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LOW LEVEL JET AS OBSERVED BY DOPPLER SODAR

By Masato Takenisa and Yasushi MiTsuta

Synopsis

A phased array 5 beam doppler sodar (AR-400) had been developed by Severe Storm
Division of Disaster Prevension Research Institute. We participated with this instrument in
ISIE (International Sodar Intercomparison Experiments) held at BAO (Boulder Atmospheric
Observatory) in September 1988. Measurement of wind speed and wind direction by the
sodar are compared with similar measurements by in situ sensors on a 300 m instrumented
tower. The results indicate the sodar measured wind speeds and wind direction are enough
accurate.

Low Level Jet (LLJ) was observed in early morning of 18 September during ISTE. The
height of maximum wind speed (#,) is almost the same as the height of temperature profile
inflection point. During LLJ event, the fluctuations of wind speed became larger than before
onset of LL], and the wind fluctuations of the period of longer than 500 sec are larger at lower
level, and the height of maximum fluctuations of W is at a little below A, and this height is
almost the same as the height of maxium sodar signal intensity. And the momentum flux

diverges before sunrise and converges after sunrise at the height of maximum wind speed, 4,
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Table 1. Sodar wind speed compared with sonic wind speed.

Height Vendor b (mfs) ¢ (mfs) s (m/s)
75m Remtech —0.26 0.82 0.77
AV —0.42 1.46 1.40
Xondar —0.08 0.69 0.68
AR-400 —1.02 1.39 0.94
300 m Remtech —0.20 0.84 0.82
AV —0.04 1.43 1.42
Xondar —0.20 0.84 0.82
AR-400 —0.50 0.89 0.74

Table 2. Sodar wind direction compared with sonic wind direction.

Height Vendor b (deg) ¢ (deg) s (deg)
75m Remtech —2.25 23.1 23.0
AV —2.36 25.4 25.3
Xondar —6.46 23.2 22.2
AR-400 —0.78 20.1 20.2
300 m Remtech —2.56 20.4 20.2
AV -—0.03 22.5 22.5
Xondar —5.22 26.1 25.6
AR-400 —0.66 11.5 11.5

__2__._



A K Y —FicE ABABAO Low Level Jet DOEHI 261
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Y = —DQREEEBBOEFEETNIZE LG5, BRI ZIBELE, £2T, Ka& LA
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% & DU, DV, DC, DS D&,
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VAR(DC)=8 VAR(W)tan?g +2 VARGV, ) sec?g
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Table 3. The mean difference and standard deviation (S.D.) of DU, DV, DC
and DS without vertical correction.

DU Dy DC DS
Height Mean S.D. Mean S.D. Mean S.D. Mean S.D.
(mfs) (mjs)  (mfs) (m]s) (mfs) (m/s) (m/s)  {m/s)
75 m —0.31  0.93 -0.24 083 —0.39 1.18 0.05 0.41
300 m -0.52 1.79 —0.69 1.88 —0.85 2.51 —0.12  0.66

Table 4. The error terms estimated using the values of Table 3. (VAR(V,))1/2sect
is the contribution of the randam error to the horizontal velocity estimation.
(VAR(W))!/% tan 6 is the contribution of the error caused by assuming W=0
to the horizontal velocity estimation. VAR(JV,) is the total error of the
horizont! horizontal velocity estimation.

Height (VAR(OV,))/2sec 8 (VAR(W))/2tanf  VAR(IV,) (x=n, ¢, 5, w)

75m 0.29 m/s 0.39 m/s 0.49 m/s
300 m 0.47 m/s 0.86 m/s 0.98 m/s

LD, XHKIKBEVXD
VAR(V,)=VAR(GU,)=VAR(V,)=VAR(EU,)
=VAR(W) tanzﬁ—f-VAR(a V,)scczﬁ ......................................................... (7)

L1323, VAR(DU), VAR(DV), VAR(DC), VAR(DS) ZBHIE»SHAETH I LBTEEDT, V —
Z—QREDINVDT YA LT T — EREREE 0 LRELLC BRI ST 20T HENTE
%o Table3 {c DU, DV, DC, DS O¥#gXiEfiEsE%, Tabled WKEEME RS & XICELS T
5RO, FRRNTET VA LTI —DHGLRERREE LFELLLEICLELT ~OFSE R L
7o

B obis EBY DU, DV, DC 50 h 5NN 5 FEEIIMEAEI 0 TR & &, JEDT v 4 4T
5 OB TH B, DS 0 poNNBERINEDT VLT~ THb. Table3 ZRBHL, &
B L b IO ORIE, EXEREE L i DS i3, DU, DV, DC LH~RHIZD/NE {18 - TH D RERRE
A0 LIREST B EPBENTROCEERLTVS, BlicksdE DU LDV OBBEFEEREL SLHH,
CHIEDIEDBREED MaTBY 6V, Vs Vi, Ve BFETA L /A XCENTEEZRLTO S0
Table4 T VARGV, )pKEREBICRD 2 S 0E LB L7 —T,(VAREV,))secy &L (VAR(W))/ *tang
BERENT YA LAT T —ERAEEAE 0 LFEELCERES T -~ OKEREL RDLIVDET =
DEETH D, 7 VA LT —DREIIEE 5m OFH 300m LD/HAIV, ZHRENEEDSH SN
HOKE157 — 20 5EDSHSHBOPLTH L EBbNE, KB, T5m & 300 m OF — 2 D85 0¥
BRI D 7 — 2 BUBR 0% ~80% DT — 2 120 %M - CEHERT -1 &Th, COBERIEE 5m T
0.26m/s, EEE 300m T 0.22m/s L3 DHEE TOZRWISHBIC LRSI o1, Eic, REREZEO
LRELIC itk BT —d 300m OFSKREL, LEESMERSEE O EHET S EPRIYTIE
{IZBT EERL T B,

7 2 ¥ TOERTRAMERBE 0 LRE LTV eh, AR-400 TREAERESHET & 5 0 TREREH
0 Gl ¥ — ARBREOERT O EAMIC—ETH S LIREL, HEAEE UTRKELFADLY — 40
BRREBE LS L6) &N
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Table 5. The mean difference and standard deviation (S.D.) of DU, DV, DC
and DS with vertical correction.

Y2105 Dy’ DC DS
Height Mean S.D. Mean S.D. Mean S.D. Mean S.D.
(m/s) (m/s) (mfs) (m]s) (mfs) (m]s) (mfs)  (m]s)
75m —-0.05 0.61 0.02 0.54 —0.02 0.70 0.05 0.41
300 m 0.09 107 —0.08 099 —0.01  1.30 —0.12  0.66

Table 6. The error terms estimated using the values of Table 5. (VAR(V,))1/2sec 6
is the contribution of the randam error to the horizontal velocity estimation.
(VAR(8V,))1/2 tan 8 is the contribution of the error caused by assuming hori-
zontal homogeneity of W to the horizontal velocity estimation. VAR (0V,)1/2
is the total error of the horizontal velocity estimation.

Height  (VAR(0V,))/2sec 8 (VAR(0V,)1/2tan @ VARV, )1/2 (x=n,e,s5,w)

75 m 0.29 m/s 0.20 m/s 0.35 m/s
300 m 0.47 m/s 0.38 m/s 0.60 m/s

VAR (DU )=VAR(DV")
=4 VAR(V,.)tan?9 +2 VAR(GV, ) sec? g
VAR(DC(C")=8 VAR(JV,,)tan?g+2 VAR(§V, ) sen?g

VAR(DS)=2 VARGV, ) SECZ G  +-oveerrernneerrnnnnserarteniumetmtticis ittt (8)
VAR@V,)=VAR(U,)=VAR@GV,)=VAR(@U,)
=VAR(IV,,)tan2g + VAR (GV,)SeCZH wrrrrrrrmrremrrnrmmmamniiammetieninieeinieiii. (9)

L1355, Table5 i DU’, DV, DC’', DS ¥ LEHfRsE%E, Table6 |C/KEEEE RS & XITED
515 R, 2CHTE5 VL ard -DFES EHREREIKESFEIC—RHTHS LRELILZEREK
5L —DFEERU.
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TO0.14m/s, B 300m T 0.38m/s 7213 —HPNILIL-T5,

LIS e~ FEHBNWEEY ~F—~DOEROBEENSRD O, BN T4 LPTEHET
b0 o TZOUERBIVHEL UTHO ARG TRLAEBEZANTERZED 5 EHPTERTH S
¥ AN, L TRITEBRE L3RR ET - THI,
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Fig. 2. Time changes of temperature for 7 days Fig. 3. As in Fig. 2 but for westerly wind speed.

averaged (solid lines) and for 17 to 18 Height of measurcment in c) is 300 m.
September (dashed lines) at 10 m a), Wind speeds are shown relative to 10 m
150 m b), and 250 m c). Temperatures at 1200 MST.

are shown relative to the mean value at
10 m at 1200 MST.
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WIND SPEEDS (SOLID LINES), WIND DIRECTION (DASHED LINES)
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Fig. 5. The profiles of 20-minute averaged wind speed (solid lines) and wind direction
(dashed lines) from 0400 MST to 0840 MST on September 18.
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Fig. 6. 20-minute averaged temperature profiles and sodar echo intensities (horizontal

black bars) from 0400 MST to 0840 MST on September 18.
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Fig. 7. Hodograph of Wind velocity from 1600
NST 17 September to 0900 MST Septe-
mber 18 at 150 m. Numbers labelling
the points refer to MST.
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Fig. 8. The spectra of vertical wind speeds from
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¢) on September 18. Arrows point to

the Brunt-Vaisara frequency.
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September 18.
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