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Field intercomparison of candidates for
measuring the reference surface air
temperature
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Summary

 We have begun a field intercomparison:
— A shielded thermometer
— Candidates for measuring the reference surface air temperature
 Avery thin handmade thermocouple
 Two ultrasonic anemometer and thermometers
 Two types of instruments using the brightness temperature of
atmospheric radiation.

* QOur preliminary analysis indicates:

— Radiometer have great potential for measuring the reference
surface air temperature.

— Radiation effect on very fine sensor is larger than previous studies.
— Unexplained dependency on wind speed is found.
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Air temperature has been measured by
thermometers over 300 years, but a thermometer

measures only “a temperature of a thermometer”
Heat budget of a thermometer (Kondo, 1982)

d

T.: Temperature of a thermometer
T* = a:‘““f oy =cop(CRUYT—T)} | T: Air Temperature

7/ 1 ~

energy from radiation emitted heat exchange between 1
outside sources || by a thermometer air and a thermometer K= 4
e Solar radiation is majority of energy from outside :
sources. Hooke, 1665

 Numerous types of thermometer screens/shields has
been developed to minimize the impact of radiation.
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“Numerous types of thermometer
scr:@ns/shlelds has

Lacombe et al. 2011

Meteorological Research Institute / Japan Meteorological Agency R ZERT



The WMO CIMO Technical Conference on Meteorological and Environmental Instruments and Methods of Observation (CIMO TECO-2018)
Amsterdam, the Netherlands, 8-11 October 2018

any intercomparisons have been performed
to evaluate their characteristics...

WMO field intercomparison of thermometer
- w’}%ﬁ screens/shields and humidity measuring
~ instruments: Ghardaia, Algeria, November
' 2008-October 2009
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L-l=’=~:- % 18 types of screens/shield (11 naturally
e gt | ventilated,7 Artificially ventilated)

Meterorological Instrument Centre,
Japan Meteorological Agency, Tsukuba,
Japan, August, December 2009-
September 2010

11 types of screens/shield (4 naturally
ventilated, 7 Artificially ventilated)
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...from 150 Years ago
Intercomparison of thermometer stands in England 1868-1870
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Which one is “true”?

Daily maximum temperature of artificially Intercomparison is
ventilated screen o only a relative
ot =1+ evaluation,

“There is no
recognised
reference system for
measuring the true

1 air temperature.”
(1SO 17714:2007)

|—]\Ied_i:m 3% - 93% iaterral [023% - 75% interval ==0.5% - 99.5% interval + Extrema |

Figure 38. Daily maximum temperatures of artificially ventilated screens

Lacombe et al. 2011)
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“Reference surface air temperature measurement is
effective to evaluate characteristics of screens/shields

 “There is no recognized reference system for measuring
the true air temperature” (ISO 17714:2007).

 Some potential candidates for measuring the reference
surface air temperature have been suggested.

e Candidates:

— Very thin resistive wire (ISO 2007)
— Ultrasonic anemometer (Lacombe et al. 2011)
— Radiometer (Yamamoto 2016)
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Very thin wire

* The very thin wire
(diameter < around 10um)
exposed to the air with no
radiation screen may has
little radiation effect less
than 0.1K.

 We introduced very thin
“handmade”
thermocouples after
Moriwaki et al. (2003) that
are a less expensive and
readily available.

Heat Budget of thermometer (Kondo 1982)
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UItrasonlc Anemometer and Thermometer (UAT)

e Sonic anemometers measure the acoustic virtual
temperature (no influence from solar radiation).

* Air temperature can be calculated using additional relative

humidity and pressure information. e in refErEE

Number of cases
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2D THIES CLIMA Larger solar radiation, THIES Ultrasonic measured

lower temperature the LAM630 screen.
Ultrasonic has calibration problem. Lacombe et al. 2011
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Radiometer
 Electromagnetic waves were absorbed and KT,
emitted at some absorption bands of == A
atmosphere, and brightness (power of B: Brightness

Tg: Brightness temperature

electromagnetic waves) is proportional to k: Boltzmann constant

A: wavelength

the temperature of atmosphere. Af: band width

* Practical use in microwave radiometer ‘
(MWR) for measuring temperature profile. st

e [t is difficult to measure horizontal 1.E05
brightness by a radiometer directly, because \

of aperture angles and antenna siderobes. o0

Radiometrics
MP-3000A

m
0 500 1000
An example of weighting function.
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Intercomparison has been started..

at Meteorological Instrument Centre, Japan Meteorological Agency, Tsukuba, JAPAN

Very thin thermocouples Thermometer with artificial

ventilated screen (identical to the
=% system at the JMA)

Ground-based MWR Radiometrics MP-3000A Vaisala WMT701
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Far Infrared camera with a 14-16 um bandpass filter
has been newly developed for this intercomparison

e Strong absorption band of

carbon dioxide exists in 14-
candle

16 um wavelength.
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Far Infrared camera with a 14-16 pum bandpass ,
filter detect the emitted radiation from carbon

dioxide in the air
Power of the radiation should be proportional to the

temperature of air, but we have many challenges to solve to

get reasonable temperature data.
Chan in 24 hours

Far Infrared camera

Shielded thermometer

30

Added function
To keep
temperature of =it
camera”
constant -
October 2018~

—shield

s |
9/12 9/13 9/14 9/15 9/16 9/17 9/18 9/19
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Intercomparison has been started..

at Meteorological Instrument Centre, Japan Meteorological Agency, Tsukuba, JAPAN

. - April 2018~
April 2018~ April 2018~  June 2018~ e’ April 2018~ August 2018~
= 7 -~ o Loal agid 2 |
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View from north to south view
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Preliminary results from Sept 2-24 2018

reference: shielded thermometer (black curves) , and

 UATs and a MWR have
calibration problem

Thermocouples are installed after Sept. 12
because of logistical reason
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Preliminary results from Sept 2-24 2018

reference: shielded thermometer
global solar radiation (kW-min/m)
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For UATs and MWR, the
difference from the
shielded thermometer is
larger when solar
radiation is larger.

Major cause of these
dependency is radiation
effect on shield.

Some of them is pseudo
dependence because of
correlation between
wind speed and solar
radiation.
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2> Preliminary results from Sept 2-24 2018
reference: shielded thermometer

wind speed (global solar radiation = 0)
Eegegui(mgﬁgig)g!ﬁd speed (ms-1*0.1)(grad = 0) I\/t!e}p{a\r:{uB(MPSOOOA-shield) (K) ~ wind speed (ms-1*0.1)(grad == 0) T h e r m O CO u p I e : N O

gﬁigo : dependency on wind
RLEEEE PRSI H i

L -0 speed.

| . P

RIS TEERARERENS UATs and MWR have

a o g z 4 6 8 10 12 14 16 19 26 ° 0 4 8 12 17 22 27 32 37 42 47 52 57 63 this dependency

UAT (SAT600) UAT (WMT701) especially in weak

S te;pi:;:?re(SATeoo-Shield) (K) = wind speed (me-10-1)grad = 0 . femperature(WMT7o1-shield) (K) ~ wind speed (ms-10.1)(grad = 0) WI n d

i A Causes of this

ik dependency are

unexplained.

0 4 8 12 17 22 27 32 37 42 47 52 57 62 68 0 4 8 12 17 22 27 32 37 42 47 52 57 62 68
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Summa% of preliminary results

@ Max. rad. effect

Very thin (D = 13um) Cost effective  Weak, feasible ~0.3K
thermocouples Dependency on wind speed
UAT Stable Expensive ~0.0K

Dependency on wind speed (?)

Calibration

Humidly data needed
MWR Stable Extrapolation method ~0.0K

Not measured In rain

Very expensive

Several mimutes interval
Calibration

Dependency on wind speed (?)

Far infrared camera Great Not measured In rain --
potential Many challenges

Artificial ventilated Stable Radiation effect ~0.5K

screen All weather
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Conclusions

We have begun a field intercomparison between
— a shielded thermometer, and
— candidates for measuring the reference surface air temperature,

including:
 avery thin handmade thermocouple,
 UATs and

e MWR and Far infrared camera both using the brylgh
temperature of atmospheric radiation.

Our preliminary analysis indicates:

— Radiometer have great potential for measuring the reterence
surface air temperature.

— Radiation effect on very fine sensor is larger than previous studies

— Unexplained dependency for UATs and MWR on wind speed is

found.
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