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First Commercial

Sonic Anemometer
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Air data probes and air data sensors obtain aircraft angle of attack (AOA,
alpha), sideslip (A0S, beta), static pressure, total pressure {pitot static),
outside air temperature (OAT), and total air temperature (TAT). Typical
Air Data Probes )—" names for these devices are nose booms, wing booms, nosebooms, air data
and Air Data probes, pitot probes (pitot tubes), pitot-static probes (pitot-static tubes),
Sensors trailing cones, and trailing bombs. These products provide pressure and
airflow direction data to data acquisition and air data computers for
computation of aircraft orientation, airspeed, altitude, and related
information.

),_( http://www.spaceagecontrol.com/Main/Home kY

Miniature pitot-static probe
Insitu Integrator
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Monin-Obukhov® #84LL Al

* Turbulence in atmosphere with a namiform
temperature, A.MObukhoyBoundaryLayer
Meteorology 2, #29, 1971 (Orig. 1946)

(http://www.springerlink.com/content/p21902m3p810
6311))

« Basic laws of turbulent mixing in the surface layer of
the atmosphereA.S.Monin&A.M.Obukhour. Akad
NaukSSSKseiphiz Inst.24(151):163187,1954
(http://mcnaughty.com/keith/papers/Monin_and_Obu
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Sonic Anhemometer Thermometer

-Send and receive sonic pulse between two proves & L > 7
[ -Count the time
Calculate average sound speed and the difference of
the speed
Calc. wind speed of sound path direction
Calc. temperature from average speed (sonic virtual
temperature)

Developped in1960s

* Kaimaj J. C. an8usingerJ. A.: 1963, A Continuous Wave Sonic
. AnemometerThermometerJ. ApplMeteorol 2, 15&164. ATI

* Mitsuta, Y.: 1966, Sonic Anemometer for General Use, J. Meteorol.

Soc. Jap. 44, 12-24. Kaijo
S FIRICHERESE, SWRENMESTEHIAL IR EIFELL

BEAMTIE, E—2—%FDI+5, KL WEHER AT



Flux measurement
Sonic Anemometer Thermometer

Sonic temperature includes cross wind effect and
[ water vapor effect.

V2
L s
1+0.32%

where V,, cross wind speed, A = 403 units (temper-
ature in K, wind in m/s?). (Kaimal and Finnigan

1994)
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Sonic Anhemometer Thermometer

Also the effect of probes and other structure are also
the source of erros

AR
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Also the effect of probes
and other structure are
also the source of erros

The amount of these effect is

different for each probe design,

so please find suitable articles
or make test by yourself.

.@'C

18 sonic anemometer probe effect - Google Scholar - Mo:
I7AIE) REE) TRV BE(S) Twov—o(B) Y-IUI) ~NLF(H)

£y \ g | http://scholar.google.co.jp/scholar?g=sonic+anemometer+probe+effectfhl=jadlr=BbtnG=14Fa&Ir= W

2 LLRBR—T @ Firefox ZEOTHLD &

GO L)gle sonic anemometer probe effect
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Scholar A7)
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bk BAREE T2137E%5 (Scholar 332 THESTRSFHEETELT)

sonic anemometer probe effect MFEZFER #1 2,430 {1 1- 10 58 (0.07 7)

Sonic Anemometer Tilt Correction Algorithms - = 4/ —>/5»

JM Wilczak, SP Oncley, SA Stage - Boundary-Layer Meteorology, 2001 - Springer

.. represents the combined effect of these three sequential rotations ... Consistent with
our definition of @ and B as being the fixed angles necessary to rotate the sonic

into a ... For correction of a tilted anemometer, let us associate the primed coordinate ...
1Mz 181 - BEELE - 2 o TRE

Minimizing flow distortion errors in a sonic anemometer - % 4/ i—/="»

JC Kaimal, JE Gaynor, HA Zimmerman, GA Zimmerman - Boundary-Layer Meteorology, 1990 - Springer
.. The new sonic anemometer probe re- quires only a straightforward transducer shadow

correction on each of its axes. There are no biases, wind speed dependencies. or

wakes from adjacent axes to account for. ... Our obser- vations above 10 m show no ..

3Ifize 26 - BhEsnE - otk

Flow Distortion by a Solent Sonic Anemometer: Wind Tunnel Calibration and fts Assessment for Flux ... - 5= 4/ 1—275.»
A Grelle, A Lindroth - Journal of Atmospheric and Oceanic Technology, 1994 - ams_allenpress.com
1. (a) Probe head of the 3D Solent sonic; (b) probe and Pitat tube in the wind tunnel_
slender, 510-mmaqong vertical bar to minimize the flow distortion effects caused
by supporting devices. The anemometer carries out one ultrasonic firing every ...
31T 38 - BhEENE - O RS

TR AT A A (Ch4 S B O HE

RS, MALM, FIIE -Papers in Melaorology and Geophysics, 1980 - J-STAGE
...the wind direction by the twa-dimensional sonic anemo- meter at the top of the

tower. The probe of the sonic anemometer is one head system as shown in Fig. 5-

This system h3s no mechanism of zero shift of the(iifferent path of the span. ...

BhESLE - D iRE

Tools for quality assessment of surface-based flux measurements - 5= 3/
T Foken, B Wichura - Agricultural and Forest Meteorology, 1996 - Elsevier

.. But if these results were used to correct the flow distortion” effect of atmaspheric
measurements, the correction would be an over-correction, as ... This orientation into
flow is realized by the Kaijo-Denki sonic anemometer Probe A for ...

ksl - UaTiER
Bk Bk SR S

A
TEREES, FBEH1E2E, | EFE, FME - Papers in Meteorology and Geophysics. 1982 - J-STAGE
.. a serious error to detect the arrival time of the 400 A Wt 8N AF — O o

B — Wi#) — B— & Fig. 3. Probe of the three- dimensional sonic

anemometer- thermometer. Fig. 4. Triggered and received wave pulses.
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Kansas EE& (Haugen et. al. 1971, QJRMS)

« FluxProfileBEd{® (BusingerWyngaard lzumi
and Bradley 1971, JAS)

3227 —, 18cm?) wheat stubble, 2400 7 T vF

BEaENDERE S TIE, 23, 36, 50, 70, 100cm, 2, 4, 5.66, 8, 11.3, 16
22.6, 32m

mEIX, 05,1, 24,8, 16, 22.6, 32m
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FluxProfile

Busingeet. al. 197 1D T TIE, BRTL 7 — e
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Busingeet. al. 1971kY)

MastDEZ, RO EYTELEN TN

ig. 2. - Wi tl
- O resents Wieringa's 2.4 m sph

Wyngaard BusingerKaimaland Larsen,

SR X, k=0.4CTEIEBINT- | 2YYSylua 2y W NBOJI f dz
mRT T —BEEFESIENZLY, Mast Influence on Measurements of stress and
(KEBZTIL, 0.4105E &) cup anemometepverspeedin@ X . 2dzy |

Layer Meteorology, 22, 24850, 1982k!)
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Power Spectrum

42 ATMOSPHERIC BOUNDARY LAYER FLOWS
4 | | ]
v spectrum
& excluded region
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001 | | | |
0.001 0.01 0.1 1.0 10 100
n=fz/u
Fic. 2.6. Normalized surface layer o spectrum shown varying with 2 /1.
only in the range —0.3 > /L > —2 (shown as a hatched area in Fig, 2.7) does

the spectrum exhibit an insensitivity o / 1., This happens because the normalized
spectral peak 1,,, stops shifting to lower frequencies with increasing =/ L (see Fig.
2.9), an indication that the peak wavelength A, scales only with = The «, », and
stable spectra also progress systematically, but their unstable spectra spread over a
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Fic. 2.8. Normalized surface | # spectrum shown varying with z/ L.

rarea (hatched); in uand v, an “excluded” region (crosshatched) can be seen
separating the stable and unstable spectra. The limiting curves for stability regimes
approaching neutral from both sides are indicated by notations 2 /L = 04 and 0

in the figures, Clearly, the unstable u and v spectra do not follow M-O similarity,
and since no measurements of the boundary layer depth 2, were made in Kansas,
it was not known at the time that their A, "s scaled with z,. Later, the Minnesota

Nm(=2/Am)
& 3
il
s
- <
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|
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o
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Fie. 29. Nondimensionalized frequency at spectral maxima shown as functions of

KansaSRERD#ER
Kaimaland Finnigan1994
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Co spectrum

1.0
1 | l l
0->z/L>-20
= 03— —
2
3 Ny
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0,001 | | i 1
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n=fz/u

Fic. 2.18. Normalized surface layer cospectra of uw and wf, as represented in (2.52) and
(2.53). shown varying with z /L. Note that the wf cospectrum attains —4/3 behavior at a
higher frequency than wuw.

Kaimal and Finnigan 1994
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(Sellers, 1965 : List, 1966 ; Paterson, 1969 ; Monteith, 1973)

% 2.1 H2OMEKKEDT L~ F

T | wxr | mEE | mubR o
tsm | Tk e @ | (x10°mts™) | (x10°Jm? K™
H 0.10 0.3 0.10 0.67 3.0
l 0.20 1.0 0.02 0.40 2.0
L3l 0.15 1.0 0.30 0.30 1.8
Ak A 0.15 1.0 0.20 0.30 1.8
FRAK 0.10 0.5 2.00 0.15 2.0
b i) 0.25 2.0 0.10 1.40 1.9
YR A 0.13 3.0 1.00 2.30 2.1
R B 0.15 2.0 0.50 1.00 2.0
2 = i) st 0.25 3.0 0.10 2.00 2.0
Z ol 0.25 3.0 0.10 1.00 2.0
WG 0.07 0.2 0.001 0.15 4.2
)l A 0.10 0.2 0.001 0.15 4.2
) B 0.20 1.0 0.01 0.80 2.0
U 0.20 0.5 0.001 0.74 2.9
A~BH 0.20 1.0 I 0.01 0.70 2.9
R, Pielke™, A— 71, Wb & BECRE.
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Observed data (daytime)
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bserved data (nighttime)
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Eddy covariance: F

+ ’w’

. Fia

//

|

Then assume horizontal
homogeneityC

_|_

w =20

using continuiety equation of incompressible fluid:
ou OJv Ow

=0
6$+8y+3z
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relative value to that of 1/30Hz

From GAMH 1bet 1998

14

1.4

L ) 12 }
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02 F

relative value to that of 1/30Hz

0.0001 0.001 0.01 0.1 1 02 0.0001 0.001 0.01 0.1 1
Hz Hz
Covariance wand T Covariance w and mixing ratio of

water vapor

B0 LA LGS, HFEYRBREILGELA, KEASHNEFTEDEZENRZD

Unpub. Data by me
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« W MDAM (double rotation, planer fitting)
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ZNTH, HHDIBE (RnG)/(H+LEK 0.7¢ 0.9%8

% o =&Z1EXFoken T. 2008. The energy balance closure problem:
an overviewEcol. Appll8, 1353:1367.
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Field Projects

« %%, FIFE (The First ISLSCP Field
Experiment ¥p7=Y Hh & #](19871989),

http://daac.ornl.gov/EIFE/fife.shtml

e {thiZ, TOFACORE, HEIRE®1,02- 5%
(http://ssrs.dpri.kyotou.ac.jp /Heifel), BOREAS994,06- %8
Al (http://daac.ornl.gov/IBOREAS/bhs/BOREAS Home)ht@gg

”
« GEWEX/GAMEYL,, Z 2D #h ;3 THLITER A
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"""""""" START OF MY
E http://ssrs.dpri.kyoto -u.ac.jp/~heifé)‘-wA'

(HeiheRiver Basin Field Experiment)

Observation of heat
and water exchange
over desert.

Jn Apl ul Ot Jm Al Sl Oct
12911202

Mitsuta et.al. 1995

1991 Jun, Aug, Oct, Dec | was a student!
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residual flux from SEB equation. H: the sensible heat flux, {E: the latent heat flux. The total height

1998 I nte nS Ive O bse rvatl O n of three bars show the net radiation flux (Rn). Tanaka et.al. 2001

| belonged to Nagoyauniv.
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*Electric power supply
*Information network



Information Network

TKY site
Office
TKC site

Takayama AP
Gifu University

The Internet u Information Super Highway

y Gifu prefecture



Use PC at TKC from my laboratory
In University

PC in university

File(E) Operation(@ View(y) Setup(S) Help(H)

GUDat01

Filename c¥GUDat01¥DATA¥FL2008072818 dat

Interval Sampling Interval = 10Hz Recording Interval = ALL

Why do we need 20 many
zenzore for the tower

SUGITURE

VNC server and viewer



WWW camera & PEN

r@; C50 Site in Takayama - Mozilla Firefox .o [
I7UE) REE) TR BEES) Jvov—o(B8) Y-IUI) NLT(H)
@ - 4y [ | |http://sateco-archive.green.gifu-u.ac.jp/C50/ e ~ [|[Gl-| Goog L

8 LKRBBR—2 $ Firefox ZEOTHLD o BHF—1—X

21 #HECOET AT S LI 2 £ R EmﬁiﬁGycuMmegmty

sateco—archive by T~
ATEE (LL2808EBRAUICTIEICH T 2L REROBERETHEO O (2. TOEREREREO SHIEIE /L HE T

T->TOET, TORPEASO 1 DEL T, FREIOER00mIZOATH CERIRD —Z /HEL. HFEIET->TOHET.
BLFZHERRRD —

| FRB DEPIWAAIAS
GRFEDIFT 105 8F5)
2008/07/28 18:07

@ Mozila Firefox

e 4 () | mapi//woww.pheno-eye.ory
2 S<RBR-T @ Firefox BROTHED L =18

PEN TKC_

original data

ummary data

J7ME) REE) B BE(S) J»0¥-20) J-MD ~IH)

T

PEN mother server

Mon Jul 28 17:46:01 JST 2008  DOY: 210

71 "};'—‘ J d

GREDIET 105 BEH
2008/07/28 18:14




Sensors on Tower (1/2)

Table. 1(Partl) Instruments for measuring meteorological elements

Parameter Position Symbol J;nlngtj:? Instrument Model, Manufacturer Data logger
Dowmward shortwave 1_"ad.1a110n 30.5m SWin 43 Pryheliometer CM-6B, Kipp&Zonen, Delft, Netherlands
Upward shortwave radiation 29.7m SWout 46
Dowmward longwave ?ad.latlon 30.5m L WRin 4 Pyrgeometer CG3, Kipp&Zonen, Delft, Netherlands
Upward longwave radiation 29.7m LWRout 50
- -
Dowmward PPFD 305m- - PARIn A7 Quantum Sensor L1-190SZ, Li-Cor, Lincoln, NE, USA
Upward PPFD 29.7m PARout 48
Rainfall 30.9m Rain 51 Tipping bucket rain gauge RH-5A, Tkeda Keiki, Tokyo, Japan
31.0m WindS31 140117
23.4m WindS23 150r18 Cup-anemometer A100L2, Veetor, LHYL, UK
Wind Speed 20m WindS1 16 0r 19
2.0m Winds2 59 . WindSonie, Gill instruments, Hampshire,
. Sonic¢ anemometer
6.5m WindSe 60 UK
30.9m WindD30 120r13  Potentiometer Windvane W200P, Vector, LHYL, UK
‘Wind Direction 20m WindD2 61 . WindSonic, Gill instruments, Hampshire,
) Soni¢ anemotmeter
6.5m WindD6 62 UK
302 m Temp30 27
228m  Temp22 26 CR23X, Campbell
18.4m Templ8 25 Scientific, Logan, UT, USA
14.7m Templ4 24
Air temperature 10.6m Templ0 23 Humidity and temperature b <0 < ATSALA. Vantaa, Finland
6.5m Temp?7 22 probe
3.6m Temp4 21
13m Templ 20
293 m Tempeal 29
1.5m Temp2 28
30.2m RH30 37
22.8 m RH22 36
18.4m RH18 35
14.7m RH14 34
Relative Humidity 10.6m RHI0 33 Humidityand temperature /b o0 ATSALA. Vantaa, Finland
6.5m RH7 32 probe
3.6m RH4 31
1.3m RH1 30
293 m RHcal 39

1.5m RH2 38




Sensors on Tower (2/2)

Table. 1(part2) Instruments for measuring meteorological elements

Parameter Position Symbol ;;5;; Instrument Model, Manufacturer Data logger
30.2m C30
22.8m C22
184 m C18
. 147 m Cl4 Closed-path CO2 IRGA . . CR10X, Campbell
02 concentration 10.6 m C10 (Infrared Gas Analyzer) L1-820, Li-Cor, Lincoln, NE, USA Scientific, Logan, UT, USA
6.5m Cc7
36m C4
1.3m Cl
30.0m SufT30 40
Surface Temperature 22.0m SufT22 41 Infrared Thermometer MI-710, OPTEX, Siga, Japan
2.0m SufT2 42
Li7500 Body temperature 30.2m TC_T1 63 Thermocouple (Type K) KFT-25-200-200(P), ANBE SMT,
Kanagawa, Japan
Air Pressure 1.5m Pre 43 Digital Barometer PTB220, VAISALA, Vantaa, Finland
Snow Depth 3.32m SnowD 44 Sonic Ranging Sensor SR50, Campbell Scientific, Logan, UT, USA
PARI 52 LI-1908B, Li-Cor, Lincoln, NE, USA
PAR2 53 IKS-27, Koito, Tokyo, Japan
PAR3 54 IKS-27, Koito, Tokyo, Japan
PPFD on the forest floor PAR4 55 Quantum Sensor 1K S-25, Koito, Tokyo, Japan
PARS 56 IKS-25, Koito, Tokyo, Japan CR23X, Campbell
PARS6 57 1K S-25, Koito, Tokyo, Japan Scientific, Logan, UT, USA
PAR7 58
-5 om SoilT5 2
-10 cm SoilT10 3 —
sail temperature -15cm SailT15 4 Temperature Probe [l\;l;)iel 107, Campbell Scientific, Logan, UT,
-20 cm SoilT20 5
-40 cm SoilT40 [
-5 om SWC5 7
Volumetric water content jg ZIIE zxgig g TDR (Water Content CS616, Campbell Scientific, Logan, UT,
Reflectometer) USA
-20 ecm SWC20 10
-40 cm SWC40 11

*PPFD (Photosynthetically photon flux density)

updated on December 22, 2006



Also flux measuring system

e« Sonic anemometer
and thermometer

(R350, Gill)

* Infrared H,0O
and CQanalyzer

LF7500(LICOR)




Flux measurement
Infrared HO CQanalyzer

- Mirror Measure the relative light decay comparing the
infrared rays in absorption band and in another

band.
Measure the amount of gas in the light path, in
other words, density of gases.

Old generation sensors were unstable.

Lightsource & detecter
It also has deep world!



Flux measurement
Infrared HO CQanalyzer

- Mirror

It also has deep world! EXx. Heating by sensor itself

Avdllduie onimne dt www.sciernceairecL.coirn

-2 : s AGRICULTURAL
° 1 H AND
»“ ScienceDirect AP
52 : METEOROLOGY
ELSEVIER Agricultural and Forest Meteorology 147 (2007) 48-57

www.elsevier.com/locate/agrformet

Fine-wire thermometer to correct CO, fluxes by
open-path analyzers for artificial density fluctuations

Achim Grelle *, George Burba "

4 Swedish University of Agricultural Sciences, Department of Ecology, Sweden
> LI-COR Biosciences, Lincoln, NE, USA

Received 27 April 2007; received in revised form 13 June 2007; accepted 19 June 2007
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Observed data (daytime)
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bserved data (nighttime)
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Eddy Covariance

» Horizontally homogeneous condition

C EC is direct measurement of flux at the
measuring point

» Perfectly Steady condition

C Storage between measuring point and
surface can be neglected.

e R
REAL FLUX from surface



Eddy Covariance

AVERAGE:
We must choose It to obtain
statistically stable covariance!

Representativeness of the area

We want assume that convective plumes
and other circulations pass through the
observation point



ing system

profile measur




Heat budget (1 dim.)

(1-0)Qs+ Q1 — Qi = Qn
Qu=H+LE+G+S8

where a: albedo, QQs: solar raditaion, @);) : long wave radiation from atmo-
sphere, ;1 : long wave radiation to atmosphere, @);,: net radiation, H: sensible
heat flux, LE: latent heat flux, G: heat into ground, §: storage by canopy

* Heat budget must be satisfied by energy
conservation (if horizontally
homogeneous).



Radiation observation

Ground observation



So many sensors for profiles

Table. 1{Partl) Instruments for measuring meteorological elements

— Table. 1(part2) Instruments for measuring meteorological elements
Parameter Position Symbol @ Instrument Model, Manufacturer TT ot
mmmher Parameter Position Symbol urber Instrument
— e
Downward shortwave r.ad.latlon 30.5m SWin 45 Pryhel ometer CM-6B, Kipp&Zone o =
Upward shortwave radiation 29.7m SWout 46 71{;
Tt 228m
Downward longwave {ad}latwn 30.5m LWRin 49 Pyrgedmeter €G3, Kipp&Zonen, 1 154m
Upward longwave radiation 29.7 m LWRout 50 : Closed-path CC
Downward PPFD* 30.5m PARin 47 o ) co? trati 14.7m losed-path ©
T Twerard DDTN 207 DAD At 10 Quant i Sensor LI-1908Z, Li-Cor, Li concentration 106 m (Infrared Gas A
Rainfall 30.9m Rain 51 Tipping bucket rain gauge RH-5A, Tkeda Keiki, 0. 5 m
310m  WindS31 140117 36m
234m WindS23 150r18  Cup-anemometer A100L2, Vector, LH 13m C1
‘Wind Speed 20m WindS1 160119 30.0m SufT30 40
2.0m WindS?2 59 Soni R ‘WindSonic, Gill instt Surface Temperature 220m SufT22 41 Infrared Therm
6.5m ____ WindS6 60 Ome anemometer UK 20m SufT2 1
o 30.9m  WindD30 120r13  Potentiometer Windvane __ W200P, Vector, LHY Li7500 Body temperature 302m TC TI 63 Thermocouple ¢
Wind Direction 2.0m WindD2 61 Soni WindSonic, Gill instr
6.5m WindD6 62 onic anemometer UK Air Pressure 1.5m Pre 43 Digital Baromet
302 m Temp30 27 Snow Depth 332m SnowD 44 Somv Ranging |
228m Temp22 26 PAR1 52
18.4m Templ8 25 PAR2 53
147m Templ4 24 PAR3 54
10.6 m Templ0 23 Humidity and temperature X PPFD on the forest floor PAR4 55 Quant m Senso
Air temperature 65m Temp? 2 probe HMP45A, VAISALZ PARS 56
3.6m Temp4 21 PAR6 57
13m Templ 20 PAR7 58
293m Tempeal 29 -Som soilly 2
1.5m Temp2 28 -10 em SailT10 3
302m RH30 37 scil temperature -15¢em SailT15 4 Temperature Pr
228m RH22 36 =20 ¢m SailT20 5
184m RHI8 35 -40 ¢m SailT40 6
147 m RH14 34 -5cm SWCS 7
Relative Humidity 106 m Ri10 33 Humidityandtemperature  pip sy yarsars l0em - SWCI10 8 DR (Water Ce
6.5m RH7 32 probe Volumetric water content -15 cm SWC1s 9 Reflectometer)
cliectometer,
3.6m RH4 31 =20 ¢m SWC20 10
13m RHI 30 -40 ¢m SWC40 11
293m RHeal 39 —
1.5m RH2 38

*PPFD (Photosynthetically photon flux density)
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RZEH (Tips)
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