
Author: Pietro Colombo
pietro.colombo@unibg.it

Author: Alessandro Fassò
alessandro.fasso@unibg.it

Radiosonde Interpolation Uncertainty
Application to Temperature and Humidity profiles

Virtual meeting ICM-13

November 19, 2021



Contents

1. Introduction

2. Data

3. Strategy

4. Methods

5. Results

6. Conclusion



Introduction

Data

Strategy
Example

Methods
Block Bootstrap
Cross-Validation scheme

Interpolators

Uncertainty

Results
Uncertainty major results

Conclusion

References

Introduction

High reliability of the data mandatorily includes:
Uncertainty assessment
1 Collocation mismatch, e.g. (Fassò et al., 2014)
2 Uncertainty between satellites and radiosondes data, e.g.

(Finazzi et al., 2019)
3 ...
4 Interpolation Uncertainty, (Fassò et al., 2020)

Why Interpolation uncertainty assessment?
For various reasons, data gaps may appear along the
profiles of virtually all radiosonde types, including Vaisala
RS41.
Solution: Interpolation of missing values
Therefore, the interpolation uncertainty must be added to
the total uncertainty budget.
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Vaisala RS41 Data

Temperature profiles
Site Country Profiles

Beltsville USA 15
Lauder NZ 32
Lindenberg DF 45
Ny-Alesund DE/FR 35
Payerne CH 30
Lamont USA 16
Sodankyl FI 4
Total 177

1 sec resolution.

Gaps < 5 sec

Profiles’ lengths 3500-6500
(approx)

2014-2017

Humidity profiles
Site Country Profiles

Beltsville USA 15
Lauder NZ 32
Lindenberg DF 45
Ny-Alesund DE/FR 35
Payerne CH 30
Lamont USA 16
Sodankyl FI 1
Total 174

1 sec resolution.

Gaps < 2 sec (1 exception).

Profiles’ lengths 3500-6500
(approx).

2014-2017.
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Strategy

BB-CV
Block-bootstrap Cross-validation Scheme allows
generating a random number of gaps of different lengths
across each fully observed profile

Interpolation of the missing values

Interpolation of the simulated missings using:
Gaussian process
Linear Interpolation

Uncertainty assessment

The uncertainty is evaluated in relevant dimensions such
as Altitude, Interpolation distance, Launch site.
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Example

Detail of RS41 humidity profile at Lamont site on
2014-06-06, near 3.5 km altitude.
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Block Bootstrap Cross-Validation

Each fully observed profile Y = (y(1), ..., y(T )) is taken
and partitioned as follows: [Y L, Y ∗]
Y L: Learning set
Y ∗: Testing set

The Y ∗ values are chosen as follows:
1 For each profile, nG = T f

µg
gap sequences are

generated.
f Sampling fraction
µg Average gap size
T Profile length

2 The extraction process is repeated B times.
3 The procedure is replicated for µg = [4, 10, 30, 60].
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Interpolators

Temperature
Interpolators

mi(t
∗) Linear interpolator

mi(t
∗) Gaussian process

interpolator

Squared Exponential
covariance function

Humidity Interpolators

Linear interpolator

Gaussian process interpolator

Exponential covariance
function

Multidimentional interpolator
mi(x1, x2, x3)
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Uncertainty

Temperature
Uncertainty

Gaussian Process based
approach

UGP is based on a local
Gaussian Process approximation
of the specific profile.
It might underestimate the IU
It considers the individual profile
autocorrelation structure.

Bootstrap correction
approach (I.A.)

MSEB = mean(e2)

UB = MSEB − avg(U2
GP )

IU2
Total = U2

GP + U2
B

Humidity Uncertainty
Data approach (BB-CV)

e = ŷ(t∗|s, l, d, Alt, B)−
y(t∗|s, l, d, Alt)

MSEB = mean(e2)

MSEB = SE2 + bias2.

This approach can be made
operational as lookup tables
The individual profile contribution
to the uncertainty is not
considered
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Results

Temperature results

Humidity results
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Uncertainty

Temperature results

Larger IU Lamont Payern and
Lauder

IU: 0.1-0.6 K

GP and LINT equivalent.

Humidity results

Larger IU Lamont, Payerne,
Beltsville

IU: 0.3− 8%RH units .

GP lower IU: (0.2%RH units or
6%RMSE units).

For large gaps at lower altitudes
1− 1.5%.

Humidity Graphs

Figure 5.1: The figure depicts the

interpolation uncertainty of GP and LINT for

different atmosphere strata.
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Uncertainty Surface and Lookup tables

Figure 6.1: Figure caption
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