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Basic message:

No pain, no gain

or

There ain’t not such a thing as a 
free lunch
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In scientific terms:

To extract all the possible 
information from parallaxes 

requires effort and good 
methodologies
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I – Know thy data
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Gaia astrometry
The astrometric processing is detailed in:

“Gaia Data Release 2: The astrometric 
solution“, Lindegren & et al. (2018)

I encourage you to familiarise yourselves with 
the contents of that paper in order to 

understand the strengths and also the 
weaknesses of the published astrometry
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Random errors
The random errors in Gaia parallaxes are characterized by 

the catalogue published uncertainties.

Typically:

• Around 0.04 milliarcsecond for 
sources G<14 mag

• Around 0.1 mas for sources with a 
G ~17 mag

• Of the order of 0.7 mas at the faint 
end, around 20 mag
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The astrometric uncertainties provided in Gaia 
DR2 have been derived from the formal errors 

computed in the astrometric processing. 

Unlike for Gaia DR1, the parallax uncertainties 
have not been calibrated externally, i.e., they are 
known, as an ensemble, to be underestimated by 

8–12 percent for faint sources (G >16 mag) 
outside the Galactic plane and by up to 30 percent 

for bright stars (G <12 mag).
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Random error distribution is very approximately normal 

557,000 
AllWISE QSO

Normalized & centered 
parallax distribution
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DR1 DR2
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Beware of outliers

As in any (very) large catalogue outliers are present. 

• For instance, there is a small number of sources 
with (unrealistic) very large positive and very large 
negative parallaxes (possibly x-match issues).

• There are 59 stars in dr2int6 closer than Proxima…

• Also, in some cases outliers have unrealistically 
high confidence levels (e.g., at the 100 level).
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Systematic errors

Both the design of the spacecraft and the design 
and implementation of the data processing 

software and algorithms aim to prevent biases or 
systematic effects in the astrometry. 

However, systematic errors, at low levels, 
nonetheless exist in Gaia DR2 (see Arenou & et 

al. 2018; Lindegren & et al. 2018).
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Zero point
Average parallax zero-point shift of about -30 µas 

in the sense Gaia minus external data.

Arenou & et al. 2018
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Regional effects

Significant spatial correlations between stars, up
to 0.04 mas in parallax exist on both small (<1º)
and intermediate (<20º) angular scales.

As a result, averaging parallaxes over small
regions of the sky, for instance in an open
cluster, in the Magellanic Clouds, or for the
Galactic Center, will not reduce the uncertainty
on the mean below the ~0.1 mas level.
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Peak-to-peak differences between
small regions (5º radius) can go
up to 0.13 mas
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From Lindegren et al. (2018)
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Summary of errors

𝜖𝜖𝜛𝜛 → 𝜎𝜎𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝜎𝜎𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑟𝑟𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑧𝑧𝑝𝑝𝑟𝑟𝑠𝑠𝑟𝑟𝑠𝑠

Gaussian, with
some outliers. 
Given in the

catalogue but can 
be underestimated.

Regional, not
gaussian, 

precision floor
~0.1mas 

Global
~ -0.030mas
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Correlations
The five astrometric parameters of Gaia objects 
are correlated. Correlation matrix is provided in 

the catalogue; it is important to take into 
account when jointly using (α,δ,µα,µδ,ϖ)
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II – Distances and parallaxes
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Important:

Unless you are working for DPAC, most 
likely you are not interested in the parallaxes 

“per se”, but in some derived quantity like 
distances or absolute magnitudes. 

This is not as straightforward as it may 
seem.
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Inverting distance

A naive approach to distance estimation is

𝑟𝑟 =
1
𝜛𝜛

Let’s take a closer look.
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True vs. observed

We do not have access to the true parallax, 
but to the observed parallax, and:

𝑟𝑟 =
1

𝜛𝜛𝑇𝑇𝑟𝑟𝑇𝑇𝑠𝑠

What happens if we use ϖ instead of ϖTrue
in the equation above? Not trivial…
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The parallax as a random variable

In the rest of the talk I will assume that the
observed parallax ϖ can be treated as a 

random variable distributed normally around the 
true parallax ϖTrue

(ignoring systematic errors)
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Now let’s imagine that in order to estimate
the distance of a star we follow the usual 

reciepe and use the naive distance estimate:

ρ ≡ 1
𝜛𝜛

Let’s explore the consequences

(notice that I am not calling this “r”)
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If ϖ is a random variable normally distributed
around ϖTrue we can derive the PDF of ρ

from it.
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r= 100pc  σϖ= 0.3mas r= 2000pc  σϖ= 0.3mas

Two extreme cases
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The mode does not coincide
with the true value of r

Negative
values

Asymmetrical
distribution

Very long 
positive tail
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Negative parallaxes

A normal distribution of errors can lead to 
negative parallaxes. This is an expected

result of the Gaia data processing, based on 
a fitting of the five (six) astrometric

parameters to the path of the stars in the
sky.
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Note: ρ can be negative if the parallax is 
negative. Or can be infinite if the parallax is 

zero  unphysical distance vàlues

This is a first problem of ρ as an estimator of 
distance
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Properties of ρ

• It is a biased estimator of the true 
distance r.

• It is a high-variance estimator (large 
errors); the variance can quickly become 
pathological.

• The distribution is highly asymmetrical, 
leading to asymmetrical errors. There is a 
long tail for positive values.
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Simple simulated sample with σϖ= 0.3mas
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DR2 simulation
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Summary

ρ ≡ 1
𝜛𝜛

is just a distance estimator (one 
among many), not the true distance. And 

it is not a specially good one.

It is handy and can be used for preliminary 
exploratory work, but it is not recommended for 

detailed analysis. If used, always quote and take 
into account the asymmetrical error.
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End of this talk
(but not of the advice)
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A paper discussing in detail the use of 
Gaia parallaxes
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