existing mapping system 
would be enhanced to fully automate the production process and a project team was set 
up in 2006 to commence the production of the new series.   
 
Implementation of a New 1:50,000 map series 
 
A key feature in implementing the decision for a new map series was to work closely 
with Defence, Emergency Services, Police, Fire, Department of Conservation, 
Ambulance, Search and Rescue and Civil Defence who all agreed that they would 
switch their mapping and emergency systems to use NZTM2000 and Topo50 maps 
from September 2009.  Since commencing the project other stakeholders and major 
users of core topographic maps have also become participants in the project for 
example, Mountain Safety Council and Ministry of Agriculture and Forestry. 
 
Other key elements of the implementation were that the entire series, consisting of 451 
new sheets, will be released simultaneously, (the current series has 296 printed map 
sheets). There will be no new editions of the existing NZMS 260 sheets released before 
the launch of the new series and the old series will be completely withdrawn on release 
of the new series. Outstanding data maintenance will be completed within the database 
prior to map production and an integrated update process will be developed. All data 
integrity issues will be resolved to enable a consistent and uniform map production 
process. The database will be enhanced to allow cartographically placed text to be 
generated through the production flow line. The automated delivery system, called the 
prepress, will also produce digital images of the new Topo50 maps in Tiff and GeoTiff 
format and these will also be made available from date of launch. 
 
Map design improvements 
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Each map in the series will cover a different area to the NZMS260 map so a new map 
sheet layout was designed. The new Topo50 maps will be formatted to fit a standard A1 
portrait format. This is in contrast to the existing series which is in landscape format and 
sheets are a variety of sizes. The map sheets will have a new index, names and reference 
numbers. There will be no half sheets.  All sheets will be full size (A1); however 40 
sheets with little land cover will be printed with a third overlap from the adjoining 
sheets. Additional information on the datum and map projection is also provided. See 
figure 3 for an example map sheet, BX24, Christchurch. 
 
There have been a number of improvements to the layout of each map which clearly 
distinguishes the new maps from the old, these include, figure 2, a redesigned front 
cover which includes an index to show adjacent sheet names and includes an awareness 
panel stating that these maps are used by Emergency Services.  

 
The back cover, figure 3, has also been redesigned and now includes a locality indicator 
map, grouping and displaying a number of important warnings together, providing 
directions to additional information on the LINZ web site and a note inviting users to 
provide advice of errors to LINZ. 
 
Text placement 
 
The key consideration in automating the production process was the need to ensure that 
all text could be cartographically enhanced and displayed while at the same time being 
preserved through future maintenance of the source data. This required careful thought, 
specifications and software enhancements. The final solution involved a combination of 
automation and a one of interactive placement/validation applied by our cartographic 
staff using LAMPS software.   
 
The one off interactive task has been to manually shift and place text so that it does not 
clash with adjacent features, and is cartographically pleasing.  This has been done 
quickly by using re-projected raster images of the existing maps as backdrops to the 
topographic data. A small team of five cartographers using these images as a guide have 
adjusted the text to provide a cartographically pleasing product.  
 
Enhancements to the position are carried out where necessary and consistency of size, 
font, and placement has also been improved from the old maps to the new maps during 
this process. Adjusting text positions to allow for new sheet edges and overlapping 
maps was also carried out during this phase of production. 
 
Once text placement was completed the display parameters were retained for all future 
products unless changed through future maintenance. When names are created, changed 
or deleted by new information they are updated as part of the maintenance process 
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which usually involves the updating of the associated underlying geographic 
information.  
 
A set of text placement processes enhanced with the use of special software tools 
developed by 1Spatial in the United Kingdom, allow text to be manipulated to make it 
cartographically presentable. Figure 6 and 7 are examples of final text placement, figure 
4 shows raw data displayed directly from the geographic text feature at the captured  
 

Fig. 2 

Fig. 1 Fig. 3 
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coordinates held within the database, figure 5 illustrates cartographic text labels which 
are generated from the source geographic text. When the cartographic text labels are 
generated, they are done so against a set of defined rules. For example text size and font 
based on the feature or feature attributes in question, whether or not multiple labels 
should be generated and how much distance there should be between the labels. For 
example route numbers should be spaced at regular 7 kilometre intervals along a road, 
in figures 6 and 7, the cartographic text labels have been moved and placed using the 
cartographic placement tools. These labels remain linked to the original geographic text 
feature. If the geographic text feature is changed then the cartographic text for that 
feature needs to be regenerated. 
 
The success of this approach has been a major factor in enabling the production of the 
new map series within a 3 year timeframe.  
 

Fig. 4 Fig. 5  
 

 
Fig 6 Fig 7 
 
Text Clashes and marking up 
 
Once all the required text is placed a text clashing routine is run which analyses all text 
and data conflicts against more pre-defined rules. All text that fails this test are marked 
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up and added to a group and attributed with an associated note to explain the conflict. 
Figures 8 – 10 demonstrate this process using a height point symbol on a sand area as an 
example. 
 
In figure 8 the visible area is checked for clashes. The height point and elevation value 
get marked up as clashing with the sandy area. Figure 9 illustrates the mark-up which 
has a note associated to explain the type of clash and each mark-up becomes a class 
object that can be selected based on the type of clash. In figure 10 the clash is accepted 
from the mark-up menu and this allows the masking effect to be drawn around the 
symbol object and its associated text. Had the clash been unacceptable then the text 
would be repositioned. 
 

   
Fig. 8 Fig. 9 Fig. 10 
 
Grids and graticules (lines and labels) are generated automatically within the LAMPS2 
environment. At the north and east edges the map graphic will run to the cut edge of the 
map sheet, therefore the grid and graticule label elements are drawn within the map 
graphic. The label elements for the south and west edges of the map are drawn outside 
of the map graphic in the margin. 
  
The cartographer can suppress individual grid and graticule labels in the map graphic if 
they clash with other map content. They can control which set of grids and graticules 
are displayed in areas where map sheets overlap. 
 
Bit Maps 
 

 
Fig. 11 Fig. 12 
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Bit maps are used for area fills. The cartographers have designed fills that reflect both 
traditional cartography and are suitable for use with technology. Figure 8 – 10 illustrate 
the screen display product view for an area of sand. Once all editing is complete and a 
nationally consistent set of cartographic rules have been applied, maps and digital 
products are generated through the production system, pre-press. Figure 11 and 12 show 
final areas of sand, mud, mangroves and forest. 
 
Boost Methodology 
 
Ensuring motor way on and off ramps and merging roads are displayed correctly has 
been resolved by using a boost method. The system has been designed to allow the road 
structure to have boost parameters added. Allowable values are under, default, boost1, 
boost2, boost3 and boost4.  Combining these values on different road sections allows 
the final map outputs to reflect the traditional cartographic look.  
 
Figure 12 shows how the data from the database is displayed when normal system 
symbologies are applied. Figure 13 shows the generated map output for the same area 
after applying the boost method. 
 

Fig 12 Fig 13 
 
Display Methods  
 
A number of display methods have been written that allow the cartographic 
representation of a single feature or part of that feature to display in differing 
circumstances. 
 
Figure 14, Aoraki/Mount Cook, is an area of heavy snow and ice where the contours 
should be represented in blue. In this case a display method distinguishes contour data 
passing over areas of snow and ice and changes the representation from orange to blue 
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in this area. In this figure a contour has been selected to show that it is a continuous 
feature yet parts of it display in blue and the rest in orange. 
In figure 18 only the outer edges of the rocky coastal areas display. Display is 
suppressed along the abutting coastline where it is coincident with the rocky area.  
 
A study of figure 20 shows that the power pole symbol masks out other clashing black 
information but does allow other information to remain superimposed. In this example 
the river information remains in blue and the black embankment and track 
representations are masked. This method is applied to other representations such as 
lighthouse symbols which are transparent with the black clashes from other 
representations masked. 
 

 
Fig. 14 Fig 15 
 
A method was also developed to ensure bridges are appropriately adjusted for 
appearance. Where a bridge is too small for correct representation it is automatically 
exaggerated. Figure 15 shows how the ends of the bridge symbology are automatically 
aligned with the direction of the adjoining roads and figures 16 and 17 show how the 
topologically structured raw data for a road and bridge are adjusted in the product view 
to give a nicer representation.  
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Fig. 16 Fig. 17 
 
Figure 19 shows how cliff representations are automatically adjusted to fit alongside 
adjacent information. In this case cliffs are on both sides of a river and the symbology is 
adjusted so as not to cross the river. 
 

Fig 18 Fig. 19 
 

Fig. 20 Fig. 21 
 
In figure 20 a method allows the clash between embankment representations to be 
resolved.   
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Figure 21 demonstrates how fords are being represented by changing the road infill to 
“blue”. A ford is where a river intersects with a road that causes flooding.  
 
All of these methods are automatic but do allow for operator intervention to resolve the 
very difficult situations. The mark up process is also used where unresolved clashes can 
be cycled through minimising the operator intervention time. 
 
Definition Files 
 
Definition files for each map are maintained with the information particular to each 
sheet and required to generate the marginalia. An example of this approach is figures 22 
and 23. In figure 22, the grid reference sample point has been loaded in to the sheet 
definition file. The system automatically determines the coordinates of the point and 
populates the reference template with the correct data. In figure 23, the magnetic 
variation for the sheet is stored in the sheet definition file and the grid north/magnetic 
north diagram is produced during the production process. These definition files also 
contain the extents for each sheet and information on the map edition.  
 

 
Fig. 22 Fig. 23 
 
The front and back covers are compiled and reside in their own directory. These are 
added to the map during the production process.  
 
The relief shading functionality enables a third party hill shading image (Tiff format 
grey scale image) to be included in the plotted map.  The image is processed as part of 
the printing procedure.  This processing prints the image to the grey separation but will 
be dropped out where other stipulated features are drawn in the other separations. 
 
 
Source Data  
 
Our topographic database was initially populated from the conversion of cartographic 
drawings, primarily to support 1:50,000 and smaller scale mapping. While this does 
limit some of the complexity associated with large scale data collection it also 
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introduces some initial data displacement where features have been drawn out of 
position.  
 
Our source database is now maintained directly from KiwImage, (Satellite imagery 
rectified to 2.6m RMS, pixel resolution 0.6m), and source data directly from other 
authoritative agencies, e.g. Transit New Zealand and the Department of Conservation. 
The data within the database will eventually hold all data in the correct position. 
Positional accuracy will eventually improve from ±22m to ±10m or better 
  
All data held in the Topographic Database is structured using the 1Spatial Gothic 
database as objects and the LAMPS software is used allowing very complex analysis 
and presentation display rules and methods to be applied. The presentation can be based 
on the interaction of features, geometry or attributes with any other features geometry or 
attributes regardless of the type of feature, for example linear, polygon, point, natural, 
man made etc. 
 
All features in our database are described and modelled in accordance with the Spatial 
Data Transfer Standard, (SDTS) through AS/NZS 4270, a voluntary national standard in 
both Australia and New Zealand. 
 
Prepress Production System 
 
As previously noted the production system has been termed the “prepress” solution.  It 
enables a seamless printing process that does not require any operator interaction with 
LAMPS2.   
 
The prepress tool uses a web interface that allows the operator to select the map or a 
series of maps to be generated, and the type of output required.  Current outputs are 
Tiff, GeoTIFF, colour separated Postscript (the preferred output for 6 colour offset 
printing), PDF, colour separated PDF, or the map can be sent direct to the in-house 
proof plotter.  We have chosen raster output resolutions of 200, 300 and 600dpi, 
however this is completely variable depending on the choice of RIP software.  2400dpi 
can be created if required. 
 
 
The prepress workflow consists of three key steps.  The first is a postscript server which 
extracts the topographic data from the Gothic database, adds relief images and map 
covers and then generates colour separated postscript files.  The second, an imposition 
programme, is used to combine the postscript server output with the other key map 
information such as the legend, grid, graticule, magnetic information, date and edition 
number to create the full map layout.  This programme also checks and corrects clashes 
between grid and graticule labels in the map margin.  The output is colour separated 
postscript files of the complete map.   The third component is used to combine the 
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colour separations and produce Tiff files for map viewing or plotting, and GeoTIFF 
files for use in GIS applications.   
 
If a range of outputs of the same map is selected, the colour separated postscripts are 
held in the queue and used for each output; the entire workflow does not need to be 
repeated.   
 
The production flowline is illustrated in figure 24 
 
Communication Strategy 
 
A key feature of the Topo50 map project has been to clearly communicate with key user 
groups about the proposed new map series.   
 
While the communication message varies among the differing user groups, the overall 
objective of the communication strategy is to encourage quick uptake of the Topo50 
maps by map-users to enable consistency with maps used by emergency services 
 
The main outcomes of our communication strategy were to achieve high user uptake of 
Topo50 maps within the first year and to ensure large numbers of emergency services 
old NZMS 260 map stocks are taken out of circulation and replenished with new 
Topo50 maps prior to launch of the new series. 
 
To achieve this LINZ is communicating directly with user groups through presentations, 
stakeholder workshops and in addition produced a number of resources which are 
available on the LINZ web site at www.linz.govt.nz/topo50.   
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Fig. 24 
 
Cost benefit 
 
This project was allocated one-off funding to reposition LINZ’s mandated mapping 
responsibilities to meet our current and future primary customer needs. Some of the 
benefits that have already resulted are improved overall topographic capability, quicker 
and cheaper production of maps; our new maps wholesale for $3.50 our old maps 
wholesaled for $6.70. 
 
By integrating our maintenance and production systems we have established a 70% 
increase in topographic maintenance and a 50% cost reduction on topographic 
maintenance spending.  
 
Conclusions 
 
The new Topo50 maps are a modern paper based series of maps consistent with 
international standards.  This project has realised a number of significant benefits that 
include a datum and projection that conforms to international standards, a fully 
automated production system working independently but directly from a fully 
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maintained topographic digital database. Cost savings were significant and the final 
product is shared by the New Zealand community of core users of the information. 
 
This development will enable new products and services to be developed by both the 
private and public sector. E.g. Up to date GeoTiff are available free to any user for 
seamless consistent incorporation in to GIS applications.  It is now possible to see a 
future where our topographic maps can be produced quickly leading to true ‘Mapping 
on Demand’. 
 
The development of the Topo50 map series being released nationally in September 
2009 is an ambitious undertaking by LINZ.  At the time of writing, the project was on 
schedule to meet this time frame with more than half of the maps printed.   
 
In the broader sense, the project is a multi-agency project involving changes by 
Emergency Services to their GIS.  Communicating the impacts of the new map series to 
all users has been seen as an integral and important part of the project to ensure a rapid 
uptake of the new maps when they are released. 
 
For this project we produced 451 postscript, PDF, Tiff and GeoTiff files. PDF was 
added to provide a second offset printing option as risk mitigation. We off-set printed 
451 1:50,000 Topographic maps, (approximately 500,000 maps in total) and made all 
Tiff and GeoTiff, (300dpi) available as free downloads from the www.linz.govt.nz web 
site, withdrew a National map series and replaced it throughout the country and ensured 
all emergency systems were transferred to the new system.  
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