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iNtroDuctioN

International debate about boundary 
monumentation (beaconing) and record 
keeping has continued for decades (e.g. 
Hadfield 1966; Toms et al. 1986; Johnstone 
et al. 1989; Goodwin and Regedzai 1997; 
Ballantyne and Rogers 2010). In particular, 
there has been discussion about whether 
boundary marks are still necessary. This has 
been debated both in New Zealand (e.g. 
LINZ 2007:12), where it was suggested that 
boundaries only needed to be marked where 
there is “conflict”), and internationally (e.g. 
Karlsson 2005; Jarroush 2009; Williamson 
1991; Government of South Australia, Section 
5). This paper considers the specific case of 
monumentation and record keeping in New 
Zealand, where the system of electronic record-
keeping (Landonline) is based on bearing and 
distance vectors rather than coordinates. 

The paper was motivated by a number of 
issues facing cadastral surveyors in New 
Zealand today:

the volume of records accompanying i. 
e-surveys retrieved from Landonline, 

sometimes running to scores of pages;

clutter on some plans, especially plans of ii. 
GPS surveys, caused by large numbers 
of bearings and distances;

multiple determinations of point iii. 
posit ions,  especial ly  with GPS 
technology, which raises the question 
of whether there is still merit in keeping 
all observations, or whether the time has 
arrived for surveyors to provide results 
as weighted and adjusted positions 
carrying greater probability than 
component observations;

the powerful COGO (Coordinate iv. 
Geometry) capabilities of GPS receivers 
and Total Stations. Survey/CAD/
GIS packages work with data in the 
form of coordinates with associated 
topology, and NZGD2000 coordinates 
(latitude and longitude) are available 
via Landonline and readily transformed 
to any projection. Collectively these 
suggest that survey data archived 
and retrievable in coordinate form 
(as opposed to bearing and distance 
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vectors) would be more useful to 
surveyors today than vector data.

The paper begins by looking at broad 
theoretical considerations underpinning 
cadastres, and at important criteria for 
Cadastral Survey Datasets (CSD). A 
prototype CSD is then put forward for the 
purpose of discussion, and its implications 
discussed for future surveys in New Zealand. 
It is concluded that, although a monument-
based cadastre should be retained (i.e. we 
consider survey marks to be superior to 
coordinates), there are compelling reasons 
for expressing observations in terms of 
coordinates rather than vectors in future.

cLAriFicAtioN oF tErMs

Before comparison and reasoned discussion 
are possible on the topic of cadastral survey 
datasets, it is essential to gain clarity on three 
fundamental issues, namely:

Monument-based cadastres • 

Coordinates• 

Survey systems and the influence of • 
history

Monument-based cadastres

This paper confines itself to cadastres that are 
‘monument-based’, which is the case in New 
Zealand. An essential feature of monument-
based cadastres is that boundary marks on 
the ground, if undisturbed, provide the best 
evidence of land rights. The underlying 
rationale is that marked boundaries (either 
in the form of marked corners connected by 
straight-line boundaries, or else in the form 
of boundaries with a physical existence such 
as rivers or walls), are the visible, tangible 
substance of what is agreed to between buyer 
and seller, grantor and grantee. Boundary 
marking is important for land because, even 
though we speak of a ‘land parcel’, land 
has no separate existence – it is continuous 
with abutting parcels. Boundary marks 
(also known as monuments or beacons) or 
boundary features (e.g. walls in a unit title 
survey) are usually viewed by right-holders 
as what delimit land parcels, separate them 
from contiguous parcels, and govern the 
extent of land rights. 

A potential legal difficulty is avoided by 
regarding the evidence of undisturbed 
boundary marks as superior to the 
measurement or description of those 
marks. This is because if dimensions are 
guaranteed they need to be perfect, which 
fails to recognise that all measurement is 
subject to error. If land within marked 
boundaries is conveyed, however, then 
dimensions are secondary. A frequently 
quoted analogy (Simpson 1976: 132,133) 
is that of a fishmonger selling salmon. The 
point is made that it makes a difference if 
the fishmonger offers a certain piece of fish, 
as displayed, for a stated price (in which case 
the weight is not critical: what customers 
see is what they get) or whether fish is sold 
by the kilogram, in which case fishmongers’ 
measures have to be correct or else they are 
culpable if the fish sold is underweight. 
Furthermore, in the context of cadastral 
surveying, a third party (the surveyor doing 
a subdivision) measures up the dimensions 
of an agreed parcel of land, emphasising 
that its dimensions are secondary. In 
summary, in a monument-based cadastre it 
is recognised that (a) surveys of monuments 
may be imperfect and burdened with error, 
(b) written descriptions have limitations 
and may be flawed and, (c) as accuracies 
of equipment improve, measurements may 
change over the years without material 
change in the position of marks. 

In a monument-based cadastre, as well 
as physical evidence on the ground 
(supplemented by written description and 
sometimes even oral evidence), mathematical 
evidence is the principal tool used by 
surveyors to ascertain whether boundary 
marks still occupy substantially the same 
position as when they were first placed and 
to replace disturbed marks or place new 
marks in sympathy with the old. In the 
course of most surveys, a check is made for 
disturbance of survey marks by comparing 
the relationship between marks on a former 
system with their relationship today. It 
does not matter if past and present survey 
systems are different; a bearing swing and/
or scale change between the systems will be 
consistent between all marks provided that 

they still occupy substantially their original 
position. In quantifying bearing swing 
and scale change, an important principle 
borne in mind by surveyors is that small 
disturbances of marks result in large errors 
in orientation and scale over short distances. 
For this reason, swing and scale are generally 
calculated from accepted marks as widely 
distributed as possible. Thereafter, since 
bearing swing and scale change will never be 
perfect, replacement positions are calculated 
from accepted marks as nearby as possible in 
order to minimise the effect of errors. 

The following questions may assist in teasing 
out some of the subtleties of monument-
based cadastres:

Q: What happens if no direct measurement 
was made from the closest undisturbed mark 
in the previous survey? 

A: Given the cadastral-rated equipment used 
by surveyors for at least a century, swing and 
scale can equally well be applied to indirectly 
measured lines from nearby marks as to 
directly measured lines. In either case, good 
relativity, the hallmark of a monument-based 
cadastre, will be preserved. 

Q: Since surveyors need to use data from 
widely distributed marks for comparison, 
how is this arrived at if only short lines are 
observed and measured? 

A: If previous survey data is in the form of 
bearing and distance vectors for a series of 
short lines, bearing swing and scale change 
for longer lines are calculated via a series of 
consecutive bearing and distance vectors 
(usually named ‘missing line’ calculations, 
‘data-traverses’ or ‘ray-trace’ traverses) or 
else by generating pseudo-coordinates from 
bearings and distances, followed by joins 
(inverses). It will be noted that if previous 
survey data is already expressed in the form 
of coordinates, time will be saved because 
joins can immediately be taken out between 
coordinates without first having to calculate 
missing lines or run data-traverses. In 
particular, transformation is possible.

Q: Does it make any difference if the 
previous and current surveys are on different 
survey systems (e.g. if previous survey 
coordinates were on a local system and the 
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present survey on the projection, or if the 
previous survey coordinates were in different 
units, e.g. links)?

A: It does not matter. Provided that any 
bearing swing and scale change are accounted 
for, relativity will not be compromised. 

Coordinates

The second issue on which clarity needs to be 
gained, is the use of the term “coordinates”. 
Strictly, vector bearings and distances are 
also coordinates (i.e. polar coordinates) but 
in this paper the term ‘coordinates’ will be 
used in the sense of grid coordinates: x,y or 
E,N. The word coordinates holds a number 
of different associations for users and, for 
NZ cadastral surveyors, includes at least the 
following four types: 

National survey control coordinates i. 
on the NZGD2000 datum. This 
datum is semi-dynamic, in other 
words coordinates are given for a 
certain epoch but underpinned by a 
national deformation model (see Blick 
2003:15, 19). In practice, NZGD2000 
stops short of being fully dynamic (i.e. 
four dimensional, where continuously 
changing coordinates of marks would 
account for the effect of crustal 
deformation), because this was thought 
to be too disruptive for users.

Digitized cadastral data captured from ii. 
record sheets into the digital cadastral 
database (DCDB) which, owing to 
errors in the digitisation process, could 
conceivably be fifteen or more metres 
in error compared with surveyed 
positions.

Coordinates in the survey-accurate iii. 
digital cadastre (SDC), where distances 
and bearings for a number of surveys 
have been subjected to a block least 
squares adjustment, with a few ties 
across roads and to control marks (Rowe 
2003), thereby producing a result 
sufficiently good for searching purposes 
(e.g. via a LandXML file) but generally 
inferior to the original survey data (e.g. 
McKinnon 2003).

Coordinates on traverse sheets, derived iv. 

from vector measurements of bearing 
and distance. 

Clearly, different strategies need 
to be adopted when working with 
the different coordinate types listed 
above and, just as clearly, original 
measurements will be superior to joins 
between inaccurate or approximate 
coordinates. Where coordinates are 
unreliable (e.g. in (ii) above) surveyors 
do not have to be told that surveys 
will have better internal consistency 
if loop traverses are used, and tied to 
a single point rather than distorted to 
fit the unsatisfactory control. But it is 
important to note that good survey 
observations expressed in the form of 
coordinates should not be branded with 
the stigma of less accurate coordinate 
types. With this in mind, in this paper 
a fifth coordinate type is added to 
the above list, namely “observation 
coordinates”. This term will be used 
to denote coordinates derived directly 
from observations, either vectors (e.g. 
from a Total Station) or from GPS.1 
Such observation coordinates are 
defined as being:

i. derived from observations that 
 are reduced (e.g., for a total station, 
 curvature and refraction and 

 instrument and prism errors);

ii. adjusted (either traverse bearings 
 ‘closed’ and a Bowditch adjustment, or 
 e l se  a  least  squares  network 
 adjustment) to fit in with national 
 survey control coordinates, or else 
 with confirmed marks on a previously 
 approved survey which is on the 
 national system;

iii. calculated on the official projection 
 in use; 

iv. independently checked. For GPS, 
 this would either have taken the 
 form of two observations a minimum 
 of 30 minutes apart with acceptable 
 differences between the two fixes, 
 or else of a network adjustment with 
 sufficient redundancy and acceptable 
 residual errors. For Total Stations 

 (or EDM and optical theodolite) a 
 check will ideally be a “double tie” (i.e. 
 two independent fixes from different 
 setups).2  In either case it is assumed 
 that a mean will have been taken 
 to arrive at a position carrying greater 
 probability than that determined by 
 any of the component observations.

The following questions may suggest 
themselves:

Q: Would observation coordinates be 
the same as ‘legal coordinates’ (as used in 
cadastral systems where coordinates take 
precedence over ground marks)? In other 
words, could boundary marks ever be 
replaced on observation coordinate values 
alone, with no reference to other marks? 

A: The answer is no. Coordinates of marks 
may change over time, for example if a 
readjustment was made of the national 
survey control system. When this happens, 
replacing on a coordinate value will not 
preserve relativity between marks. What 
should not change, however, is the joins 
between observation coordinate pairs. 
Thus, if observation coordinates were 
determined today between a control mark 
and a boundary mark, then in thirty years’ 
time the joins between the observation 
coordinates could be applied to the new 
(e.g. readjusted) coordinates of the control 
mark, and a coordinate calculated for the 
boundary mark on the current  system. The 
observation coordinate of the boundary 
mark would be numerically different, but 
the joins between it and the control mark 
would be the same, and relativity would have 
been preserved. 

Q: Why not just preserve relativity by 
using the original bearing and distance 
observations themselves, as is done with 
adoptions in current NZ practice? Why 
go to the trouble of turning vectors into 
coordinates? 

A: The answer is threefold. First, especially 
where two or more determinations are 
made of the same point (e.g. two GPS 
observations), storing vector data for all 
fixing rays for a point is less efficient than 
storing a mean position in digital form. 
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Second, observation coordinates would 
make use of all observations, and so yield 
more probable positions than if only single 
fixes were used. Third, where coordinates 
are stored, joins can be done between any 
coordinated points whereas, if vector data 
are stored, ray-trace calculations are needed 
between all non-contiguous points and 
this is work that may have to be repeated 
for every subsequent survey. In particular, 
coordinates enable the powerful tool of 
transformation.

Survey systems and the influence of 
history

The final area in which clarity needs to 
be gained is that of survey systems used 
historically, and decisions made in historical 
times that still influence survey practice 
today. New Zealand currently enjoys a 
comprehensive national survey control 
system, but in earlier times surveys were 
sometimes done in isolation (in other 
words, ‘island surveys’, independent of other 
surveys) or on meridional circuits (initially 
not for all districts) in which bearings but 
not distances were carried out from origin 
marks to geodesic stations. There were 
obvious drawbacks to many early surveys, 
including difficulties inherent in relating 
surveys to one another, and the possibility of 
gaps and overlaps, hence the Palmer Report 
of 1875, which recommended a unified 
national control system of coordinates3 and 
culminated in the NZGD2000 national 
survey system we enjoy today. However, 
along the road leading to the national 
geodetic system, specific details of surveys 
vary from case to case depending on the 
type of equipment used and on any local 
survey system/s specified, and this needs 
to be factored in by today’s surveyors. For 
example:

In a survey system of circa 1865 one • 
would expect poor distances (e.g. if a 
surveying chain was used) with superior 
angular measurements.

In a survey done by base extension, any • 
inaccuracies in the measured base line 
would likely be manifested as a constant 
scale change between surveyed marks.4

For surveys in the past few years, with • 
a total station or an EDM and optical 
theodolite, comparable accuracies 
are expected between bearings and 
distances, and there is generally no scale 
change. However, a constant bearing 
swing is not uncommon between 
surveys owing to differences in the 
origins used for bearings.

Available materials, rate and patterns 
of settlement, and decisions made by 
early surveyor administrators about such 
things as accuracies, data structures and 
required checks, all influenced the way in 
which surveys were carried out in any era. 
Knowledge of historical circumstances, 
therefore, is frequently important when 
considering old survey marks and survey 
records. In particular, although details are 
beyond the scope of this paper, the reasons 
why Landonline data is held in its present 
form are important. Briefly, a policy decision 
was taken to capture observations, which at 
that point in time meant archiving bearing 
and distance vectors. Other significant policy 
decisions were as follows:

Bearings (submitted to Landonline • 
and on survey and title diagrams) are 
adjusted (‘closed’); 

Distances are not adjusted (i.e. even if • 
a Bowditch or least squares adjustment 
is done for a traverse, Landonline 
requires ellipsoidal distances prior to 
adjustment);

Bearings are on a meridional circuit • 
projection;

Distances are reduced to the ellipsoid • 
but are not on a projection;

Traverse sheet coordinates, on the other • 
hand, are adjusted, reduced to the 
ellipsoid and on the projection.

Clearly there is no right or wrong to 
any of the above. Policies were based on 
the best data available, and the resulting 
observations form an extremely valuable 
data set of which New Zealand surveyors 
can justifiably be proud. However, having 
said this, survey hardware and software have 
advanced in directions that could not have 

been predicted a hundred years ago. Two 
advances are of special significance, first, the 
measurement and processing of coordinate 
geometry has become much easier (e.g. 
coordinate transformations), and second, 
especially in the case of GPS, it is increasingly 
common for several determinations to be 
made of point positions not just a single 
determination. 

AN ALtErNAtiVE cADAstrAL 
surVEy DAtAsEt

This section discusses an alternative cadastral 
survey dataset (CSD) for a survey near 
Dunedin, at Purakanui. The CSD includes 
three main elements, which are considered 
below and illustrated in the Appendix. 

Observation Coordinate File (OCF) 
(Appendix Table A.1)

This subsection considers desirable criteria 
for an observation coordinate file (OCF) 
containing the most likely positions of points 
in a survey, with the smallest associated error 
ellipses and greatest confidence achievable. 
In concept, this file would be retrievable in 
digital form from Landonline for all surveys 
after a specified epoch (i.e. existing surveys 
would be approached in the same manner 
but surveys after a certain date might be 
required in a different format). 

The following criteria were used to create 
the OCF: 

The form should be that of an Excel i. 
spreadsheet (or equivalent), easily 
portable (e.g. comma separated, CSV 
file) to CAD/survey software and to 
data controllers used by GPS and Total 
Stations, and also capable of printout 
in an acceptable format;

Only independently checked coordinates ii. 
should be listed in the OCF (unless 
for an acceptable reason and clearly 
marked as unchecked or incompletely 
checked); 

Tolerances for acceptable differences iii. 
between fixes would need to be 
prescribed, perhaps using the current 
rules for cadastral survey as a starting 
point (e.g. LINZ 2010; s3.1(a));  
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A  s i n g l e  ( u n c h e c k e d )  s u r v e y iv. 
determination would normally only be 
permissible where a survey was already 
based on the national survey control 
system and acceptable agreement 
was obtained with coordinates from 
a previously approved survey also on 
the national system. In other words, 
an approved survey on NZGD2000 
plus visual evidence plus a single fix 
could provide a check on coordinates 
established in the current survey if also 
on NZGD2000;

The CSV file of observation coordinates v. 
should specify the datum and projection 
used, where instruments have been 
set up (Total Station and/or GPS 
base station), and should contain the 
name of each mark using letters and 
numbers but no Roman numerals 
(except referring to previously approved 
surveys), a concise description, and 
whether found (i.e. a found survey 
mark, placed and coordinated in a 
previously approved survey), placed (i.e. 
a mark newly coordinated in the current 
survey), adopted or calculated;

Adopted marks should quote the vi. 
description of the mark exactly as given 
in the previous survey, and should give 
the date of that survey (to signal the 

age of the description). For example, 
‘Iron tube buried 0.2m (Dec. 1945)’. 
Surveyors are aware that adopted points 
carry an unwritten caveat: they have 
been neither visited nor surveyed, only 
calculated according to data from an 
approved dataset that is unchanged 
apart from any justifiable bearing swing. 
However, it is argued that useful work 
may have been done bringing such 
points onto the current survey system 
(e.g. by calculating ray-trace/data-
traverses) and their inclusion in the 
OCF is warranted, if only for searching 
purposes by future surveyors; 

Observation coordinates should, vii. 
wherever possible, be on an official NZ 
projection, to permit easy comparison 
with Landonline SDC coordinates and 

for easy searching using GPS. It is noted 
that a LandXML file is already obtainable 
from Landonline, but (a) this step could 
be avoided for surveys with OCFs and 
(b) the LandXML coordinates are in 
some instances still inferior to actual 
observations. This means that, for 
data comparison purposes, ray-trace 
calculations still need to be done using 
vector observations; 

If there are no national survey control viii. 
network marks within a reasonable 
distance, it should sometimes be 
possible to base a new survey on the 
cadastral survey network by basing it 
on an approved survey which is itself 
based on the national survey control 
system. In this case, more stringent 
tolerances should apply than if a survey 
was based directly on national survey 
control marks. These tolerances would 
need to be specified in the Cadastral 
Survey Rules;

In order to be on the NZGD2000 ix. 
survey system, observations used to 
compute observation coordinates would 
need to be reduced (for instrument, 
atmospheric and geometric errors) and 
projected into a plane system. Also 
bearing and distance misclosures in 
traverses would need to be adjusted, 
local transformations or network 
adjustments done where appropriate, 
and weighted means taken. A guiding 
precept in this process should be to 
preserve acceptable relativity between 
marks; 

For a monument-based cadastre, when x. 
ascertaining whether survey marks 
have moved or not, the more well-
defined marks there are to choose from, 
the better. Although it is generally 
recognised that boundary marks are 
more susceptible to movement than 
control marks,5  in the case study the 
view has been taken that if boundary 
marks are (a) sufficiently well defined 
(e.g. an iron spikes, tubes, lead plugs, 
masonry nails in concrete footings or 
wooden boundary pegs tacked with 

copper nail, (b) surveyed to the same 
precision as witness, traverse and 
reference marks, and (c) checked with 
a double tie or equivalent, there should 
be no reason not to assign these equal 
weight as evidence in data comparisons. 
The best judge of whether (a), (b) and 
(c) apply is naturally the surveyor doing 
the work, and one way of making future 
surveyors aware of the decision taken 
would be for the surveyor to flag marks 
as suitable for comparison. In the sample 
records in Appendix B, compliance with 
(a) and (b) is signalled by assigning a 
‘monument/mark comparison status’ 
(MCS) code, noted in the last column 
of the OCF; 

Finally, the assumption is made, given xi. 
the accuracy of all cadastral rated 
equipment today, that inferred vectors 
(i.e. joins) between MCS coordinates 
are no less accurate than vectors derived 
from direct measurement.  

Survey diagram: (Appendix Figures A.1 
and A.2)

Assuming the existence of an Observation 
Coordinate File for every survey after 
an agreed inception date would affect 
specifications of both the survey and title 
diagrams. The following points are noted 
about the survey diagram in the case study:

The survey diagram should continue i. 
to show all marks surveyed, adopted 
or coordinated in a survey, with 
appropriate symbology for new and 
old marks etc.;

The legal appellation, DP number, ii. 
north arrow and survey system should 
continue to be shown;

As well as scale, a scale bar should be iii. 
considered, although this is seen as more 
critical for the title diagram, which is 
used by lay persons.

Given the ease with which joins/iv. 
inverses can be calculated by a variety 
of means today, and the possibilities 
offered by GPS for survey of non-
intervisible marks, this paper tests the 
idea of omitting bearings and distances 
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from survey diagrams where they are 
accompanied by an OCF;

The idea is also considered of whether v. 
significantly less CAD work will result 
from omitting bearings and distances, 
and whether clutter on survey diagrams 
would be avoided (especially in the case 
of GPS surveys). However, diagrams 
become harder to “read” and one idea 
is for a minimalist survey diagram to 
be accompanied by a copy marked 
up with representative measured lines 
(without bearing and distance values) 
added either by CAD or manually and 
then scanned. 

One disadvantage of the proposed vi. 
survey diagram is that, for a simple 
confirmation of an origin with a total 
station, two joins would be necessary6 
whereas the bearings and distances can 
now be read directly from the survey 
diagram. However, join calculations 
are not onerous today and more flexible 
options would result for establishing 
origins between any two found and 
confirmed marks of suitable status. 

Title diagram: (Appendix Figure A.3)

A title diagram should ideally provide the 
maximum benefit to right-holders and 
legal practitioners, and the following points 

are noted for the title diagram in this case 
study:

Title diagrams should continue to show i. 
bearings, distances and areas. However, 
it is suggested that a tabular form will 
often be less cluttered than where 
bearings and distances are written along 
boundaries; 

It is suggested that providing a ii. 
multiplicative constant on the title 
diagram would permit a user with a 
hand calculator to compute distances 
on the topographical surface of the earth 
from the distances given. At present this 
would involve a factor for converting 
ellipsoidal distances to ground level in 
an area, but if projection distances are 
used a slightly different scale change 
would be given;7

In the example, a simple alphabetical iii. 
labelling is given for convenience in legal 
description. In addition to such legal 
labelling, given names and description 
of boundary marks are also provided in 
the tables8 with the rationale that these 
could aid positive identification by 
right-holders, especially where names 
are inscribed on boundary marks by 
surveyors; 

A scale bar is given for ease of use by iv. 
lay persons.

DiscussioN

An obvious question is, how would future 
surveys differ as a result of the amended 
CSD described in this paper? Let us consider 
a survey done in the vicinity of the sample 
survey at Purakanui. A future surveyor 
would have to retrieve not only records 
for the sample Purakanui survey but also 
a number of older surveys. A first point 
of difference is that the Purakanui dataset 
would be more compact than the older 
surveys. It should be noted that, for the older 
surveys, the definition process would remain 
unchanged from current NZ practice. In 
other words, the benefits of alternative CSDs 
would only apply to surveys after an agreed 
epoch; older surveys would continue to be 
approached as they always had been. For 
the Purakanui survey, a second difference 
would be that coordinates of all marks could 
be downloaded in digital form into survey 
software and data controllers, thus avoiding 
input errors from entering data again. A 
third point of difference is that any missing-
line and ray-trace calculations done by the 
surveyor in the Purakanui survey would not 
have to be repeated; joins could now be done 
between any two points, saving duplication 
of work. A fourth point of difference would 
be that, in addition to the traverse marks 
and witness marks formerly available for 
checking disturbance, four new plastic 
boundary pegs in the Purakanui survey have 
been assigned monument comparison status 
(MCS) on the grounds that they are well-
defined, surveyed with precision comparable 
to traverse stations and witness marks etc, 
and are independently checked. A study in 

Canada showed that monuments established 
at the time of survey (prior to servicing and 
construction) are reliable about 60% of the 
time (Ballantyne 2010:256), and the MCS 
marks in the Purakanui survey, placed after 
servicing and construction, are likely to 
have an even higher chance of surviving and 
thus of providing a greater pool of survey 
marks for future surveyors to draw on for 
use in the data comparison process. Briefly, 
the future surveyor would find sufficient 
well-distributed, MCS marks to carry out 
a transformation to determine whether any 
marks had been disturbed. Disturbance 
would be easily and clearly shown by 
transformation residuals. If, for any reason, 
the previous survey was on a different survey 
system (e.g. a local system) a useful by-
product of the transformation would also be 
an average bearing swing and scale change. 
Once transformation parameters had been 
calculated between the two survey systems, 
computations, replacements and placing 
new pegs would be very simply achieved, 
without any need for adoptions yet without 
compromising relativity between marks.  

A further point for discussion is the trade-
off between on one hand the undeniable 
advantages of knowing which lines were 
actually observed versus, on the other, the 
amount of CAD work involved and the 
resulting clutter when lines are shown on a 

survey diagram. Figures A.1 and A.2 show 
two possible alternatives for survey diagrams, 
the first without and the second with broken 
lines showing observed rays. A further 
variation would be for the CAD observations 
shown in Figure A.2 to be added by hand to 
the minimalist diagram in Figure A.1, and 
submitted as an accompanying scan. 

With reference to the issue of whether or 
not surveys should be properly constrained 
to three or more control marks on the 
LINZ geodetic database or just a single 
mark, one downside of the former option 
is the variable amount of additional work 
necessary. However, weighed against this 
is the fact that there is merit in having an 
increasing number of surveys rigorously 
based on the national survey control system.  
Another downside is that constraining a 
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survey to the national trig system would 
be questionable in instances where LINZ 
control was inconsistent. Looking first at 
the far more common scenario of consistent 
control, adjusting/constraining traverses and 
GPS networks to the national system would 
in no way compromise relativity between 
marks. In the small minority of cases where 
control was inconsistent, misclosures and 
residual errors should always alert surveyors 
to the presence of unacceptable control and it 
would then be better to tie surveys to a single 
point. In these cases, digital OCFs could be 
clearly signalled as being relative to a single 
point (preferably that point should be on 
trig in order to aid searching), and future 
surveyors could very simply transform these 
surveys into improved LINZ control or into 
their own survey systems. Similarly, if for 
any other reason a future survey was based 
on a different survey system (e.g. a local 
system or a different projection), any bearing 
swing and/or scale change introduced in 
constraining coordinates to LINZ control 
would be accounted for when marks were 
checked for disturbance in the future. 

Even if any or all of the core components 
of the prototype CSD offered in this paper 
were to be accepted in concept, fine-tuning 
would be needed by specialists at LINZ in 
consultation with members of the surveying 
profession, and further work would be 

needed spelling out specific changes to the 
2010 Surveyor General’s Rules, but it is 
hoped that even in their present form these 
sample records may provide a helpful basis 
for discussion. 

coNcLusioNs

It was felt that a modified Cadastral Survey 
Dataset as piloted in the case study:

Offers possibilities for smaller and more • 
portable datasets for surveys submitted 
to and retrieved from Landonline in 
the future; 

Could save work presently spent in • 
computing missing lines or generating 
coordinates from sequential bearing/
distance vectors;

Would add functionality to data • 
retrieved from Landonline and used 

with current data processing software 
and with technologies such as GPS and 
Total Stations. Time savings should be 
possible for a variety of operations if 
past surveys could be uploaded into 
CAD/survey packages and/or Total 
Station or GPS data controllers;

Would have gains especially in the • 
data comparison process, enabling 
multiple comparisons to be made 
in a single operation when checking 
for disturbance of marks, calculating 
a bearing swing etc. In particular, 
coordinate transformations would 
be easier, by means of which many 
points in a past and current survey 
could be compared in one operation 
to check for disturbance. Points with 
high residuals could easily be rejected, 
and the transformation run again until 
small residuals are obtained for suitably 
configured marks. At that point, a 
reliable least squares bearing swing 
(and if necessary, scale change) could 
be calculated;

Would remove one possible source • 
of error (manual data entry) if data 
from an approved Cadastral survey 
could be automatically transferred and 
uploaded;

Would produce less cluttered survey • 
diagrams, especially for GPS surveys;

Would produce more ‘lay-person • 
friendly’ title diagrams;

Would in no way increase opportunities • 
for surveyors to use poor survey practice 
because, ‘at the end of the day it is up 
to individual surveyors to undertake 
sufficient QA checks to certify their 
work as accurate’ (Nikkel 2010);

In areas of high crustal movement, • 
Observation Coordinate Files would 
facilitate transformation if it was 
ever deemed necessary to apply 
the national deformation model to 
transform NZGD2000 coordinates 
from a previously approved survey into 
a current survey; 

Perhaps most importantly, survey • 
data submitted to Landonline, stored 

and retrieved would be in the form of 
meaned and adjusted quasi-observations 
(in the form of coordinates) with smaller 
error ellipses of probability than those 
of the original component observations 
and therefore capable of producing a 
better survey result than is usual for 
current practice. 

In summary, it is concluded that New 
Zealand’s monument-based cadastre should 
not be supplanted by a system of legal 
coordinates. In other words, marks should 
not be replaced or parcel mutations computed 
on coordinate values alone. However, 
a number of features of New Zealand’s 
cadastral system fail to take advantage 
of technology and computing methods 
available today, particularly the possibilities 
afforded by coordinate transformation. The 
existing system of submission and retrieval 
of vectors is inefficient and falls needlessly 
short of an optimal survey result in that 
generally not all of the survey data is used to 
calculate and archive positions with the least 
uncertainty. It is therefore concluded that an 
observation coordinate file in digital form 
should be archived for every survey after an 
agreed inception date, with Survey and Title 
diagrams being altered accordingly, and that 
in future joins between archived observation 
coordinates should be used for replacement 
from the nearest ground marks verified as 
undisturbed. 
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so 123456

section 1 Block ii town of Purakanui and Proposed road stopping              otago Land District

FIELD 
BOOK

NZGD2000 North Taieri 
Circuit, False Origin  

800000.00mN   400000.00mE

NAME OF MARK DESCRIPTION F/P/
A/C

MCS

N metres E metres [F: Found, P: Placed A: Adoped,  
C : Calc]

[MCS = Monument Comparison  
Status]

811678.37 427475.60 Trig 16421(A238) Brass Plaque set in conc pillar. - -

812728.90 427544.09 Trig Z (A237) Bayonet set in conc. - -

810168.74 425322.33 Trig Mopanui (A22G) 12mm stainless steel pin set in conc. - -

811885.64 427082.18 OIT XXII DP 6000 Iron tube set in conc. (0.2m deep) F MCS

812343.65 427291.65 OIT II DP 8775 Iron Tube (0.2m deep) F MCS

812395.37 427314.24 OIS VIII DP 16092 Iron Spike (0.2m deep) F MCS

812643.17 427081.09 OIT IV DP 8111 Iron Tube (0.2m deep in road) F MCS

812661.50 427059.82 OIT V DP 8111 Iron Tube (0.1m deep) F MCS

812643.17 427081.09 OIT IV DP 8111 Iron Tube F MCS

812724.74 427216.80 OIT XIII DP 8111 Iron Tube F MCS

812556.84 427185.80 IT 1 Iron Tube (0.1m deep in road) P MCS

3rd setup 812516.05 427183.46 IT 2 Iron Tube (0.1m deep in road) P MCS

4th setup 812503.34 427194.72 IT 3 Iron Tube (0.1m deep) P MCS

GPS Base 811688.46 427471.31 IS 4 Iron spike (0.1m deep) P MCS

1st setup 812643.21 427069.50 IT 5 Iron Tube (0.15m deep) P MCS

2nd setup 812554.25 427184.70 IT 6 Iron Tube (0.15m deep) P MCS

5th setup 812504.69 427230.94 IT 7 Iron Tube (0.2m deep) P MCS

6th setup 812550.07 427241.79 IT 8 Iron Tube (0.2m deep) P MCS

812636.19 427151.20 IT I DP 8111 Iron Tube (Aug. 1954) A

812654.17 427112.66 IS III DP 8111 Iron spike (Aug. 1954) A

812642.96 427141.61 IS II DP 8111 Iron spike (Aug. 1954) A

812669.10 427175.58 Bdy adpt DP 8111 Wooden peg (Aug. 1954) A

812358.79 427271.74 III DP 8775 Iron spike (1956) A

812384.31 427276.02 IV DP 8775 Iron spike (1956) A

812402.98 427279.15 V DP 8775 Iron spike (1956) A

812398.50 427295.34 VI DP 8775 Iron spike (1956) A

812602.91 427185.85 28R29 SO14822 Wooden peg (1875) A

812598.58 427190.35 28R SO14822 Wooden peg (1875) A

812566.71 427195.74 27R28 SO14822 Wooden peg (1875) A

812539.92 427200.26 27R SO14822 Wooden peg (1875) A

812517.67 427204.02 Peg 1/R Plastic peg P MCS

812503.20 427235.00 Peg 1R2 Plastic peg P MCS

812499.75 427242.39 2R9 SO14821 Wooden peg (1875) A

812489.20 427264.99 9R10 SO14821 Wooden peg (1875) A

812470.18 427271.56 10R11 SO14821 Wooden peg (1875) A

812451.15 427278.14 11R12 SO14821 Wooden peg (1875) A

812437.11 427276.99 12R13 SO14821 Wooden peg (1875) A

812543.36 427238.73 1R3 SO14821 Plastic peg P MCS

812536.68 427250.62 1-2 SO 14821 Plastic peg P MCS

812608.31 427135.25 Peg VIII SO 14822 Wooden peg (1875) A

812481.40 427168.17 IS VII SO 14822 Iron spike (1875) A

812461.45 427246.36 Peg VI SO 14822 Wooden peg (1875) A

812341.30 427100.68 A SO14821 Wooden peg (1875) A

812278.53 427239.14 V SO14821 Wooden peg (1875) A

APPENDiX

A modified cadastral survey dataset

table A.1. Printout of an observation 
coordinate File (ocF).
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Figure A.1. Purakanui survey diagram (broken lines not shown).

Figure A.2. Purakanui survey diagram (broken lines show observations but generally without giving bearings and 
distances).
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Figure A.3. Purakanui title diagram.

ENDNotEs

1 Observations for GPS surveys are in the 
form of baselines on the WGS84 datum, 
but these are usually conveniently 
viewed by users as coordinates in a wide 
variety of forms including geodetic 
coordinates (latitude and longitude) 
and coordinates on a wide variety of 
projections (including New Zealand’s 
meridional circuit projections). 

2 “Double ties” are considered preferable 
to a second fix from the same setup using 
different units and a different circle 
setting. For the latter, mis-plumbing 
and/or zero constant and prism errors are 
more likely to go unnoticed. In the 2010 
Rules for Cadastral Survey, s 8.1(e) calls 
for “a minimum of two vectors for each 
boundary point and each new survey 
mark”.

3 New Zealand’s first unified survey control 
system was NZGD1949, followed by 
NZGD2000 (a semi-dynamic datum). 
Before NZGD1949 meridional circuits 

and old cadastral datums (OCDs) were 
independent from one another.

4 When J.T. Thomson introduced the 
first meridional circuits in the mid 
nineteenth century, a large number 
of small triangulations were observed 
as and when required (Lee and Adam 
1997:7).

5 A Canadian study shows that monuments 
established before servicing and 
construction are reliable only 60% of 
the time [Ballantyne and Rogers 2010]. 
After a “shakedown” period, it may be 
possible to survey to lower accuracy 
without compromising tenure security 
[Goodwin and Regedzai 1997].

6 Joins might be done with COGO tools 
in a Total station or GPS data controller, 
or on a laptop computer or hand 
calculator

7 To give an idea of magnitudes, an 
ellipsoidal distance for a 2km boundary 
at Twizel (~465m above MSL) would 
be 0.15m less than a ground distance), 
and the projection correction for a 2km 
boundary on the Central Meridian on 
the North Taieri Meridional circuit 
would be -0.08m, decreasing away from 
the central meridian to zero (at about 
57km from the CM), then increasing 
again.

8 In current NZ practice, boundary 
positions common to survey and title 
diagrams ought to have the same 
descriptor.


