
 
 
Use of GPS in ALTA/ACSM Surveys 
 
Readers of NSPS News & Views may recall that the April 2, 2014 edition included a question regarding 
the use of GPS in achieving the allowable Relative Positional Precision for an ALTA/ACSM Land Title 
Survey. 
 
Subsequent to that article (and a response) being published, NSPS received another inquiry on this topic. 
(Read more) about that inquiry and a response to it. The response is in red letters. 
 
In a recent edition of ‘News & Views’, a question regarding ALTA/ACSM Standards was raised, and an 
answer was offered. It seems clear that the asker of the question did not have a clear interpretation of 
the concept of relative positional precision. In reading the question, it seems to me that the scenario 
that was interpreted to represent relative positional precision actually describes a single baseline RTK 
GPS method of measurement. Hopefully, we can all agree that this type of procedure is in no way, 
shape, or form, an acceptable procedure for the location of boundary monumentation or evidence. It 
simply cannot provide a level of accuracy that is either acceptable for a rigorous boundary analysis, nor 
is it defensible in court. I think it would be defensible in court unless an error was made and the 
surveyor was defending him/herself as a result of that error (I suppose you could argue, why else would 
he/she be in court?!)   In any event, the questions would be (1) did the procedure result in a precision 
consistent with the standards and (2) were the procedures consistent with what the prudent surveyor 
would have done?  If the “error” resulting in the lawsuit was the result of a missed blunder – that is one 
issue.  If the “error” was the result of simply imprecise measurements, that could be an entirely 
different issue (see further comments below on this issue). 
 
Now, I make no claims to being a mathematician or a statistician, but with a little help from my 
colleagues here at our office, I’ve put together what I believe is an objective analysis of the statistical 
integrity of a single baseline measurement scenario. By objective, I mean that none of the other 
intangible error sources for GPS measurements have been taken into consideration, such as number of 
satellites being tracked, the geometry of the constellation being tracked, observation time, multi-path 
issues, and the ever present random and unpredictable shift in positional accuracy that every RTK survey 
seems to be plagued with. Certainly, if one’s GPS has better or worse manufacturers specifications, then 
their statistical potential would vary from the results noted below, but I believe the following is a pretty 
fair analysis of the technology and procedure.  I agree. 

 
Single Baseline RTK GPS Scenario: 

 
 The Standard Deviation for the uncertainty of a single-baseline RTK GPS measurement = +/- 1 

cm (0.0328') & 1 ppm. The uncertainty at the 95% Confidence Region is 1.96 larger, or 0.0643' & 
2 ppm  
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 Centering error for a 40-minute bubble on a 6' range pole = +/- 0.014', assuming bubble is 
properly adjusted and using manufacturers specification of 1/5 of error for properly supported 
pole.  

 
 Relative positional precision for a single baseline type of measurement can be expressed as the 

square root of the sum of the squares of the positional precisions at each end of the line. As this 
is an analysis of a single baseline measurement procedure, there is no redundancy to the 
positioning of the points in question. Therefore, the error ellipse is essentially a circle, with the 
semi-major axis & semi-minor axis effectively being equal.  

 
 A base is placed at pt. 'C', & RTK measurements are taken with rover at pt. 'A' & pt. 'B'  

 
Base Distance From Project =+/- 1000’ 

 
If 'C' to 'A' & 'C' to 'B' = 1,000', the positional precision, at 95% CR, at both 'A' & 'B' will be +/- 0.080', best 
case. 
 
The relative positional precision of line ‘A’ to ‘B’ will be +/- 0.114', best case.  I can accept that, but the 
ratios of closure below are irrelevant in the analysis.  The RPP question is this: “What is the allowable 
RPP between A and B?”  The allowable RPP is 2 cm and 50 ppm, and to assess the ppm, we need to 
know how far apart A and B are.  We are allowed 0.07 feet, so we need the distance between A and B to 
result in the remaining 0.04 feet at 50 ppm, which means that A and B need to be at least 800 feet 
apart.  In the scenario below (1 mile baseline), they would need to be about 1,200 feet apart.   
 
To achieve what is specified in the standards then, the surveyor would either need to modify procedures 
or use more precise equipment. In this case, modifying procedures to include redundancy in the 
measurement (i.e., something more than just a RTK single baseline solution) is probably the only logical 
choice for improved precision.  As an aside, if the modified procedures still do not achieve 2 cm and 50 
ppm – and/or because of site conditions perhaps no logical procedure modification will result in 
compliance - then the plat/map needs to make note of what the problem was that resulted in 
noncompliance. 
 
From a practical standpoint, if A and B were only 10 feet apart, the above scenario results in an RPP that 
is out of whack by 0.04 feet, which is hard for me to get excited about.  It definitely needs to be 
explained, but the practical effect is virtually nothing.  But unless someone analyzes their measurements 
as Tony has done, they will have no idea if they are getting something even remotely in the ballpark or 
not!  I think that is his main point and I totally agree; I emphasize that issue in my presentations. 
 
On top of all of that – and as I mentioned at the top - I do think that surveyors need to be very careful to 
consider and not confuse two things when designing survey measurements.  They can perhaps achieve 
the RPP standard with a certain not-very-redundant measurement, but even though they may be able to 
statistically achieve the RPP, they are at risk of a blunder without appropriate redundancy. Those are 
two different issues – measurements that statistically achieve acceptable precision, and measurements 
that provide the opportunity for blunder detection - although obviously not completely disconnected.  
 
 
'A' - 'B' = 5.00', ratio of closure = 1:44 
'A' - 'B' = 50.00', ratio of closure = 1:440 



'A' - 'B' = 100.00', ratio of closure = 1:881 
'A' - 'B' = 500.00', ratio of closure = 1:4,403 
 
In order to obtain an error ratio of 1:5,000, at this precision, ‘A’ to ‘B’ would need to be 568' long.* 
 
In order to obtain an error ratio of 1:7,500, at this precision, ‘A’ to ‘B’ would need to be 852' long.* 
 
In order to obtain an error ratio of 1:10,000, at this precision, ‘A’ to ‘B’ would need to be 1,136' long.* 
 
In order to obtain an error ratio of 1:15,000, at this precision, ‘A’ to ‘B’ would need to be 1,703' long.* 
 

Base Distance From Project =+/- 1 Mile 
 
If 'C' to 'A' & 'C' to 'B' = 5,280', the positional precision, at 95% CR, at both 'A' & 'B' will be +/- 0.089', best 
case. 
 
The relative positional precision of line ‘A’ to ‘B’ will be +/-0.126', best case. 
 
'A' - 'B' = 5.00', ratio of closure = 1:40 
'A' - 'B' = 50.00', ratio of closure = 1:398 
'A' - 'B' = 100.00', ratio of closure = 1:796 
'A' - 'B' = 500.00', ratio of closure = 1:3,979 
 
In order to obtain an error ratio of 1:5,000, at this precision, ‘A’ to ‘B’ would need to be 628' long.* 
 
In order to obtain an error ratio of 1:7,500, at this precision, ‘A’ to ‘B’ would need to be 942' long.* 
 
In order to obtain an error ratio of 1:10,000, at this precision, ‘A’ to ‘B’ would need to be 1,257' long.* 
 
In order to obtain an error ratio of 1:15,000, at this precision, ‘A’ to ‘B’ would need to be 1,885' long.* 
 
* The distances cited above represent the shortest line that could be measured on a survey, and still 
comply with the error ratio stated. For example, with the RTK base station approximately 1-mile away 
from the jobsite, in order to achieve, on all lines of comparison, an error of closure better than 1:15,000, 
no direct distance between two corners being tested could be shorter than 1,885 feet long.  
 
Looking at the current 2011 Minimum Standard Detail Requirements, in order to comply with the 
measurement requirements cited in section 3.E.v., if the base station is approximately 1,000' from the 
jobsite, the shortest "...direct distance between ... two corners being tested...." that were positioned 
using a properly supported and adjusted, 6-foot tall range pole, would be 880-feet long. That would be 
the absolute shortest distance one could show on an ALTA/ACSM Land Title Survey that would comply 
with the stated measurement requirements. 
 
In closing, I would agree with the last portion of the answer in the ‘News & Views’, that states “So GPS 
technology is acceptable and certainly capable of achieving the requirement, but if poor procedures are 
used, the best equipment in the world won’t be good enough.” I also believe that the fires need to be lit 
and stoked on the national level to advise and inform those who refuse to believe that an RTK GPS single 
baseline observation is nothing more than an expensive ray-out measurement, and that every boundary 



monument located or set using such procedures is a potential risk management nightmare for the 
practitioner and a betrayal of the public confidence in Land Surveying in general. Most, if not all, of the 
error ratios noted above were achievable with the tools available to surveyors in the mid 20th century. Is 
this what we aspire to in the year 2014? If we are honest about these potential pitfalls, than every piece 
of RTK GPS equipment should come with the following warning label: 
 


