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WATER VAPOUR

<4 % of all atmospheric molecules

< but...

Is a powerful Greenhouse Gas, participates
In processes affecting the global climate and ...



Estimacion del error al medir Vapor de Agua Precipitable con radiosondeos

...and

Julio A. Castro-Almazan

Is the principal responsible for the atmospheric extinction in
IR, submillimeter and microwave astronomical observations
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Extinction ( A maog )
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Precipitable Water Vapour PWV:

“Total water column height if integrated from
the surface to the top of the atmosphere

with unit cross-sectional”
(glossary of the American Meteorological Society)

Commonly expressed in mm:

the height to which that water would stand
If completely condensed and collected

In a vessel with a cross section of 1 m?

e
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PWYV can be measured by equippedjradiosounding balloons,fradiometers both from gmund Fowle,
1912; Guiraud et al., 1979; Carilli and Holdaway, 1999; Smith et al., 2001) o | s|(Grody et al.,
1980; Menzel et al., 1998; Gao and Kaufman, 2003; Deeter, 2007; Wong et al., 2015}__

(Bird and Hulstrom, 1982; Volz, 1983; Plana-Fattor1 et al., 1998; Firsov et al., 2[}13:}__

tometers |(Barreto et al., 2013)] GPS receivers|(Bevis et al., 1992, 1994),[Fourier Transform Infrared

spectrometers|(Kurylo, 1991; Schneider et al., 2006) and (Schneider et al., 2010).

Castro-Almazan et al., Atmospheric Measurement Techniques, 9, 4759-4781, 2016
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PWYV can be measured by equipped radiosounding balloons radiometers both from ground [ Fowle,
1912: Guiraud et al., 1979; Carilli and Holdaway, 1999; Smith et al., 2001) off satellites|(

1980; Menzel et al., 1998; Gao and Kaufman, 2003; Deeter, 2007; Wong et al., 2015)__
(Bird and Hulstrom, 1982; Volz, 1983; Plana-Fattor1 et al., 1998; Firsov et al., 2013:}__

tometers |(Barreto et al., 2013) (Bevis et al., 1992, 1994),|Fourier Transform Infrared

spectrometers|(Kurylo, 1991; Schneider et al., 2006) and (Schneider et al., 2010).

Castro-Almazan et al., Atmospheric Measurement Techniques, 9, 4759-4781, 2016
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g —

Figure 1: “Jaisala RS92-SGF Unit (Cyj 2007)

1 = GPS Antenna

2 = Battery Case

3 = Additional Sensor Interface
4 = Antenna

5 = Temperature Sensor

6 = Humidity Sensor

7 = Sensor Boom

8 = GC25 Interface

e ¥ http://alg.umbc.edu/umap/radiosonde
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atmospheric radiosoundings are a direct in situ
measurement and one of the most accurate methods of re-
trieving the PWV. Radiosoundings are also one of the current
standards for atmospheric research and are widely used as a
valid reference for comparison and calibration.

Accurate error estimation of PWV from radiosoundings is
essential for regression analyses in comparison or calibra-
tion studies. In this sense, special care is needed when ra-
diosoundings from different sources and with differing char-
acteristics are being discussed, or when working in a particu-
larly dry atmosphere.

Castro-Almazan et al., AMT, 9, 4759-4781, 2016
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RS92 High Res. (>2500 lev)
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RS92 vaisala

data ~ 1 year
(2013-2014)

Quality Control:
AEMet (GUI)
GRUAN (LIN, NYA)

RS80 Vaisala

data ~ intensive runs
(1990-APR-JUL)
(1995-NOV)

Quality Control:
Météo-France (ORM)

BOTH
Uncertainties:

+0.5°C, £5% and +1hPa
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PWY from radiosondes

The PWYV 1s obtained from the temperature 7' (°C), atmo-
spheric pressure p (hPa) and relative humidity RH (%)
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PWY from radiosondes

The PWYV 1s obtained from the temperature 7' (°C), atmo-
spheric pressure p (hPa) and relative humidity RH (%)

from here, ...penetrating into the ‘arid’ maths for a while
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PWY from radiosondes

The PWYV 1s obtained from the temperature 7' (°C), atmo-
spheric pressure p (hPa) and relative humidity RH (%)

from here, ...penetrating into the ‘arid’ maths for a while
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PWY from radiosondes

The PWYV 1s obtained from the temperature 7' (°C), atmo-
spheric pressure p (hPa) and relative humidity RH (%)




Estimacion del error al medir Vapor de Agua Precipitable con radiosondeos Julio A. Castro-Almazan

PWY from radiosondes

The PWYV 1s obtained from the temperature 7 (°C), atmo-
spheric pressure p (hPa) and relative humidity RH (%)
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PWY from radiosondes

The PWYV 1s obtained from the temperature 7' (°C), atmo-
spheric pressure p (hPa) and relative humidity RH (%)

TRAPEZOIDAL SUMMATION

N—-1

- PWVNE Z (rie1#7:)(Pis— )
he, i=0
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Error budget for PWYV from radiosonde data

efzzoz—l—eg

|

uncertainty v
sampling error

-I."#l
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Error budget for PWYV from radiosonde data

2 2

€ =0 —|—€§=Val‘f—|—2-COVf —I—es2

uncertainty
sampling error

-I."#l
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Error budget for PWYV from radiosonde data

efz = varf+2-covf + 682

|

variance

covariance
sampling error =

-I."#l
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Error budget for PWYV from radiosonde data

efz = varf+2-covf + 682

variance analytical

- s e mpirical model

SlylelllgloR=li(olgg empirical model

_...-‘1-']'
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Error budget for PWYV from radiosonde data

efz =2 - COVf + 682

variance

analytically:
error propagation in the trapezoidal rule
over all the sample levels

note:

In the trapezoidal rule,

each value, excluding the extremes,
IS shared by adjacent bins; therefore,
the derivation of the variance must
avoid the double summation of error.
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Error budget for PWYV from radiosonde data

efz =2 - COVf + 682

analytically:

error propa ﬁ);mﬁezmdal rule
2 atﬂ’p

over aJIdH‘e «Nels

og% e®

variance

ﬁ%ﬂ“ «8bezoidal rule,
ao*xvalue excluding the extremes,
¢ shlred by adjacent bins; therefore,
the derivation of the variance must
B avoid the double summation of error.




Estimacion del error al medir Vapor de Agua Precipitable con radiosondeos Julio A. Castro-Almazan

Error budget for PWYV from radiosonde data
.
covariance

empirical model

_...-‘1-']'
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Error budget for PWYV from radiosonde data

efz = varf + 2 —I—eg
covariance

empirical model:

vertical profiles

y ‘d | COVf = Z 0;0;jOjj

time' (space) series L —
O L,J, ]J=1

semi-Markov process

(the probability of the next levels depend on the amount of time elapsed T)

with T exponentially distributed.




Estimacion del error al medir Vapor de Agua Precipitable con radiosondeos Julio A. Castro-Almazan

Error budget for PWYV from radiosonde data

efz = varf + 2 - Covy +E
sampling error

empirical model

_...-‘1-']'
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Error budget for PWYV from radiosonde data

efz = varg+ 2 - covg

High resolution data (>2500)

L

negligible sampling error

L

empirical model

e,=¢,(N)
O

recursively sub-sampling each profile (uniformly)
and

| analysing the residuals:  [resy = I — TN

sampling error
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Error budget for PWYV from radiosonde data

efz = varf + 2 - Covy +E
sampling error
High resolution data (>2500)

L

negligible sampling error note:

D the whole atmospheric column
empirical model is assumed to be
€.=¢€ (N) uniformly sampled.

L

recursively sub-sampling each profile (uniformly)
and

| analysing the residuals:  [resy = I — TN
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Error budget for PWYV from radiosonde data

efz = vary+ 2 - Covy

sampling error

resy =1 — Iy | A R A R R A A A I R R

grouped in slices [ S R R
to fit a model... |

(o)

residuals [mm]
o
-

[
bl
o

1479 576! 307 B8 128 04 . 278 ! 137
870 407 p4d ?s} 1.0.2 a3 . 283
| 1 | 1 i L RS —— |

100
sampling levels (N)




Estimacion del error al medir Vapor de Agua Precipitable con radiosondeos Julio A. Castro-Almazan

Error budget for PWYV from radiosonde data

efz = vary+ 2 - Covy

sampling error

-~ 100 1000
resy =1 — Iy | R - | IHEE T [ TR @

I . 48600 reclizations from 62 radiosondes

_ 38 225
e,="/y%t /N2

dependence on N:

Iy =PWV(N" Y+ E(N?)
o

residuals [mm]
o
o

[
i
o

1479 | '576: 307 188 {28 94 | 278 . 137
LB70: L4070 P4t ?s} 1.0.2 a3 . 283
T T S A

S Sy

100
sampling levels (N)
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Error budget for PWYV from radiosonde data

efz = varf+ 2 - COvs
sampling error

resy =1 — Iy

dependence on N:

Iy =PWV(N )+ E(N7?)

fit a function:

1478 576 307 18§ {28 94 | 278 . 137
a70 407 24t ?s}s 102 a3 283
| | | I Ll

sampling levels (N)

-|__.'h

C =0, as -

=

hm(N_mo)resN 0
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Optimized error

—---------------
| I : RN E Y % 4 haEEgy
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f : il 8 L /N :
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Optimized error

—---------------
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sractical applications

Precipitable Water Vapour at the Canarian Observatories
(Teide and Roque de los Muchachos) from routine GPS
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CONCLUSIONS

« PWV strongly impacts the astronomical observations (IR, u-w, ...)

« A semiempirical method for estimating the error
and optimum number of sampled levels (N )

In PWV determinations from radiosoundings is proposed.

» The method was tested In 4 different locations
(different conditions, latitudes, PWV content,...).

- The error is roughly proportional to PWV whereas N is the reverse.

- The value of N_is less than 400 for 77 % of the profiles and the

absolute errors are always < 0.6 mm.
Median relative error is 2.0 £ 0.7 %

e These results reduce by more than a half the uncertainties previously
reported in the literature.
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CONCLUSIONS

Therefore, not only the uncertainties define the error in
PWYV estimations from radiosoundings but also the autocor-

relation between levels and the sampling. Here we have pro-

T ey IIIIIIIIIIIF;;;I.

posed that it 1s possible to optimize the number of sampled
levels to minimize the error within the instrumental uncer-
tainty. Whereas a radiosounding samples at least Ny uniform

vertical levels. depending on the WV content and distribution

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;‘IIIIIIIIIII Hnnnnm TRy

of the atmosphere. the error in the PWV estimate 1s likely to

TR IIIIIIIIIIIIIIII;?IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII i

stay below ~= 3 % (median + dispersion = 2.7 %) even for dry

conditions.
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thank you!
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