A= R EEHNES

E CAMPBELL
=1 | SCIENTIFIC

UINER 5 FH




Ringi=nlE bl + G (Wm?st)
FhRET BN B Hh R A

> = =

BE = H= =

Fc (mg m2st)
—FithEE

t[(kgmsi) m2st]

HEBE



i = 2

1. MRS AE
LER2DFA

RSBEIRYE
7€ S 12 I
W& EEL

O = 0D

> 2 W =W—W

4 gornalt [0

; l gl 1) m;\.l..ui P Al e el bl A
jg? E A 1 i "wrﬂw | F’l [ |[ ' 'ﬁT,lHll ”'h”mwll’ .ll.]ﬂ W “MM '[r”'h T—rv l A\VAV4

@) i
ELATY IR 7§ WP SHP.IT.YY.




>
|_|>);
2{1&
_@:
Al
W
[



R

BERR (footprint, TR EIR)
iR HG (BB EERFNMAALUEE D)
M 7€ AR R 2 5 2%

IO

i
2
3.

HHIIH HHIIH

18
18

5



i EEH BRI TEEFR

W = W—W

Temp ©C

w-velocity (m/s)
Dm o e
L]

b [ ] [ =]
= [ b2l -

._.._.
oo o
[ 1]

] Hmi |l| lhl i

1 i ”] i

L .A_.llhn.u |
IOV AT

e m,\ W 0 g A gl et Rl N A
Ay ‘1'|| iy “rl'l’ "'m “” Mw-r '[rp'h WHLT | \VAV/

SOV AL b vt a2

‘_,__ﬂ‘ TIPSR i A - .
LR A VA W AL T L AR UV SR

Rebmann et al. (2012)

laxa

51

e

Wiy, —W,,| > 350, +03x (1-1)
EEolE Vi Wioi yat 3 4]
#2% Wi, —W,,|>350,, +03x(2-1)

el ‘Wj3i = ng‘ > 35012 + 03 X (3—1) Wj3i ZEE]’,#\



iEEH G BHEEHR

DAET_BK_2009\ET_BK_ts_06_1009\TOAS_ET_BK_ts_DL_0823_0630_2009.dat
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u u u u u u u u f u
6/20/2009 6/20/2009 6/25/2009 6/20/2009 6/20/2009 6/20/2009 6/20/2009 6/20/2009 6/20/2009 6/20/2009
11:38:20.000 11:38:25.000 11:38:30.000 11:38:35.000 11:38:40.000 11:35:45.000 11:38:50.000 11:38:55.000 11:40:00.000 11:40:05.000

Schmid et al. (2000)
1. BRREERBTERN A BEX, TEEEXRE

2. ABMEXRE, MLIATH A58 i FH SR8 (wy)
3. REMEXARAHBMIAIE (W) HEHIEE (o)

w, - W,|> Do, w NEA

D=33~49



I

i 2] RSYEBIKHE

1. 7K XE < 30 m/s
2. i E EE KGR <5 m/s
3. (B=BE - SalAFEE) <20 °C

LE + H .08




I

i 2] RSYEBIKHE

LE>H JKEFEH, BEX LE<H #DihE5FRE BX




=
i

i EEH (U ERE

HBERE
& E K (sonic_amp_| flg)
& = (sonic_amp_h_flg)

JERIFE{E B (sonic sig Ick flg)
m 2 (sonic_del T _flg)

=531 (sonic_ag_ sig flg)
trEIER  (sonic cal err flg)
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CO25ENBNAE
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irga_bad_data_flg
irga_gen_fault_flg
irga_startup_flg
irga_motor_spd_flg
irga_tec_tmpr_flg
irga_src_pwr_flg
irga_src_tmpr_flg
irga_src_curr_flg
irga_off flg
irga_sync_flg
irga_CO2_1 flg
irga_CO2_lo flg
irga_H20 | flg
irga_H20 lo flg
irga_CO2_lo_var flg
irga_ H20 lo_var flg
irga_CO2_sig_strgth_flg
irga_H20_sig_strgth_flg
irga_cal_err_flg
irga_htr_ctrl_off flg

L SRS DGR E

bad data warning
General fault warning
Starting up warning
Motor speed out of bounds warning flag
Thermoelectric cooler temp out of bounds warning
Source power out of bounds warning
Source temperature out of bounds warning
Source current out of bounds warning
Analyzer is powered down
Non-synchronized with home pulse warning
CO2 | out of bounds warning
CO2 lo out of bounds warning
H20O | out of bounds warning
H20O lo out of bounds warning
CO2 lo moving variation out of bounds warning
H20O lo moving variation out of bounds warning
CO2 signal strength warning
H20O signal strength warning
Calibration data signature error
Heater control disabled by EC100
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irga_amb_tmpr_flg
irga_amb_press f
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Invalid ambient temperature warning
Invalid ambient pressure warning
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DataTable (comp_mean, TRUE, 1)
Datalnterval (0, OUTPUT_INTERVAL, Min, 1)

¢

Average (1, amb_tmpr, IEEE4, irga_amb_tmpr_f)

Average (1, RH, |IEEE4, (irga_disable f OR sonic_disable_f OR (H20 <0) OR irga_amb_press_f))
Average (1, e_sat, IEEE4, (irga_disable f OR sonic_disable f OR (H20 <0) OR irga_amb_press_f))
Average (1, e, IEEEA4, (irga_disable_f OR sonic_disable f OR (H20 <0) OR irga_amb_press_f))
Average (1, amb_press, IEEE4, irga_amb_press_f)

Average (1, rho_d, IEEE4, (irga_disable f OR sonic_disable f OR (H20 <0)))

Average (1, rho_a, IEEE4, (irga_disable f OR sonic_disable f OR (H20 <0)))

Average (1, Tc, IEEE4, (irga_disable f OR sonic_disable _f OR (H20 <0) OR irga_amb_press_f))

EndTable
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DataTable (comp_cov_3d, TRUE, 1)
Datalnterval (0, OUTPUT _INTERVAL, Min, 1)

'‘Compute Ux mean and covariance of Ux with Ux, Uy, and Uz from CSAT data.

Average (1, Ux, IEEEA4, sonic _disable f)
Covariance (3, Ux, IEEEA4, sonic _disable f,3)  UxUx, UxUy, and UxUz

‘Compute Uy mean and covariance of Uy with, Uy, Uz from CSAT data.
Average (1, Uy, IEEEA4, sonic_disable f)
Covariance (2, Uy, IEEE4, sonic_disable f, 2) UyUy and UyUz

‘Compute Uz mean and covariance of Uz with Uz from CSAT data.
Average (1, Uz, IEEEA4, sonic_disable f)
Covariance (1, Uz, IEEE4, sonic_disable f, 1) UzUz

73

‘Compute Ts mean and covariance of Ts with Ts, Ux, Uy, and Uz from CSAT data.

Average (1,Ts, IEEE4, sonic_disable f)
Covariance (4,Ts, IEEE4, sonic_disable f, 4) TsTs, TsUx, TsUy, TsUz

WindVector (1,Uy, Ux, IEEE4, sonic_disable f, 0, 1, 2)

EndTable
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DataTable (comp_cov_CO2, TRUE, 1)
Datalnterval (0, OUTPUT _INTERVAL, Min, 1)

Average (1, CO2, IEEE4, irga_bad data flg)
Covariance (4, CO2, IEEEA4, (sonic_disable_f OR irga_bad_data flg), 4) C0O2C0O2, CO2Ux, CO2Uy, CO2Uz

EndTable
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DataTable (comp_cov_H20O, TRUE, 1)
Datalnterval (0, OUTPUT _INTERVAL, Min, 1)

Average (1, H20, IEEEA4, (irga_bad_data_flg OR (H20<0)) )
Covariance (4, H20, IEEE4, (sonic_disable_f OR irga_bad_data_flg OR (H20<0)) ) ,4) H20H20, H20Ux, H20Uy, H20Uz

EndTable
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Schotanus et al. (1983)
Dijk (2002)

T =T,(1-051q)

T =T.(1-0517)-051qT.

WT =wT,(1-0517) - 051wqT,
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Kljun et al (2004) i &5 [X fH 7Y

a. —200<(z,-d)/L<1

b. u.>0.2
K
il im 4 *
CHi F*(X*) i kl(x g k4j exp kz(l— X, + k4j
K K,
Buckingham IT method U. Z

see Stull (1988)
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16 ATMOSPHERIC BOUNDARY LAYER FLOWS

e = [—(@w)o)  (125)
T, = :Wu’%%. (1.25b)

Although defined strictly in terms of fluxes at the surface, u. and T, are evaluated,
in practice, from measurements of the fluxes at some convenient height within
the surface layer where their vertical variations can be assumed negligible with
height, a reasonable assumption for z<|L| (Haugen et al., 1971). The important
nondimensional forms to emerge in the surface layer are

m = (kz/u.)(0U/0z) wind shear, | (1.26)
én = (kz/T.)(86/8%) thermal stratification, (127
Oy = O/ U variability in w, (1.28)
by = 0o/ | T variability in 8, (1.29)
b = kze/ud dissipation of turbulent kinetic energy, (1.30)

where o, and oy are the standard deviations of w and 6, and ¢ is the rate of
dissipation of turbulent kinetic energy. We introduce € here because of its relevance
to discussions of the turbulent kinetic energy budget later in this chapter. Its
relationship to velocity spectra will be discussed in Chapter 2.

All the above functions follow M-O scaling with surprisingly small scatter, as
evident in the plots of the Kansas data (Businger et al., 1971; Wyngaé.rd and Coté,
1971). The following formulations are essentially the Kansas results, reexamined
and refined through comparison with other observations (Dyer, 1974; Hogstrom,
1988):

_ (1+16|z/L| VA 2<2/L<0 (131)
T 1 (1+52/L), 0<z2/L<1 ’
(1 +16]z/L])72, —2<z/L<0 (132)
T l(1+52/L), 0<z/L<1 e
1250143 |z/L\)1/3 —2<z/L<0 133)
T 1.25(1+022/L), 0<z2/L<1 .
2(1+95|z/L\) i3 —2<z/L<0 (1.34)
2(1+0.52/L)71, 0<z/L<1 '
_[@a+0s5 |z/L|2/3)3/2, —2<2/L<0
%e = {(1+52/L), - 0<z/LLL (135)

The forms of these functions, plotted in Fig. 1.7, cannot be predicted from

(Kaimal & Finnigan 1994)
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FEXTE FFIERS B AR, M SR A M E I IEYI & EFE R R A X R I BHE R & 70 2
[HHFoken et al. (2012) ¥4.4 {4103k

A i IRAFE
R AR R A e
Foken et al. (2012) L P
- 2 2 Foken et al. (2012) CSE XERE TR
e iR 2.3
% Vo (%) & TuH (%) % V0
1 (%) [0, 15) 1 (%) [0, 15) 1 (%) [0 —150°],[210 —
360°]
2 [15, 30) 2 [15, 30) 2 (150 — 170°],[190 —
210)
3 [30, 50) 3 [30, 50) 3 (%) (170 — 190)°
4 [50 , 75) 4 [50 , 75)
5 [75 , 100) 5 [75 , 100)
6 [100 , 250) 6 [100 , 250)
7 [250 , 500) 7 [250 , 500)
8 [500 , 1000) 8 [500 , 1000)
9 (1K) >1,000%* 9 (IR) >1,000%



SRE AN FFIERR B AR, XSRS TR TAHE IAEYI-& AR B R 40 X H B3R T &
E9% [HFoken et al. (2012) £4.4 AL K]

RN¢oy ITC,, wnd_dir_sonic
BRE
Fh it P e AR 2 2 ik CRE LR & 1 G|
1 (%) 1 1-2 1
2 2 1-2 1
3 1-2 3-4 1
4 3-4 1-2 1
5 1-4 3-5 1
6 5 5 2
7 6 6 2
8 7—8 7—8 2
9 (&) 9 9 3



fH] N40_IRGASON._FLUX_Apr27_2015.dat (No Graph Associated) 404 Records e~

TIMESTAMP RECORD Fc Fc_qc_grade LE LE_qc_grade H H_gc_grade HFW  Rn G_surface energy_closure Bowen_ratio tau tau_gc_grade u_star T _star A
TS5 RN umal/(m*2 5) Grade Wm~2  Grade W/m"2  Grade Wm"2  Wm"2 W/m"2 Fraction fraction (kg m/s)/(m*2 s) Grade m/s C 3
Smp Smp Smp Smp Smp Smp Smp Smp Smp Smp Smp Smp Smp Smp Smp

2015-04-19.09:30:00 30.........-4.336909 1 68.82011 1 118.7671 1 119.2204 226.3456 7.604222 0.8575754 1725761 0.01609634 b 01225053 -0.8961943
2015-04-1910:00:00 51 -3.336384 3 78.51965 3 160.1874 3 158.3302 314.6199 10.28843 0.8032684 2040093 0.05791647 b 0.232031  -0.6338856
2015-04-19 10:30:00 52 547247 1 90.75595 1 160.2711 1 162.8421 311.1035 32.66045 0.9015382 1765957 0.03897455 b 0.1914634 -0.7806449
2015-04-1911:00:00 53 -5.0432 1 08.02295 1 163.8571 1 166.4796 306.0635 47.64317 0.7496845 1.671619  0.02265873 & 0.1462003 -1.048192
2015-04-1911:30:00 54 -5.703329 1 132.9034 1 169.3673 1 171.6888 425.0722 378.7485 6.52518 1274363 0.03790605 b 0.1893958 -0.8390337
2015-04-19 12:00:00 55 -0.031443 3 176.2251 3 215.8452 3 220.0876 450.0086 378.0004 5.445476 1.224827  0.06925851 b 0.2564089 -0.7924362
2015-04-19 12:30:00 56 -6.202727 7 136.2356 7 200.7587 7 198.2052 465.4398 370.2342 3.910334 1473398 0.0004298275 9 0.02021981 -9.372386
2015-04-1913:00:00 57 -6.833106 1 143.1063 1 2334397 1 237.3908 466.2351 374.9684 4.168909 1.62267  0.01682104 6 0.1266667 -1.760324
2015-04-1913:30:00 58 -3.993527 1 147.3624 1 191.6504 1 192.7752 446.3453 368.6337 4.362449 1300538 0.04012592 b 0.195786  -0.9281994
2015-04-19 14:00:00 59 -4.853765 1 114.6872 1 156.8031 1 155.1093 363.3871 368.4620 -53.48743 1367224 0.03937431 b 0.1940495 -0.7669713
2015-04-19 14:30:00 60 -6.338003 1 158.2614 1 215319 1 200.1388 435.3169 326.7417 3.440718 1360505  0.02745091 b 0.1621756 -1.262212
2015-04-1915:00:00 61 713307 1 151.4887 1 165.0044 1 166.5199 372.6223 344.3275 11,185 108022  0.03101323 7 0.1748765 -0.8972117
2015-04-19 15:30:00 62 4193646 1 114.0009 1 168.4963 1 181.5152 351.7328 336.5143 -63.26415 1.653464  0.02049608 8 0.1402553 -1.280043
2015-04-19 16:00:00 63 -5.3102 1 122547 1 116.0633 1 111.9404 207.5644 358.5224 -1.580641 0.8470924  0.05204368 b 0225471 -0.4905445
2015-04-19 16:30:00 64 -.711878 1 70.50003 1 83.10005 1 79.33539 158.850 335.2597 -0.8707503  1.178700  (.01849183 b 01332515 -0.5944945
2015-04-1917:00:00 65 -2.657402 3 60.57841 3 3144159 3 4343103 96.06739 338.86  -0.4613823  0.8491737  0.03992969 6 01957622 -0.230426
2015-04-1917:30:00 66 2107842 3 64.02396 3 10.90937 3 1248421 4747218 299.6223 -0.2971775  (0.1703951  (.02449206 b 0.1533091 -0.06779331
2015-04-19 18:00:00 67 -0.8661729 7 42.10398 7 8.666399 7 0.344481 12.64007 25.92344 -3.8221 0.2058332 0.007136384 8 0.08274454 -0.09975285
2015-04-1918:30:00 68 04268551 7 22.00159 7 -0.447067 7 -8.061034 -27.46133 22.57248 -0.2527195  -0.4276319 (.03045992 b 0.1706135 0.05249747
2015-04-1919:00:00 69 1744900 7 20.02226 7 -21.0829 7 -20.08027 -48.3099 6.973514 0.01918365  -1.052973  (.01927935 b 0.1353104  0.1467485
2015-04-1919:30:00 70 3363284 9 4.942481 9 -12.68351 8 -12.67237 -34.13458 13.30765  0.1147802 -2.566223  0.006026611 9 0.07544681 0.1575099
2015-04-19 20:00:00 71 -0.3139164 9 -1.401816 9 -0.426035 8 -0.611514 -51.19263 -6.566626 0.0429761 0.2835817 0.0000421122 9 0.02074533 0.01333335 ~
4 |lll }
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