Deutscher Wetterdienst
Wetter und Klima aus einer Hand

9

(1) Progress in humidity time lag experiments

(1) Use of ground check results in RS41 GDP

Christoph von Rohden
Michael Sommer, Tatjana Naebert, Rico Tietz

13" GRUAN Implementation and Coordination Meeting (ICM-13)
15-19 November 2021

Lindenberg Meteorological Observatory *
C. von Rohden —ICM-13 Richard-ARmann-Observatory A

1



(I) Time-lag: Objective Deutscher Wetterdienst

Wetter und Klima aus einer Hand N\ ‘

* Slow Response time of humidity sensor at low T causes systematic error
(smoothing + time lag)

* Approach:

— Design of laboratory experiment for direct time-lag quantification:

- Measure response to step-like change in rel. humidity at various
T-levels,
- Read time constant A (or 63%-time T = 1/1) from response

curves by fitting U(t) = U; — AU - exp(— %)
— Parameterise response time 7(T)

— Apply correction of time lag in processing
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(I) Time-lag: Setup (2015)
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(I) Time-lag: Results (2015)

Deutscher Wetterdienst
Wetter und Klima aus einer Hand N\ ‘

63.2%-time 7/s

100

10

Parameterization 7(T),
based on re-evaluated measurements of 2015

| | | | | | [ | | |
Model: t=a-exp[b-(T-T,)]; TinK

T, = 273.15K

a = 0.483 = 0.043

b = -0.0756 + 0.0022

X2, =0.99

red

IIIIII\l | \II\HI‘

|

IIIII|

) J
Lead Centre

-40 -20
Temperature of humidity sensor, T/ °C

Altitude h [km]

* Correction, implemented in RS41-GDP.1

i—1 + ¢
. i — i
T —Jr. _JT. _ ( T _TJT. ) 7
AI"!. - LI,C LI,T?’I - [’1.3?’1 L_}C EXP _
X g
j=0
T T [T T T[T [T [TIrrTT TTT [T F oo reT TITTTTITTTITITTTTTTTT
r h r  Tisens r
20 — — 20 — — T, 20 —
B 1 [ Site:SNG ’ [
— < - System:SNG-RS-01 E =
Setup:ROUTINE2
= -1 - Date:2019-01-17 -1 =
Time:00:00:00
= - - B-No:1 1 -
DPS-No:0
15 — 15 — Sonde:RS41.5G -1 15—
L L SN:P0920682 . -
Stepidd )
- - Uu” ~ HumidityTimelagCorrection | L
r — U r . r
- U, - - L
10 — 10 — — 10 —
51— — 5 — S5
- 1t SNG, 2019-01-17, 00100
0 ey (RERERERNRE AN b b b b bl 0Lmhmumhllllllll wenl o

Relative humidity U [%6RH]

0 20 40 60 80 100 120 140 91[]0 -80 60 -40 -20 0 20

Temperature T [°C]

Reliable results, but still some issues to be ressolved:

e T-stability

* Small step size (efficiency of humidifier)
* Only dry-to-humid steps evaluated

e Scatter

- 0
Correction of RH AU [%RH]
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(I) Time-lag: Improved setup (2021) Deutscher Wetterdienst
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* New cell design (optimised size, visual control)

* Arrangement of all components including switch valve inside
the chamber

 Automated T-programme: discrete T levels (-74 °C ... +20 °C)

* Simultaneous tests in two cells with parallel switching in the
same direction

e High T-stability during steps (~0.2 K)
* Larger U-steps (more efficient humidifier)

* Evaluation of both up and down humidity steps
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(1) Time-lag: Improved setup (2021) Deutscher Wetterdienst
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(I) Time-lag: Improved setup (2021) Deutscher Wetterdienst
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Datasets: [~ Results (Preliminary):

20 B 20210729_061951

o Oof 1 * Good reproducibility, consistent overall
L ] picture, 2015-measurements essentially
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-40 + _

* Further evaluation ongoing:
- Small systematic differences up/down steps,
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(I) Time-lag: Conclusions Deutscher Wetterdienst
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o

* Current status:
RH time-lag correction in actual RS41-GDP.1 based on re-analysis of
existing data (2015) measured with ‘old’ setup

e 2021: substantial technical improvements, new measurements

e Evaluation of new RS41 results ongoing, implementation of updated
time-lag correction in next version (RS41-GDP.2)

e Setup ‘ready’ for measurements with other radiosonde models;
First data for Graw DFM17 and Vaisala RS92 available;
Use in laboratory part of WMO intercomparison campaign (UAII-2022)
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(II) GRUAN ground check: Objective Deutscher Wetterdienst
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o

 GRUAN recommends routine manufacturer-independent
ground check (GC) of physical sensors (U, T, p)

e GCshould be performed after the manufacturer-prescribed GC
as part of ground preparation procedure

 Motivation: check of manufacturer calibration, estimate of GC-
related uncertainty

* Procedures explained here for the actual RS41 processing, but
applicable to any radiosonde model
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(1) Ground check

Relative humidity
. —
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(1) Ground check

Deutscher Wetterdienst
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1. Manufacturer-GC (R|41): 2.0 jPreLIauhch Iuncértai'nty (Vaislala)l_ o (_‘_
Reconditioning, check against 0 % by sensor heating, g — 40
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Measure AUsyc = |Us — Uref 100| in 100 % RH ok :
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(1) Ground check

Temperature
e ——— —
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GRUAN ground check under controlled conditions (SHC): Comparison (difference) of radiosonde and
reference, Tyirr = |Ts — Trerl, ‘8¢'=ground check, ‘gp’=ground preparation, ‘s’=sonde

Radiosonde Reference
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(I) Ground check _
Deutscher Wetterdienst
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T T T T T T T T T T T T T 7]
1. ) ) . 0.05

Functionality check T \/
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(1) Ground check
Pressure (RS41-SGP)

Deutscher Wetterdienst
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Legend

. external source/u-chain
u-component

GRUAN ground-check under controlled conditions (in SHC, shelter, hut, ...):
Comparison of sonde (‘s’) and reference, pqisr = |Ps — Prefl; Bc=ground
check, uc, is ‘overall’ calibration uncertainty before launch

M™% w-comp. wrt. correlatio
Correlation types: Pre-launch u after Random u Random u
temporal corr. (tcor manufacturer-gc (Std.-dev.) of (Std.-dev.) of Calibration u
spatial corr. (scor) and correction RS sensor reference of ref. sensor
uncorrelated (ucor) (incl. calibration) during GRUAN sensor during (Source:
(Source: Vaisala) ge GRUAN gc sensor certif.)
dx
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T I I
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u of ge result, single value

Estimate of combined u before launch, including
manufacturer calibration and GRUAN gc, uc, (p)

u;’c:lf:f) S 1= e (ps) = teary(ps)

_p lef
“(Pl:iilrfrr) > 1= uca(ps) = Ipairel < ,’“ial,v(Ps) + O
¢l no GRUAN GC: e ) & [ (P2) + 0 J

a) consistent:

b) not consist.:

Tpyie = 0.049 hPa (k=1) from statistical analysis
N— E—
! N
1
\ Low-pass filterin
: 21 (po) + Uz () ‘ pass Hhering
I ;
1 1
| Combined u of '
! pressure from sensor !
) :
1 1
1 1
1 1
1 1
1 1
e ooy e
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(I) Ground check
Pressure (RS41-SGP)
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1.
Comparison with ref. barometer (RI41-B or station
barometer), correction factor applied,
—> Pre-launch uncertainty uc,; v (Vaisala), see Figure
2.
(e.g. in SHC in parallel with U-check):
Measure Ap = [ps — prGel}UAN| with uncertainty u(Ap)
Assign Ucal (p):
e < 1: consistency, U4 (p) = Ueq v (D)
u(Ap) = » Ycal cal,V
|Ap|
¢ U,(Ap) > 1: ucal(p) — |Ap|1

with upper limit v, (p) < \/u?allv(p) + JAZP,
and 0£-=0.049 hPa (N=23271)

If no GRUAN-GC available: u.(T) = \/ugal’v(p) + GAzp
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(1) Ground check: Conclusions Deutscher Wetterdienst

Wetter und Klima aus einer Hand

o

* GRUAN recommends independent ground check of U, T, p
as part of pre-launch procedures

e Currently only practicable at manually operated stations

* Presented approach for use of ground check results
accounts for missing checks (lack of information) by adding
an uncertainty component

* Approach is transferrable to any other ground check
environment
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