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ICM-16 - Tenerife - 18 November 2025

1 / 19



Reference measurement comparison

In this talk, I will consider some statistical issues when
comparing two GDPs or other ref measurement products.
In particular, I will consider mainly two issues:

▶ Comparing the ability to understand climatology

▶ Assessing measurement compatibility

I will focus primarily in RSs which provide high resolution
profiles,

but other products and issues with a limited number of layers
and/or co-location issues will be also considered.

For simplicity, I will use RS examples on T and U.
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Reference measurement profiles

The underlying physical process is denoted by

z(s, t)

▶ s = (lat, lon, z) moves around the atmospheric shell

▶ t is time

▶ z may be an array of variables, e.g. z = (T ,U , p,W , ...)
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Reference measurement profiles

▶ We have partial and noisy observations of z .

▶ In particular, we consider atmospheric profiles
(soundings or other).

▶ Namely the i-th sounding is represented as

yti,j = z(si ,j , ti ,j) + ε(si ,j , ti ,j)

▶ j = 1, 2, ...,Bi is seconds from launch
▶ Bi is the top time (burst)
▶ ti ,j = LaunchTimei + j
▶ *sj = s0(tj) + εs(tj) is not error free and s0 can be part

of z .

*I will omit i wherever possible.
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Uncertainty

Considering a single component of y , its uncertainty is given
by

u2
j = E [ε2(tj)]

If y and ε are vectors, should we have a matrix uncertainty

Uj = E [ε(tj)ε
′(tj)] ?
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Comparison type

We have two instruments, ”A” and ”B” and profiles

yA
tA,j

and yB
tB,j

If the two instruments are synchronised (dual launches)
tA,j = tB,j = tj the difference

∆j = yA
tj
− yB

tj

is immediately computed.

Otherwise, some rilocation/collocation technique must be
used.
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Type A approach

Recent literature considered the comparisons between
ensembles of profiles, focussing on bias:

∆̂(S ,P) =
1

NS ,P

∑
i ,j∈S,P

∆i ,j

and Standard Deviation σ(S ,P) where

σ2(S ,P) =
1

NS ,P

∑
i ,j∈S,P

(∆i ,j −∆S ,P)
2
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Comparison of iMS-100 GDP and RS92 GDP
Hoshino et al (2022) considered n = 99 dual soundings based
on Meisei iMS-100 and Vaisala RS92 radiosondes at Tateno,
Japan.

Type A - Statistical (ensamble based)
iMS - RS92
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Comparison of iMS-100 GDP and RS92 GDP�

Type B/A - (individual/ensamble)

�Thanks to Hoshino et al, 2022 9 / 19



Comparison of RS41 GDP and RS92 GDP

Jing et al (2023) compared RS41 and RS92 GDP.2s,
using ∼ 1000 profiles at 10 GRUAN stations.
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Further developments

In the analysis of GDP differences ∆i ,j we may consider some
additional issues:

▶ Is interpolation an issue?

▶ Should we use uncertainties?

▶ Are we limited to the Gaussian distribution?

▶ What about vertical and spatial autocorrelation?

▶ What about cross-correlation between different
variables?
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Toy dataset: RS41-RS92 GDP comparison
LIN 28-11-2016 Daytime

0

250

500

750

1000

200 220 240 260
[K]

[h
P

a]

LIN 28−11−2016 Daytime

RS92 (red), RS41 (back)

Red line: W mean =  −0.009

Blue line: sstd mean =  −0.097

           sstd mean se =  0.004

Green line: mean =  −0.12

             mean se =  0.004

0

250

500

750

1000

−2 −1 0 1
[K]

[h
P

a]

T difference (RS41−RS92)

0.0

0.5

1.0

1.5

2.0

−2 −1 0 1
d.temp

de
ns

ity

LIN 28−11−2016 daytime

T: RS41−RS92

0.00

0.25

0.50

0.75

1.00

0 50 100 150
Lag

A
C

F

LIN 29−11−2016 Datime

Autocorrelation Function (RS41−RS92)

12 / 19



Interpolation

Interpolation ”may” have two opposite effects:

▶ smoothing the observed signal

▶ increasing measurement uncertainty

I will consider

▶ small gaps (high resolution profiles)

▶ large gaps (atmospheric layers, mandatory levels, ...)
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Interpolation generalities

mt = (1−α(t))yt−+α(t)yt+

t− < t < t+

u2
t = E [(mt − z(t))2]

= σ2
ϵ + 2σ2

y

{
1− α + α2

}
+ 2

{
α(1− α)γ(t+ − t−)− αγ(t+ − t)− (1− α)γ(t − t−)

}
White Noise Autocorrelated

14 / 19



Small gaps

As expected: small gaps ⇒ small interpolation uncertainty.

In the RS41-R92
example, I compared

▶ time shifting

▶ linear interpolation
to
- linear alt grid
- lin press grid
- log press grid

RS41$g.Measurement.StartTime = ”2016-11-28T10:45:34.096Z”

RS92$g.Ascent.StartTime = ”2016-11-28T10:45:36”
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Large Gaps and/or co-location issues
The Immler inequality must be intergated by a third
component

|m1 −m2| < k
√

u2
1 + u2

2 + u2
coll

For example Fassò et al (2014, AMT) used functional
regression for comparing Beltsville and Sterling RSs.
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Considering uncertainty

When comparing GDPs we have uncertainties of all single
measurements.
Assuming

∆i ,j ∼ NID(β, u2
A,i ,j + u2

B,i ,j)

the MLE estimation of the bias β is the weighted average:

∆̂(S ,P) =
1

WS ,P

∑
i ,j∈S ,P

∆i ,jwi ,j

wi ,j =
1

u2
A,i ,j + u2

B,i ,j
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Non Gaussian uncertainties
The Skew-t distribution
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As a consequence the Immler’s inequality is to be substituted
by the corresponding percentiles.
For example, for k=2, we have

ỹ2.5% < m1 −m2 < ỹ97.5%

which, clearly, is not centred on the mean.
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Thanks for your questions!
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