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1. Introduction 
The most reliable proper motion data with the 

smallest error range is currently (as of November 2017) 
to be found in the GAIA DR1/TGAS catalog. But the 
TGAS subset of GAIA DR1 covers only about 2 mil-
lion stars so it rarely includes both components of pairs 
to be checked for common proper motion. The next 
reliable source of precise proper motion data is the 
UCAC5 catalog containing proper motion data for more 
than 100 million stars. UCAC5 is based on a                
re-reduction of the UCAC images using the TGAS ob-
jects as reference stars to determine UCAC5 object po-
sitions. Proper motion data is then gained by comparing 
the UCAC5 positions with those in the GAIA DR1 cat-
alog. The description of the UCAC5 catalog (Zacharias 
et al. 2017) indicates typical proper motion errors about 
1-2 mas/yr for objects with Rmag between 11 and 15 
and about 5mas/yr for objects with Rmag 15 to 16. Yet 
many of the UCAC5 objects have far larger proper mo-
tion error values (see Knapp and Bryant 2018) – good 
reason to have a closer look, as the comparison of 
2MASS to GAIA DR1 positions might be a better alter-
native offering a typical proper motion error of less 
than 6mas/yr in RA and Dec. 

2. Results 
The UCAC5 catalog contains 107,758,513 rows 

providing the following data for each object: 
• J2000 coordinates for the UCAC5 positions with 

UCAC observation date. 
• J2000 coordinates for the GAIA DR1 positions at 

observation date 2015.0 with GAIA ID and GAIA 
position errors given as well. 

• RA and Dec proper motion data with error range. 
• Number of UCAC images used for mean position. 
• TGAS/NOMAD flag. 
• G-band magnitude (Gmag) from the matched 

GAIA DR1 object. 
• Mean UCAC model magnitude (Umag). 
• J/H/K-band magnitudes (J/H/Kmag) from the 

matched 2MASS objects. 
• R-band magnitude (Rmag) from the matched NO-

MAD objects. 
 
A detailed examination of UCAC5 catalog objects 

based on several samples drawn by different criteria 
using the CDS TAP VizieR and X-Match services, as 
well as our own programs using the full UCAC5 cata-
log, led to the following results which can easily be 
reproduced by using the above mentioned tools. 
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2.1 UCAC5 data completeness: 

• Coordinates, proper motion data with error range, 
Gmag and Umag are given for all UCAC5 objects.  

• Nearly 9% of the UCAC5 objects are listed without 
J/H/Kmag data. While a few 2MASS objects lack 
one of these magnitude values, there is no 2MASS 
object with all 3 missing so this indicates that there 
is no 2MASS match for these UCAC5 objects. Ad-
ditionally, about 2% of the UCAC5 objects are 
listed with J/H/Kmag values of 30 while no such 
values are to be found in 2MASS, so these objects 
also do not have corresponding 2MASS matches. 
As the 2MASS catalog contains more than four 
times the number of objects in the UCAC5 catalog, 
it seems a bit surprising that about 11% of the 
UCAC5 objects should miss corresponding 2MASS 
objects even if the UCAC images record blue stars 
while the 2MASS images do not. 

• About 15% of the UCAC5 objects are listed with-
out a valid Rband magnitude, either based on 
matched NOMAD objects with Rmag missing 
(indicated by Rmag 30 in UCAC5) or due to a 
missing NOMAD match (indicated by a blank 
Rmag in UCAC5).  

• No position error is given for the UCAC5 observa-
tion epoch coordinates.  This is most surprising as 
other contemporary star catalogs include by default 
position error data. But this gap is easily filled by 
using the UCAC5's proper motion error data multi-
plied by the time span between UCAC and GAIA 
observation epoch. Perhaps this is why position 
errors are not given explicitly.  

2.2 UCAC5 position and proper motion error: 

• The mean UCAC5 position error calculated by 
multiplying the proper motion error by the  delta 
time between the observation epochs of UCAC5 
given per object and the overall GAIA DR1 obser-
vation epoch 2015.0 is (based on a sample of 
213,496 objects with RA 179-180 degrees) about 
83.5mas in RA and 81.1mas in Dec. These values 
are at best comparable to the typical 60/60mas posi-
tion error of 2MASS and over 40% of the UCAC5 
objects have position errors larger than 60 mas in 
RA or Dec. Compared with URAT1 (Zacharias et 
al. 2015) with a positional precision of about 30 
mas (for a similar sample limited to the northern 
sky) such values seem not overly impressive. Addi-
tionally the spread is huge as the UCAC5 position 
error values go up to incredible 1,495 mas in RA 
and 1,444 mas in Dec. 

• The mean UCAC5 proper motion error is (based on 
the same sample) about 5.2 mas/yr in RA and 5 
mas/yr in Dec. This confirms the precision claim of 

the UCAC5 description even without the restriction 
regarding magnitudes, but again the spread is huge 
with up to 103.1 mas/yr in RA and 99.6 mas/yr in 
Dec. 

• The large spread of these numbers indicates a seri-
ous issue with a large part of the UCAC5 position 
data and suggests further investigations, even if 
such extreme cases are to some degree to be ex-
pected when handling millions of stars in an auto-
matic way. 

2.3 UCAC5 proper motion error and magnitude: 
The UCAC5 documentation indicates, with refer-

ence to the image material used to generate the catalog, 
a relationship between Rband magnitudes and proper 
motion data error. This was counter-checked using the 
same UCAC5 object sample as above:  
• For Rmag 11 to 15, the average proper motion error 

is less than 2mas/yr in RA and Dec but with a 
spread of up to 41.6 mas/yr in RA and Dec.  For 
Rmag 15 to 16, the average proper motion is about 
5 mas/yr with a spread of up to 46 mas/yr in RA 
and Dec.  For Rmag 16, and fainter the average 
proper motion error is about 9.2 mas/yr in RA and 
8.8 mas/yr in Dec. 

• As Rmag is not given for all UCAC5 objects (see 
paragraph 2.1) a statistic based on Gmag might be 
of more interest. In Table 1, all of the UCAC5 stars 
are binned by their Gmag values. For each bin, we 
list the percentage of stars in that bin, the average 
proper motion error vector (e_pm) and the standard 
deviation of that average for the members of that 
bin. Please note that the proper motion error vectors 
are calculated as: 

 
This distribution shown in Figure 1 corresponds to 

the statement in the UCAC5 catalog description 
(Zacharias et al. 2017) that the proper motion data error 
increases exponentially with the faintness of stars. The 
given standard deviation is not a perfect measure of the 
e_pm spread as this is not a symmetrical distribution, 
but indicates the increasing spread of the given proper 
motion error data for objects brighter than 15Gmag. As 
over 50% of the UCAC5 objects are fainter than 
15Gmag, we recognize that the proper motions of these 
faint UCAC5 objects are rather uncertain. This shows 
that Gmag offers a better discrimination in terms of 
average proper motion error than Rmag. 

(Text continues on page 580) 

2 2_ _ _e pm e pmDec e pmRA= +
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Gmag 

Bin 
Star Cnt % Objects Mean e_pm 

Sigma 

e_pm 

3 22 0.00 4.4323 1.0676 

4 300 0.00 3.6063 0.8767 

5 1,822 0.00 3.4375 0.7273 

6 13,315 0.01 3.3593 0.9100 

7 40,929 0.04 3.1428 0.7714 

8 116,118 0.11 2.5731 0.6717 

9 311,841 0.29 2.0622 0.7024 

10 783,954 0.73 1.5869 0.4394 

11 1,947,321 1.81 1.5651 0.3761 

12 4,425,735 4.11 1.6226 0.3924 

13 9,809,189 9.10 1.9193 0.5975 

14 20,721,174 19.23 2.9787 1.3616 

15 40,581,837 37.66 6.8781 4.8012 

16 27,219,714 25.26 16.233 10.054 

17 1,245,923 1.16 24.723 12.727 

18 213,350 0.20 24.844 16.318 

19 205,902 0.19 24.043 17.184 

20 118,807 0.11 24.533 17.418 

21 1,258 0.00 24.737 17.503 

Table 1: UCAC5 objects statistic e_pm by Gmag 

Figure 1. Average proper motion error with increasing Gmag 

X-axis: Percentage of objects (blue), average proper motion error (orange) with standard deviation (grey) 
Y-axis: Gmag 



Vol. 14 No. 3    July 1,  2018 Page 580  Journal of Double Star Observations 

 

 

Reliability of UCAC5 Proper Motion Data for Common Proper Motion Assessment of Double Stars 

2.4 UCAC5 positions compared with 2MASS posi-
tions: 

The 2MASS positions are within the given position 
error range considered as reliable – at least thus far we 
have found no reason to question this, and we shared 
this assessment with the USNO. For example, the prop-
er motion data of URAT1 is based on the comparison 
between URAT1 and 2MASS positions. The UCAC5 
observation epoch positions should be close to 2MASS 
positions, because the observation epoch delta is only a 
few years. Below are listed the results of the cross-
match of the UCAC5 sample within RA179-180 de-
grees with 2MASS with a search radius of 2 arcsec-
onds: 
• Of 213,496 UCAC5 objects in the sample, 209,830 

were matched with 2MASS objects based on the 
given observation epoch positions within a search 
radius of 2 arcseconds. This means that with the 
exception of a few objects with extremely fast 
proper motion speed (> 500 mas/yr) only about 2% 
of the UCAC5 objects probably do not have a cor-
responding 2MASS object – this rather small num-
ber of missing matches might be explained by the 
fact that UCAC images cover blue stars which 
2MASS images do not. To show that the UCAC5 
and 2MASS objects were identical, the given J- and 
K-band magnitudes from both catalogs were com-
pared and, if identical, the match was considered to 
be confirmed.  This step reduced the number of 
matched objects to 188,383. Besides the unavoida-
ble mis-matches in dense star fields or with close 

double stars, the eliminated objects were mostly 
UCAC5 objects with missing J/K-mags or J/K-
mags of 30. 

• A closer look at these “missing” objects offered a 
surprise: More than 90% are rather close 
UCAC5/2MASS matches within 0.5 arcseconds 
with valid J/H/K-band magnitudes, confirming the 
impression that the UCAC5/2MASS matching pro-
cess was not a complete one. This is not necessarily 
an indication of a general data quality problem, as a 
complete match with 2MASS is not claimed by 
UCAC5.  But we also noticed that nearly all of 
these objects are in the southern sky, which indi-
cates a systematic bias. 

• Looking for another potential systematic bias, we 
checked the direction of the position difference be-
tween 2MASS and UCAC5 but found no preferred 
direction. 

• Calculating an overall position difference vector as 

with e_Pos_M for the 2MASS position error vector, 
e_Pos_U for the UCAC5 position error vector, PM 
for the UCAC5 proper motion vector, and e_PM 
for the UCAC5 proper motion error vector (for the 
time span between the 2MASS and UCAC5 obser-
vation epochs) and comparing this value with the 
effective position distance gives about 36% 
UCAC5 positions outside this range. Even when 
taking the worst case with all these values simply 

(Continued from page 578) 

2 2 2 2_ _ _ _ _e Pos M e Pos U PM e PM+ + +

 
Image 2: Worst Case 2MASS to UCAC5 Position Difference  
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added up (see Figure 2) then still about 14% of the 
UCAC5 positions data are outside this range. 
 
This result suggests that even the given large proper 

motion errors are in many cases not sufficient to ex-
plain the difference between UCAC5 and 2MASS posi-
tions. 

As already mentioned standard deviation is not well 
suited to represent the large spread in the UCAC5 prop-
er motion error values. Figure 3 gives the percentage of 
UCAC5 objects grouped by e_pm values. 

2.5 Reliability check of UCAC5 objects with small 
proper motion errors: 

If we adopt the idea that the UCAC5 objects with 
very small proper motion errors should be considered to 
be reliable, then this proposition should be checked ex-
plicitly. 

We selected from the same sample used above the 
objects with a proper motion error vector of up to 1.414 
mas/yr (corresponds with e_pmRA < 1 and e_pmDec < 
1) and got a total 14,268 such objects and applied the 
same worst case scenario error window. The result was 
positive for about 88% of the objects. This means that 
about 12% of these objects showed a position differ-
ence larger than the worst case upper limit. While this 
is slightly better than for the overall sample, this con-
firms the caveats about the reliability of the UCAC5 
proper motion data even for the objects with a very 
small UCAC5 position error. The precise answer to this 
question will probably have to wait for the upcoming 
GAIA DR2 release.  

2.6 Comparison of UCAC5 to TGAS: 
If the minimum quality benchmark for UCAC5 

proper motion data is the comparison of 2MASS to 
GAIA DR1 positions with a typical proper motion error 

range of about 6mas/yr in RA as well as Dec then the 
best case quality benchmark for UCAC5 proper motion 
data might be TGAS, which was used as the basis for 
UCAC5 plate solving.  UCAC5 might not be expected 
to be better than TGAS, but it might well be expected 
to not be much worse. For this reason, we compared 
TGAS proper motion data with UCAC5 proper motion 
data for a random sample of 120 TGAS objects with the 
following results: 
• We checked these objects to verify that all proper 

motion values are within the combined TGAS and 
UCAC5 error range. This is the case for both RA 
and Dec for 91 objects, but for 24 objects either the 
pmRA or pmDec value is outside the error range 
and for 5 objects both pmRA and pmDec values are 
outside the error range. While not perfect this 
seems to be acceptable – but there are several ob-
jects with unexpectedly large proper motion error 
values.  

• Next step is a kind of ”Gedankenexperiment” with 
the TGAS and UCAC5 objects considered as com-
ponents of a double star being checked for common 
proper motion indicated by identical proper motion 
speed in the same direction using the CPM assess-
ment scheme, according to Knapp and Nanson 
2017. From the 120 objects there are: 

 17 undecidable due to the relation to pm error 
values with very small pm values (sum of e_pm 
vectors greater than 30% of the sum of the pm 
vectors) 

 28 identical within the error range in speed and 
direction 

 17 identical in direction within the error range 
and identical in speed within twice the error 
range or the other way around 

Figure 3. Percentage of UCAC5 objects by proper motion error  

X-axis: Percentage of objects per e_pm step 
Y-axis: Proper motion error in steps of 1mas/yr (with exception of 25 meaning >25mas/yr)  
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 7 identical in direction and speed within twice 
the error range 

 39 either in speed or direction or both outside 
twice the error range 

 12 in speed and direction outside triple the error 
range. 

 
This means that less than 50% of the objects would, 

with the given TGAS and UCAC5 proper motion val-
ues, qualify as “common proper motion pairs”. To give 
a visual impression of a typical difference, we took an 
Aladin screenshot of GAIA ID 427793757888822656 
(certainly not the worst case) with TGAS and UCAC5 
catalog overlay with the proper motion vectors added, 
see Figure 4. 

A table with the data of all 120 objects comparing 
UCAC5 and TGAS proper motion data is given in the 
Appendix. 

3. Summary 

• About 11,000,000 out of 107,758,513 UCAC5 ob-
jects are listed without J/H/K-band magnitudes, 
rendering the quality of the matching process be-
tween UCAC5 and 2MASS as incomplete because 
a good part of these 11 million stars have a corre-
sponding 2MASS object. As already mentioned this 
does not necessarily indicate an overall data quality 
issue for these objects. 

• About 2/3 of the UCAC5 objects are fainter than 
Gmag 15 with an increased risk that the proper mo-
tion data listed for such objects might be questiona-
ble. The user of such data has to be aware that 
proper motions of faint stars in UCAC5 have been 
given for completeness - at the price that errors are 
unavoidable. 

• About 1/3 of the UCAC5 objects are listed with the 
small proper motion error range of 1-2 mas/yr with 
the caveat that at least 12% of these objects show 
an unexpected large position difference to their 
2MASS counterparts. 

• The comparison of proper motion data from 
UCAC5 with TGAS is not very favorable as only 
50% of the checked objects would qualify as com-
mon proper motion pairs. 

• Overall we conclude that UCAC5 is a valuable 
source for common proper motion assessment, but 
users must be aware of its limitations.  Especially 
when they are using it to assess faint double star 
components with UCAC5 e_pm values larger than 
6mas/yr.  A counter-check with data from other 
catalogs (e.g. URAT1 or 2MASS to GAIA DR1 
position comparison) is to be recommended. 

 

Overall conclusion: Never trust a single source, 
especially not without carefully checking the catalog 
description for potential caveats and certainly not with-
out taking the catalog's error data seriously.  
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Appendix 
To give a full impression of the TGAS to UCAC5 comparison Table 3 with the data for all by random select-

ed objects is presented beginning on the next page. 
Column description: 

• SrcID = GAIA ID of the object 
• RA/Dec = GAIA position in degrees for the primary 
• pmRA/DE = Proper motion data RA and Dec 
• e_pmRA/DE = Proper motion error RA and Dec 
• PMVD° = Proper motion vector direction in degrees 
• Δ PMVD° = Delta proper motion direction between UCAC5 and TGAS 
• PMVL = Proper motion vector length 
• Δ PMVL = Delta proper motion vector length between UCAC5 and TGAS 
• "CPM" Rat = “Common proper motion” rating according to Knapp and Nanson 2017 
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