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1 Productoverview

Product name: In-situ radiosonde RS92 relative humidity
Product technique: Capacitive humidity sensor

Product measurand: relative humidity

Product form/range: profile (ground to 30km, 1sec sampling)
Product dataset: GRUAN Reference level sonde dataset
Site/Sites/Network location:

SITE LAT LON HEIGHT(m) LOCATION COUNTRY
BEL 39.05 | -76.88 53 Beltsville us
BOU 71.32 | -156.61 8 Boulder usS
CAB 51.97 4.92 1 Cabauw NL
LAU -45.05 | 169.68 370 Lauder NZ
LIN 52.21 14.12 98 Lindenberg DE
NYA 7892 | 11.92 5 Ny-Alesund NO
PAY 46.81 6.95 491 Payerne CH
POT 40.60 15.72 720 Potenza IT
SOD 67.37 26.63 179 Sodankyla Fl

Product time period: 20 May 2006 to present

Data provider: GRUAN

Instrument provider: Site operators, see www.gruan.org.
Product assessor: David Medland, NPL

Assessor contact email: david.medland@npl.co.uk

1.1 Guidance notes

For general guidance see the Guide to Uncertainty in Measurement & its Nomenclature, published
as part of the GAIA-CLIM project.

This document is a measurement product technical document which should be stand-alone i.e.
intelligible in isolation. Reference to external sources (preferably peer-reviewed) and
documentation from previous studies is clearly expected and welcomed, but with sufficient
explanatory content in the GAIA-CLIM document not to necessitate the reading of all these
reference documents to gain a clear understanding of the GAIA-CLIM product and associated
uncertainties entered into the Virtual Observatory (VO).

In developing this guidance, we have created a convention for the traceability identifier numbering
as shown in Figure 1. The ‘main chain’ from raw measurand to final product forms the axis of the
diagram, with top level identifiers (i.e. 1, 2, 3 etc.). Side branch processes add sub-levels
components to the top level identifier (for example, by adding alternate letters & numbers, or 1.3.2
style nomenclature).
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The key purpose of this sub-level system is that all the uncertainties from a sub-level are
summed in the next level up.

For instance, using Figure 1, contributors 2al, 2a2 and 2a3 are all assessed as separate components
to the overall traceability chain (have a contribution table). The contribution table for (and
uncertainty associated with) 2a, should combine all the sub-level uncertainties (and any additional
uncertainty intrinsic to step 2a). In turn, the contribution table for contributor 2, should include all
uncertainties in its sub-levels.

Therefore, only the top level identifiers (1, 2, 3, etc.) shown in bold in the summary table need be
combined to produce the overall product uncertainty. The branches can therefore be considered in
isolation, for the more complex traceability chains, with the top level contribution table transferred
to the main chain. For instance, see Figure 2 & Figure 3 as an example of how the chain can be
divided into a number of diagrams for clearer representation.

Reference
Sensor#1 22l ; .
- Ancillary Ancillary
Calibration modelﬂ Prc-cgss 1_ measurement measuremsant
Parameter model #1  2a2 <A eg. Calibration 7 #1 Sala #2 saib
Instrument parameter Process 2 Ancillary
measurement #1  <3° eg. Encoding 3 measurement #3
1 Gald see own chain
Calculated
Reference Process 3 parameter __
Sensor #2 2.0. Quality check A =] v
‘ Calculated
arameter ga1c
Process 4 Product Correction P Baic
e.g. Correction type 1 g[* model 5
Uncorrected 7a1 Process 5 Product Corraction Parameter
uncertainty #1 eqg. Correction type 2 g [ | Maodel Ga ] model Gal
l s *,

Additional (uncorrected)

uncertainty sources 73 Final product

Uncorrected 7 .
uncertainty #2 = 1<
/ 7 Static model input #1
Gala

Static mode!
Uncorrected 7a3 'nglg:gz
uncertainty #3 -

Figure 1. Example traceability chain. Green represents a key measurand or ancillary measurand recorded at the same time with
the product raw measurand. Yellow represents a source of traceability. Blue represents a static ancillary measurement
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Reference

Sensorz1  2al

I Ancillany Ancillary
Calibration modeLa J—’ o gprg;ﬁ;f a:ion measurement measuramant
| Parameter model #1 222 s = T 2 # 5ala #2 5aib
Instrurnent parametar /' Process 2
measurement 1 2a3 e.g. Encoding 3
Calculated
Sensor #2 &0 Quality check 4
v
Process 4 Product Corraction
e0. Correctiontype 1 5 model Sa
+ Product C i
Uncorrected 731 Process 5 1o ucr 1c{<j:;|rec on
unceriainty #1 eg Comectiontype 2 6 _ ’ )
l fia — see sub-chain
Uncomected Agdditional (uncorrected) )
uncertainty #2 7a2 uncertainty sources 73 Final product ;

Uncarrected 33
uncertainty #3

Figure 2. Example chain as sub-divided chain. Green represents a key measurand or ancillary measurand recorded at the same
time with the product raw measurand. Yellow represents a source of traceability. Blue represents a static ancillary measurement

When deciding where to create an additional sub-level, the most appropriate points to combine the
uncertainties of sub-contributions should be considered, with additional sub-levels used to illustrate
where their contributions are currently combined in the described process.

A short note on colour coding. Colour coding can/should be used to aid understanding of the key
contributors, but we are not suggesting a rigid framework at this time. In Figure 1, green represents
a key measurand or ancillary or complementary measurand recorded at the same time with the raw
measurand; yellow represents a primary source of traceability & blue represents a static ancillary
measurement (site location, for instance). Any colour coding convention you use, should be clearly
described.

Ancillary
measurement
#2 5alb

Ancillary
measurement
#1 hala
Calculated
parameter 531

Ancillary
measurement #3
Gald see own chain

Calculated
parameter g4,

Parameter
model  gaq

Ga
P "
Static model input #1
Gala

Figure 3. Example chain contribution 6a sub-chain. Green represents a key measurand or ancillary measurand recorded at the
same time with the product raw measurand. Blue represents a static ancillary measurement

Process 5
e.g. Correction type 2 6

Product Correction
medel

=

Static model
input #2
Balb

The contribution table to be filled for each traceability contributor has the form seen in Table 1.
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Table 1. The contributor table.

Name of effect
Contribution identifier

Measurement equation
parameter(s) subject to effect
Contribution subject to effect
(final product or sub-tree
intermediate product)

Time correlation extent & form

Other (non-time) correlation
extent & form
Uncertainty PDF shape

Uncertainty & units
Sensitivity coefficient

Correlation(s) between affected
parameters

Element/step common for all
sites/users?

Traceable to ...

Validation

Name of effect — The name of the contribution. Should be clear, unique and match the description
in the traceability diagram.

Contribution identifier - Unique identifier to allow reference in the traceability chains.

Measurement equation parameter(s) subject to effect — The part of the measurement equation
influenced by this contribution. Ideally, the equation into which the element contributes.

Contribution subject to effect — The top level measurement contribution affected by this
contribution. This can be the main product (if on the main chain), or potentially the root of a side
branch contribution. It will depend on how the chain has been sub-divided.

Time correlation extent & form — The form & extent of any correlation this contribution has in
time.

Other (non-time) correlation extent & form — The form & extent of any correlation this
contribution has in a non-time domain. For example, spatial or spectral.

Uncertainty PDF shape — The probability distribution shape of the contribution, Gaussian/Normal
Rectangular, U-shaped, log-normal or other. If the form is not known, a written description is
sufficient.

Uncertainty & units — The uncertainty value, including units and confidence interval. This can be
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a simple equation, but should contain typical values.

Sensitivity coefficient — Coefficient multiplied by the uncertainty when applied to the measurement
equation.

Correlation(s) between affected parameters — Any correlation between the parameters affected
by this specific contribution. If this element links to the main chain by multiple paths within the
traceability chain, it should be described here. For instance, SZA or surface pressure may be used
separately in a number of models & correction terms that are applied to the product at different
points in the processing. See Figure 1, contribution 5al, for an example.

Element/step common for all sites/users — Is there any site-to-site/user-to-user variation in the
application of this contribution?

Traceable to — Describe any traceability back towards a primary/community reference.
Validation — Any validation activities that have been performed for this element?

The summary table, explanatory notes and referenced material in the traceability chain should
occupy <=1 page for each element entry. Once the summary tables have been completed for the
full end-to-end process, the uncertainties can be combined, allowing assessment of the combined
uncertainty, relative importance of the contributors and correlation scales both temporally and
spatially. The unified form of this technical document should then allow easy comparison of
techniques and methods.

2 Introduction

This document contains the product traceability and uncertainty information for the Global Climate
Observing System (GCOS) Reference Upper-Air Network (GRUAN) Vaisala RS92 radiosonde
relative humidity product.

The RS92 radiosonde measure relative humidity using two Humicaps which contain a hydro active
polymer thin-film dielectric between two electrodes on a glass substrate. There is no protective cap
on the humidity sensor but the two Humicaps are alternately heated to prevent icing. This heating is
switched off below -60 °C or above 100 hPa, whichever is reached first, to prevent overheating. The
Humicaps are initially calibrated at Vaisala’s CAL4 facility and before launch there is a ground check
with a GC25 unit and ideally a second ground check using a Standard Humidity Chamber (SHC).
The raw relative humidity data is corrected for a temperature-related dry bias, radiative heating of the
sensor and time lag experienced by the sensor at low temperatures. Vaisala and GRUAN processing
both use the Hyland and Wexler 1983 formulation of saturation vapour pressure over water.

The GRUAN data processing was developed to meet the requirements of reference measurements
including the collection of metadata, documentation of applied algorithms and estimates of
uncertainty. The process by which the GRUAN processing collects raw relative humidity data as well
as the calibrations and corrections applied are described in the paper Dirksen et al. 2014, which has
been used in the creation of this document. The estimates for uncertainty provided here are those
given in Dirksen et al. 20141 except in the case of elements where no uncertainty estimate is given
where they have been calculated using the methods they describe. Dirksen et al. gives an estimate for
total uncertainty in relative humidity of +6 % RH.
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3 Product Traceability Chain
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Figure 4 the traceability chain of the GRUAN relative humidity product excluding the radiative correction sub chain.
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8a3 see own chain
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Figure 5 the radiative correction sub chain of the traceability chain for the GRUAN relative humidity product.

4 Element Contributions
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4.1 Thin film capacitor heated twin sensor (1)

The Vaisala RS92 radiosonde carries two thin film polymer capacitive moisture sensors and the
measurements from these sensors are merged. These have a thin polymer layer between two porous
electrodes. Water molecules are captured at binding sites in the polymer, altering the capacitance of
the sensor. The number of occupied binding sites is proportional to the ambient air water vapour
density. The sensors have a measurement range of 0 to 100 % RH and a resolution of 1 % RH.

The uncertainty shown here is the reproducibility in soundings determined by Vaisala using the
standard deviation between twin soundings as determined by Vaisalal?, although it is not used in the
GRUAN product uncertainty, but GRUAN calculate the equivalent elsewhere in 10.

Name of effect Thin film capacitor heated Multiple sounding std dev.
twin sensor reproducibility

Contribution identifier 1

Measurement equation Relative Humidity.

parameter(s) subject to effect RH’ =RH
Contribution subject to effect Relative Humidity.
(final product or sub-tree

intermediate product)

Time correlation extent & form  point-to-point

Other (non-time) correlation None.
extent & form

Uncertainty PDF shape Normal.
Uncertainty & units (20) 2% RH Reproducibility in sounding.
Sensitivity coefficient 1 Not used in the GRUAN

uncertainty calculation. An
equivalent calculated in step
10 is used instead.

Correlation(s) between affected None.

parameters

Element/step common for all Yes

sites/users?

Traceable to ... Vaisala

Validation

4.2 Calibrated in Vaisala CAL4 facility (2), uc

Vaisala’s CAL4 calibration facility has four chambers dedicated to humidity calibration operating at
relative humidities between 0 % RH and over 90 % RH and a fifth chamber used to check humidity
readings at low temperatures. Dew point meters which are calibrated every 12 months are used as
humidity measurement references (see 2a). The relative humidity of the chambers are calculated using
the measured dew point temperature and chamber temperature. The temperature references are
calibrated every 6 monthst®!,

Annex C - 11



The calibration uncertainty is determined by Vaisala using the measurement uncertainties and the

process uncertainties.

Name of effect

Contribution identifier

Measurement equation
parameter(s) subject to effect
Contribution subject to effect
(final product or sub-tree
intermediate product)

Time correlation extent & form

Other (non-time) correlation
extent & form
Uncertainty PDF shape

Uncertainty & units (26)
Sensitivity coefficient

Correlation(s) between affected
parameters

Element/step common for all
sites/users?

Traceable to ...

Validation

Calibrated in Vaisala CAL4
facility
2, Uc

Relative Humidity
RH’=aRH +b
Relative Humidity
Long term

Over sounding

normal
2% RH
1

none
Yes

Reference humidity sensors.

4.3 Reference Humidity Sensors (2a)

Assumed measurement
equation

Reference hygrometers are
calibrated every 12 months.

Repeatability in calibration

2a

High precision dewpoint hygrometers are used as reference sensors for humidity. These are calibrated
every 12 months in the Finnish National Measurements Standards Laboratory for Humidity

(MIKES)E!,

Figure 6 shows the year-on-year variation in calibration bias for each batch of Vaisala sondes.

Annex C - 12



108 '

106.—- .

104

RH [%]

102

100

98

. . -

HE SR S
- LY
5N
. &
o

sa* ¥a
T
1 1 1 1

%

A (2005)
B (2006)
_| ¢ (2007)

F (2010)
1 G (2011)
H (2012

1 1 1
2007 2008 2009 2

Launch date

010 2011 2012 2013 2014

Figure 12. Time series of reading of the RS92 humidity sensor
when inserted in the SHC (100 % relative humidity) prior to launch,
as part of the additional manufacturer-independent ground check.
The colours depict the radiosonde’s production year. The black
dashed line represents the 100 % level, whereas the red dashed line
indicates 105 %, the rejection criterion for humidity readings in the

SHC.

Name of effect
Contribution identifier

Measurement equation
parameter(s) subject to effect
Contribution subject to effect
(final product or sub-tree
intermediate product)

Time correlation extent &
form

Other (non-time) correlation
extent & form
Uncertainty PDF shape

Uncertainty & units (26)

Sensitivity coefficient
Correlation(s) between
affected parameters
Element/step common for all
sites/users?

Traceable to ...

Figure 6. Dirksen 2014, figure 12.

Reference humidity sensors.

2a

Relative Humidity RH’
RH
Calibration
facility.

in CAL4

Long term

Over sounding

normal

08%RH @ 0%RH to
90 % RH calibration.

1.2 % RH, 30 % RH at -33
°C check.

unknown

None
Yes.

MIKES

Calibrated every 12 months,
temperature references
calibrated every 6 months

From Vaisala 2002.

Included in given Vaisala

calibration uncertainty.

http://www.mikes.fi/en/services-
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Validation

for-industry/calibration-services

4.4 Transported and stored at Launch Site (3)

Impurities can build up on the RS92 sensor boom during storage but these should be removed by
heating the sensor boom before launch. Therefore in the GRUAN data processing it is assumed that
transportation and storage do not attribute to the uncertainty of the measurements X1,

Name of effect

Contribution identifier

Measurement equation
parameter(s) subject to effect
Contribution subject to effect
(final product or sub-tree
intermediate product)

Time correlation extent & form

Other (non-time) correlation
extent & form
Uncertainty PDF shape

Uncertainty & units (10)
Sensitivity coefficient

Correlation(s) between affected
parameters

Element/step common for all
sites/users?

Traceable to ...

Validation

Transported and stored at
launch site.
3

Relative Humidity

Relative Humidity

none Proportional to length of
storage

none

none

none
Yes.

n/a

4.5 Pre-flight Ground Check Recalibration (4), uc(cal)

The GRUAN ground check includes a check over desiccant using the Vaisala GC25 unit and an
advised check using a Standard Humidity Chamber (SHC). The uncertainty in the ground check
calibration is calculated from these ground checks and from Vaisalas initial calibration. If no ground
check is performed the uncertainty defaults to 4 % RH.
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Figure 16. Corrections and their estimated uncertainties to the rela-
tive humidity. Left panel: humidity profile. Middle panel: profiles
of the corrections for the temperature-dependent calibration cor-
rection (black), radiation dry bias (blue). and time-lag (red). The
grey trace represents the total correction. Right panel: estimates of
the total uncertainty (grey) and the various contributions due to the
correction for calibration uncertainty (black). the correction for the
temperature-dependent calibration correction (blue), radiation dry
bias (red). time-lag constant u(7) (light blue). and the statistical un-
certainty of the time-lag correction (orange). The horizontal dashed
line at 16.1 km represents the tropopause

Figure 7 Dirksen 2014, figure 16

Name of effect Pre-flight Ground check recalibration
Contribution 4, uc(Cal)

identifier

Measurement Relative Humidity

equation

parameter(s)

subject to effect

Contribution Relative Humidity

subject to effect

(final product or

sub-tree

intermediate

product)

Time  correlation Long term
extent & form

Other  (non-time) Over sounding
correlation extent &

form

Uncertainty PDF normal

shape

Uncertainty & units u.(Cal) =

(20)

\/ug + ucz‘,GCZS + u?,absolute SHC + u?,relative (Cal)RH
Sensitivity 1
coefficient

Between
replacement  of
the desiccant used
in the GC25 unit.

2-3 % RH, from
Dirksen et al.
figure 16, see
figure 4.
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Correlation(s)

between affected
parameters
Element/step yes
common for all

sites/users?
Traceable to ...

Validation

Vaisala calibration, GC25, SHC

4.6 Ground Check over Desiccant (4a), uccczs

The readings of the radiosonde over a desiccant in near 0 % RH are used to determine possible drifts
in the calibration of the sensors. The sensor readings are usually around 0.1 % RH after the desiccant
is replaced but drift over time up to 1 % RH, indicating that they can detect the degradation of the
desiccant. Because of this the ground check readings are not used to recalibrate the humidity sensors
as in the standard Vaisala data processing, but are used in quality checks and the uncertainty estimate.

RH correction [%)]

b AN AR T
osp wPRACIT Y
ws® . .

05

0.0 se-=ssesmatcmaenm s R ol
¥ ' 5

Jul Aug Sep Oct
Launch date [2009]

Figure 11. RH-sensor recalibration during ground check in the

GC25 for RS92 radiosondes launched at Lindenberg in the second

half of 2009. The desiccant is replaced bi-weekly. or when the re-
calibration exceeds 1 % RH

Name of effect
Contribution identifier

Measurement equation
parameter(s) subject to effect
Contribution subject to effect
(final product or sub-tree
intermediate product)

Time correlation extent &
form

Other (non-time) correlation
extent & form
Uncertainty PDF shape
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Ground check over desiccant

4a, Uc,ce2s

Corrected RH  values with
associated uncertainty

Pre-flight ground check
recalibration

Long term

Over sounding

rectangular

Over length of time
between replacement of
the desiccant.



Uncertainty & units (26)

il

Sensitivity coefficient 1

Correlation(s) between
affected parameters
Element/step common for all
sites/users?

Traceable to ...

Validation

UcGe2s =

<1 % RH. AU is usually

AU,

, ) less than 05 % RH.
)2+ (U1 = U2)Geas  (Dirksen et al figure 11,
see figure 5).

2 4 Al2
) TG

Yes

4.7 Ground check in Standard Humidity Chamber (4b), uc,absolute sHc

The SHC contains saturated (100 % RH) air above distilled water. Supersaturation is not expected
because of condensation nuclei present in the ambient air. The uncertainty determined from the SHC
check has an absolute and relative part. The absolute part is calculated from the difference between
the two humidity sensor readings while in the SHC. Using a SHC during ground check is advised but
not possible at every GRUAN site. In cases where the SHC check is not possible, 2.5 % RH is added

to the calibration uncertainty.

Name of effect

Contribution identifier

Measurement equation
parameter(s) subject to effect
Contribution subject to effect
(final  product or sub-tree
intermediate product)

Time correlation extent & form

Other (non-time) correlation
extent & form
Uncertainty PDF shape

Uncertainty & units (26)

Sensitivity coefficient

Correlation(s) between affected
parameters
Element/step common for all
sites/users?

Ground check in standard
humidity chamber
4b, Uc,absolute SHC

Relative Humidity

Pre-flight ground check re-
calibration

none

Over sounding

Triangular

U can be between 99 % RH
and 105 % RH (Dirksen et al.
figure 12, see figure 2).

uc,absolute SHC

= /(U1 - UZ)%‘HC

Relative

uncertainty

no A pre-flight check using a
SHC is recommended but not
possible at every site.

1

calibration
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Traceable to ...

Validation

4.8 Relative Calibration uncertainty (4c) ucrelative(cal)

The relative calibration uncertainty is using the difference between the readings of the two humidity
sensors inside the SHC and the expected reading of 100 % RH.

Name of effect Relative calibration uncertainty
Contribution identifier 4C, Uc relative(cal)
Measurement equation Relative Humidity

parameter(s) subject to effect

Contribution subject to effect Pre-flight ground check re-
(final product or sub-tree calibration

intermediate product)

Time correlation extent & none

form

Other (non-time) correlation Throughout sounding
extent & form

Uncertainty PDF shape
Uncertainty & units (26) Ue relative (Cal) Recently produced sondes
= J(Us = U2 + (Usr — Uery2  Usually have a U of <102
/U\/( 1~ Usuc)® + (U2 stc) % RH (Dirksen et al.
SHC figure 12) and Uskc = 100
%, giving an uncertainty of
0.028*RH.
Sensitivity coefficient 1
Correlation(s) between Ground check in the Standard
affected parameters Humidity Chamber

Element/step common for all No
sites/users?
Traceable to ...

Validation

4.9 Sonde measurements every second during ascent (5)

The uncertainty in these measurements is the statistical noise of the measurements, here represented
by the standard deviation.
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Name of effect

Contribution identifier

Measurement equation
parameter(s) subject to effect
Contribution subject to effect
(final  product or sub-tree
intermediate product)

Time correlation extent & form

Other (non-time) correlation
extent & form
Uncertainty PDF shape

Uncertainty & units (10)

Sensitivity coefficient

Correlation(s) between affected
parameters

Element/step common for all
sites/users?

Traceable to ...

Validation

Sonde measurements every
second during ascent.

5, 6(RH)
Relative Humidity

Relative Humidity

none

none

normal

0.5-1%RH

1

none

yes

4.10 Data Transmitted to Ground Station (6)

Standard deviation of
measurements.
Not used in final combination

It is assumed there are no issues/uncertainties associated with data transmission from the radiosonde

to the ground station.

Name of effect

Contribution identifier

Measurement equation
parameter(s) subject to effect
Contribution subject to effect
(final product or sub-tree
intermediate product)

Time correlation extent & form

Other (non-time) correlation
extent & form
Uncertainty PDF shape

Uncertainty & units (10)

Data Transmitted to ground

station.
6

Relative humidity

Relative humidity

none

none

none

0% RH
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Sensitivity coefficient

Correlation(s) between affected
parameters

Element/step common for all
sites/users?

Traceable to ...

Validation

1

none

yes

Not used in final combination

4.11 Calibration Correction of Temperature Dependent Bias (7), uc(cc)

The RS92 radiosonde has a temperature-dependant dry bias that cannot be attributed to radiative
heating or time-lag and is attributed to inaccuracies in the Vaisala calibration of the humidity
sensorst. This dry bias is predominantly between -40 and -60 °C and peaks at around -50 °C. The
GRUAN processing corrects the dry bias by multiplying by a correction factor interpolated between

reference points shown in table 1.

Table 2 Parameters for the temperature-dependent calibration correction of humidity values, from Dirksen et al. table 3.

Temperature | 20 0 -15 -30 -50 -60 -70 -100
(°C)

Correction 1.00 1.00 1.02 1.04 1.06 1.07 1.05 1.00
Factor, fcc

Uncertainty, | 0.01 0.02 0.03 0.03 0.06 0.07 0.05 0.10
U(fcc)

Name of effect

Contribution identifier

Measurement equation
parameter(s) subject to effect
Contribution subject to effect
(final  product or sub-tree
intermediate product)

Time correlation extent & form

Other (non-time) correlation
extent & form
Uncertainty PDF shape

Uncertainty & units (26)

Sensitivity coefficient

Correlation(s) between affected
parameters
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Calibration of temperature

dependent bias.
7, uc(ce)

RH* = fcc RH

Relative humidity

Long term

Between reference

temperatures.
normal
u
u.(cc) = —(fCC) RH*
fee
1

Time lag correction

RH* are the corrected RH
values.

Between re-assessment of the
correction factor

Usually about 2 % RH but can
peak at 4 % RH.

Both have a dependence on T.



Element/step common for all
sites/users?
Traceable to ...

Validation

4.12 Temperature (7a), T

Yes

Coincident frost-point
hygrometer data

The temperature is used to determine the correction factor that is applied to correct the
temperature-dependent bias and to determine time constant used in the time-lag correction.

It is assumed that the uncertainty in temperature does not propagate into the uncertainty in

relative humidity.

Name of effect
Contribution identifier

Measurement equation
parameter(s) subject to effect
Contribution subject to effect
(final product or sub-tree
intermediate product)

Time correlation extent & form

Other (non-time) correlation
extent & form
Uncertainty PDF shape

Uncertainty & units (20)
Sensitivity coefficient

Correlation(s) between affected
parameters

Element/step common for all
sites/users?

Traceable to ...

Validation

Temperature
fa, T

fcc, T

Calibration correction of the
temperature dependant bias,
time lag correction

Long term

Throughout sounding

normal

0.15 K (night time) 0.02 % RH at night.

0.6 K (daytime) 0.08 % RH at day.

1 Not wused in uncertainty
assessment.

Time constant, t

Calibration correction factor,

fcc

yes

PTU of GRUAN temperature
product

4.13 Calibration Correction Factor (7b)

The measured relative humidity is multiplied by a calibration correction factor to correct for the

temperature-dependent dry bias.
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Name of effect
Contribution identifier

Measurement equation
parameter(s) subject to effect
Contribution subject to effect
(final product or sub-tree
intermediate product)

Time correlation extent & form

Other (non-time) correlation
extent & form
Uncertainty PDF shape

Uncertainty & units (26)
Sensitivity coefficient

Correlation(s) between affected
parameters

Element/step common for all
sites/users?

Traceable to ...

Validation

Calibration correction factor
7b
RH* = f..RH

Calibration correction of
temperature dependant bias

Long term

Between reference
temperatures
rectangular

0.01 to 0.10 unitless
RH*/f.c

yes

4.14 Radiation dry bias correction (8), u¢(RC)

Solar radiation heats the humidity sensor and introduces a dry bias. Relative error can range from 9%
at the surface to 50% at 15 km to correct this bias the measured profile is multiplied by a correction
factor derived from the ratio of saturation pressure over water in the heated sensor and in ambient air.

The GRUAN processing uses the Hyland and Wexler 1983 formulation[® for calculating saturation
pressure over water. AT is the same as in the correction of the temperature product multiplied by a
factor to represent the greater sensitivity of the humidity sensor to radiative warming. Because of this
sections 3.15-3.27 are excerpted from the temperature PTU document, with some changes made to

represent the humidity product.

Name of effect

Contribution identifier
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RH, = RH,,

ps(T + fAT)
ps(T)

Radiation dry bias correction

8

See table 1



Measurement equation
parameter(s) subject to effect

Contribution subject to effect
(final product or sub-tree
intermediate product)

Time correlation extent & form

Other (non-time) correlation
extent & form
Uncertainty PDF shape

Uncertainty & units (26)

Sensitivity coefficient

Correlation(s) between affected
parameters

Element/step common for all
sites/users?

Traceable to ...

Validation

ps(T + fAT)

RH. = RH
¢ ™ ps(T)

Relative humidity

Long term, between

soundings.

Over profile
u.(RC) Can be over 5 % RH for mid-

day launches but not present

- \/uc(RCf)z +uc(RC,)? for night time soundings.

1

none

yes

4.15 Radiation correction combination (8a), AT

The radiative correction combination is the same as in the GRUAN temperature product. For daytime
measurements it is the mean of the GRUAN and Vaisala radiation corrections but at nighttime only
the Vaisala correction is used. Because the same temperature correction is used as in the temperature
product, sections are the same as in the temperature product document.

Name of effect

Radiation correction combination

Contribution identifier 8a, AT

Measurement equation ps(T + fAT)
. RH. = RH,, ———

parameter(s) subject to ¢ ™ pe(T)

effect Where AT = ATGRUAN';'ATVaisala

Contribution  subject to Radiation dry bias correction

effect (final product or sub-
tree intermediate product)

Time correlation extent & Across soundings

form

Other (non-time) correlation
extent & form

Uncertainty PDF shape

Uncertainty & units (26)

uc(RCT) =

Throughout profile

normal

Low near the surface,
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Ps(r+r(aT+uam))-ps (T+f(aT-uar))) peaks at about 4 % RH

RHp, 2+ps(T) near the tropopause for
mid-day launches.
Sensitivity coefficient 1
Correlation(s) between Radiation sensitivity factor

affected parameters

Element/step common for all yes

sites/users?

Traceable to ... Vaisala temperature correction

Validation

4.16 Radiative dependence of T reading as function of ventilation and pressure
(8a1), ucre(am

During daytime the radiosonde sensor boom is heated by solar radiation, which introduces biases in
temperature and humidity. The net heating of the temperature sensor depends on the amount of
absorbed radiation and on the cooling by thermal emission and ventilation by air flowing around the
sensor. Luers!® used customized radiative transfer calculations and detailed information on the actual
cloud configuration to accurately compute the radiation temperature error for selected soundings.

I

€l

AT(L, p.v)=a-x" with x =

p-v
a=0:18 £ 0.03 and b = 0:55 + 0:06, the uncertainty due to these parameters in a, b and the radiation

correction is typically <0.2 K (20) daytime only. For nigh time the Vaisala correction of 0.04 K at 5
hPa is used.

2.0 dT=ax* a=0.18b=055 '  ;
| 4hPa :
10hPa /
& 1.5} 15hPa .
S | 100hPa
o 300hPa ;
L 90k N ', ]
= A .
® i a1
g %
£ i
O
}_
2
log,(1/pv) [-]
Figure 9. Dirksen et all!! figure 4
Name of effect Radiative dependence of T f(ventilation,

pressure)
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Contribution identifier

Measurement  equation
parameter(s) subject to
effect

Contribution subject to
effect (final product or
sub-tree intermediate
product)

Time correlation extent &
form

Other (non-time)
correlation extent & form
Uncertainty PDF shape

Uncertainty & units (10)

Sensitivity coefficient

Correlation(s)  between
affected parameters
Element/step common for
all sites/users?

Traceable to ...

Validation

8al, Ucrc(aT)

RH,

AT, + ATy ;
ps(T+f( GRUAN > Valsala))

" ps(T)

Wh€7‘€ ATGRUAN = a. (

Radiation correction

None

N/A

Normal

0.5% RH

None

Yes

4.17 Vaisala radiation correction (8a2), ATvaisala

Point to point correction

Combination of
uncertainty from
pressure  (8a3) and
ventilation (8a8)

uncertainties.

The Vaisala correction for the radiation temperature error is available as a table for various pressures
and solar elevation angles 1. The ascent speed is assumed to be 5 m/s, so does not use the measured

values.

There is no separate uncertainty associated with the DigiCora correction in Dirksen et al M. However,
validation experiments shows a standard deviation of 0.1 K in the troposphere, rising to between
0.3 Kand 0.4 K in the stratosphere.
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Temperature sensor solar radiation correction table RSN2010

Elevation angle, degrees

Might -4 -2 0 3 10 30 45 5O ]
Sea leval 0oo) 000 000 000 000 000 0.04 007 0.03] 0.10
500 hPa 0oop o000 o000 o00o0p o000 o004 042 018 047 019
200 hPa 000y 000 000 002 005 0200 025 027 029 43
100 hPa 000 o000 005 017 0200 032 036 037 033 039
50 hPa 000 o000 021 028 035 045 045 047 0458 0.45
20 hPa 002 005 037 045 057 060 0600 060 060 0.60
10 hPa 003 018 048] 085 0489 ORI 0B9] 089 069 0.E9
5 hPa 004 037 055 064 070 078 078 078 078 0.78
2 hPa 005 085 0B8] 077 084 089 089 089 0.89] 0.89
1 hPa 0071 064 077 085 094 093 093 093 093 093

NOTES:
RS52 solar radiation comrection table RSN2010 for DigiCORA® Scunding Software version 3.64
The correction values in the table are as a function of pressure and sun elevation angle. Actual correction takes into account radiosonde
ventilation in flight, presented table values are calculated for typical 5 m/s ventilation.
The corrections are subtracted from the measured temperature.

Figure 10. DigiCora radiation correction tablel8!

Name of effect Vaisala radiation correction
Contribution identifier 8a2, ATvaisala

Measurement  equation RH,
parameter(s) subject to T ATgruan + ATvaisaia

" ps(T)

Contribution subject to Radiation dry bias correction
effect (final product or

sub-tree intermediate
product)

Time correlation extent & None
form

Other (non-time) None

correlation extent & form
Uncertainty PDF shape Normal

Uncertainty & units (16)  Up to 4 % RH below the tropopause, 1 % Based on sensitivity
RH above it. tests using change of

01K below  the
tropopause to 04K
above.

Sensitivity coefficient 1 Unused in  final
calculation.

Correlation(s)  between None

affected parameters

Element/step common for Yes

all sites/users?

Traceable to ...
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Validation Vaisala validation experiments

4.18 Pressure (8a3)

The pressure derived from the GRUAN sonde pressure measurement is used in both the GRUAN and
Vaisala solar radiation correction models.

The quoted pressure uncertainty is £0.2 hPa (1c). When applied to the GRUAN solar correction
model the typical temperature uncertainties are <0.001 K (1o) in the troposphere, rising to +0.03 K
(1o) in the stratosphere. See the GRUAN pressure product traceability uncertainty document for

details of this uncertainty contribution.

Name of effect
Contribution identifier

Measurement equation
parameter(s) subject to effect

Contribution subject to effect
(final product or sub-tree
intermediate product)

Time correlation extent &
form

Other (non-time) correlation
extent & form

Uncertainty PDF shape

Uncertainty & units (26)

tropopause and <0.05 0.001 K below the tropopause and
% RH above. 0.03 K above.
Sensitivity coefficient 1 Unused in final calculation.
Correlation(s) between Altitude
affected parameters
Element/step common for all Yes

sites/users?
Traceable to ...

Validation

Pressure
8a3

into both solar
correction

Input
radiation
models

Radiation bias

correction

dry

Systematic over part of
ascent

Systematic over part of
ascent

Normal & offset

0.0035 % RH below the

4.19 Solar Zenith Angle (8a4)

The uncertainty is not considered separately, but is effectively incorporated into the 8a2 Actinic flux
Annex C - 27

For the GRUAN correction takes

form

AT (2, p,v)=a-x"

Based on sensitivity tests using

with x =

p-v



radiative transfer model fit uncertainty.

Name of effect
Contribution identifier

Measurement equation
parameter(s) subject to effect
Contribution subject to effect
(final  product or sub-tree
intermediate product)

Time correlation extent & form

Other (non-time) correlation
extent & form
Uncertainty PDF shape

Uncertainty & units (10)
Sensitivity coefficient

Correlation(s) between affected
parameters

Element/step common for all
sites/users?

Traceable to ...

Validation

4.20 Launch site location (8a5)

Solar Zenith Angle
8a4

Actinic flux radiative transfer
model

None

None

Static
0
1

The uncertainty is not considered separately.

Name of effect
Contribution identifier

Measurement equation
parameter(s) subject to effect
Contribution subject to effect
(final  product or sub-tree
intermediate product)

Time correlation extent & form

Other (non-time) correlation
extent & form
Uncertainty PDF shape
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Launch site location

8ab

SZA

None

None

Static

Uses site longitude/latitude &
altitude



Uncertainty & units (10)
Sensitivity coefficient

Correlation(s) between affected
parameters

Element/step common for all
sites/users?

Traceable to ...

Validation

4.21 Time of launch (8a6)

The uncertainty is not considered separately.

Name of effect
Contribution identifier

Measurement equation
parameter(s) subject to effect
Contribution subject to effect
(final product or sub-tree
intermediate product)

Time correlation extent & form

Other (non-time) correlation
extent & form
Uncertainty PDF shape

Uncertainty & units (10)
Sensitivity coefficient

Correlation(s) between affected
parameters

Element/step common for all
sites/users?

Traceable to ...

Validation

4.22 Actinic flux radiative transfer model (8a7)

The dominant systematic error is due to solar radiative heating. Using a heat transfer model, the
radiative error for the RS92 temperature sensor was estimated to be approximately 0.5 K at 35 km[®l,
This number is comparable to the correction of up to 0.63 K at 5 hPa that was applied by the DigiCora
software (prior to version 3.64) in the pro- cessing of RS92 routine soundings until 2010, when this

Time of launch

8ab6

SZA

None

None

Static
0
1
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was increased to 0.78 K19,

The 8th World Meteorological Organization (WMO) radiosonde intercomparison in Yangjiang,
China, indicates that the Vaisala-corrected temperature measurements of the RS92 may exhibit a

warm bias of up to 0.2 K4,

A recent comparison between radiosoundings and spaceborne GPS radio occultation measurements
reports a 0.5-1K warm bias at 17 hPa for Vaisala-corrected RS92 temperature profilesi*s. The
accuracy of the satellite-retrieved temperature is approximately 0.2-0.3K in the middle

stratospherel*314],

30

[
o

]
=

~30°
F72°
| 90°

-
]

Altitude [km]

-
=
I

— Clear sl*oi..r
F—- Cloudy
oo Mean

I Solar Elevation

Name of effect

Contribution identifier
Measurement equation
parameter(s) subject to
effect

Contribution subject to
effect (final product or sub-
tree intermediate product)
Time correlation extent &
form

Other (non-time)

correlation extent & form
Uncertainty PDF shape
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Flux [W/m®]

Figure 11. Dirksen figure 5

Actinic flux model
8a7

Radiation correction
temperature correction

I b
AT = a.(—£L>
D.v
Radiation correction

Corrected point by point.
correlates with time of
day (SZA)

None

Rectangular



Uncertainty & units (26) 60-250 W/m? in the Y .
troposphere, 30-200 w(ly) = a, cloudy — fa, clea:sky.

W/m? in the stratosphere 23

dependant on SZA Low end of range at low SZA, high end

of range at high SZA

Sensitivity coefficient

AT~ 1,"
Correlation(s) between SZA
affected parameters
Element/step common for Yes
all sites/users?
Traceable to ...

Validation

4.23 Ventilation speed (8a8) uy & Uvent(aT)

The correction of the radiation temperature error also depends on the ventilation speed v. The
temperature correction is a function of pressure & ventilation speed, given in Figure 12.

In the GRUAN processing the actual ventilation speed is used, rather than assuming a fixed value.
The actual ventilation speed is the sum of the ascent speed, which is derived from the altitude data,
plus an additional contribution due to the sonde’s pendulum motion.

107 Tmsy 20 10 5 Ty

100

Pressure [hPa]

1000 _ | L
0.0 0.5 1.0 1.5 20
Temperature correction [K]

Figure 6. Profiles of the GRUAN radiation temperature correc-
tion for ventilation speeds between 1 and 20ms~ L. The correc-
tion was calculated for a radiosounding performed i Lindenberg
on 17 September 2013 at 12:00UTC. The kinks in the profiles be-
tween 900 and 200 hPa result from the cloud configuration that was
used 1n the Streamer simulations, with cloud layers between 4 and 6
and between 7 and 10 km, which introduces jumps in the simulated
radiation profile at the top of the cloud (see the dashed traces in
Fig. 5). The maximum solar zenith angle duning the sounding was
36.5°.

Figure 12. Ventilation speed temperature correction, from Dirksen et all! figure 6

u(v) ==*1m/s (20), with the temperature dependence given by:
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AT -u(v)/v

This is equivalent to 0.01 K in the troposphere, rising up to 0.3 K in the stratosphere (206).

Name of effect
Contribution identifier

Measurement equation
parameter(s) subject to effect
Contribution subject to effect
(final product or sub-tree
intermediate product)

Time correlation extent & form

Other (non-time) correlation
extent & form

Uncertainty PDF shape

Uncertainty & units (20)

Sensitivity coefficient

Correlation(s) between affected
parameters

Element/step common for all
sites/users?

Traceable to ...

Validation

4.24 Altitude (8a9)

Ventilation speed correction
8a8, Uy & Uyent(aT)

Relative Humidity

Radiation correction (8)

Systematic

Systematic  with  Altitude
measurement and assumed
pendulum motion
Rectangular in velocity, but
treated as random in AT.

u(v) = xlm/s (20), with the
temperature dependence
given by

AT -u(v)/v

Equivalent to 0.2-0.4 % Rh
below the tropopause and
<0.5 % RH above.

1

Altitude measurement

Yes

AT -u(v)/v

Over ascent

Correlated to altitude

systematic errors.

Increase in ventilation speed
correction is +1 m.s* + 1m.s’
! suggesting a defined limit
uncertainty.

Based on sensitivity tests
using 0.01 K (in the trop. upto
0.3 K in the strat (26)

Not considered separately — only uncertainty on derived vertilation speed (8a5).

The altitude product from the GRUAN sondes have a typical uncertainty of £1 m (lo) in the
troposphere, increasing to £1.5 m (1o) in the stratosphere.
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Name of effect
Contribution identifier

Measurement equation
parameter(s) subject to effect
Contribution subject to effect
(final product or sub-tree
intermediate product)

Time correlation extent & form

Other (non-time) correlation
extent & form
Uncertainty PDF shape

Uncertainty & units (1o0)
Sensitivity coefficient

Correlation(s) between affected
parameters

Element/step common for all
sites/users?

Traceable to ...

Validation

4.25 Sensor orientation (8a10)

Altitude
8a9

Ventilation speed

None

None

Normal
1.5m
1

None
Yes

No

Ventilation speed validation

experiments.

Unused in final calculation.

Due to the fact that the RS92 temperature sensor is a wire rather than a sphere, the direct solar flux
onto the sensor depends on its orientation. The geometry factor g accounts for the reduction of the
exposed area of the temperature sensor due to spinning of the radiosonde, which causes the orientation
of the sensor wire to cycle between being parallel and perpendicular to the solar rays. Currently, a
value of 0.5 is used for g, but this may change in the next version of the GRUAN processing.

Name of effect
Contribution identifier

Measurement equation
parameter(s) subject to effect
Contribution subject to effect
(final product or sub-tree
intermediate product)

Time correlation extent & form

Other (non-time) correlation
extent & form
Uncertainty PDF shape

Sensor orientation

8al0

Radiation correction

None

None

Static
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Uncertainty & units (10) 0
Sensitivity coefficient 1

Correlation(s) between affected
parameters

Element/step common for all
sites/users?

Traceable to ...

Validation

4.26 Cloud configuration (8all)

No separate contribution — the uncertainty is effectively included as part of the radiative model fit
uncertainty (8al).

Name of effect Cloud configuration
Contribution identifier 8all
Measurement equation -

parameter(s) subject to effect

Contribution subject to effect Actinic  flux  Radiative
(final product or sub-tree transfer model

intermediate product)

Time correlation extent & form  None

Other (non-time) correlation None
extent & form

Uncertainty PDF shape Static
Uncertainty & units (10) 0
Sensitivity coefficient 1

Correlation(s) between affected
parameters

Element/step common for all
sites/users?

Traceable to ...

Validation

4.27 Albedo (8a12) u, (1a) & Uy, 1a(aT)

AT - el -Ira }_.-"' 1";1
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where AT is the solar radiation correction term and

IS
Uc('a) = 2.4/3

Name of effect
Contribution identifier

Measurement equation
parameter(s) subject to effect

Contribution subject to effect
(final product or sub-tree
intermediate product)

Time correlation extent & form

Other (non-time) correlation
extent & form
Uncertainty PDF shape

Uncertainty & units (20)

Sensitivity coefficient

Correlation(s) between affected
parameters

Element/step common for all
sites/users?

Traceable to ...

Validation

1 I F{tlearsky _ G:lcmdjfl

Albedo
8al2
Radiation correction
temperature correction
I b
AT = a. (—“)
p.v
Where

Albedo is used to determine I
Radiation correction

Corrected point by point.
correlates with time of day
(SzA)
None

Rectangular

08 % RH below the
tropopause and 0.2 % RH
above.

AT~ 1,°
SZA

Yes

4.28 Radiation sensitivity factor (8b), f

60-250 W/m? in the
troposphere, 30-200 W/m? in
the stratosphere dependant on
SZA, RH uncertainty found
using sensitivity tests using
uncertainty in AT of <0.05 K
(20) throughout the ascent.

The radiation sensitivity factor, f, accounts for the greater sensitivity of the humidity sensor to
radiative heating than the temperature sensor*®l. As a result of changes made to the radiosonde design
the sensitivity factor depends on the year of production, different values are shown in table 2.
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Table 3 Radiative heating sensitivity factor value and uncertainty for different production years

Production year Sensitivity factor, f U(f)
<2006 13 4
2006-2008 10 3
2009-present 6.5 2
Name of effect Radiation sensitivity factor
Contribution identifier 8b, f
Measurement equation T + fAT

q RH. = RH,, ps(T + fAT)

parameter(s) subject to effect

Contribution subject to effect
(final product or sub-tree
intermediate product)

Time correlation extent &
form

Other (non-time) correlation
extent & form

Uncertainty PDF shape

Uncertainty & units (20)

Sensitivity coefficient

Correlation(s) between
affected parameters
Element/step common for all
sites/users?

Traceable to ...

Validation

ps(T)
Radiation dry bias correction

Across all  sondes  within
production year ranges.
Over sounding
normal
uc(RCy) =
Ps(T+(F+u(IAT)=ps(T+(F~u(f)AT)
RH,,
2xps(T)
1

Radiation correction combination.

yes

4.29 Saturation Vapour Pressure Formula (8c), ps(T)

From 0.5 to 2 % RH below
the tropopause and <0.25 %
RH above.

The radiative dry bias correction uses the Hyland and Wexler formulation of saturation vapour

pressure, ps.

3

p, = exp[ Z hiTi + hy In(T)]

i=—1

Where T is the temperature in kelvin and the coefficients h; are as shown in table 3.
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Table 4 The coefficients used for calculating saturation vapour pressure in the Hyland and Wexler 1983 formulation.

Coefficient value

h1 -0.58002206 X 10*
ho 0.13914993 X 10*
h1 -0.48640239 X 10*
h; 0.41764768 X 10
hs -0.14452093 X 10”7
ha 0.65459673 X 10°

The uncertainty contribution from using this formulation was determined using sensitivity test with
changes in the uncertainty in the radiation correction, calculated as shown in section 4.14 observed
for changes in the coefficients. From this it was seen that unless the changes to the coefficients were
large enough to affect the fifth significant figure then the changes in the uncertainty of the radiation
correction where less than 1% of the overall uncertainty contribution.

Information / data
Name of effect

Contribution identifier

Measurement equation
parameter(s) subject to effect
Contribution subject to effect
(final product or sub-tree
intermediate product)

Time correlation extent & form

Other (non-time) correlation
extent & form
Uncertainty PDF shape

Uncertainty & units (10)

Sensitivity coefficient

Correlation(s) between affected
parameters

Element/step common for all
sites/users?

Traceable to ...

Validation

Type / value / Notes / description

equation

Saturation vapour pressure

calculation
8c, ps(T)

RH = e/ew

Radiation dry bias correction

Across all soundings

none

normal

<0.02 % RH

yes

Assuming the uncertainty in
the coefficients only affects
beyond the fifth significant
figure.

Unused in final calculation.

Hyland and Wexler 1983

Annex C - 37



4.30 Time Lag Correction (9), u¢(TL)

The response of the humidity sensor slows with decreasing temperature which flattens gradients and
smooths structure in the profile. This results from the need for water molecules to diffuse into or out
of the sensort. This effect starts to be significant at -40 °C. To correct the time lag the GRUAN
processing models it as a low-pass filter with exponential kernel, as shown below:

. t:—t:
;=0R1-1jaexp(1Ti 9

RH™ =

i ] t: — t:
i exp(L—=
Jj=0 p( Ti )

Where RH™ is the measured humidity and RH? is the ambient humidity. T is the temperature
dependent time constant and t is time. The correction for the time-lag error then follows from
inverting this equation to find RH*

i—-1

RHY = RH™ + Z(RH{” — RHY )exp(

l

ti—t;
T;

)

Jj=0
Where RH¥" is the corrected ambient humidity.

The correction of the time-lag as described in section 3.29 is applied to the measured RH humidity
profile before the low-pass digital filter. The uncertainty here is the correlated uncertainty of the time-
lag correction and results from the uncertainty of the time constant, t.

Name of effect Calculate ambient RH using time-lag model

Contribution identifier 9, RH*, uc(TL)

Measurement  equation i1 t—t
parameter(s) subject to RH® = RH™ + Z(RH{” — RHY )exp(~—)
effect = it

Contribution subject to Time lag correction
effect (final product or

sub-tree intermediate

product)

Time correlation extent Long-term

& form

Other (non-time) Throughout profile

correlation extent & form
Uncertainty PDF shape rectangular

Uncertainty & units (26)  u (TL) = 0.5|RH(t + (7)) — RH(t —u(x))| Usually <0.5 %
RH, peaks at 2 %
RH. From
Dirksen et al.
figure 16, see
figure 4.
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Sensitivity coefficient

Correlation(s) between
affected parameters
Element/step common for
all sites/users?

Traceable to ...

Validation

1

4.31 Time constant (9a), T

The time constant is used to describe the time lag response and it is the time required for the sensor
to respond to 63 % of an instantaneous change in ambient relative humidity. The time constant is

related to temperature, T.

T=Axexp(co+cy*T)

With the parameters A = 0.8, co=-0.7399, c1 = -0.07718. It is assumed that the time constant is the
same for increasing and decreasing humidity.

Name of effect
Contribution identifier

Measurement equation
parameter(s) subject to
effect

Contribution subject to
effect (final product or
sub-tree intermediate
product)

Time correlation extent
& form

Other (non-time)
correlation extent & form
Uncertainty PDF shape

Uncertainty & units (26)
Sensitivity coefficient

Correlation(s)  between
affected parameters
Element/step common for
all sites/users?

Time constant

9a, 1

i—-1

RH® = RH™ + Z(RH{” — RHY )exp(

Jj=0

Time lag correction

Long term

Throughout sounding

u(t) =05+7t(1—A)=0.1tor 1.5-3s

unspecified

Calibration correction factor

Yes

t: — t:
j i
—)

Ti

Both depend on
temperature.
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Traceable to ...

Validation

4.32 Low pass digital filter with cut-off (10), fc

The correction used for the time-lag error also amplifies noise in the profile. This is removed using a
low pass digital filter. The cut-off for the filter, fc=3/t and is less than 0.1 Hz. The factor of 3 is to
prevent the removal of genuine structures in the profile when 7 is large.

The uncertainty is the statistical noise calculated as part of the smoothing step. This is calculated as:

M

NI
u(s) = IRACT R
N' -1 J A T

j==M

Where s is the smoothed data point an N’ corresponds to the width of the Gaussian-shaped kernel
function.

Name of effect Low pass digital filter
Contribution identifier 10, Uu(RH)
Measurement equation Relative humidity

parameter(s) subject to effect

Contribution subject to effect Time lag correction
(final product or sub-tree

intermediate product)

Time correlation extent & form  none

Other (non-time) correlation 50 points up and down profile Uses a sample of 100 points.
extent & form

Uncertainty PDF shape normal

Uncertainty & units (26) 05-2%RH From Dirksen et al. figure 16,
see figure 4.

Sensitivity coefficient 1

Correlation(s) between affected
parameters

Element/step common for all
sites/users?

Traceable to ...

Validation
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4.33 Corrected RH values with associated uncertainties (11)

The total uncertainty of the corrected relative humidity profile is the sum in quadrature of the
calibration, dry bias correction, radiative heating correction, time lag correction and statistical

uncertainties.

Name of effect

Contribution
identifier
Measurement
equation
parameter(s)
subject to effect
Contribution
subject to effect
(final product or
sub-tree
intermediate
product)

Time correlation
extent & form
Other (non-time)
correlation
extent & form

Uncertainty PDF
shape
Uncertainty &
units (20)
Sensitivity
coefficient
Correlation(s)
between affected
parameters
Element/step
common for all
sites/users?
Traceable to ...

Validation

Corrected RH values with associated uncertainties.

11,u(RH)

Relative Humidity

Relative Humidity

none

>10s, usually <40s

normal

u(RH)

= Juc(cal)? + ug(cc)? + u(TL)? + u.(RC)? + u, (RH)?

1

none

Yes

5 Uncertainty Summary

Varies

according to
low pass
digital  filter,

available  as
res_rh.

6 % RH
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Random,
structured
Traceabili random,
.Elem_e.nt Contribution | Uncertainty contribution Typical ty level quasi-. Correlated
identifier name form value (L/M/H) systematic to
or
systematic
?
1 Thin film | constant 0 H random none
capacitor
heated twin
sensor
2, Uc Calibrated constant 2%RH | H systematic | 4
in  Vaisala
CAL4 facility
2a Reference constant 0.8- H systematic
humidity 12 %
sensors RH
3 Transported | constant 0 L systematic | none
and stored
at  launch
site
4, uc(cal) | Pre-flight S+ s+ s s + e CaORH | 1-3 % | H Quasi- 10
ground RH systematic
check re-
calibration
4a, Ground AU, AU, , <1%RH |H Quasi- 4
Uc,Ge2s check over \/(T) * G Ui systematic
desiccant
4b, Ground H Quasi- 4, 4c
- Uy — Up)s i
Ucabsolute | Check in SHC systematic
SHC standard
humidity
chamber
4c, Uc, | Relative VWU = Ugyc)? + (U, — Usye)? | 0.028* | H Quasi- 4, 4b
relative(cal) | calibration /Usne RH systematic
uncertainty
5 Sonde Statistical uncertainty 0.05- random None
measureme 01 %
nts every RH
second
during
ascent
6 Data constant 0 L systematic | None
transmitted
to ground
station
7, uc(cc) | Calibration u(fee) . 05 - systematic | 10
. RH
correction fee 4% RH
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of

temperatur
e
dependant
bias
7a Temperatur | See temperature PTU 7b,9a2
e documents
7b Calibration | Constant, interpolated | 0.01- systematic | 7
correction between reference | 0.1
factor temps
— 5
8, uc(RC) Ef;zllatlor;ias Juc(RCf)z U (RC,)? 5 % RH 10
correction
8a, Radiative i ST er D)) -pe 4 (eT-uen)| 4 9% RH Systematic | 8
uc¢(RCr) | correction " 2+ps()
combinatio
n
8al Radiative constant 05 % systematic | none
dependenc RH
eof T
reading as a
function of
ventilation
and
pressure
8a2 Vaisala solar | constant 1-4% systematic | 8al
radiation RH
correction
8a3 Pressure constant <0.05 % Rand Press PTU,
RH 8al0
8a4 Solar zenith | Constant 0 Systematic
angle (over
ascent)
8a5 Launch site | Constant 0 Systematic
location
8ab Time of | constant 0 Systematic
launch (over
ascent)
8a7, u(la) | Actinic flux | aclouay — laclear sky| | <350 Quasi- Altitude
radiative 23 Wm systematic
transfer
model
8a8, uy, | Ventilation u(v) <05 % Quasi- Altitude
vent(AT) | speed AT(T) RH systematic
8a9 Altitude Constant 0 Quasi- Altitude
systematic | PTU
8al0 Sensor constant 0 systematic | 8al
orientation
8all Cloud constant 0 systematic
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configuratio
n

8al2 Albedo AT uc(Iy) <0.8% | M systematic | None

I, RH

8b Radiation PsT+(f+uAD)-ps(T+(F-u(MAT) 0.5  — | M Systematic
sensitivity 2 ps(T) 2%
factor
uC(RCf)

8c Saturation | constant <0.02 L Systematic | None
vapour % RH
pressure

9, uc(TL) | Calculate 0.5|RH(t +u(®) —RH(r—u@)| | 1-2 % | M Systematic | 9a
ambient RH RH
using time-
lag model

9a, u(t) Time 05x7(1—-4) M Sytematic | 7a
constant

10 Low  pass | Statistical uncertainty 05-2|™M Random 9a
digital filter % RH

11' U(RH) Corrected \/uc(cal)ZJruL.(cc)z+uC(TL)Z+uC(RC)Z+uu(R 6 % RH M
RH values

The total uncertainty in the GRUAN RS92 relative humidity product is the sum in quadrature of the
uncertainties from the statistical uncertainty, calibration and the different corrections applied. This is
shown in equation 1 below.

u(RH) = \Juc(cal)? + uc(cc)? + ug(TL)? + u.(RC)? + uy (RH)? 1)

Where uc(cal) is the uncertainty in calibration, uc(cc) is the uncertainty in the calibration correction,
uc(TL) is the uncertainty in the time lag correction, uc(RC) is the uncertainty in the radiative dry bias
correction.

The total uncertainty in relative humidity, u(RH), is usually 6 % RH, but can peak above 10 % RH,
and drops to between 2 and 2.5 % RH in the upper part of the profile, above the tropopause. However
relative uncertainty is larger in the upper part of the profile because of how low the relative humidity
measurements are. The total uncertainty takes into account four sources of correlated uncertainty and
one source of statistical uncertainty. The statistical uncertainty, uy(RH), is greatest below the
tropopause and is usually below 5 % RH. Above the tropopause it is usually below 2 % RH. With the
exception of narrow peaks in the statistical uncertainty, the correlated uncertainty contributes more
to the total uncertainty throughout the profile. This include the calibration uncertainty, uc(cal), which
is itself a combination of manufacturer calibration uncertainty and ground check re-calibration
uncertainty is between 2 and 3 % RH throughout most of the profile but is larger near the surface as
a result of the relative uncertainty determined from the standard humidity chamber. The uncertainty
contribution of the calibration dry bias correction, uc(cc), increases from about 1.5 % RH near the
surface to up to 5 % RH at the tropopause. Above this level uc(cc) drops to below 0.5 % RH. The
uncertainty contribution from the radiative heating correction, uc(RC), starts below 2 % RH and rises
to above 5 % RH near the tropopause. in soundings where it is present this is the largest contribution
to the correlated uncertainty. The last contribution to the correlated uncertainty is from the time-lag
correction, uc(TL), is the smallest contributor to the correlated uncertainty and is usually below 2 %
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RH. Three of the contributions to the correlated uncertainty are temperature related and correlated
uncertainty peaks near the tropopause, where the temperature is low but there is still fairly high
atmospheric RH. Most of the total uncertainty is correlated uncertainty.

5.1 Traceability uncertainty analysis

Traceability level definition is given in Table 5.

Table 5. Traceability level definition table

Traceability Level Descriptor Multiplier
High S traC(_eabIe or globqlly 1
recognised community standard
Developmental community
Medium standard or peer-reviewed 3
uncertainty assessment
Low Approximate estimation 10

Analysis of the summary table would suggest the following contributions, shown in Table 6, should
be considered further to improve the overall uncertainty of the GRUAN temperature product. The
entries are given in an estimated priority order.

Table 6. Traceability level definition further action table.

Random,
structured
I . . Traceability random,
.Elem.e.nt Contribution Urfcert.amty Typical level quasi- Correlated
identifier name contribution form value (L/M/H) systematic to
or
systematic?
8c Saturation constant <0.02 L Systematic | None
vapour % RH
pressure
8a8, uy | Ventilation u(v) <0.5 % | M Quasi- Altitude
vent(AT) | speed AT(T) RH systematic
8a4 Solar  zenith | Constant 0 M Systematic
angle (over
ascent)
8a5 Launch site | Constant 0 H Systematic
location
8ab Time of launch | constant 0 H Systematic
(over
ascent)
8a7, u(la) | Actinic flux | Hactoudy = lacear skyl | <350 M Quasi- Altitude
radiative 2V3 Wm*2 systematic
transfer model
8a9 Altitude Constant 0 M Quasi- Altitude
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systematic PTU

8al10 Sensor constant 0 L systematic | 8al
orientation
8all Cloud constant 0 L systematic

configuration

5.2 Recommendations

An assessment of the Vaisala correction for radiative heating uncertainty should be evaluated, as
currently the uncertainty is only calculated for the GRUAN correction and sensitivity tests indicate
it may have a significant contribution.

It would also be useful for the ground-check information to be included in the data files, particularly
as this influences whether calibration uncertainty is calculated from the ground check or just
included assumed.

More detail about the saturation vapour pressure formula could be given in the documentation,
since although Hyland and Wexler 1983 is widely referenced it can be hard to find.

There are contributions that do not have an assigned uncertainty. Some analysis to determine the
magnitude of these potential contributions would better constrain the uncertainty budget.

Some contributions are discussed, but not used in the overall uncertainty calculation, e.g.

uncertainty from the temperature product. The uncertainty contribution from these elements should
be quantified and used.

6 Conclusions

The GRUAN RS92 radiosonde humidity product has been assessed against the GAIA CLIM
traceability and uncertainty criteria.

Annex C - 46



References

Dirksen, R. J., Sommer, M., Immler, F. J., Hurst, D. F., Kivi, R., and Vomel, H.: Reference
quality upper-air measurements: GRUAN data processing for the Vaisala RS92 radiosonde,
Atmos. Meas. Tech., 7, 4463-4490, doi:10.5194/amt-7-4463-2014, 2014. http://www.atmos-
meas-tech.net/7/4463/2014/amt-7-4463-2014.pdf

2. Vaisala: Vaisala Radiosonde RS92 Measurement Accuracy, Technical report, Vaisala, 2007.

10.

11.

12.

13.

14.

15.

Vaisala: CAL4 Calibration machine Traceability and Uncertainty, Technical Document
DOC210645, Vaisala DC0210645, 2002.

Miloshevich, L. M., Paukkunen, A., Vomel, H., and Oltmans, S. J.: Development and
Validation of a Time-Lag Correction for Vaisala Radiosonde Humidity Measurements, J.
Atmos. Ocean.Tech., 21, 1305-1327, 2004.

Carminanti, F., Bell, W., Migliorini, S., Newman, S., Smith, A.: An introduction to the
GRUAN processer, Satellite Applications Tech Memo 46, 2016.

Luers, J. K.: Estimating the temperature error of the radiosonde rod thermistor under
different environments, J. Atmos. Ocean. Tech., 7, 882-895, 1990.

http://www.vaisala.com/en/meteorology/products/soundingsystemsandradiosondes/sounding
datacontinuity/Pages/default.aspx (accessed May 2017)

http://www.vaisala.com/en/meteorology/products/soundingsystemsandradiosondes/sounding
datacontinuity/RS92-Data-
Continuity/Pages/revisedsolarradiationcorrectiontableRSN2010.aspx (accessed May2017)

Luers, J. K.: Temperature Error of the Vaisala RS90 Radiosonde, J. Atmos. Ocean. Tech.,
14, 1520-1532, 1997.

Vaisala continuity website: Vaisala sounding data continuity website,
http://www.vaisala.com/en/meteorology/products/soundingsystemsandradiosondes/sounding
datacontinuity/Pages/default.aspx, (accessed: May 2017).

Nash, J., Oakley, T., Vomel, H., and Wei, L.. WMO Intercomparison of High Quality
Radiosonde Systems Yangjiang, China, 12 July—3 August 2010, Tech. rep., WMO,
https://www.wmo.int/pages/prog/www/IMOP/publications/IOM-107Yangjiang/IOM-
107_Yangjiang.zip (last access: December 2014), WMO/TD-No. 1580, Instruments And
Observing Methods Report No. 107, 2011.

Sun, B., Reale, A., Schroeder, S., Seidel, D. J., and Ballish, B.: Toward improved
corrections for radiation-induced biases in radiosonde temperature observations, J. Geophys.
Res.-Atmos.,118, 42314243, 2013.

Kursinski, E. R., Hajj, G. A., Schofield, J. T., Linfield, R. P., and Hardy, K. R.: Observing
Earth’s atmosphere with radio occultation measurements using the Global Positioning
System, J. Geophys. Res.-Atmos., 102, 2342923465, 1997.

Hajj, G. A., Ao, C. O, lijima, B. A., Kuang, D., Kursinski, E. R., Mannucci, A. J., Meehan,
T. K., Romans, L. J., de la Torre Juarez, M., and Yunck, T. P.. CHAMP and SAC-C
atmospheric occultation results and intercomparisons, J. Geophys. Res.-Atmos., 109,
doi:10.1029/2003JD003909, 2004.

Vomel, H., Selkirk, H., Miloshevich, L., Valverde-Canossa, J., Valdés, J., Kyro, E., Kivi, R.,
Stolz,W., Peng, G., and Diaz, J. A.: Radiation Dry Bias of the Vaisala RS92 Humidity
Sensor, J. Atmos. Ocean. Tech., 24, 953-963, 2007.

Annex C - 47


http://www.atmos-meas-tech.net/7/4463/2014/amt-7-4463-2014.pdf
http://www.atmos-meas-tech.net/7/4463/2014/amt-7-4463-2014.pdf
http://www.vaisala.com/en/meteorology/products/soundingsystemsandradiosondes/soundingdatacontinuity/Pages/default.aspx
http://www.vaisala.com/en/meteorology/products/soundingsystemsandradiosondes/soundingdatacontinuity/Pages/default.aspx
http://www.vaisala.com/en/meteorology/products/soundingsystemsandradiosondes/soundingdatacontinuity/RS92-Data-Continuity/Pages/revisedsolarradiationcorrectiontableRSN2010.aspx
http://www.vaisala.com/en/meteorology/products/soundingsystemsandradiosondes/soundingdatacontinuity/RS92-Data-Continuity/Pages/revisedsolarradiationcorrectiontableRSN2010.aspx
http://www.vaisala.com/en/meteorology/products/soundingsystemsandradiosondes/soundingdatacontinuity/RS92-Data-Continuity/Pages/revisedsolarradiationcorrectiontableRSN2010.aspx
http://www.vaisala.com/en/meteorology/products/soundingsystemsandradiosondes/soundingdatacontinuity/Pages/default.aspx
http://www.vaisala.com/en/meteorology/products/soundingsystemsandradiosondes/soundingdatacontinuity/Pages/default.aspx

	nomenclature_guidance_4v0
	PTU_GRUAN_RS92_Temperature_2v0
	PTU_GRUAN_RS92_Humidity_2v0
	PTU_GRUAN_RS92_GeopotentialHeight_2v0
	PTU_MWR_Brightness_Temperature_1v0
	PTU_MWR_Temperature_profile_1v0



