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Study on CO, Flux Monitoring of the Tree Plantations.

[ Abstract] It has become a hot topic worldwide, that through the absorption of CO,
by forest trees, we can decrease the concentration of CO, in the air. Based on Eddy
covariance method, we built an observation station in Ping-Tung, we measured the
carbon dioxide flux and calculate the carbon sequestration of the forest plantation in
the plain area.

By using the LI-7500 open path CO,/H,0 analyzer and the three-dimensional
sonic anemometer, we measured the CO, flux and heat flux, which is used to fill the
data gap of CO; flux.

The average of the carbon dioxide flux was -0.552umol/ m?%/ s during March to
August. The carbon dioxide flux average of each month was negative except in the
month of March (0.142 umol/m?/s), the average of each month decreased month by
month from April (-0.223 pmol/m?/s) to August (-1.619 pmol/m?/s). The average of
carbon sequestration of the study site is 23.595 kg of CO,, per ha per day, and
increased from April (8.469 kg/ha/day) to August (61.559 kg/ha/day). And the net
radiation also increased month by month from March (142.695 W/m?) to August
(413.532 W/m®). The net radiation and the carbon flux were in a daily periodic change,
and The CO; flux was negative (carbon sequestration) during daytime, and the value
was positive (emission) during nighttime.

Although we only measured the carbon flux for several months, the results
would provide useful information to calculate the carbon sequestration of the
plantation forest in the plain area.

[ Key words) Global climate change, Carbon dioxide flux, Eddy covariance method,
the amount of carbon sequestration.
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Y:2491637m ) - JifiiE 60-80m o EREES IS R 25 (EEmSY - SRR Ry
290.66 ha (% 1) - “PHEFBISMBEIATRE] 91 ZKEN 94 F1k (18 2) - jREkE
235 25 {8l 57 TP AT RAE 14 EfsHE - e R B 1500 - FhitHdE 435,990
PRIEMAR - BESEEFARAE S ERE ~ EER ~ EMERGFOGER 1) -

\
\

1 BRERSIEHR -

P AR AU B o 222 1-2 km? > [RUCIBUHIES FERS T A SE B R it o
O ACEEBHERS - NEESER - DG A REghso Em PR g 8 f bk
BEONEER » RILASTEEENRE 97 4 1 H 315wy — S bhkm S80S
TE Ry stRh - UM S B E P2 25 8 S R AL A i P S A st 2 26T ol

(& 2) -

H[Z 5210 25 (ElE b - fELY 290 ha > #e5# % 185 R LI ER V) E]
FoFa~ > Horp 12-20 SRt SR > 05k 25 S > HerlE S St R
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=1 BREESSENERIEMTE -

o HIfE | AR i mifR | AR S HifR | AR
(ha) | % (ha) | (ha) | %
16.37| 92 | 12 | 14.32] 92 1 10.73| 94
16.26) 91 | 13 7.98 92 21 | 13.30| 94
2212 92 | 14 760, 93 6 2.46| 93

3
4
8
9 2741 91 15 8.49) 93 25 6.39] 91
2
5
-

19.24| 92 16 12.29] 93 22 6.10| 93
19.82| 92 17 9.15] 93 23 4.44| 93
18.63| 91 18 16.71) 93 24 227 94
10 6.90| 92 19 5.17) 92
11 14.18| 92 20 5.72] 93
445t | 160.93 87.43 45.69
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4~ 8~ 95kt - DURSEPUEESREER 2 ~ 5~ 7~ 10 ~ 11 5 7 (@llEdE - [NELE
ABEFTAGH S bhmEE % 2-3-4-5-7-8-9~10 11 §HhESL
e ([ 2) -

2) BOAIERE E ARG

B RS Ry it SIS bR - BASE - BB T 8 SRt R dL s - B
Mz EE L EEDE (23~4~5-7~8~9~10~ 11 55l ZEAIHE R 91 - 92
FIEM > B BUEM AT R AR ZRBEE R 2 For - S SR I ARRE T4y
160.93 ha - HEHETE 12 ff - MEFERSwTT 4~ 7~ 9 ~ 25 Fiith Ry P IS MY &
bR > B 8 SRHAHAREY 4~ 7 9 SRt B M EBRAN EE - e R B A F &2
MHEER > 9 (B & S i = P (E R s A 9 Syl > /=22 7.20+£ 210 m
ALY ECHEERILTTHY 4 Skt > B SHE - PHIff S 2 5.13 £ 0.83 m > 7 SEHhAYE]
&R Pt E Ry 6.11 + 1.08 m 5> UG ETL 8 sl 2 SRAL A » 44T 4
9 Bt A e B Z BN SR By > 3 St 92 4R LIS MRE I (At BB A LA
=R 3m DLE - 8 SRMAVEIE S8 ~ ARG OR ~ /KE s s a4y 3.5m » &
HREEBRAM O B Ry BB 1,500 Bk > BR TR CARER O SRINATERR - 7 SEHIAY
ENE SRR - HMSMh & RE8H (R2) -
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2 BUAVEREE 9 EEEMEITE - 8BS - TR - e EREAER -
H, - fif = (m) g (m) £ N E(m) Hg{E (cm) A
5% HHEE FIE FHEE FE 1
=0 1 2.05 £ 0.75 1.40 + 0.70 0.77 +0.27 1.66 + 0.92 103
f JiliE-3 2.23+0.41 1.83+0.54 0.85 + 0.14 2.65 + 1.92 6
zi T 3.34+1.26 2.66 + 1.41 0.76 + 0.38 4.32+1.77 5
i 2.47 + 0.91 1.10 + 0.44 0.91 +0.38 2.66 + 1.48 93
3| B 3.07+0.86 2.67+0.78 1.79 + 0.52 5.29 + 1.87 223
9% EHR 0.99 + 0.09 0.18+0.10 0.81+0.14 0.84 + 0.27 12
| BRTECAR | 3.41+1.06 1.26 + 0.30 1.93 + 0.50 3.95+ 1.42 273
4 | EEHE 2.60 + 1.53 1.40 + 0.94 1.15+0.82 458 + 2.09 4
5% | OCHE 2.82 +1.10 1.58 + 0.52 1.30 + 0.51 3.27+1.96 318
H | ENFERFE | 5.13+0.83 2.17+0.60 2.23+0.38 7.09 + 1.80 293
G R 1.94 + 0.63 1.35 + 0.69 0.88 + 0.53 1.35+ 0.82 129
5 | ENEEEFE | 2.97+1.02 1.92 + 1.07 1.37 £ 0.47 3.24 + 1.66 70
g% EE 2.21 +0.90 1.18 + 0.49 0.94 + 0.39 2.92+2.10 56
H | BRTECAR | 2.13+0.81 0.74 + 0.40 1.24 + 0.56 1.88 + 1.06 92
piu:L ] 1.00 0.4 0.10 1.30 1
7 | IS | 6.11+1.08 3.36+ 0.73 2.37+0.42 8.16 + 2.43 57
/7 A
it BT 484 +1.35 2.13+0.85 2.25 + 0.59 5.41+2.32 216
il i fif = (m) et (m) £ N iE(m) Hig 1% (cm) ETN
5% EHE EIE S (E EIE e
7KeE K7 3.73+1.08 2.32+£0.96 1.73 + 0.57 5.03 + 1.94 68
=0 1 2.86 + 0.88 1.95 + 0.77 1.36 + 0.36 2.72+1.30 77
SengE 2.21+1.02 1.09 + 0.56 1.06 + 0.47 2.01+1.17 99
g EIfE%fE | 3.63+1.08 2.15+0.85 1.82 £ 0.59 5.35+ 2.03 274
§ TR 1.65 + 0.67 0.92 + 0.53 1.18 + 0.38 1.68 + 1.06 21
zi i3 2.54 + 0.65 1.73+ 0.62 1.42 + 0.39 4.71+2.29 27
BRFE AR | 3.65+1.23 1.38 + 0.47 1.83+0.75 447 +1.40 54
BT 1.42 + 0.40 0.48 + 0.15 1.03 + 0.42 1.34 + 0.49 36
fegtat 1.23+0.21 1.50 + 0.74 0.48 + 0.13 1.00 + 0.14 4
HBEEE | 1.16+0.25 0.48 + 0.32 0.53 +0.20 1.32 + 0.49 9
FIfE4fE | 4.66+1.06 2.25+0.73 2.04 +0.41 7.85+ 2.89 100
Dg JPHFESE | 412+ 1.42 1.74 + 0.76 1.90 + 0.59 6.45 + 3.00 140
Z@ i 7.20 + 2.10 3.08+ 0.82 2.30+ 0.48 10.72 + 3.89 105
BRIE AR | 6.00+1.84 1.63+0.35 2.52 + 0.55 7.99 + 2.39 73




EEFt 1.40 1.20 0.80 1.20 1

BT 2.11+0.70 0.57 £ 0.25 1.20 + 0.51 2.07 £ 0.66 15

=0 3.17+1.26 1.97 £ 0.81 1.46 + 0.55 4.21+2.33 385

=] 0.90 0.80 0.60 0.90 1

i A} 3.70+ 1.30 3.01+1.19 2.01+0.70 7.71+3.26 148

10 | Sigitet 1.60 + 0.48 0.78 £ 0.36 0.75+0.24 1.32 + 0.46 21

9% | T 2.65+0.71 0.89 + 0.51 1.48 + 0.48 3.12+1.33 204

| a8 2.08 + 0.58 1.49 + 0.66 0.96 + 0.33 1.73+0.87 52

=y 2.72+0.79 1.89 + 0.77 0.79 + 0.43 2.79+ 1.48 105

ENfE%fg | 3.02+0.88 1.95 + 0.77 1.04 + 0.44 3.29+1.36 41

iﬂii R 455+ 1.14 1.90 + 0.72 2.36+0.54 6.13 + 3.09 78

H fistat 3.35+2.33 1.70+0.71 1.45 + 0.92 3.70 + 3.82 2

1 2.84 + 155 1.76 + 1.38 1.01 +0.28 2.68 + 1.60 8

& fef 3.74+0.98 2.99+0.88 1.73+0.37 6.72+2.21 108
AFITIE -

SE EEAHRE £ (eddy covariance method) :

i [EAHRE % (eddy covariance method) R R ERAY—FERFFE 574 - 1 H H AT
e il B P R B B T [ EETA B N K BA R R E 2 A
RVEAIERL - BIRSNT 2 RIS B E (o A FEARR A B AR A —
Fbhx ~ 7KR ~ BUBEFEEEEECE - 2007) -

R I A ERIE E R E - RIS R L E A 2 H SR
(Ioh 137 > covariance) » [RIIE A {LRRAE SR L AGTRZE I PRV (ERF R —AdL

WAL TR B 5[ (2) A R (8] )(CREESE > 2004) -




3 HEEBNIER (CREZ - 2004)

RREBFE T 2B KR BhE ~ RHAEBAYEE ZEEHZREE -
o EE AR R A A e R T A A SRR B 5 S i ZOREN R DA B B G TR
ACRIGFEEEGEECE © 2007) - NS bhR ~ mTEE ~ ERvEE T A 20K
FGEl1~2-3):

H = pCpw't’

1)
LE =L, w'q’

)
FCDZ = WICI

@)

H B o] EUEGE S (WIM?) 5 LE By B B (W) 5 Feop B3 S {Lhi i

(mmole/m?s) : p FRZEEZEE (= 41.4 mol m3) ; Cp BEEEZ(= 29.3 I mol™ K ;

Ly /K975 E2(= 2,450 J/g) s w't ~ wiq' ~w'c Sy BIREGRENRIARE /K
—ELikEEERIEE

EBUAERREE LU T = E SRR+ —  RRBUNERIR 7R R g ik
FKEEEINRIR ~ BRIE - =~ KREV T8 E &Y - ARG EEE T H=
4t R G T ERAT A MR R A T R B BB R 15 (R 2% » 2003 5 E & /15 » 2005) -

0
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AELALER AR %4 (eddy-covariance system ) <& HI — & fBhix ~ 7K
RGIEEREE - LARSES -

=4z R ST (CAMPBELL/CSAT3  three-dimensional sonic anemometer )
KB ELY MR sRAs T (LI-COR/LI-7500 open-path infrared gas analyzer ) °
=HEEGR - FOl - R b KRS EVHURER A 10 Hz » &7 30 JrgEst &0
SR —EIEER - Bl R AREEEA (8% =) -

HiteSHARENERURERE BT SER BERFWT ¢
/INIRGRGAIES S B (Vaisala WXT510) : 1 & - YRR ~ FUA ~ SFoi - fHE
BT~ TREEEAEE -
Ui (E B AR E SRS S E)HMPASC © 2 45 - ¥t N 70 kg
[ HUSRHUEE -
RAEFESET(CNRL) = 140 - HExiig b7 HIRIEHN & - LET5T
(LI-COR/LI-190) : 1 4f - #1¥#f PAR (B0 » DI EH Z IR E R -
ALHMRmREET(Compbell/IRTS-P) = 1 4H » HIEEE NI R -
TEEEVREST(HFTS) © 140 ~ HBEREEH(Compbell/107) 140 ~ +8KIpET
(Compbell/CS616-L) : 1 4H - S EMFRFRAF -
Bl e AR = AE 4 F

W b 20 R #wES

N 8 E R H(CSATS)
ot 10 2 B X, = RAL 2\ 23 B (LI-T500)
Wt 6.5AR sk adst (CNRL)

H.EB. 55 R # & FH(PAR LI-190)
BBEAMED ———— === === — - ——— =
Wk 6 AR N A R R (NXTS10)

Mk 2 2 R =28 (INP45C)
Wt 1 AR 98 A 3t (IRTS-P)
Hb
, LB #A F 3 (AFT3)
WF 5 na 5K 2 (CS6L6)
R EX T3 S i)

4 R RSB R A B A AR S RS

]

o
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S)&rHEmH

TR RS LR 10 Hz BB A TS BN - KR - 2B E > IS
AR AR AR A BN E R E AR - BUAELRE Rt 24
H g ~ /KIS Z217 8 53 (horizontal homogeneous) ~ D 1E - — EBA%RE A
SOl Ry T RE (steady state) » PRI AR BRI FFERIEI T - & K ERAVEES -
TR R BRI S AN S T PTAR A E R RS ARRE AR
TEERHETYI R - FLORERAIRGER - & 30 s E—EEE - E
FEIFEEAEEE - S EFEEREEREEUE% - AT EIE TR -

SRR SR 22 SR 2 T Bl — ey N H KRR () (0 COL B/KRES) @ B e BiE
MENZEEE > ATAERGEREE mEn e E 2 ZE] 10%  fRIZEFRMHEE
EPEERE > R FES ER)EFTERAREECHR - EiEERAH R
FRE ] EEGE R (Hs) » AR R /KRR R - IWECBEEVAE(LE) 5 HAh
FH IR B R GE & (G) » L FTHEE e B EEHE S AR

Rh=Hs + LE + G 4)

BRIELE Ho+ LE+G = 12% Ry B SR AR ARl Uit
SR (G B LB RV R (L) BB R (M) MRS » BT TGRS - =
6)ACHIE

Hs > R, +50 (5)
LE > R, +50 (6)
At FaEEE R 4~ 5 - 6 BEERER LR > FUHGERETEY
> EHHEREREZ » AZEER (30 i FIaE ) HIE BiEiRErt -
LopEkhEH > SHERYEEE ] fE IR ERIEES(gap) > TERE AT — &1k
Tk 20 B 22 F R B WIHE LK K B ER=UETERE (gap filling) -

=" \\‘D7E]%/ ~ Ej-

%

BN T FE A R 28500 2008 SR HIZRERSERR » = A RFEM IS
s MPEENCEE T A4 > IS IIE AR E Ko et - = H _EAIBHa IR
{EREE ISR - SONGEEREE - = H 200 A ERIE R 51840000 2 - AR I
Fo 16%(HPEEIREL) - 275 H B RHERERIETT 2 37% (3t 96768000 %) » £
J\HIEESEHL 154,260,000 &} - ERMERCRAYE REUAT B ABRR
- FesdEEIAR > BRI AT IRGEE (AR EHHIERIE) -
HATHS EIRA - 3uhaiE 8 ~ 10 4 » pRBGEIFRYBUIINE-PHIEREER » 4 65%
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Z T5% 2] o ABUHISRFF SR MRS SR e BRI A SRS E
B A ERHERCER -

2008 47 £ 9 HA 6 (e m &8s » KA 3(EETH 9 Hd ~ MR
3) - AeAbEnE BN 2 Bk S S2as Campbell CR-3000 it 10 H #IUHUE R 53R
7 9 H e SRR - R IR R RSN L 9 HBUNE
e} o FRasbERNZE SR FRAERS - HATE4EE5EE - W EHREOE ToE BT
1F °

3 2008 F 7 F 9 HPEGEZ HeJE (T SRS R e E B EHE)

ot ORI CTHE IR TR
200815 & JANGMI 09/26~09/29 25l
200814  MEREEE HAGUPIT 09/21~09/23 rf
200813 LT SINLAKU 09/11~09/16 vl
200812  #EE NURI 08/19~08/21 i
200808  JEE., FUNG-WONG  07/26~07/29 rf
200807 F£EZFE  KALMAEGI 07/16~07/18 rf

1)t A E B B

—RIE > DU AT S bham BB B A IR - e -
FHER IR CR RUE > 100m-2km) e 2 (BRG » A i AR RV A FR (IE AR eIk
RE ~ K E YRR Bt PR ~ BLPAHAY N8 - R = 4Ry A i b A —
HEDT RIE IR > RS INRE TR AL —ERFE (B &y 30 0 8) N .2 P9 T HJE
HRE > =H 2/ Halairy Py E B EGE - BEME/N > SPE R -0.063
m/is > SERFORE T > RIS R SRS - FFEEERAYER > Mi-P
HEEERy 2.079 mis(k 4) - = H 2 /\H EE R ER 2 (8 5) - st E AT L
J&, - HARE AR 35 4

* 4 BAEEEFEARE R (M)

Hin S5 7K L e N 7K R S5 EE 1 JE
=H 2.167 6.546 -0.051
A 2.003 7.558 -0.049
HA 2.046 6.175 -0.046
N H 2.310 6.511 -0.080
tH 2.353 10.304 -0.081
J\H 2.061 6.885 -0.090
+—H 1.616 3.585 -0.046
NS 2.079 6.795 -0.063
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http://rdc28.cwb.gov.tw/data.php?num=2008150924&year=2008&c_name=薔蜜&e_name=JANGMI
http://rdc28.cwb.gov.tw/data.php?num=2008140919&year=2008&c_name=哈格比&e_name=HAGUPIT
http://rdc28.cwb.gov.tw/data.php?num=2008130909&year=2008&c_name=辛樂克&e_name=SINLAKU%20
http://rdc28.cwb.gov.tw/data.php?num=2008120818&year=2008&c_name=如麗&e_name=NURI%20
http://rdc28.cwb.gov.tw/data.php?num=2008080726&year=2008&c_name=鳳凰&e_name=FUNG-WONG
http://rdc28.cwb.gov.tw/data.php?num=2008070715&year=2008&c_name=卡玫基&e_name=KALMAEGI

EME= A 2= /\A ket A EAE (%)
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H e BR N2 DL — R 2 BRI S R s & NI
Ba ALY [ (M) _E T AT 2 (constant flux layer > 45 7 F B 8 {b/)\
1Y 10%) - HTith e 2SS KB R RIS fE B R SR AR e R L - IR 2R
s e [E A BE PR & (it R AR BRI/ N) - A aid i ATt R e - fER
SRATRIERIFE - TR E HRES Z R (h) L _E 7 ) G T P Al (VO PR B
fetch » X) Z ELAE & AT S 100 (X/h = 100) ; i MAEER: - X/h = 200 ;5 KSRE
PARSIEARRERT » X/h = 400 —fiax B EE AL 1.3 2 1.5 ffka  Fr sl
BUATE £ AR HEEZ 4T 500m - BIEEFIGE EASRIER ERT - A ErUAI SIS AR b
bR -

2SS — S EREE

Attt = 2 /A KRB S bhRIE Fy 347.27 ppm (3% 5) » BRI IS
K] {125 528 b 4 227\ 45 (United Nations Framework Convention on Climate Change,
UNFCCC)ji» 1998 F5+H 2 KRN —E/bhidREE 365 ppm(UNFCCC -
2002) - gt KR S bR - BAHBEIAMEE - % Hfy CO, REEEEA
FHIE] » AH SRR I VB S BiE A e s s 0AE J R N > A
&R RS (B 6) - & H S bR 8 LEE S5 Fy 33.26 ppm - (i
H =S LRS- bR AR AR fE =2 /\ I A bR Fa8(L
ELU=HAY 24.74 ppm £ K - SMLEREIR H 00 21 HZE5 K (E 44.50 ppm
2 /)\UH AEg & MR 5) -

%5 R = A 2 /\H K — A KR S bR (ppm)

=Ko SEgE BAE 5/ IME H g8t &E
=HA 357.56 399.55 320.13 24.74
'aH 346.32 387.87 313.35 26.36
HH 337.73 378.80 313.23 27.14
~H 349.74 426.27 315.51 33.65
+H 344.45 426.03 299.77 44.50
J\H 347.84 438.15 282.09 43.15
+—HA 387.22 439.67 356.26 38.04
SEHE 352.98 — — 33.94
o miﬁﬂﬁ'& AACO R E T HRBADSARCO,RE
360 7%@%; k A
) 360 P o X i -::'M
e . e F
& 40 Raaats T U o g%é 330 \W/N
T S, 8w AN
320 = 310 __1 j
"

6 FEERBUIE AR S AERIRE -
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FEEEERIE 2008 4 3 AR 2S5 - R A bhkiEE 9 E R -0.552
umol/m?/s » & A5y — S EhE R IR = A 6 P E R SN - HeREH
& RREEGR6)  BEEREEFTYEHERARREAT - NIL&ER
A BBRIE AR T ] E 2 st~ T (R A e & 1F R — S Bk
AR R 28y o R S LBRE S YIRS It Rk A AR A B R
Pl N ERE AR TRRE) - R P A tEEEZE A - HYH
-0.223 pumol/m?/s HETIE/\H (Y -1.619 umol/m?/s » i B iy bl i 52 {1 S0 TR 5
AlEH R — R PRy S il & NS AR sttt = H 2/ (A E & H
I REA TSR BN A7 8 Ry 23.595kg [T VY A 2/ \H P8I A7 24 12 Mg i
s > )\ A H =% 61.559 kg/ha/day - +— H {3 I % &y 9.276 kg/ha/day

*6 FERslbath =%/ \H kt+—H S (thikEgE -

B M?iﬁﬁz %/J\ﬁz %ﬁﬁz R AT =
(wmol/m*/s) (wmol/m*/s) (umol/m*/s) (kg/ha/day)

=HA 0.142 -17.712 5.405 -5.400
IS -0.223 -90.240 7.948 8.469
aAH -0.260 -30.418 7.296 9.883
NH -0.609 -27.013 11.354 23.143
tH -1.053 -35.174 13.378 58.238
J\H -1.619 -61.478 11.334 61.559
+—H -0.244 -0.794 0.597 9.276
HEME -0.552 — — 23.595

it LRSS PEER =2\ A S bhiiEE KR r & 2 P9E » mIES A HaE P

a\Rith COp il & EPRS A IEARTE(ES > AR HBEIMEEE - e
HMARETEEIER > COBEEHIRAE - Fon CO MR UL - e 7T
RIE(E - [EEMRIERER > 2 H A EE(RE 7) -

HEYIGE e (EARUCRR T & bk - Mt FRZET SRR T
&> Hiro KIS 8 Bt e F R TR SRR - tEYHe AEN e g8
BRI AR > (O EERESES) - YRS ZREE HEDK o FI A EUEAHR - g
YeE R NItFHEEFRIER: - KIS PR E A B (Ra) 2T
ARAREEATR © Birse Bttt R wE - I REVEEH,) - g E8ithEHE
EHRE § #r AlR R/ KR AR AHIEE R - TP ER G E (LE) ¢ Hofth i T8t
Spk B E(G) (1 4) -

Ry = Hs + LE + G (4)
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EEFRHEEMHZERARHs + LE+ G = 1.2* Ry) > AIF AR BN E #
R IR R bk B At AR - #EHC(5) ~ (6) - AIRERE Y
SEEREUE PR -
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T 7 Rt s E P

Ek%) HH PHEE S R/ME N =
Sensible heat flux (W/m?) 63.639 -53.682 526.336

B Latent heat flux (W/m?) 22.882 -91.943 316.339
- Soil heat flux (W/m?) 5.174 -41.19 135.7
Net Radiation (W/m?) 142.695 -91.397 883.53

Sensible heat flux (W/m?) 64.315  -52.085  784.337

Latent heat flux (W/m?) 44346  -147.831 359.598

7 Soil heat flux (W/m?) 4.098 -43.250 138.700
Net Radiation (W/m?) 169.028 -70.862 085.216

Sensible heat flux (W/m?) 65.476 -45.127 529.184

Latent heat flux (W/m?) 36.496  -98.415  310.241

A Soil heat flux (W/m?) -1.344 -27.46 61.8
Net Radiation (W/m?) 164.707 -69.892  1048.605

Sensible heat flux (W/m?) 31.224  -122.292  243.057

N Latent heat flux (W/m?) 131.877 -39.053 492.155
7~ Soil heat flux (W/m?) 0129  -26.77 48.07
Net Radiation (W/m?) 242.633 -71.215  1063.222

Sensible heat flux (W/m?) 10.113  -140.391 154.863

Latent heat flux (W/m?) 119.147 -9.184 508.78

&) Soil heat flux (W/m?) 2.049 -23.34 87.2
Net Radiation (W/m?) 207.561 -51.711  1068.535

Sensible heat flux (W/m?) 45.246 -1285  181.858

Latent heat flux (W/m?) 198.869  -284.906 592.275

M Soil heat flux (W/m?) 2.698 -28.38 27.47
Net Radiation (W/m?) 413.532 -59.990  1098.333
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8 PEAEBANGEOR - 10R - tHEEE - PPFD (H

R1n HH EHEE S mANE svME
Fomt (C) 21.91 32.7 14.5
) (C) 26.73 38.7 18.4
=A FHEERE (%) 69.46 94.9 25.2
PPFD (umol/m?/s) 353.16 1941 0
Foli (C) 25.23 33.6 18.9
) (C) 27.57 32.6 23.8
IpS -
FHERERE (%) 72.2 93.9 34
PPED (umol/m?/s) 346.13 1950 0
Foft (C) 26.27 33.8 20.7
R (C) 29.4 37 24.8
FREEE (%) 73.02 93.6 34.2
PPFD (umol/m?/s) 315.45 1856 0
Foft (C) 26.55 34 21.6
B +8 (C) 26.66 30.5 23.6
FHEREE (%) 77.36 93.9 43.1
PPFD (umol/m?/s) 344.55 1950 0
Foft (C) 27.01 34.4 22.5
£ (C) 27.75 33.1 24.4
£ FHEREE (%) 78.74 93.8 44.9
PPFD (umol/m?/s) 325.14 2001 0
Foft (C) 26.4 32.3 22.4
+8 (C) 28.03 30 26
N FHERES (%) 80.76 93.2 52.5
PPFD (umol/m?/s) 305.98 1789 0

ST Bt ER i > T 2 & Sensible heat flux (W/m?)~ %24 Latent heat flux
(Wim?) ~ f3%iiE & Soil heat flux (W/m )&ﬂﬁ%ﬂm%iéﬁﬂﬁ e F R E
2 RGN  FE K H BEGRZURE o] H R RIS - iR AR & (E - FoRthReE
B REAEYE =2\ AR TS A EEGEE B 46.67 Wim® > (1R [ BERZIIE
] ELE NET% 784.337 WIm? » T 77 i S B G 6 A 5 T R 8 /M
By -140.391 W/m? - JEEGE B I HE = F (7 22.882 W/im® ?@% LINIEZVANEE =D
198.869 W/m’ ﬁ/\El?i H B SRS R o R IR AE » TR 22 B e KR T
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KE %5 #R/NgE 2003 o FEIEANE AR R HA A LIS o JTPaREE
21(3) 207-210 -

ERJL #IER SRR Mma EIER 2005 - & (bhrim &b BRI R
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UNFCCC. 2002. Climate Change Information Kit. United Nations Environment
Programme (UNEP) and United Nations Framework Convention on Climate Change
(UNFCCC). Available at www.unep.ch/conventions/ and www.unfccc.int.
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fifgk—  BLNIE BT AR S e fasia A

1= § ol Rl

2.7 #- % # % (CAMPBELL-CR3000)
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&ﬁ

3. = %4z % 4 b i 3+ (CAMPBELL/CSAT3)

5. /] AlF % & RIE £ £ #(Vaisala WXT510)
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7. F ERGEF(HFT3) ~ 2 38 & 3+ (Compbell/107) ~ = *F &F & 3+

(Compbell/IRTS-P) ~ 2+ 3% -k & 3+ (Compbell/CS616-L)
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8. BRI (7 B ARUEL % 1555 % )HMPA5C
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Mgk — =#EE 7 EZEET (three-dimensional sonic anemometer ) k75

AT MR s 71T (L1-7500 open-path infrared gas analyzer ) 4

RS BRI K R AR 2 -

1. F# W B %2R+ ('CR3000 Series Datalogger)
'Copyright (c) 2002, 2006 Campbell Scientific, Inc. All rights reserved.

'2 October 06

‘version 2.2

'modified on 12/19/2007 by S. Ivans
‘added: cnrl, 107 and cs616 sensors

' This datalogger program measures turbulence sensors at 10 or 20 Hz. The time series
‘can be saved to a card. The datalogger will also compute online turbulent fluxes

'from the measured data. The flux table saves all the cross products that are

'required to rotate the online fluxes into natural wind coordinates in post

'processing as described in Kaimal and Finnigan (1994), and Tanner and Thurtell (1969).

2. ZFHAE EBigM2 R E The following sensors are measured:

'CSAT3 three dimensional sonic anemometer

'LI-7500 open path infrared gas analyzer (CO2 and H20)
'HMP45C temperature and relative humidity probe

'CNR1 4-way net radimoter

'107 soil temperature probe

'CS616 water content reflectometer (volumetric soil moisture)(one sensor)

' The sign convention for the fluxes is positive away from the surface and negative
‘towards the surface.

' The datalogger will introduce lags into the CSAT3, LI-7500, and datalogger Panel
"Temperature data so that all measurements are aligned in time. The lags are a
‘function of the Scan Interval and are computed automatically by the program.

' The site attendant must load in several constants and calibration values. Search
‘for the text string "unique" to find the locations where unique constants and
‘calibration values are entered.

"***% Unit Definitions ***

'Units  Units

'C Celsius
'degrees degrees (angle)
o] grams

J Joules

'kg kilograms
'kPa kilopascals
'm meters
'mg milligrams
'mmol millimoles

'mol moles

's seconds
‘umol micromols

Y volts

‘W Watts

3. R R FARAY Wiring *r*

'SDM INPUT
'SDM-C1 CSAT3 SDM Data (green)
' LI-7500 SDM Data (gray)
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CSAT3 SDM Clock (white)
L1-7500 SDM Clock (blue)
CSAT3 SDM Enable (brown)
LI-7500 SDM Enable (brown)
CSAT3 SDM reference (black)
CSAT3 SDM shield (clear)
LI-7500 SDM reference (black)
LI-7500 SDM shield (white)

'ANALOG INPUT

"1H CNR1 downwelling shortwave radiation signal (red)

1L CNR1 downwelling shortwave radiation signal reference (blue)
‘gnd CNR1 shield (clear)

"2H CNR1 upwelling shortwave radiation signal (white)

2L CNR1 upwelling shortwave radiation signal reference (black)
'3H CNR1 downwelling longwave radiation signal (gray)

‘3L CNR1 downwelling longwave radiation signal reference (yellow)
'4H CNR1 upwelling longwave radiation signal (brown)

‘4L CNR1 upwelling longwave radiation signal reference (green)
'5H HMP45C temperature signal (yellow)

'5L HMP45C signal reference (white)

‘gnd HMP45C shield (clear)

'6H HMP45C relative humidity signal (blue)

'6L short jumper wire to 5L

"TH CNR1 Pt100 (yellow)

7L CNR1 Pt100 (green)

'8H 107 signal (red)

‘8L CS616 signal (green)

'gnd 107 signal reference (purple)

'CONTROL PORT

'Cl CS616  power control (orange)

‘G CS616  shield (clear)

'VOLTAGE EXCITATION

VX1
'G

107 excitation (black)
107 ground (clear)

'CURRENT EXCITATION

'IX1
'IXR

CNR1 Pt100 (red)
CNR1 Pt100 (blue)

'POWER OUT

'12v

‘G

'POWER IN

'12v
'G

HMP45C power (red)
CS616 power (red)
HMP45C  power reference (black)
CS616 signal reference (black)

datalogger (red)
datalogger (black)

'EXTERNAL POWER SUPPLY

'POS

'‘NEG

CSAT3 power (red)

LI1-7500 power (red with white)
datalogger (red)

CSAT3 power reference (black)

CSAT3 power shield (clear)

LI-7500 power reference (red with black)
LI-7500 ground (green)

datalogger (black)
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4. &35 R BELRISEL P KX _PipeLineMode

#F #c3g "+ Constants ***

'‘Measurement Rate '10 Hz 20 Hz

Const SCAN_INTERVAL = 100 '100 mSec 50 mSec

'Output period

Const OUTPUT_INTERVAL = 30 'Online flux data output interval in minutes.

Const NUM_DAY_CPU =7 'Number of days of data to store on the CPU.

Const CNR1_CAL =150.00 'Unique positive multiplier for CNR1 (1000/sensitivity).
Const CSAT3_AZIMUTH =0 'Unique value.

'‘Compass azimuth of the -x axis. For the figure
" below, CSAT3_AZIMUTH = 90.

' () -> Compass coordinate system

"{} -> Right handed coordinate system
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"The program computes the compass wind direction, using the constant
' CSAT3_AZIMUTH, and a CSAT3 wind direction. Good CSAT3 wind directions
"are between -90 to 0 and 0 to 90 degrees, e.g. the wind is blowing into

' the CSAT3 sensor head.

Const OFFSET =16 'An offset delay that will be introduced to the CSAT3 and LI-7500
data.

Const DELAY_CSAT =2 'Fixed inherent lag of the CSAT3 data (two scans).

Const DELAY_IRGA = INT (300/SCAN_INTERVAL) 'Fixed inherent lag of the L1-7500 data (three scans at 10 Hz or six
scans at 20 Hz).

'Determine scan buffer size, CSAT3 Execution Parameters and fixed lags for CSAT3 and LI-7500.
Const SCAN_BUFFER_SIZE = 60*INT (1000/SCAN_INTERVAL) '‘Compute a 60 second scan buffer.

Const CSAT_OPT = INT (1000/SCAN_INTERVAL) 'Compute CSAT3 Execution Parameter (10 or 20 Hz).
Const CSAT_REC_BCK = OFFSET-DELAY_CSAT 'Number of records back to align CSAT3 data.
Const IRGA_REC_BCK = OFFSET-DELAY_IRGA ‘Number of records back to align LI-7500 data.

'‘Compute CPU and card storage size for the FLUX DataTables.
Const FLUX_SIZE_CPU = (NUM_DAY_CPU*1440)/OUTPUT_INTERVAL 'Size of flux DataTable on CPU [days].

Const CP =1004.67 'Estimate of heat capacity of air [J/(kg K)].

Const LV = 2440 'Estimate of the latent heat of vaporization [J/g].

Const SDM_PER =30 'Default SDM clock speed.

Const MU_WPL = 29/18 'Ratio of the molecular weight of dry air to that of water vapor.
Const R = 8.3143e-3 'Universal gas constant [kPa m"3/(K mol) ].

Const RD = R/29 'Gas constant for dry air [kPa m"3/(K g)].

Const RV = R/18 'Gas constant for water vapor [kPa m"3/(K g)].

5 B8 "*** Variables ***

'Online lagged CSAT3 and LI-7500 data.
Public aligned_data(10)

Alias aligned_data(1) = panel_temp
Alias aligned_data(2) = Ux

Alias aligned_data(3) = Uy

Alias aligned_data(4) = Uz

Alias aligned_data(5) = Ts

Alias aligned_data(6) = diag_csat

Alias aligned_data(7) = co2
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Alias aligned_data(8) = h20
Alias aligned_data(9) = press

Alias aligned_data(10) = diag_irga

Units panel_temp=C
Units Ux =m/s

Units Uy = m/s

Units Uz = m/s

Units Ts=C

Units diag_csat = unitless
Units co2 = mg/m”"3
Units h2o = g/m"3

Units press = kPa

Units diag_irga = unitless

Public co2_um_m

Public h20_mm_m

Units co2_um_m = umol/mol
Units h20_mm_m = mmol/mol

Public diag_bits(8) AS Boolean
Alias diag_bits(1) = del_T_f

'Warning flags.
'Delta temperature warning flag.

Alias diag_bits(2) = sig_Ick_f'Poor signal lock warning flag.

Alias diag_bits(3) = amp_h_f
Alias diag_bits(4) = amp_|_f
Alias diag_bits(5) = chopper_f
Alias diag_bits(6) = detector_f
Alias diag_bits(7) = pll_f
Alias diag_bits(8) = sync_f
Units diag_bits = samples
Public agc AS Long

Units agc = unitless

'No delay meteorological variables.

Public hmp(2)

Public e_hmp

Dim h20_hmp_mean

Dim rho_a_mean

Public batt_volt

Alias hmp(1) =t_hmp

Alias hmp(2) = rh_hmp
Unitst_hmp=C

Units rh_hmp = percent
Units e_hmp = kPa

Units h2o_hmp_mean = g/m"3
Units rho_a_mean = kg/m"3
Units batt_volt =V

'No delay energy balance sensors.
Public Tsoil

Public cnr1(9)

Public cs616_wcr
Public soil_water_T
Dim ¢cs616_T

Alias cnr1(1) = Rn_cnrl
Alias cnrl1(2) = albedo
Alias cnrl(3) = Rs_downwell
Alias cnr1(4) = Rs_upwell

Alias cnr1(5) = Rl_downwell
Alias cnr1(6) = RI_upwell

Alias cnrl(7) =T_cnrl

Alias cnr1(8) = Rl_down_meas
Alias cnr1(9) = Rl_up_meas
Units Tsoil=Deg C

Units ¢s616_wecr = uSeconds
Units soil_water_T = frac_v_wtr
Units cnrl = W/m”2

Units albedo = unitless

Units T_cnrl = K

'Flux variables.
Dim Fc_wpl
Dim LE_wpl
Dim Hs

'Amplitude high warning flag.
'‘Amplitude low warning flag.
'Chopper warning flag.
'Detector warning flag.

'PLL warning flag.
'Synchronization warning flag.

'Automatic gain control.

'HMP45C temperature and relative humidity.
'HMP45C vapor pressure.
'‘Mean HMP45C vapor density.
'Mean air density.
'Datalogger battery voltage.

'Soil temperature in deg C

'CNR1 Net radiometer.
'Water content reflectometer period.

‘Volumetric soil water content with temperature correction.

"Water content refectometer period with temperature correction.

'Carbon dioxide flux (LI-7500), with Webb et al. term.
'Latent heat flux (LI-7500), with Webb et al. term.
‘Sensible heat flux using sonic temperature.
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Dim Hc

Dim tau

Dim u_star

Dim Fc_irga

Dim LE_irga

Dim co2_wpl_LE

Dim co2_wpl_H

Dim h2o0_wpl_LE

Dim h2o_wpl_H

Dim cov_out(31)
press_mean, and Ts_mean.
Units Fc_wpl = mg/(m”2 s)
Units LE_wpl = W/m”2
Units Hs = W/m”2

Units Hc = W/m"2

Units tau = kg/(m s"2)

Units u_star = m/s

Units Fc_irga = mg/(m”"2 s)
Units LE_irga = W/m~2
Units co2_wpl_LE = mg/(m”2 s)
Units co2_wpl_H = mg/(m”2 s)
Units h2o_wpl_LE = W/m~"2
Units h2o0_wpl_H = W/m"2

'Aliases for covariances.

Alias cov_out(1) = stdev_Ts
Alias cov_out(2) = cov_Ts_Ux
Alias cov_out(3) = cov_Ts_Uy
Alias cov_out(4) = cov_Ts_Uz
Alias cov_out(5) = stdev_Ux
Alias cov_out(6) = cov_Ux_Uy
Alias cov_out(7) = cov_Ux_Uz
Alias cov_out(8) = stdev_Uy
Alias cov_out(9) = cov_Uy Uz
Alias cov_out(10) = stdev_Uz
Alias cov_out(11) = stdev_co2
Alias cov_out(12) = cov_co2_Ux
Alias cov_out(13) = cov_co2_Uy
Alias cov_out(14) = cov_co2_Uz
Alias cov_out(15) = stdev_h20
Alias cov_out(16) = cov_h20_Ux
Alias cov_out(17) = cov_h20_Uy
Alias cov_out(18) = cov_h20_Uz
Units stdev_Ts=C

Units cov_Ts_Ux =m C/s

Units cov_Ts_Uy =m C/s

Units cov_Ts_Uz = m C/s

Units stdev_Ux =m/s

Units cov_Ux_Uy = (m/s)"2
Units cov_Ux_Uz = (m/s)"2
Units stdev_Uy = m/s

Units cov_Uy Uz = (m/s)"2
Units stdev_Uz = m/s

Units stdev_co2 = mg/m”3

Units cov_co2_Ux = mg/(m"2 s)
Units cov_co2_Uy = mg/(m"2 s)
Units cov_co2_Uz = mg/(m”2 s)
Units stdev_h20 = g/m”3

Units cov_h20_Ux = g/(m”2 s)
Units cov_h20_Uy = g/(m”2 s)
Units cov_h20_Uz = g/(m"2 s)

'Wind directions and speed.

'Sensible heat flux computed from Hs and LE_wpl.
'Momentum flux.
'Friction velocity.
'Carbon dioxide flux (LI-7500), without Webb et al. term.
'Latent heat flux (LI-7500), without Webb et al. term.
'Carbon dioxide flux (LI-7500), Webb et al. term due to latent heat flux.
'Carbon dioxide flux (LI-7500), Webb et al. term due to sensible heat flux.
'Latent heat flux (LI-7500), Webb et al. term due to latent heat flux.
'Latent heat flux (LI-7500), Webb et al. term due to sensible heat flux.
'Covariances of scalars and wind, wind vector, t hmp_mean, e_mean, co2_mean,

'Alias cov_out(19) = wnd_spd - in compass coordinate system, same as CSAT3.
'Alias cov_out(20) = rslt_wnd_spd - in compass coordinate system, same as CSAT3.
Alias cov_out(21) = wnd_dir_compass

'Alias cov_out(22) = std_wnd_dir - in compass coordinate system, same as CSAT3.

Alias cov_out(23) = wnd_spd

Alias cov_out(24) =rslt_wnd_spd
Alias cov_out(25) = wnd_dir_csat3

Alias cov_out(26) = std_wnd_dir
Alias cov_out(27) =t_hmp_mean

Alias cov_out(28) = e_hmp_mean

Alias cov_out(29) = co2_mean
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Alias cov_out(30) = press_mean
Alias cov_out(31) = Ts_mean
Units wnd_dir_compass = degrees
Units wnd_spd = m/s

Units rslt_wnd_spd = m/s

Units wnd_dir_csat3 = degrees
Units std_wnd_dir = degrees
Unitst_hmp_mean=C

Units co2_mean = mg/m”3
Units press_mean = kPa

Units Ts_mean=C

'Diagnostic variables.

Dim disable_flag_on(4) AS Boolean 'Intermediate processing disable flags.

'disable_flag_on(1)
'disable_flag_on(2)
data.

'disable_flag_on(3)

'disable_flag_on(4)

Dim cov_disable_flag AS Boolean
Dimn
Units n = samples

'No delay CSAT3 data.

Dim wind_raw(5)

Alias wind_raw(1) = Ux_raw

Alias wind_raw(2) = Uy_raw

Alias wind_raw(3) = Uz_raw

Alias wind_raw(4) = Ts_raw

Alias wind_raw(5) = diag_csat_raw
Units wind_raw = m/s

Units Ts_raw =C

Units diag_csat_raw = unitless

'No delay LI-7500 data.

Dim irga_raw(4)

Alias irga_raw(1) = co2_raw
Alias irga_raw(2) = h2o_raw
Alias irga_raw(3) = press_raw
Alias irga_raw(4) = diag_irga_raw
Units co2_raw = umol/m”3

Units h20_raw = mmol/m”"3

Units press_raw = kPa

Units diag_irga_raw = unitless

'No delay analog measurements.
Dim panel_temp_raw
Units panel_temp_raw = C

'Working variables.

Dim cov_array(3,4)

Dim co2_mm_m3
concentration.

Dim h20_mm_m3

mmol/mol concentration.

Dim sigma_wpl

Dimj

Dim scan_count AS Long
Dim wind_east

Dim wind_north

Dim save_ts_flag_on AS Boolean
Dim dly_data_out(10)

Dim rho_d_mean

Dim diag_csat_work AS Long
Dim diag_irga_work AS Long
Dime_sat

(8]
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"TRUE when CSAT3 diagnostic warning flags are on or CSAT3 has no data.
"TRUE when LI-7500 diagnostic warning flags are on or LI-7500 failed to send

"TRUE when CSAT3 diagnostic warning flags are on.
Used to filter the sum of CSAT3 diagnostic warning flags.
"TRUE when LI-7500 diagnostic warning flags are on.
Used to filter the sum of LI-7500 diagnostic warning flags.
"TRUE when CSAT3 or LI-7500 reports bad data.
'Number of samples in the online covariances.

'Arrays used to hold the input data for the covariance instructions.
'Carbon dioxide concentration [mmol/m”3], used to compute umol/mol

"Water vapor concentration [mmol/m”3], used to compute vapor pressure and

'Webb et al. sigma = density of water vapor / density of dry air.
'Generic counter variable.
'Number scans executed.
'East wind in compass coordinate system.
'North wind in compass coordinate system.
'Used to synchronize the time series output to the even minute.
‘Variable used to temporarily store the lagged record.
'Density of dry air used in Webb et al. term [kg / m"3].
'Working variable used to break out the CSAT3 diagnostic bits.
"‘Working variable used to break out the LI-7500 diagnostic bits.
'Saturation vapor pressure.

F_*** Final Output Data Tables ***
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'Online flux data.

DataTable (flux, TRUE,FLUX_SIZE_CPU)
Datalnterval (0,OUTPUT_INTERVAL,Min,10)
CardOut (0,-1)

Sample (1,Hs,IEEE4)
Sample (1,Fc_wpl,IEEE4)
Sample (1,LE_wpl,IEEE4)
Sample (1,Hc,|EEE4)
Sample (1,tau,|IEEE4)
Sample (1,u_star,IEEE4)

Sample (1,Ts_mean,|IEEE4)
Sample (4,stdev_Ts,IEEE4)

Sample (1,co2_mean,|EEE4)
Sample (4,stdev_co2,|IEEE4)
Average (1,h20,IEEE4,disable_flag_on(2))
Sample (4,stdev_h20,IEEE4)

Average (1,Ux,IEEE4 disable_flag_on(1))
Sample (3,stdev_Ux,IEEE4)
Average (1,Uy,IEEE4 disable_flag_on(1))
Sample (2,stdev_Uy,|IEEE4)
Average (1,Uz,IEEEA4,disable_flag_on(1))
Sample (1,stdev_Uz,IEEE4)

Sample (1,press_mean,IEEE4)
Sample (1,t_hmp_mean,IEEE4)
Sample (1,h2o0_hmp_mean,|IEEE4)
Sample (1,rho_a_mean,IEEE4)

Sample (1,wnd_dir_compass,|IEEE4)
Sample (1,wnd_dir_csat3,|IEEE4)
Sample (1,wnd_spd,|IEEE4)

Sample (1,rslt_wnd_spd,|IEEE4)
Sample (1,std_wnd_dir,IEEE4)

Sample (1,Fc_irga,IEEE4)
Sample (1,LE_irga,IEEE4)
Sample (1,co2_wpl_LE,IEEE4)
Sample (1,co2_wpl_H,IEEE4)
Sample (1,h20_wpl_LE,IEEE4)
Sample (1,h2o_wpl_H,IEEE4)

Totalize (1,n,IEEE4,cov_disable_flag)

Totalize (1,n,IEEE4,NOT (disable_flag_on(1) OR disable_flag_on(3)))
FieldNames (“csat_warnings")

Totalize (1,n,IEEE4,NOT (disable_flag_on(2) OR disable_flag_on(4)))
FieldNames ("irga_warnings")

Totalize (1,n,IEEE4,NOT (del_T_f) OR NOT (disable_flag_on(3)))
FieldNames ("del_T_f_Tot")

Totalize (1,n,IEEE4,NOT (sig_Ick_f) OR NOT (disable_flag_on(3)))
FieldNames ("sig_Ick_f_Tot")

Totalize (1,n,IEEE4,NOT (amp_h_f) OR NOT (disable_flag_on(3)))
FieldNames ("amp_h_f_Tot")

Totalize (1,n,IEEE4,NOT (amp_l_f) OR NOT (disable_flag_on(3)))
FieldNames ("amp_|_f_Tot")

Totalize (1,n,IEEE4,NOT (chopper_f) OR NOT (disable_flag_on(4)))
FieldNames (“chopper_f_Tot")

Totalize (1,n,IEEE4,NOT (detector_f) OR NOT (disable_flag_on(4)))
FieldNames (“detector_f_Tot")

Totalize (1,n,IEEE4,NOT (pll_f) OR NOT (disable_flag_on(4)))
FieldNames ("pll_f_Tot")

Totalize (1,n,IEEE4,NOT (sync_f) OR NOT (disable_flag_on(4)))
FieldNames (“sync_f_Tot")

Average (1,agc,IEEE4,disable_flag_on(2))

Average (1,panel_temp,|IEEE4,FALSE)
Average (1,batt_volt,IEEE4,FALSE)
Average(1,Tsoil,FP2,False)

Average (1,s0il_water_T,IEEE4,FALSE)
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Average (1,cs616_wcr,IEEE4,FALSE)
Average (9,Rn_cnrl,IEEE4,FALSE)

EndTable

"Time series data.

DataTable (ts_data,save_ts_flag_on,-1)
Datalnterval (0,SCAN_INTERVAL,mSec,100)
CardOut (0,-1)

Sample (1,Ux,|IEEE4)
Sample (1,Uy,|IEEE4)
Sample (1,Uz,IEEE4)
Sample (1,Ts,IEEE4)
Sample (1,co2,IEEE4)
Sample (1,h20,IEEE4)
Sample (1,press,|IEEE4)
Sample (1,diag_csat,IEEE4)
Sample (1,t_hmp,IEEE4)
Sample (1,e_hmp,IEEE4)
EndTable

*** \Working Data Tables ***

'Reorder the data and prepare to lag all the data.
DataTable (dly_data, TRUE,OFFSET)
Sample (1,panel_temp_raw,|IEEE4)
Sample (1,Ux_raw,|IEEE4)
Sample (1,Uy_raw,|IEEE4)
Sample (1,Uz_raw,|IEEE4)
Sample (1,Ts_raw,|IEEE4)
Sample (1,diag_csat_raw,|IEEE4)
Sample (1,co2_raw,|EEE4)
Sample (1,h2o_raw,|EEE4)
Sample (1,press_raw,|IEEE4)
Sample (1,diag_irga_raw,|IEEE4)
EndTable

'‘Compute the flux covariances and the other cross products required to rotate the data
'into natural wind coordinates. This data is output every OUTPUT_INTERVAL minutes.
DataTable (comp_cov, TRUE,1)

Datalnterval (0,OUTPUT_INTERVAL,Min,1)

'Compute covariances from CSAT3 data.
Covariance (4,cov_array(1,1),IEEE4,disable_flag_on(1),10)
'Compute covariance of CO2 against CSAT3 wind data.
Covariance (4,cov_array(2,1),IEEE4,cov_disable_flag,4)
'‘Compute covariance of H20 against CSAT3 wind data.
Covariance (4,cov_array(3,1),IEEE4,cov_disable_flag,4)
WindVector (1,wind_east,wind_north,IEEE4,disable_flag_on(1),0,1,2)
WindVector (1,Uy,Ux,|IEEE4,disable_flag_on(1),0,1,2)
Average (1,t_hmp,IEEE4,FALSE)
Average (1,e_hmp,IEEE4,FALSE)
Average (1,co2,IEEE4 disable_flag_on(2))
Average (1,press,IEEE4,disable_flag_on(2))
Average (1,Ts,IEEE4 disable_flag_on(1))

EndTable

6. BLPIRE @& * 4258 *** Program ***

BeginProg
n=1

'Set all CSAT3 variables to NaN.
Move (Ux_raw,5,NaN,1)

'Set all LI-7500 variables to NaN.
Move (co2_raw,4,NaN,1)

'Set the CS616 variables to NaN.
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Move (cs616_wecr,1,NaN,1)
'Set the SDM clock speed.
SDMSpeed (SDM_PER)

Scan (SCAN_INTERVAL,mSec,SCAN_BUFFER_SIZE,0)
'Datalogger panel temperature.
PanelTemp (panel_temp_raw,250)

'Get CSAT3 wind and sonic temperature data.
CSAT3 (Ux_raw,1,3,91,CSAT_OPT)

'Get LI-7500 data.
CS7500 (co2_raw,1,7,6)

'Measure the HMP45C temperature and fraction humidity.
VoltDiff (t_hmp,2,mV1000,5, TRUE,200,250,0.1,0)

'Measure battery voltage.
Battery (batt_volt)

'Find the engineering units for the HMP45C temperature and humidity.
t_hmp =t_hmp-40

'Find the HMP45C vapor pressure (kPa).
VaporPressure (e_hmp,t_hmp,rh_hmp)

'107 Temperature Probe measurement T107_C:
BrHalf(Tsoil,1,mV20,15,1,1,4000, True,0,_60Hz,800,0)
Ts0il=-53.4601+(90.807*Ts0il)+(-83.257*Ts0il"2)+(52.283*Ts0il"3) +(-16.723*Ts0il"4)+(2.211*Ts0il"5)

‘Measure CNR1 Net Radiometer.
WoltDiff (Rs_downwell,2,mVV20C,1,TRUE,200,250,CNR1_CAL,0)
VoltDiff (RI_down_meas,2, mVV20C,3,TRUE,200,250,CNR1_CAL,0)
Resistance (T_cnrl,1,mV200,7,1x1,1,1675,TRUE, TRUE,200,250,1,0)
T_cnrl =T_cnrl/100
PRT (T_cnr1,1,T_cnrl,1,273.15)

‘Compute net radiation, albedo, downwelling and upwelling longwave radiation.
Rn_cnrl = Rs_downwell-Rs_upwell+RI_down_meas-RI_up_meas
albedo = Rs_upwell/Rs_downwell
RI_downwell = RI_down_meas+(5.67e-8*T_cnr1*T_cnrl*T_cnrl*T_cnrl)
RI_upwell = RI_up_meas+(5.67e-8*T_cnr1*T_cnrl*T_cnr1*T_cnrl)

'Measure the CS616 soil water content probes.
CS616 (cs616_wecr,1,16,1,2,1,0)

'Apply temperature correction to CS616 period and find volumetric water content.

If ( (10 <= Tsoil) AND (Tsoil <= 40) ) Then
€s616_T = ¢s616_wer+(20-Tsoil)*(0.526+cs616_wcer*(-0.052+cs616_wcr*0.00136))
Else
€s616_T = cs616_wcer
EndIf
soil_water_T =-0.0663+cs616_T*(-0.0063+cs616_T*0.0007)

'Lag the CSAT3 and LI-7500 measurements.
CallTable dly_data

If ( scan_count >= OFFSET ) Then
'Load in the analog data that has been lagged by OFFSET scans.
GetRecord (dly_data_out(1),dly_data,OFFSET)
Move (panel_temp,1,dly _data_out(1),1) 'panel_temp

'Load in CSAT3 data that has been lagged by CSAT_REC_BCK scans.
GetRecord (dly_data_out(1),dly_data, CSAT_REC_BCK)
Move (Ux,5,dly_data_out(2),5) 'Ux, Uy, Uz, Ts, diag_csat

'Load in the LI-7500 data that has been lagged by IRGA_REC_BCK scans.
GetRecord (dly_data_out(1),dly_data,IRGA_REC_BCK)
Move (co2,4,dly_data_out(7),4) 'c02, h20, press, diag_irga

'Copy and convert CSAT3 for compass wind vector computation.
wind_east = -1*Uy
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wind_north = Ux

'Save the molar density to compute molar concentration.
c02_mm_m3 = co2
h20_mm_m3 = h20

'‘Compute the molar concentration of CO2 and H20.
€02_um_m = co2_mm_m3*R*(t_hmp+273.15)/press*1000
h20_mm_m = h20_mm_m3*R*(t_hmp+273.15)/press

'Convert LI-7500 data from molar density [mmol/m”3] to mass density.
' 44 [g/mol] - molecular weight of carbon dioxide

' 0.018 [g/mmol] - molecular weight of water vapor

If (NOT (co2 =-99999) ) Then ( co2 = co2*44)

h20 = h20*0.018

'Define 61502 as NaN.
If (diag_csat = NaN ) Then ( diag_csat = 61502 )

'‘Break up the four CSAT3 warning flags into four separate bits.
diag_csat_work = diag_csat

del_T_f = diag_csat_work AND &h8000

sig_lck_f = diag_csat_work AND &h4000

amp_h_f = diag_csat_work AND &h2000

amp_|_f = diag_csat_work AND &h1000

"Turn on the intermediate processing disable flag when any CSAT3 warning flag is
"high, including the special cases NaN (61502), a Lost Trigger (61440), No Data

' (61503), an SDM error (61441), or wrong CSAT3 embedded code (61442).
disable_flag_on(1) = diag_csat_work AND &hf000

"Turn on only when CSAT3 diagnostic warning flags are set.
disable_flag_on(3) = ( disable_flag_on(1) AND NOT (Ts = NaN) )

'Save the four most significant bits of the CSAT3 diagnostics, except for the

" special cases NaN (61502), a Lost Trigger (61440), No Data (61503), an SDM
"error (61441), or wrong CSAT3 embedded code (61442).

If ( diag_csat_work < &hf000 ) Then ( diag_csat = INT (diag_csat_work/&h1000) )

'Swap the LI-7500 diagnostic bit state.
diag_irga = diag_irga XOR &h00f0
diag_irga_work = diag_irga

"Turn on the intermediate processing disable flag when the LI-7500 has failed to
' send data to the datalogger via SDM. Set all flags high and rail the AGC to 94.
If ((co2 < -99990) OR (co2 = NaN) ) Then (diag_irga_work = &h00ff)

'Compute the AGC.
agc = INT ((diag_irga_work AND &h000f)*6.25+0.5)

'Break up the four LI-7500 warning flags into four separate bits.
chopper_f = diag_irga_work AND &h0080

detector_f = diag_irga_work AND &h0040

pll_f = diag_irga_work AND &h0020

sync_f = diag_irga_work AND &h0010

"Turn on the intermediate processing disable flag when any LI-7500 warning flag
"is high, including the special cases NaN or an SDM error.
disable_flag_on(2) = diag_irga_work AND &h00f0

"Turn on only when LI-7500 diagnostic warning flags are set.
disable_flag_on(4) = ( disable_flag_on(2) AND NOT (diag_irga_work >= &h00ff) )

‘Save only the four most significant bits of the LI-7500 diagnostic word.

diag_irga = INT (diag_irga_work/&h0010)

'Filter data in the covariance instruction if the CSAT3 or LI-7500 reports bad data.
cov_disable_flag = disable_flag_on(1) OR disable_flag_on(2)

'Start saving the time series data on an even minute boundary.
If ((NOT (save_ts_flag_on)) AND (IfTime (0,1,Min)) ) Then ( save_ts_flag_on = TRUE)
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'Save adjusted time series data.
CallTable ts_data

'Load the arrays that hold the input data for the covariance instructions.
cov_array(1,1) =Ts

Move (cov_array(1,2),3,Ux,3)

cov_array(2,1) = co2

Move (cov_array(2,2),3,Ux,3)

cov_array(3,1) = h2o

Move (cov_array(3,2),3,Ux,3)

'‘Compute the online covariances.
CallTable comp_cov

If (comp_cov.Output(1,1) ) Then
GetRecord (cov_out(1),comp_cov,1)

'‘Compass wind direction will be between 0 and 360 degrees.
wnd_dir_compass = (wnd_dir_compass+CSAT3_AZIMUTH) MOD 360

'CSAT3 wind direction will be between 0 to 180 degrees and 0 to -180 degrees.
If (wnd_dir_csat3) > 180 Then (wnd_dir_csat3 = wnd_dir_csat3-360 )

h20_hmp_mean = e_hmp_mean/((t_hmp_mean+273.15)*RV)
rho_d_mean = (press_mean-e_hmp_mean)/((t_hmp_mean+273.15)*RD)
rho_a_mean = (rho_d_mean+h20_hmp_mean)/1000

'Compute online fluxes.

Fc_irga = cov_co2_Uz

LE_irga = LV*cov_h20_Uz

Hs = rho_a_mean*CP*cov_Ts_Uz

tau = SQR ((cov_Ux_Uz*cov_Ux_Uz)+(cov_Uy_Uz*cov_Uy_Uz))
u_star = SQR (tau)
tau = rho_a_mean*tau

'Compute the standard deviation from the variance.
stdev_Ts = SQR (stdev_Ts)

stdev_Ux = SQR (stdev_Ux)

stdev_Uy = SQR (stdev_Uy)

stdev_Uz = SQR (stdev_Uz)

stdev_co2 = SQR (stdev_co2)

stdev_h20 = SQR (stdev_h20)

sigma_wpl = h2o_hmp_mean/rho_d_mean

'LI-7500 Webb et al. term for water vapor Eq. (25).
h20_wpl_LE = MU_WPL*sigma_wpl*LE_irga
h20_wpl_H =

(1+(MU_WPL*sigma_wpl))*h20_hmp_mean/(t_hmp_mean+273.15)*LV*cov_Ts_Uz
LE_wpl = LE_irga+h20_wpl_LE+h20_wpl_H

'‘Compute a sensible heat flux from Hs and LE_wpl.

Hc =
(Hs-(rho_a_mean*CP*0.51*RD*(t_hmp_mean+273.15)*(t_hmp_mean+273.15)*LE_wpl)/(press_mean*LV))*((t_hmp_mean+2
73.15)/(Ts_mean+273.15))

'LI-7500 Webb et al. term for carbon dioxide Eq. (24).
co2_wpl_LE = MU_WPL*co2_mean/rho_d_mean*cov_h2o0_Uz
co2_wpl_H =

(1+(MU_WPL*sigma_wpl))*co2_mean/(t_hmp_mean+273.15)*Hc/(rho_a_mean*CP)
Fc_wpl = Fc_irga+co2_wpl_LE+co2_wpl_H

EndIf
CallTable flux
Else
scan_count = scan_count+1
EndIf
NextScan

EndProg
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iiF=4ut

FEERBUHIS R A B AE R

I )
A ARRED  — g g my A EH A
N 348.75-11.25 2.3 2.5 3.6 3.1 8 5
NNE 11.25-33.75 0.7 1.7 14 3.3 7 6
NE 33.75-56.25 2.4 0.0 1.1 5.3 3 3
NEE  56.25-78.75 20.7 5.0 43 6.8 5 6
E 78.75-101.25 16.5 33.6 30.0 38.0 23 36
SEE  101.25-123.75 3.0 47 5.9 5.8 10 7
SE  123.75-146.25 4.1 5.0 4.1 1.6 3 3
SSE  146.25-168.75 6.8 34 5.2 3.1 4 3
S 168.75-191.25 6.6 7.6 6.7 2.6 5 3
SSW  191.25-213.75 4.6 34 6.9 2.6 7 5
SW  213.75-236.25 2.4 5.0 5.4 5.1 6 3
SWW  236.25-258.75 2.6 34 4.6 1.6 6 3
W 258.75-281.25 4.3 6.7 3.1 1.1 2 2
NWW 281.25-303.75 8.3 5.0 4.5 2.4 3 4
NW  303.75-326.25 7.7 5.9 6.0 6.0 2 5
NNW  326.25-348.75 6.9 7.6 7.0 11.7 6 6
100 100 100 100 100 100
Mok Bt =2 )\ H KR S RS HF9E
- KAZE(EEERE (ppm) B
AH €A AR ®A WA =A
00:00 365.112 358.6221 355.3949 346.1666 355.6856 363.9795
00:30  363.870  365.6571 358.1756 3469178 356.6415 364.8756
01:00 365.901 360.9946 355.8964  347.452 357.265  365.9642
01:30  363.349 365.738  355.6781 347.6321 356.9486 365.9334
02:00 362413  360.0445 358.3504 348.3119 357.7866  366.0196
02:30 364412  366.0199 363.6393 349.4211  357.229  365.1795
03:00 366.678 359487 3659113  350.577  356.7942  367.0327
03:30 366.677 357.1046  360.6683 349.5297  357.303  368.8371
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04:00 368.651  361.8402 356.7738 349.7142  358.0763  366.8793
04:30  368.091  363.6939 355706  351.4893 358.2406  369.0321
05:00 370.967  358.9804 362.1685 350.7687 358.9806  368.6248
05:30 368.771  358.6273 361.3749  350.9944  358.7913  370.5044
06:00 365.176  358.0734 361.0291 350.5316  359.488  367.479
06:30  360.743  358.1373  362.1177 350.5331 358.9262  367.1032
07:00 354929 3534905  355.796  348.2432  356.3117 368.2414
07:30 347974  346.7512 355.8013  342.3529  352.7777  366.8022
08:00 340.710  343.0966 352.6609 339.7211 349.0183  364.882
08:30 335.386  344.6789  342.1194  337.2195 345.6578  362.1619
09:00 332.732  341.1144 341.5078 334.1731 342.1228  359.4888
09:30 331.071  336.4616 344.2458  333.0941 339.8217  355.9306
10:00  329.236  336.8672 338.3316  331.1839  338.2279  354.2492
10:30  328.626  328.9453  337.0711  329.9358  337.2785  352.5792
11:00 327784 326.5654  337.6505 331.6827 336.9991 350.3811
11:30 328379 326.0946 3347003 331.8483  336.1947  348.1725
12:00 326960  324.9377 332.2641 331.8964 337371  346.7943
12:30  328.732  324.0422 336.4675 332.0369 335.6208  345.7571
13:00 327.128  323.4904 33577074 329.8322  335.0541 347.3175
13:30 330542 323303  338.4352  327.7153  335.0591  347.9579
14:00  330.206  324.7923  333.2243  326.5177 336.2557  349.325
14:30 328731  322.5451 337.6083 3254286 334.8763  350.5926
15:00 332.069  321.523  339.4882 325.7082 333.6582  350.7178
15:30  331.641  329.2637  337.194  326.5847 334.0503  350.9554
16:00 333.678  323.1215  337.693  326.6778 333.9137 350.9989
16:30  335.098  330.8532 345.3914 325.8881 334.0251  350.1048
17:.00 337488  331.8188 344.2377 327.1466 334.1555  349.488
17:30  343.897  335.6306 348.4105 324.3531 333593  350.835
18:00 344902  335.2154  350.9258  327.3625 333.1254  349.2661
18:30  341.829  331.321  343.6559 327.5169 334.8655 349.7369
19:00 342.648  339.2074 347.2039 330.3968 337.4224  352.3792
19:30 347421  339.0341 350.7224  330.935  340.0983  353.8605
20:00 349.287  341.3526  352.341  331.7303  343.154  355.0238
20:30  347.982 343585  350.4732  332.6837 344.1698  356.0659
21:00 350.674  346.5183 351.3639 3306.3188 348.7621  357.797
21:30  351.766  351.6155  356.4487 338.1606 350.6797  358.7197
22:00 353816 3593118 357.1621 340.3167 353.3276  359.2113
22:30  357.591  355.0945  353.2645 343.1407 353.6844  360.9643
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23:00 360918  356.1854 360.5766 342.7638  355.58  361.9176
23:30  366.232  355.3767  359.42  344.1745 354.0326 362.4765
357.56 346.32 337.73 349.74 344.45 347.84

fifsk s PR et R A &R

o R St SRR B

J\NAH tH NH HH 9A =H
00:00  24.884615 25.32581  24.72667  24.13871  22.88667  19.73226
00:30  24.723077  25.15484  24.70333 24 22772667  19.53548
01:00  24.653846  25.07419  24.55667  23.94516  22.57333  19.39677
01:30  24.507692  25.00645 245 2391613 2244 19.26452

02:00 24.369231  24.94516 2443 23775161 2238333 19.13548
02:30  24.346154  24.74516  24.35667  23.59355  22.32333  19.07419
03:00  24.292308  24.65484 2422 2351935 22.26667  18.91935
03:30  24.261538  24.64839 2424 2350323 22.19333  18.82581

04:00 24.1 2451613 2429333 2340045  22.14333  18.75484
04:30  23.992308  24.47097  24.13667 233 22.10667  18.59032
05:00 24 24.42903 24.1 2326129  21.98333  18.40968
05:30  24.038462 244 24.13333 2322258  22.02667  18.39032

06:00  24.046154  24.43871  24.25333  23.37419  22.03333  18.34839
06:30  24.407692  25.03548 24.66 239129 2235667 < 18.43226
07:00 25230769  25.94516 2536667  24.7871 2331 18.72258
07:30 262 2692903  26.09667  25.69032 2439 19.60968

08:00  27.046154  27.71935 27.1  26.53548 2530333 20.7129
08:30  27.753846  28.21613 27.69 2727419  26.24667  21.84516
09:00  28.284615  28.66452 28.04  27.87097  27.02333  22.80968
09:30  28.730769  29.10323 2850333  28.41613  27.49333  23.6129

10:00  28.907692  29.51613 28.56  28.89032  27.95667  24.2871
10:30  29.230769  29.74839 28.67  29.29355 2834667  24.94839
11:00  29.476923  29.91613  29.14333  29.51935  28.56333  25.45161
11:30  29.684615  29.87097  29.16667  29.58387 28.68  25.87097

12:00  29.423077  29.99355  29.35667  29.39355  28.92333  26.24839
12:30  29.361538  30.08387  29.43667  29.30645  29.10333  26.33548
13:00  29.123077  30.10645  29.24667  29.20645  29.12333  26.43548
13:30  29.092308  29.79032  29.13333  29.46129  28.99667  26.2871
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14:00 28.8  29.45161 20.05  29.55484  28.63333  26.08387
14:30 28353846 29.19032  28.93667 29.61613  28.52667 259
15:00  27.769231  28.96452  28.76333  29.20968 28.34  25.56129
15:30  28.192308  28.71935  28.61333  29.01935  28.04667  25.22258
16:00  27.983333  28.55484 2849 28.75484 2759  24.81613
16:30  27.983333  28.39677 2841 2835806  27.33667  24.35484
17:00  27.691667  28.1871  28.07667 27.95484  27.07667  23.93548
17:30 27208333 27.94194  27.80667 27.50323  26.59333  23.48065
18:00  26.741667  27.63871  27.46333  27.02903  26.08333  22.99032
18:30  26.133333  27.15806  27.03333  26.53871  25.59667  22.41935
19:00  25.841667  206.6871 26.50333  26.14194  25.26667  21.96129
19:30  25.606667  26.45484  26.15667  25.89032  24.95333  21.58065
20:00 25475 2621935 25.88667  25.67742  24.60333  21.400645
20:30  25.341667  26.15161  25.59333  25.35806 2439 21.15161
21:00  25.116667  26.05806  25.47667  25.10323  24.11333  20.91613
21:30  25.116667  25.89355  25.33333  25.01935  23.98333  20.70323
22:00  24.983333  25.72258  25.13667  24.82903 2377 20.48065
22:30 24975 25.67097  24.96667  24.59032 23.57  20.29032
23:00  24.841667 254 2487333 2445161 23.31667  20.19677
23:30  24.858333  25.36452  24.83607  24.32258  23.19333  20.07097
Ry ] i SR B A S 2 B
J\A tH NH HH UtPE| =H

00:00  87.38462 86.39355 83.23667 82.98387 82.34667 80.1
00:30  87.36923 86.5 82.98 83.03226 82.41667 80.59355
01:00 87.26923 86.64516 83.11333 83.04194 82.79667  80.9871
01:30  87.58462 86.45806 82.68333 82.56774 83.07 81.15484
02:00 87.73077 85.90968 82.63667 83.05161 83.03 81.59677
02:30 87.37692 86.22258 82.92333  83.6129 82.56333 81.21935
03:00 86.95385 86.28387 83.02667 83.74516 82.52 81.78387
03:30 86.75385 85.48387 82.98667 83.57742 82.82 81.82903
04:00 87.39231 86.07742 82.31333 83.45806 82.48 81.48387
04:30 87.77692 85.8 82.98667 83.93226 82.22333 82.03871
05:00 87.66923 86.06129 82.93333 83.66452 8291 82.70323
05:30 87.42308 85.72258 82.68 83.55806 82.18333  82.4871
06:00 87.22308 85.50323 82.07667 82.83548 82.08 81.75806
06:30 86.24615 83.30645 80.85 80.85484 81.03 81.29032
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07:.00  83.69231 80.1871 78.85667 77.33226 77.48667 80.35161
07:30 79.80769 77.02903 76.58 73.33226 72.89333 77.25806
08:00  76.43077 74.23226 73.49667 70.38065 69.86333 72.24194
08:30  74.46154 71.71935 72.14 67.10645 65.91333  67.6871
09:00  71.94615 70.10968 71.26333 64.86452 61.45333 64.35161
09:30 69.7 67.92903 69.53333 61.95484 60.35333 60.60968
10:00 68.8 66.58065 69.33333 59.49677 58.28667 57.19355
10:30  67.83077 65.48065 70.15  58.1871 57.14 54.37742
11:00 66.37692 65.94839 67.72667 57.87419 56.98 52.03226
11:30  66.92308 66.63548 67.78 58.34194 57.26667 49.76129
12:00  68.82308 66.93226 67.34333 60.40968 56.61667 48.87742
12:30  69.75385 67.13871 67.21333 61.44194 56.35667 48.96774
13:00  72.48462 67.56129 67.69333 61.68387 56.5 49.47419
13:30  73.05385 69.22258 68.56667 60.6 57.43 50.10968
14:00  74.33846 71.03871 69.05333 59.76129 59.04667 51.66452
14:30  75.88462 71.46452 69.54333 58.81935 59.47 52.73548
15:00 77.7 72.63226 70.10667 61.05161 60.02667 53.77097
15:30  75.08462 73.34194 71.30667 61.89677 61.44667 56.09032
16:00 76.26667 74.07419 71.94333 63.35161 63.45333 57.90645
16:30 75.65 74.89677 72.15 64.86774 64.71 59.64194
17.00  76.94167 75.54516 73.74667 67.07097 65.79667 61.93871
17:30  78.49167 76.67097 74.17333 68.25484 68.72 64.36774
18:00 80.625 77.8871 76.21333 71.02581 71.18333 66.86774
18:30  83.63333 80.02258 78.69667 73.54194 73.25667 69.67742
19:00  84.86667 82.32581 81.38333 75.74194 75.10667 72.11935
19:30  85.29167 83.60645 83.33667 76.56452 76.64667 73.76452
20:00 86.25  84.5129 83.82667 78.01935 78.53 74.77097
20:30  86.45833 84.98065 84.90667 79.06774 79.75667 75.94839
21:00 87.725 85.58387 84.76  80.3129 80.90333 76.18065
21:30 87.6 85.84194 84.78 80.39355 80.87 77.15484
22:00  87.70833  86.4129 84.95333 81.17097 81.69333 77.83871
22:30  87.93333 85.98387 84.96333 82.19677 81.48 78.75806
23:00  87.98333 86.74516 84.44 82.51935 82.33 79.31935
23:30  87.79167 86.68387 83.88667  82.4129 82.10333 79.40645
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AR RS

£

SR8 £B AA EHE  mA  =H

00:00 0 0 1.413 0.273548 0.282667 0.820645
00:30 0.652308 0.547097 1.130333 1.094194 0.282667 0.273548
01:00 0 0 0.565333 0.273548 0.282667 0.273871
01:30 0 0.273548 0.848 0.820645 0.565333 0.273548
02:00 0 0 0.848 1.094194 0 1.094194
02:30 2.608462 0.547097 0.282667 1.640645 1.413333 1.094194
03:00 1.956154 1.093871 0 0 1.413333 1.094194
03:30 0.652308 0.820323 0.565333 0 0.282667 0.273871
04:00 0.652308 0.273548 0.565333 0 0.282667 1.094194
04:30 0 0.547097 0.848 0.820323 0.565 0.273871
05:00 0 0.273548 0.847667 0.820645 0.282667 1.914516
05:30 0.652308 0.820645 1.130333 0.547097 0.282667 1.094194
06:00 3.260769 9.023871 30.231 26.2471 3.956667 0.547097
06:30 88.03077 149.2971 156.5283 156.931 92.38067 15.58548
07:00 233.4392 304.8874 303.439 264.9419 234.496 154.7452
07:30 402.3215 431.4855 426.0737 375.1229 325.1917 238.1568
08:00 546.4154 585.7474 554912 519.7181 508.84 383.5945
08:30 739.3846 721.0816 654.3367 702.9645 733.6967 562.1371
09:00 894.6385 887.6342 736.646 811.7565 909.5267 761.4242
09:30 979.5385 962.8997 813.4777 932.0961 994.867 936.3645
10:00 974.8769 1073.944 926.7713 947.2606 1080.21 1072.868
10:30 979.4985 1106.777 971.5533 9939558 1125.957 1175.745
11:00 1015.368 1109.769 1099.216 961.6903 1120.613 1212.048
11:30 954.1354 964.8358 1038.514 936.8548 1008.953 1267.571
12:00 830.9308 995.4703 1082.559 782.5968 1087.64 1281.335
12:30 841.2692 917.4616 1020.385 786.9935 1161.927 1252.794
13:00 776.0154 922.1526 996.3583 781.5129 1054.263 1189.9
13:30 857.6 812.0068 916.7387 865.9645 948.5733 1113.419
14:00 682.7408 749.3974 932.0427 820.9613 863.85 1008.948
14:30 601.2969 658.1035 826.872 792.4645 816.9067 860.4677
15:00 480.6308 587.6945 760.722 661.7645 747.1567 692.6774
15:30 527.5423 509.259 636.7197 611.1487 599.3267 574.4613
16:00 441.5675 397.9168 574.7643 490.8703 445.627 477.6777
16:30 336.9833 297.2677 462.0247 378.4558 329.7597 323.7342
17:00 241.615 191.9884 227.4837 237.8913 217.2843 232.1319
17:30 170.9717 153.4226 204.304 193.0526 146.0773 128.2252
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18:00 67.82167 83.96161 136.5027 86.68065 42946 21.32774
18:30 0.706667 9.300323 31.931 8.203548 0.848 1.367742
19:00 0.706667 1.640968 1.130667 0.820323 1.130667 0.547097
19:30 2.12 0.820645 1.130333 0.820645 1.130333 -0.54677
20:00 0.706667 0.273548 0.565 0.547097 1.130667 0.273548
20:30 1.4125 0.546774 0.565333 0.273548 0.848 0.820645
21:00 0 0.820323 1.130333 0 0.282667 0.820645
21:30 1.4125 0.273548 1.130667 0.273548 0.282667 0.547419
22:00 0.706667 0.820323 0.847667 0.820323 0.282667 0.820645
22:30 0.706667 0.273548 1.130333 1.093871 0.848 -0.82
23:00 2.119167 1.914194 0.565333 0.547097 0.848 0.273548
23:30 1.413333 1.367419 0 0.820645 0.848 0.273871
o Rt 0k B
J\A tH NH hH U= =H

00:00 27.811 27.39286 26.33 28.34161 25.965 24.47125
00:30 27.75 27.32071 26.23833  28.1629 25.81 24.21042
01:00 27.695 27.25929 26.14583 27.99419 25.65 23.96083
01:30 27.642 27.19286 26.05083  27.8329 25.505 23.72125
02:00 27.588 27.12929 25.93 27.68548 25.365 23.49
02:30 27.533 27.06857 25.84833 27.54806 25.22  23.2725
03:00 27.4785 27.00714 25.77667 27.41742 25.085 23.06375
03:30 27.4265 26.945 25.70417 27.29677 24,985 22.86917
04:00 27.377 26.88643  25.6375 27.17935 249 22.68375
04:30 27.328 26.81857 25.575 27.06516 24.815 22.50083
05:00 27.2795 26.75286 25.51167 26.95387 24735 22.31042
05:30 27.224 26.68643 25.45083 26.84645 24.655 22.11708
06:00 27.175 26.62643 25.39667 26.74742 24.575 21.95167
06:30 27.1355 26.57786 25.36417 26.68226 24,52 21.80125
07:00 27.113 26.56071 25.36417 26.69032 24.54 21.68917
07:30 27.1255 26.58714 25.4  26.78065 24.715 21.69083
08:00 27.1765 26.66929 25.49667 26.99677 25.105 21.89208
08:30 27.2695 26.79714 25.63083 27.27129 25.615 22.33583
09:00 27.393 26.94643  25.7875 27.59968 26.01 23.07542
09:30 27.54 27.16429 26.00333 28.13 26.88 24.13292
10:00 27.79 27.45571 26.20182 28.97677 27.895 25.39208
10:30  28.00833 27.80286 26.51818 29.75516 28.925 26.74958
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11:00  28.21526 27.87933 26.82455 30.31742 29.46 28.13083
11:30  28.34895 28.116 27.12182 30.76258 29.83 29.39583
12:00  28.45842 28.29667 27.30909 31.03097 30.22 30.43292
12:30 28.55579 28.48667 27.46909 31.25355 30.13333 31.57826
13:00  28.64842 28.69933 27.65545 31.52434 30.41 32.33826
13:30  28.76158 28.94267 27.82091 31.86613 30.55333 32.95818
14:00  28.90421 29.12333 27.95909 32.24419 30.67333 33.42217
14:30  29.02368 29.21333 28.06818 32.52677 30.94 33.63522
15:00 28.9515 29.23067 28.05818  32.6829 31.23333 33.63043
15:30 28.942 29.16286 28.01 32.68032 31.20667 33.41957
16:00 28.928 28.99133 27.94455 32.61 30.99333 33.05
16:30 28.902 28.82786 27.90273 32.52871 30.67667 32.55957
17:00 28.8735 28.785 2791545 32.35968 30.36333 31.92435
17:30 28.835 28.72071 27.92545 32.07452 30.03 31.18435
18:00 28.7705 28.63714 27.86273 31.70742 29.65 30.38783
18:30 28.6855 28.52714 27.73091 31.29903 29.26333  29.5887
19:00 28.5895 28.39214 27.54364 30.90065 28.86667 28.84087
19:30 28.4865 28.25071 27.34182 30.51935 28.50333 28.18478
20:00 28.393 28.11714 27.17273 30.17806 28.20333 27.61174
20:30 28.3045 28.00143 27.02909 29.87355 27.94333 27.11652
21:00 28.2235 27.90143 26.90364 29.60032 27.69 26.67435
21:30 28.144 27.81643 26.78818 29.35194 27.44 26.26696
22:00 28.0705 27.73429 26.67727 29.12226 27.21667 25.88087
22:30 27.998 27.65143 26.56727 28.90323 27.01667 25.52217
23:00 27.9315 27.57071 26.46091 28.69742 26.84333 25.19957
23:30 27.8695 27.48143 26.35818 28.50452 26.68 24.91435
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