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M d il 2 Fe AR B T o9 8B 70 B AR AR-PARAAFAE, —AEEN
M 8938 FRIBT A LSRR E 452, K AAFEZHIE N TIRAEY
5L R B MAGIRIAN I LR, HERBRT AR THEMW AR T
AEAER . RAF B T iR B 7 42 A R T AR AL S B T ) RACHUE A R E 3 —
A — KA 448 (Soil-Plant-Atmosphere Continuum, SPAC) #94¥4E, & K A&
HEB AR IBHIMERNGER, FCERAEMREIRKSRANETAEAR 4
FRARIASG . ERRHERE L, MAZBATEIHNIFEEAFMRR, Foh
RS RGRE L, RREBAFRAIEABHBA S ) — AR FHFOE
EFT @A T Rtz REBEREGKA (—FX2ZF5) HBFETHER
Ik 8 F TACA M, {2248 T B A0y B B EARA F IR A R,

W EF R T ORI, R ESHT 7 kA Fourier Rk, ZHhEE 4
AR R o ) T 50 A T 0 18 6 B 18] . {258 IE de— 2 SUAR SR B 69 AR AE,  Fourier
Tt AP AT 5 69010 7 2] 69 AT By P, AE-PAAZ 5 4G B 1) - 7 8- B A 5T
REog, AT LHRAZETTHEE, FEAERERIAFEFRSILN TF 69085,
VATRAT @A 609 @ A5 B An R A GURIRIE & BOFKE MR BA ey Nk Ry
i, B ZoWERS REANEE, W) ZEA T AR R I AT, 122
st FAELbE . AEPASE S e AT RBL, IR ATE B IR B R O PERARE T A4
ANi#hE . 1998FHuang%F 42k 7 — R #H e 5 o 7 ik —— LB BEA M7 ik

( Empirical mode decomposition, EMD ), %7 ik G e xf AT 4L 2 6945 5 AR B 89
FIf B SR G AT P AL 22, HAR AL 3245 5 F R R B 69 K 3h & B i I ok,
A —Z2 9 B R R EAFAE 6 AAEAL F AL (Intrinsic mode function, IMF), &
KA F G IMF— R RAEF RI¥E15 5 A4 H KA, KRB A ZHilbert ik, 473
Hilberti&. ZEMDA /35|69 & IMFo& ~Ma - F4549, BR L AR A RIEE
S EAREKS), HZ2THilvert T /5 T4 Re9MBEESLE LA, Bk
3R iz 4 TR F AL 09 210 R E A . EMDZ kst TR, dR-FAR
B 1) 5 2 g AT A A A AR B, ARAR T RP RR N AT S EMD 7 R AT SR E A
AR GRmtE AR IR 5E Y RN M AR T g ) .

AR GZEHFEES M (EMD) 7kt RETFHARZHRAEILFERGEZ. CO,

/
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S BAR KM E T A & IR B 24K B3k (36°57°N, 116°36°E, 28m as.l., 4Edb
FJR) 2002 FAEARKRIMILR, ERLERA: 1, RIRT RRERHIRGE L
F= CO, 8 F I8 7| Ff @449 AAEAL H AL (Intrinsic mode function, IMF); 2, *F
F 8 RIEHIER I H IMF 5247 Hilbert EH#t, 53| X T REBKHIBIRE A
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A AR 0 idas e, ST S Z 04 AR R,

AR 2001 48 A 1 BHZE8 A 30 B FEAFR-EAF L TR &HBK

W 47 5K B 3k 0 N AMRAS UL A, R R Morlet 3£ 48 )Nk R 4kat 2K E & W 4t

09 & ERGR BB AT o7, EZLZRA: a) 1h-FE Rk e ELE IR TR
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Abstract

Microclimatic variables like temperature and CO, flux are non-linear and non-
stationary stochastic variables. A series of continuous records of these variables often
contain components with time scales from seconds to months. Changes in temperature
and flux density are the results of variations of microclimatic factors and characteristics
of plant, caused by interactions between atmospheric movements and physiological
processes of vegetation. The analysis of spectral properties of variations with time of
microclimatic variables may help to reveal the causes of the changes in density and
frequency of the variable!l. Many models developed to describe the interactions between
the biosphere and atmosphere have become essential parts of simulations of regional or
global climatic processes. This multi-scale nature of microclimatic variables is now
being simulated by some models using data of long-term (over one or more years)
measurement, but periods shorter than a day do not appear in the results of such
simulations.

Spectral and auto-correlation or cross-correlation analyse are often used in
meteorology with some success. The traditional method used in spectral analysis is
Fourier transform, and its use in the analysis of time series of land surface fluxes has
been successful. However as has been pointed out by some authors, Fourier transform
finds only limited use in the analysis of non-stationary signals, which have many
components of different frequencies. To extract information from such signals, it is
desirable to use windows with different temporal characteristics so that both high-
frequency information with high precision and wholesome low-frequency information
can be obtained. Signal decomposition can be implemented in many ways, for instance,
by some set of appropriate eigenfunctions. Recently, the wavelet eigenfunctions set has
been of much use because it decomposes a signal into a convenient set of levels of
resolution. Wavelet analysis, developed in the 1980's, can work in both a multi-
resolution and a multi-scale way, and windows with adjustable time and frequency are
available, which automatically become narrower in the high-frequency parts to provide

high time resolution and become wider at lower-frequency parts to provide high



eSS

frequency resolution. Wavelet analysis is more powerful than Fourier analysis in
analyzing non-stationary signals, and is therefore widely used in many research fields.
Two types of wavelet transform have been developed, continuous wavelet analysis, i. e.
(CWT) and discrete wavelet analysis (DWT). Unfortunately, in the case of non-
stationary or non-linear signals, a large number of terms are needed for convergence
which results in undesired spread of the signal energy among the various expansion
modes. To avoid this shortcoming, empirical mode decomposition (EMD) method has
been developed to analyze the non-stationary or non-linear signals. The EMD method is
included in the so called Hilbert-Huang technique based on the direct extraction of the
energy associated with the intrinsic time scales in the signal. This process generates a
set of components, called the intrinsic mode functions (IMF).

Comparative study of spectral properties of temperature and CO2 fluxes measured by
eddy covariance method at Yucheng (36057’N, 116036’E, 28m a.s.l., in the North
China Plain) and at Lhasa (29041’N, 91020’E, 3688m a.s.l., on the Tibetan Plateau) is
described using the empirical mode decomposition (EMD) method. The main results are:
(1) The intrinsic oscillation modes or intrinsic mode functions (IMFs) were extracted
from data of temperature (T) and CO2 fluxes (F) measured at Yucheng (T1 and F1) and
Lhasa (T2 and F2). (2) Hilbert transform was applied to these IMF components, then
the Hilbert-Huang spectra and the marginal spectra of these data were obtained. (3) The
comparison analysis for temperature and CO2 fluxes in North China Plain and on
Tibetan Plain illustrated that the characteristic frequencies corresponding to T1, F1,
T2 and F2 are 0.05Hz, 0.03Hz, 0.014Hz and 0.005Hz, respectively.

Meteorological measurements were carried out at four heights within and above a
maize canopy at Yucheng (36°57°N, 116°36°E, 28m above sea level), located in the
North China Plain, from August 1 to 30 of 2001 when maize was at he grain-filling
stage. In this paper, the variabilities of wind speed within and above maize canopy have
been analyzed using Morlet continuous wavelet transform. The main results are: (1)
Continuous wavelet analysis provides a concise and compact information in the scale-

time domain. It reveals the 1d and 18d period components of the data. (2) Averaged
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wavelet spectra in time and scales give the temporal variability and the energy
distributions components with different periodic lengths of the data.

Wavelet transform is a new branch of applied mathematics developed since 1980s,
and has been used as a new method for spectral analysis. In this paper, the mathematical
background and the application in microclimatic flied of wavelet analysis methods is
reviewed, and then continuous Morlet wavelet transform is used to analyze the periodic
components of temperature, wind speed and humidity measured by microclimatic
methods at Yucheng (36°57°N, 116°36°E, 28m above sea level), located in the North
China Plain, August of 1999 when maize was at he grain-filling stage. Continuous
wavelet analysis provides a concise and compact information of periodic components of

the measurements in the scale-time domain.

Keywords: Soil-Plant-Atmosphere Continuum (SPAC); Wavelet analysis; Empirical

mode decomposition (EMD); Time series; Wheat; Tibet
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F—E RAESHRGFEEHIEMNREFISHSEIGEE

11 518

R H S RG LR W L — B — KU 22 4K (Soil-Plant-Atmosphere
Continuum, fiijic. SPAC)H A: 3 A+ 5 P55 K~ 128 HAE H (Monteith 1975). 3l .
R DL BOK YRR 5 KA TR A sk AP (0 A2 el RERI 2 o Ry i B A
[¥] % W (Blondin Ml Meyer 1998). H#IHGG1EM 5 Z&BIERI N SPAC M2, #it
— AN EHEREE R A R L S ) R R A I R . FER AR R,
WAL #, AL KB A e ) 275 A (Wilaon %5 2001), 7EARCKMIREE |,
O IRIE 5 2 B A ons B 17 28 R 1R 840 I Y 0SS (Rowntree 1977) . A G & 3L,
5 RABAGT IO L WL A, JUH R NSRS 3l IE -5 SO AR U ok
(Goulden 2% 1996, Black %5 1996, Grace %5 1996). K< 5 R4k IA] (75 Y A8 i
(Fuentes 5§ 1992) L0 J 5t A IR 58 (1) %Ak (Hollinger 55 1994, Verma %5 1986)%%.
il e 3K G I 5 B ) AT 7 AR R R R AU B R SR MK, do@ xRk A
A P R AE S AT RSl R 1 225K (Sivakumar 5§ 2000, Smith 2000).

A% TH AR R BRI TR R S AL 7 T P A2 SPAC RGeS FT (K 0G4 . 72
SRHBILFIAR HAE S RS MW, FUI RG22 D M 2, e AR
PERISVE (AN CGAIERT, 1993). 4xBR60%LL LMK (50D K
BEATKAMEIR, 728 (O RO MR AL K KO PR R ARG PR e Rk ok, ek
HEBRG A2 (Woodward F1Smith, 1998; Sellers %%, 1996) 1T A
G S AN AR IE R g, 5 S AR 2 A 1 R B AR, Tk Pl THT 28K
EMUK G 5 BRI (Shukla®s, 1990; Durbridge flHenderson-Sellers
1993). 13855 K K G B AR A S i A XS A, e 20K 3 BB b /K O 21
(AT, T S0 i b 0 2 7 g 1) R AR R 4544

SPAC Z 4t I RE S R A% il R A BB R A A AR KR B 48 R AR 3 it
IRIRE s, NPUEE R LS Z PRI, AR HFEK I 99%HS /& SPAC &
ZRMMNZE (B KMTEFERK (Rana 1 Katerji, 2000). EHN T il 317K
SIBE) . RIS A S KA IR R 7K AL 3 LS AR A 22 1 A i1 A
RO, NIRRT IEZ AR 800 E s o e, a0 SR R A 6 AR

1



WoE REASRZRF @A 0T 18 7 AT 5 1) 45 5

EERGEINY S Re AR IS R 45 DUE R A BFST (Baker and Spaans, 1994,
Fifi Mo 2R TR HOE A SEFRZE (B0 RO IX oK & 7. AR B L. KRR
FHE R MR B UG KRS R G R i # A IR L /EA (Smarakoon %5, 2000).

SRERREEEELANE

FRA B A 6 0 TH
S5 ﬁﬁ #ﬁwﬁﬁrJ R
T EE [rlummy [wEwss
R & 1w e

RS SRIE HRIE. REYR. SHKE

B 11 AR A RGBT LA ) K

Fig. 1.1 Schematic diagram of illustration of relationship between each part of SPAC

B AT AL BRI e, o AN AR KA I e T A4 R D
SR T EREEN S T, 6% B SRR R SEFEL AR,
%% 18 SPAC RGE N AP K1 Z IR (AR B2 . A8 AR FH MRS BLAE Bl 20 AR 4T
(RIS IA) L3R A5 T 43 i 0 % 2 (Olejnik %% 2001, Zhan F1 Kustas 2001). Ffiid A%
IR A AR H L (Hoogenboom 2000), 5 17 AN A RUSEFASEER, T US40l i
[ 2 (Bosveld F1 Bouten 2001). FRMIAXBRAMEAL A Al ARG R 35— L X
BOR R R AR RS M GEA B O 4 SPAC R T — A A )
(Trambouze 1 Voltz 2001).

7] I I 55 O 0 5 AR g et R S B I T B (9 B CAITips FEEAR G L 2043 Jk 45D
(Lee 5%, 1997)LA K HS A AR A E (Katul %5 2001), X SPAC RGN 1A BLIR

5T R 1 R AR R R FR IR H RN . X SPAC RGEFLIE FRISEEG FIFIE
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W S, SPAC 1L FE A RS (1 2 7 AN & R e A A2 3E Y (Blondin 1988). AFi¥
FEFSE SPAC Z G0 FLhIAL Sy R (1K) I 8] 20 45 B R A% et R o () B g Je 45
i, EUE 1 AR LU By . XA AR Bt LR AT N 2

1.2 A SEmRIME R AN KRBEESREREEHTERNZN
121 KAB%

RAZE R MBI SERIE T B E5 2R, A ) BAIX 23
() FsE RUAREESE () =FF 55 (Thom 1975b, Lang %5 1983). At K< )2 44
S AR il B i BE R PR FEANAR , R Pk R Al 2 KA e d 2 45 . RS
HH TR R LS 58 4 R BRI B I DDA S R . X FETE R R R R AR
(AL e el R Al A2 EH B LA 15 3 B8 R 3 A il #2(Tillman 1972, Wyngaard 1988).
FE bt R ARE A —— IR AR RS L, R AN [ S22 40 A0 W] LA X 43 A A
ST 1) (07 Tk B v R 1 0, BP0 4% ) RTAN AR 5 1) (A ki o v 2 AR ) 1 10 o FEARLE 4%
PEF, BT, WARIE T, KR R 75 2 IR 7, NS
TN RESRDN VRS o ] IR AR R Y AR E KRGS, L)
RARI N B REIR A, KGRI S, KA imim AL TR .
AFaE MRAZ G TR B NIRRT, 70 s T 8 5%, bt
S| P /T 1 SR & WS E D R L E IS S B B i A I b b A e SRR Y = I PUR S
R AEAE AR (Rao 25 1974, de Bruin 25 1988). Monin-Obukhov K /% L % T
A K2 SR8 E LB (Wilson 25 2001,  Haugen 1971).

KBRS DT — A E bR E (Wyngaard 1973). JUHETE
wrtb)zrh, KRR B A AR AR A, B, . KV CO, B
5 G SR S 38 R AT e 32 EEHOM T Ui 12 3)) (Show FiT Seginer 1987, Wilson
1988). RIMAEM S S 8 SPAC LR MIBIFFUH, St il i 2 ding U b A2 1)l 2 24 20
i

1.2.2 &g oHr
FE A AL F T IS U B B S SRR 1T R, XS R RRIR AT
YR E. ghm. KEMEE T E TR, CTmiiEshi iR 2w En,
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DR LM S gt I 2 5 R 7 S S A AR (stull 1988) . STHR 2% 3k 1 H (511 201 Thom 1975)
TS AT N AR E T B b X R e o 0 HOE . X & el R 7 KER 5
FERIRER, IEARRAMER X 0 I . SR POR R d RV m B h 470G,
Monteith (1973) & = FH Z AIFLZMERR d =0.63h, 182 6 20X BR 2 2
AL . X EOATE B L T A K-FLg A B T k. BTl K- mt &
BRPEY RO, RIA A 2y 6 0 £ 55 T YA A8 e 22 450 5 138 IXUUBG J2 1) e B (Zheng
M1 Takahashi2000), & KA i /7 FE4LIK —BY P45 J7 7% (Raupach 45 1980).
S R IR AT B R B K AT LA RV A& K | 3B S Y (Thom 1971). X143
T AR A K o A4 B B R, T iR R LA IR A K ST IE &
FE(z-d) B IE B, ELf R Kk, B von Karmarn 7 %0, HAE KL 2 0.41 4247 (Businger
B, 1971 USSR RE K W) R A | 1 7 5 R ) R RUR A7
(Goudriaan 1977). MRS A Z LR, Je 2 o7 KRB AN A2 rh PE 41
N EOE R, PUOGFEAR RSSO R i 45 R 52 3 FAGE 5 5% 0 (Wyngaard
1988). ZLAIR AR PR ST T 1R R 2 T X 7 BN R URG e FE#E4T %€ (de Bruin 4%,
1988) 0 AN 7] KRG BN XU J57 22 TEAR 4 7 1k 52w v] LAH 18] 8 S B 2K (Thom
1975)0 MV B R Al 5 5 il Fe o A R BB T i BE P R L H 12—

PR Bt T FEWE ST, 0 B 32 B H 1 22— s v S5 30 2 7K AR = )
1%, A% I T i T AT i R (Businger 1955). WA VA AT He RV 25
ik, ZHCESIAE AR PERS R 2 AR R AR 2R b, sy
IR SR B R AR L, WARYS A7 s g, i &5 Mm%,
LSI 56 W8I0 7 25 Fhds e & 4 1F R 128 (Perrier %, 1975). Goudriaan (1977) %
TAED)E = A PP BB AR, AT )BT ) B s R S, AN
WA AR FEE w N BGE R IET B R IidK, Ly s, i)z
WA KT RT LT = 23w / 4al )" K5

SFFAER LAY, BT Monin-Obukhov AU ANE H 56 /2 N I A #e,,
Wilson F1 Shaw (1977)%} jet J2= A A el T — AN B, TACA Richardson 06t
gk 2 bR S A (R A He R A RIRE 152 o 7R 72, A RS T RO S 3L
P, MAREIRE T, KOHERENS . ERIR, 25 2 T 1 S AL i s i
o2 B SRR 1, AT RIRRERE, W2 BEIHEAREN . G2

4
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PR R, YRGB R, A RECH AN TR (Goudriaan 1977).

Z

542 Il )2 (Inertial sublayer)

X ‘i il i )73 (Constant flux layer) |5

HKEHI 2 (Roughness sublayer)

R Eommmpmm e 2 .

B 1.2 iR UR B E AR
S NZJZIEIE, FALIA T =R LR 15%
(571 H Monteith F1 Unsworth 1999)
Fig. 1.2 The constant flux layer and its sublayers
The depth & is about 15% of the surface boundary layer
(from Monteith 1 Unsworth 1999)

PRI JZT- B Sk DG R T D01, LG 58 B8 (11 2 AT 6 4 it 2
JREe, Az AP Rl ) AR E o ) AR A g S BT By A AT it

ML, I eI 25 B a] A4S ) Richardson $UA M KSFEHE S B e, MG

WiE L Mg BRER, AT A 55 & i B (Wilson 2001).

M4 Taylor (1938) 42 H MR, W R —ANEAR N a i LUV V &350,
WHZR IR T 5T a/Vv o WL e FIR 0 KRER, Whe=0/V, 3L
Wx=2r/a, w=2x/T . Taylor i H i H i s A R 1) I A RO R 1 Hoam i
A S T IR T PRI D00, A D 20 2 3y 9 00 3 S (1 e o e R A e T
e A RURE LA R it 30 TR P o ¥ A 0 e A J st A AU 1 SR AR B KT . R i,
Willis F1 Deardorff (1976)4& th LA XS AR i 722 (RIS i o E) o, < 0.5V O A

Taylor fEUE MR o X% 1096 P 250 B 7T LR Taylor JBBEAEAT H1-52.
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Taylor {52 43 7 KT i 0 5 1 BE AR B

i TR [5F 16T 30 R AR A 1R B BE G K AR 1K 6 AR & K K H i 4E 3% (Baldocchi
2001) JTHE TG — O UTTE 57 10 34T H)—4E 2 mOW Il (Bush 45, 1968).
I 17 ) (AR At T B . A MUKV Y IR B AR I B, b T R
(10 e (A A A TR o AT 3K SR ORI e 1 B ) 370 14 (0 2 i I A R e
b J2 KA AR AR T EE . 3% 08T EOR, B Fourier 2} #TER AAHGAM M,
FH T3 B i i [ I 1) 2 40 1) PF i (Panofsky 25 1984, Bracewell 1990).

— YT I 1A S TR PR A TR AR DG A DA S ), O TR — A,
JI Taylor ¥, FifismfEBA%, FENLE L PR, HARY—MA T B3,
22 ) AF DG R H0RT AR R 85 10— [ O A5 (R I TR) A G R 2

1.2.3 AR R FAetbdiy A2 09 85 18 5 51 547

JZ(BY SN = - N T 52 5 e LA ) G e P R [ DS 7 i = e o R (= I
(self-similar){:(Lumley 1970), XFERIME S MFRA HARBUE 5 (self-similar signal).
1980s’Mendelbrot (1983) & 73 e (fractal) Wi f5, AT IBAR BAHUE 5 4 2 A
“(fractal signal) o 7} JEAF 5 A0 — AT ZERFAE 2 FAS [F) ROBEAEAN R X 800 2 AT
WSS, BT R AR, o A 2 o T A A AR IR . SR A
LR gevt b, WFChgert BARRL, R Uit 2 — 2RI ) e vk B A AR
(Fortin % 1992, Schepers %5 1992), FH A REH LR ) D235 o He e i) Bk
JER:

2
O

S, (0)=— 22— (1.1)
@]

Hps, WES x M, o) WESXMIT2E, o B4iZ, H A Holder(E{ Husrt)
TR B R AR H . HA R R R D) 25 hk 0 1/ f i el o 4%
VFZARM . AAH LU SOK SO = 25 % B AT 73 JEARFE(Brani 2000). JRjth
B RS —mng b s, B, L CO, il 5 (Monin F1 Yaglom 1975,
Frisch 1995). ) H A & (Vattay A1 Harnos 1994). [ f Al i3 1297 (Gupta £l
Waymire 1989. 1990, Bras Al Rodriguez-Iturbe 1993). =i (Lovejoy 1982)%%, ‘&
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AT AR UL B A o 8 B ) 870 ) 0% S B AT SR L/ F I R AT A

u (ms™)
u (ms™)

0 60 0 60 0 60
20HzZiL B J iic 3% 20HZRGE I (110745 20HzZ XU AL A Tmin 1 1)

T(°O)
T(0O)

0 60 0 60 0 60
20Hz X JE U530 5 20HZIF B R0 - 20008 &30 35 11 1min 3%
1.3 HAHL [a) 45 5

Fig.1. 3 self-similar signal time series

HAH R Fourier 22 # 2 73 Hrim it i 70 At Be BE A T B (Stull 1988), A ] ix 4t
JPETT AT RGE S RS W RE SR R T TR S A RS, AT
S 53 HE (¥) 5 B (Panofsky  1973), 48 B[] 7 M S FHAR 27 22 [R] 1) 5 5 5547 JEL (Businger
1973, Wyngaard 1988), XL ELH W 1 it ki 1 i AR AL SR N ASE AL o 1 od A5
HORIAR LGl (Wikle 55 1998). i i 70 AT B, Wi & e A UAOR A ) R 32
BEPE AT R R AR ) DXk, 78 b DX 3 P G 1) 32 (140 0] 25 i it ik ) e
B, XTI FRA & GEX o A, 78 /N RUBE IR s A o v 250 DX 3 D) 2 il o 1) 4
HUX o 38 2 ) B B S R e e AR BORE T X3, e POk A 0 AR
P DX 3 1) v B DX A, AR B VR R R AR () ) A AT, AN v R X
RO PE R X (JRFK Kolmogorov [X).

. Monin-Obukhov ¥ RUBE SR 4l B8R L il B8R B v v 3t SR PR AR
B, R 4 W R EGE nS(n) HU2& I — 3 BB oz / L I R 3XA
BB AR B N XA . AR BB 8k, A FREHOE EZAE R, il s 20Kk
T 7P R . Kaimal 55 (1972) ) TAER Y T 0L 453 —H#, Monin-

7
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Obukhov FH AL ¥ 75 4R 58 1) 3 2030 [ ml DL A 1 B2 A B2 i« Panofsky
(1969a), Busch F Panofsky (1968)F1 Busch (1968) K ¥ EF| 50m )%, IEE#H
FERE AR AT R AL, R ARG ] A 7K1 7 1) (103 B 3 2 15 55 AR A0
AR KA % 2k Fichtl A1 McVehil 1970, McBean 1971)
K 22 Bl v P T P 3 mf DA IR A«
nS, (n) _ Af /£,
ol (A+1.5(f/f )*)’/(3a)

w

(1.2)

Hp £ =2/ 2,72 nS,(n)ik B ARAE I [ IH—4b M. f, AR 0.2 3] 0.6 2
W], 1 o FIESAEAE 1 A1 5/3 2 18], Kaimal Z5(1972)#8Ha=5/3, f_ =047, X

Al McBean(1971)LA A2 Busch 1 Panofsky(1968)) 45 A0 24 —5L, AbATIx [FIFE) a
320 £, AE5> 514 0.4 F1 0.3, Gisina A1 Ponomareva(1971)i\ k) w 23 & (FR 73 K.
L, U o, FURERCR IR AL, (RO 500 AN 6 70 00 SRR T B 2

McBean Al Miyake (1972) WF9¢ 1 1F A SmiE RO s LR AR 8, 2T
JUEE b, B A RCRE /L RGN . R 2 BRSO, I A K
LU T H B AR K W BRI ORI /N TR R ROR, R T
I P KB (RAR K

V2 S0 R W AE 76 22 P B3eE 2 TOURS AT 10 A3 b 2 A P RO A > T A 4
FERATEHESD , X b R BN Ui e HAT TR) R e R F el e 2 i e 2
P IR A ) R AR RS IR i A A%, IXOE 2 Wi U AH T 45 84 (coherent
structure)(Kaimal I Finnigan 1994, Lee % 1994). AHT5 5 & AL 1% L Bk
(155, ARG AR BG4 5 o) LU il 4%, M4 s i % (Dimotalis 5%
1990, Gilliam %% 2000, Siddhartha %5 2000). ¥t % i1 e J2 45 F i /8 A e
NICRART-G51, i SRR 2 WA A A B e T ok, 3 A
() f 20 e g2 TOU PR A 25 8 BAT R 15 J2 v B T Re R 2 B IR R

X e e A e i A & R4 (Net ecosystem exchange, fijic. NEE) 57 tH

HfZ1E NEE RGN 4efia, $Ei TIGHT NEE RGuhs o i f& 4 10 ootk 1 e
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=R

F A3 DG 1 7 R & AN P 1, DR SR A X 2 Dy R S e L BRIl I 2
BACR IR AR AR, I T L P A BOR (Stull 1988). — B 5 4 L 45 18 3
& K-BLREURR Y OIS, R 2yl 5 T At A 4 2R A0 - 25 IR o 2 11y e iR
(Raupach %% 1980).

R 768 J2 A A TR R A e R e M R R 7 o A4 e )2 P AR
PRSBSOS B 2 — AN T . O VF 2 A58 e 8 5T i 77
DA 768 2 N A RIZ IEIR 0 (Zheng P. FIl Takahashsi 2000). 53 I 57 (%1 W1 Inoue
1963, Cowan 1968, Thom 197 1)# & @ #F K-Fig slobh P HLat L), RighiE
A R A5 T U A i R 1 B KGR B T SRR o K- B Bl T RS AT
M —Br & BAR, I HAEMERIX N B 5EvE O &R T ) 2 RSk
(Raupach %5 1980). XI7)2 FJ7 %L R T, K-FRIg &A@ MR, XTE0x
HRER T DA R I H K-BER IF— /N2 ¥4 7 (Thom 1971).

EE TR E RO, BLARSE)HEA I B 2 Pk LR R SE e 2 iR Bl I 52
D MEARAE T S (RORE B TR BN R . V8 V4P 22 SCRRER T K-FIAE AN AR el
J2 W R He B BRI (R B6 B ER R (Bt Wilson AT Shaw 1977), — /> Sk (1 ) f /2 ¢
ANBEARRE R S22 P 0BG 5 ik iv] U (Ruapach 2% 1995). Pereira #1 Shaw (1988)LL A%
Watanabe 1 Kondo (1990) %5 HiiEH 2 B AL T~ K- IR IR AN B ks A Pl 7t )2
AR B (A XGHE, =S e S AR A e RGE ( T ELRA SE LT  2, IRT i R
FITHZE R K-FR AR T ()35 225 . Wilson Al Shaw (1977)8&H 77— —F
VI R R PRI A 10 L, B S ) I SR fift i Ui 81 e 5 FE AT Reynolds B ) 75 F2.
Meyers Fll Paw U (1986) 4k #is = P& S BR B T — /> =B P A i 28

ZTCRER], XL S PSRBT 2 A I P TR B BN, AR
B P S B AE VT SR N B AR A AE EOK R X (Show 1 Seginer 1987; Wilson 1988).
Li 55(1985) A AW LAAN LR milr PG TR BE, 00 2 3)) 518 5 (Reynolds ©Y.
FFERGE ) R ARG, AL T Be T et J2 PR, e X Il
) — B AL, Van Pul A1 Van Boxel(1990) XFiZAR 45 H 5 5E, Miller 45(1991)
EIE TAZBR I o IRt 2% PRI (AL TR0 g o pA) DX ) 0 5o H T 7 el
JE T A e AR Ak T 77 A K35 2 (Meyers and Baldocchi 1991). 7 Zheng P. #ll
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Takahashsi (2000) P& 1) — B A ALY it o0 T XA )il 10 L4 K0
WS R T 5 i 2 W AN IR P8 8L (Ruapach 55 1980, Shaw 45 1988, Gao
55 1989), MIIREGUEFME IE DL ACHT BT )¢ H #0425 1) V2 R AN TR SE G o

1.3 REESRAGREEEIEREFIIS AL

T g v T 0 o T J R DR - AR AL TR B 1) P 4 (Baldocchi F Meyer, 1998) .
1B 101 23 B 77 15 J& Fourier 28 it (Fourier transform, fAjidET), 1% J7 V28 £ 4R ik
Thy b FH -4 B et T 308 2 749 ) 18] 7P 471 (Panofsky 251984, WillsonZ52001), {H /& [E 41
— 2L TCHR (Mallat 1989,  Aballe%5£1999)48 H MK, FourierZ2 4 Xt BV A fi 5
I TR B AT R R o AR VAR 5 R )PP 2 & 2 P oy 4, O 1 S 4 b
WEAE PG R, TS AEAN RIS AN R I TR B, DASRAS oG 5 1) s
AUE SN SE BRI E B GRS, KR, 2001). /NEAZH(Wavelet transform,
{11 WT) & 804FARG W1 A e R K B FH 207 23 5o /N AR H AT 2243 W% (mllti-
resolution) E{ % K% (multi-scale) (47 M (FEHIZE, 1992a). /NEAR #0120 B ARF
Fe ] 8] J7 41 4% Fourier 28 # 47 A8 4 (Katul % 2001), #)Z JN FH T VF 2 FF 70 43 45k
(RoquesHIMeyer 1993, Foufoula-GeorgiousHKumar 1995).

RN BT T30 nT AR B AP R IC N TRIE 5, 8 [ s Hof— 40094 33 [
X AN EAE S AT R, AR AN TR R A RS Nl 2 b, — IR/
fifb it it 22 MR BOE B, TR HERE A . EHAL90EAUK,  HiHuang
NI T M TE S ARG PR, S S AT R T 2 R
53f# (empirical mode decomposition, fijic JEMD) 7772 (Huang et al., 1998).
GIT MR EAR A 5 A5 S AT 708, 15 2 AERL R 2L (instrinsic mode function,
ff 3 A IME ) 335 A BRAS, HARI T Hcdhs ik 0 LS B S o RN, 455 Hilbert
A5 4, EMDJT ik BT3B 10 8] 455 B Hilbert il ] DL 5 -5 7E I — AR P sk A5 ).,
I H B AT /N 2 B RS B 40 i (Huang®51998; HuangHIShen, 1999;
Xie%E, 2000,

1.3.1 RS 7 ik
EEBEEEKY. Meyers HUTYEL 225K, MorletFIEHE YL 22 5K A. Grossman /&

10
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N BIE R GE . eI EIRI AL E Uk, L E %2 L DaubechiesFIS.
Mallat W 754 /N AR 3 5 N R T AU, AR S A o 20 T s e R v e 17 A 7
BREH ML 1999a). 152/ A8 (Continuous wavelet transform, fijidCWT)
FIES BN A8 e (Discrete wavelet transform, L DWT)FE /N A e (1 P9 R 3L A
s

1.3.1.1 &4 kT
WX(t) A2 AR R AL, 0E x(t) e LX(R),  wit) &FE/N i (basis wavelet) B Rk
/N (mother wavelet) K%, ]

t ;Tjdt =< x(t),w,. (t) >, a>0 (1.3)

WT, (a,7) = % [ “xtw *(

P x(t) /AR . b a R RERT, ¢ BN T, 775 <xy>RrAH.

Wﬂnaﬁwegq%%$%@ﬁ%ﬁ%5ﬁﬁﬁﬁoﬁwwﬁMm%ﬁﬁﬁ
o, aflc WREgRE, KR IELN/NEAZH(Continuous wavelet transform)
(Jordan %5 1997).

t
a

REH?a%W%%E%$%@ﬁWmM@%,aﬁﬁ,w(jﬁﬁowm

5y, () KRR EAE R/ EL I 1B a bk s, 06 s Va
i, AHBETEAE.

1T Fourier 784/ Be [ I HR U 5 70 B () — 003 W 3B PR e, DRI 75
FERHE 5 BRI 3 BT LA 5 AN [T 43 S I 3 AN [ 7 8 R o A i, Tk
2200 F K FH % 1 Fourier 7% # (WFT) 8% % I} Fourier 7% 4 (Short time Fourier
transform, #jic STFT). BL@IOE 520 ity B, B BUEAT Fourier A8 #t, XA
TR G I — N I TSR B, P Fourier 284 WET [¥143 HT o (i
BREO LI TR — AR (7 — @0 ) I EARFEANR o “DANHEJREE” Sk — 2D R A 2R 4L
A AR R ERZE, 1992b). XRIZ U, WFT AMXE D AR R, 1 H
s TR — A5 3 20 BT (R RS AR B AR 2 32 BRI o /N AR 4B I 1K) A3 HT B G HE © — 00 P TH

11
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UG R, IR HAR S B AN HE S B B, (B R LU R A Y
FAIRAE Ry R 2 F A N A i K AT, B m i TRl 0 s AEARM 7 B )42
A TEMRL ARG, SERPR 7 A

E lb “H\ U\U\ (Tﬂ [H\J 1 (T)HW 1
i) ””U e /JLMJLUH ‘

Fourier spectra

Wavelet spectra

0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time Time

K 1.4 /N AR Fourier 28 # ) LL A

Fig. 1.4 Comparison between wavelet transform and Fourier transform

FATHNIE Fourier AR ST AU —AME 5 RN BOE SRR AR 5L R B A . H T
RoR GG S IIE LA AR X R EUHUPK A Fourier A2 # (Y14 e # (kernel function), /NJ%
AR R R BU A T AR e BN iR 4. 5 Fourier R HANIE], /NG
[P 5 A% B AH AN S AT AT o0 R T LU AR N e B TR R — AN AR e
I ARG A B I L, AHIMERE — N, RAWA—EAFAE RN
WM, RAWL “AUF4F(admissible condition)” (1) RELA 1 ) 2B H A7 A,
JEA BERCh /N B B (Aballe %5 1999). Z¥VF 1) 912 UL 2 B SR G /N ok L)
Fourier Z8#ff)—F i i 2, Rl: w(t) ) Fourier Z2#uili £ ¥(0)=0. FL/JK

PR KLy (1) I -h Zeml 2 AT IE S 9z BT, JF FAFIIEA %, IR

12
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B (MR 1999b).

[i5] R 337 A 24 25 1A R B0R T DA e AR /N R B, ARSI B I xS 3 /N i
PRI SR B iy, IR SEWE AL “ IE ML 2/ (regularity condition)”, LA W(w) 1M
B R A R E . IE T S A R N PR w () IR n B B SR
ST, HnBOOBar. SHME5 x) 347/ AR Sl 2 H A N3N AL, EEse
PUZANVEL,  BRA D> BUE 5T UENT TR AN, K2 50500 T R RE Al AL A
THEMLESZIL (AR, 1999a). T BRI, X—4E S EES NS,
HAFEZAIURIN (Labat %5 2000). i HES /NI, (R4 5288 57
M5 5 B A SR R, A A 2 KT AR o DRI DA s 4 508 S 15 211
B, AATA 3 A — S B U R B AR S TN AR e, i B E
PFAG B (AR MNIRIURFE M, GNP AR B i & ), Xt R SO
(1 S HU N AR L (DWT) 6

1.3.1.2 BN E T

BN A e (DWT) 2 76 B SO BE R B A B 5 5 VRN A8 e (i A=
1999b) . i W WML, BRUFERREABMURE S Ha, WLal
t—7
a,

R N N 2 P _i . N RN
a§=LaQa&~yago*Wﬁﬁﬁ$ﬁﬁﬁﬁ%ﬂtabaﬁw{ ], =120 RIGHE

B R RSH BRI N BN R a = a0 =1 T4, RrFs 28 4511
i o, AT, 7, KR DAY T Nyquist SEREZ(Stull 1988), REA A
ANBOBI R R A AR, R RS S RO L I . TR
AREEF, 1T wagt) (9B w(t) 10 ad (5 0H1 S TR AT o) 1), BIL SRR
T LAk a fi e EIZEAE— {H T WS - B ajr, WINRE BSOS B4, IF
SRR T LURAE (S R 2k o Z3ek SORE I RS AR AS B A, /NI By, (1)

t—kalz,

h

%ﬁ%&%w{ J,ﬁﬁ%w (t) o FEIRLE ST BTN BA Ry -

j
ag k7,

13
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WT (a/,ka/z,) = J‘x(t)l//;d’kro Odt =< x(O),p,; . () >, j=012,---.k (1.4
AR x(t) BE AN AR . B P bR 28 P (frame  theory) P IR |
PRUE T — 4 T 20(7) T A S BB R AEAS 5 x(t) (V)5 I Rl a7l A8 4 R
BRI S, AR5 O /R T RS Dy, (O KB

AN AR e B 22 43 55 (multi-resolution) 5% 22 N (multi-scale) (4 . LLEEK
R AT AR B T A5 5 B M, DR/ ROBEARL 73 B e A L T A
FO AR AN, AEAN R ROEEAR R 0 B Bt ot LR DR R AN AR o X R ARG 1) 22
II PRI I B AR I FR S Y FH B 25 1

1313 Nk R8G5 RAEL 2 5904

Mallat (1989a. b) M ERECA [R5 /0 MR 5 | N2 43 HE 25 [ A0 A, 5/
WA S Z 0 HER NN 2 @SR . WG ST IR, tn] DL BEAR I8 i 2%
HGINZ PN AEAE 1999¢), XFGIATXEM, BEARLGRAB 2, H
52 03RS br i Sl RS — 0. B ARE DL S AL L 2 A R T
SEASBBE AL : MRS X PRAERAME T Nyquist SRI, -4 4 R
HITE -7 ~ 7 Z 1) BRI R BEARME S 4% L FAIE AR S g8 ks H 3 x(t) 1 IE
ﬁ%m~m%%%%%@ﬁﬁﬁ%ﬁ%ﬁ@%%m»%ﬂ@ﬁ%ﬁ%%%%%
%Bﬁj\(§~ﬂ)o SR ALk B £ i 00 5 TE A (B NS ), I L ot T W B 11
7RIk, PRI AT DR AR R PR — A B RS B (AR, 1986), B miK
FECAME) . X FEXF AR MR G ARSI ol LR R T, B2, %45
SR FRATAZ L N Ry — AT AR v A0 5 58 20, 10— 2 L ) SRR
ALY, IEFERT AR5 x(t) T 20 HER 0

U R BAT T BRI FH T AT AR 45 1 55 /N U R H5 w (t) R I P FRUE /N 38 BRI (t)
(scaling function BY, father wavelet) 4 2% (8] V, P IEAS A —3&, WI{EAE—F
ZMALV,, W, I R R A

14
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[ 61,06, O =<, (O, (0) >= 6, (1.5)

[ (O, (DDt =<}, (0.6, (1) >=0 (1.6)

[V OV e O =<y, O, () >= 5, 1S (1.7)

Ko, - {:} - j LS § SR N Ry, (1) R B
B, (0 T BLER

wj,k(t)zziw[t‘jjk], ¢j,k<t>=25¢(t‘22,.jkj (18)

Hok =12, o FHT L3 /N R UK 18 R L AT HEX BR AR A 5 x(t) BRIl AT
LAAF B — A S B AR5 5 RS IR AR AT A, ) 348 3 P — ER S R JSL A6 5 40 1 11 v
SRR 5 (dyy) ¥ 43,  IX Bl 2 4 B AN iR B AR R 2 TF A2 /) A . (Orthogonal
wavelet transform, {&ic. OWT) (Daubechies, 1988). FHH AT AL 43 Fl s A 40 5
F8 7343 5 AT LA TR A (He R 2 L)
S = [ X(Og; (D, d;, =[xy}, @t (1.9)
P A AR AR ABA(S )R vy AT 1 (ol ) BT IASURH EE A SR 645 5 x(B) -
X(t):Zk:sjyk%’k(t)+Zkzzj:dj’kl//j,k(t) (1.10)

11— 2R 51 g SR 1 14 B8 BBy A F2 15 X () R IEAS /N AR # R W, (5,K) o

1.3.14 "]\/ﬁi’}z#ﬁiﬂg—
[i] Fourier A2 #e—FF, 155 x(t) IIELL /NI AR Heil n] LLE Xk /N A8 e 22 5001
BE(Liu 1995):

2

W, (a,7) =WT,(a,7)WT, (a,7) = WT,(a,7) (1.11)

X U E AT /N AR R R 3 X AR, 565 200 A 1) Jel e 22 LS A

1 -

Wx(j):FZ(dj,k)z (1.12)

15
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OO /N AR 1 I ) — S P 3 e (R e T 23 B T LR AR L3RR {5 5 7E I TR
— PP NE ST MR N T F s /N3 e R B e v Ab BE AT LUA 2 R,
Le it Thakor (1995) SRHI/MBCRH 4 UTTAT (2 WT, ( IO ) R MR 5 1

fabmat e — MR B 1

1.3.1.5 N IR 444 5L )

/N AR A AN IR AR gl 3L A N ] AR 2 U, TR ) R AT I E T 4
o TR TP A2 A /N AR B 5T o A AR S R I T A )
(Baldocchi A1 Wilson2001).

Grosman HI Morlet (1984) 1 Jet/ N AR 5| A28,  H w2 04
Iz N 2 F 9 A3 (Foufoula-Georgiou A1 Kumar 1995, Roques #1 Meyer
1993), WG T HT. %A (Antonnini %5 1992, Richardson 25 1993, Aballe
&5 1999), TS (Beyklin &5 1991). 2[5 5 M 75 (Johnstone F1 Silverman1997,
Vidakovic 55 2000) 34 .46 LA A v 73 AT (Argoul 55 1989, Davis 45 1994) J7 il
TERA A AT 2 T B AR R 718 £ (Katul 55 2001, Baldocchi A
Wilson2001, Jiang %%, 2006).

/N AR M AR P R A I A5 5 IO AH T4 . FERUS . M. JK 04540
B, NEAR R O O U T AR AT 458 S IL IS AR P ) L BB (Kumar
F1 Foufoula-Georgioul1993, Kumar1996, Szilagyi 2 1999, Takeuchi 45 1994, Meyer
A1 O’Brien1994), FAl IR (M5 5 T 70 2 FEBAL X AR T-45 44 5k 7T 8 (Liandrat
H1 Moret-Bailly1990, Long %% 1993, Higuchi 2§ 1994, Dunyak 1998). WM< %5
SHEAf IFEMRE, (HIX R AR e RS HE 55 (Farge 55 1992, Katul I
Albertson1999, Krim I Pesquet1995). /N AR e 2 e 7 2 28 8 H AL

SR A Jii (Vergassola F1 Frisch1991), 7E1/ f 2L Rl A5 2 A 285 1 T

132 ZEBEE4H (EMD) 7k
LIRS (EMD) J5ikF1E 2 AH N 7] Hilbert 2842 Huang 55T 1998 4F
R R IG— R O EE M 5 (Huang et al., 1998). H 5 LM% O LR

16
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IR T A e vk A B3R H R B AL B AR MR 5 AR AL B Bs R AR 3 IR AR
SHEAT R ARZ R, NI AE RS S5t 6 e 1E A7~ Reu A AL B A [ I AR AN [R) A
FUL TR SO BB HIETT, 7B — R AR RS 8 P51, & —
FEHNRR A — N AL %0 (instrinsic mode function, IMF). #HAKHK) IMF 7 8E4¢
R R IGEE P B A

1.3.2.1  AAEAE & Z(IMF) %) %7

EMD 3 fif 7 V5 (1 Ab B3I P R DL = R 5% o 003 Sl 404 HE st i 25040 1 10 1)
S TR DNV S8 g S B - 22 A TR S P I B K| R N R R 191678 4 1]
WA Py, W RS R AIMARAEAS, AR SE I A R AE B 2 R A AR o1 1L,
LIS BITAR IR 7 51 3 A2 AR s PP 41 ¥ 58— AN IMF 435

HARMYE, SHEE—NFHxt) , AR R AME 2 = R 5% bR B A 1

NS y m ), W
h, (t) = x(t) —m, (t) (1.13)
fEE U b AAEBEAT K XA BPAF 51 hy (1) -
he (1) = Ny, () — My (1) (1.14)
It SRR IFHII 3 —A IMF 43t c, (1) -
¢, () =h, (1) (1.15)
¢, (t) AR T JUUA e e 51 v S MK A1 5%« DAL SR e 1ok 2% ¢, () vT LAAS
B A EA A I EAR AU n (1)  Xn () AT B AS AR A W] LA 2
AN IMF 4y ftc, (), WS H 2RI EOG — N2 4 r, () AR
PER 15 2 4 5B 1 IMF 43 & ¢, (t),c, (t),---,c,, () FIZAH P51
n () =X — ¢, (1), (1) =1, (1) =, (t),--, 1, (1) = Iy (1) — C, (D) (1.16)
ZEAF B 1, (0), 1y (4), -+, 1 (8) AT LU B0 S B0 7 50 70 AN ) 3 i FROBE S T
A e .
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XA A E R 7 41l v] LLATIX L8 IMF 4 8 AN 38l ) (B A R

X(t)=znlci(t)+rn(t) (1.17)

y = sin(0.5t) + sin(t)

0 40 80 120 160 200 240

0 40 80 120 160 200 240

0 40 80 120 160 200 240

1.5 HATPIASBCR 1 IE 5245 5 1) EMD 73 i

Fig. 1.5 IMFs for a signal composed of two main frequencies

1.3.2.2 Hilbert 3%

HEAT EMD 20 2 H (2 — 23847 Hilbert A2, HEM753] Hilibert .
BT IMF Jp &) Hilbert 2 —A=4E (N [Al—A—Jm el #57%, nl LA
FALINBE AR IR () e R ROk, AT IMF 438 c;(t) ) Hilbert A8 ¥ Lbi% n] LA

ZW K
H, (t)——j+ - (t) (1.18)
HH, ) il (t) iR — AN RFH Z, (1) -
Z,(t) =c; () + jH; (1) = & (e (1.19)

y
+|
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a,t)=4Ccit)+H M), 6,()= arctan# (1.20)

®

H b AT USRS IMF 3 B (B IRCR o, (1)

@mzﬂ%ﬂ (121)
JR UG T 5148 Hilbert A2 H f5 (AL R an
X(t) = Rezn:ai (e O (1.22)

EMD J5ik BHEN R, DN A e BORSFEARLNE . AR RS
IR RSN A, AN AR AR R G AR L R A3 A (Jiang
S, RPRARD . NI TE) R W AR o R A, N TR) e Rr A, AT R 0 3]

Signal

0 50 100 150 200 250

Hilbert spectra of IMFs

0 50 100 150 200 250 300 350 400 450 500

Time

Kl 1.6 HAPIAER K IE52 15 5 4 EMD 2} 5 i) Hilbert

Fig.1.6 Hilbert spectra of a signal composed of two main frequencies

1.4 REAESREFREEE RN
1E TR — R AOE SR R AW R RE R A #e, KA M 31
BIKA, CO, MRS HENF DI B 5B (Philip 1966, Moneteith 1981). 415l
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i

RE I 0 A8 e ok R B4 T W B LI A AE )R PR (1) 52 2% 0 FE (Lhomme 1991) . J U]
b, HEATY SR GE R IR AN, A IR Sh A Sl R ) TR e R AR, Bt
2R AR AT BE R 4% (Wang AT Leuning 1998, Wu 25 2000), {HJ&, FH¥H A
e 2 (R A A JBOR i e 1R S 8 Bk — > 23 B AR IR #5(Collatz 1991, Johnson
1984). ZEMEAE AR /K 73 B2k 10 = 323242 (Monteith T Unsworth 1999), 7K 43 i
FEA P BB R R e i i A 40— L Rl — i R il R R — R
—IERMER, X RARIARFIR L, KV S 28 A TE U B (Gates
1976, Munné-Bosch % 2001). A&k J7 (AR £ 1964 B0 FE 70 & 5 e X 3
ARGy, JF HERS) AR BN BRERE A FRAE (Philip 1966, Monteith 1981).
S BT R A R, AR PR Lo i 1) Ohm B4, W AR
5B T e e g o

SALZRHWIR CO, DG E AR RIS K o 28IV I 2, <ALAE
Y5 R B PRBE IR A RS A e do it v 49y 38 7 22 £ (4(Choudury 1 Monteith
1986, Steward 1988). XJEA 5 M5 A0 B.AF H L F2 B 5T IR AR Rl R % 8
A RE R SL R 5T o R A B AL I DR RISk, #
Fta A ARG K57 (Thornly AT Johnson 1990). S fL#s X H A B A AL ok 72
SRRl R R XUE S 3K A ) (AR A (i Y 25 A R AR S
LS BERIARA b, 0 RIS DR 1 0 P 8 A B DR (R 1 P A AL R R G R T 5K 5
P CO2 WRISURIK 403 R I 7 JE (Jones 1989). BHAFWFFTIIIRAN s — LEfRFR ol 5
PUAUAT A IECERER B B @ ek, e mliRss T A REHTE .

[

> /N

1.4.1 AEEEAIMERTL ) W 2%

RSB L Z oA @SS (5L B ) s
A [f)5% & Jones 1982, Brown 1990). {HIXFEFIBIIHLIBA WG, FMAHE 155
(Kaufman 1982), —SERF5TH R 045 T/ AL R H LA REER 7 Z [AI R B R,
F B — Be S0 rh B A B R R IR PR i, P e B TR R B Ak oR, DA
73 2 TR 45 S B 47 1) S A LA 7 (Mlthorpe £l Moorby 1974, Javis 1976). Hrf Javis
(1976) H2&HIFIB TR L 20 50 B & L AR P s S8 K — 18] o Javis 4 1 4
B PR A7 SR SALAT A R, A SAL S B (R)VIBEE (e) HHE (T))
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Lot FoR$ (wy) SEREED iR, IR RAL S S IR % B IR ECR R,
R LAIE S [ 2 s WAL PR I 28 ] SR A P R R, 3K 2 e AL ) T 5
PERIABLMOI PR A Javis IIBRERAG EORRMEEh, (HIZA R AE AL R X
A PRRER s 1 AT R AR LA K A BRAG R DS R SO A ) R A R AL S
SEBE AL SLAT A LEL A7 82hs i) A A iy EL T 20 2 B8 A (1 S AL U

Rn (k-1)
/ sk Ty 1)

Tak

3%

Kl 1.7 AR B 2 W AME SRR ) 25 R &KL (51 B Suttleworth 1988)
Fig. 1.7 Schematic diagram of the resistance network that simulates the
partition of intercepted net radiant energy into latent and sensible

heat in numerical simulation models. (from Suttleworth 1988)

Cowan (1977) 1 Farquhar (1978) %37 AL P I B, R
B8 RALBAAT 72 2 P B Gl R — g NP B 2 s R )y, SRR 2
FE— KRR A A R AL EAAT A 2 SO EIA R R . WHEE SRR B
LT EORZEEXOCE B — B SO WL B L2 HUE LN AR AL
JEE RS B R T30 & 0 AL L U BURAE BE N BT 32 ) . Farquhar (1978)
IR ABAT IR 3 T AL I AT it (feedforward) b, BIVALAMA B Z 2%
RS V0 R 22 PR O I T R A A AL BE AR SRR, O A IR 2 s SRkl v

2
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IS AL S T IS . Cowan 1 Farquhar (R I AE BUE ALY, Schulze 45
(1980) & HiAEHE AR W 21 1 A S 4l PR B AE N TR g TR v, L AT A
FELRFF AR IBE XD G S HON H A, R fLoe e TT ik aliog 455 . Ball 45(1987) 2
BT —ANEAASUEER, BE— B B-B B, 5t BWB FiRl. ZEERHE A
LA EOEE A, W SR TR hy DU S AL I CO, IRk %, .
BWB A5 & — AN ] 54 e e 22 D148 AR R BLBEBSE A, B VF 2 0T 5T
HERH, MRS ENGE. E BWB BRI, B ARG R i AN A A
T2 SR 1k S AL R R 2 (i B2 1) o 258 [, IE 0 Mott il Parkhurst  (1991)
Tt BT ALTT AT, /KOs A 5 R 222 AN A I 3R THIAFDO B G B« Aphalo
A1 Jarvis (1991, 1993)tHFi AL 2 R wi A& AR <AL 52 KU AT K YU
22 (VPD,), MARKATAKAEZ, fEAREMT, HARZzERFEN, XA

IRV ZE AT RN, B VPD, 1E k251 0K 8l ) /& 75 27 SR F) . Leunning
(1995) MBI Z(VPDYEIE T BWB B, i TRIMEACHA ST, LT
L RTBOC SR IR, ToRAE(2001) $2H LLESE AR AU AR,
Wik EIE T B-B B,

80 AR LKA FLANIE 5 P 1A S RAIE 512 LA 5 2 A R R A A T AR AL R A
B IR R I EOCE N — N 2 e . R e S i e 15
KA T SAA S R AB IR T, A R B, Reild K5 J4&AT T
DA A 32 B DR AN AL A R IE A IR (F K4 2002) AL
Aol A BIUA A REEAR HAES RGOGE . 28T 4 B 2 BB R B i
FEIRERL T D6 20 1) T B (Lhomme 1991).

1.42 YA BEAIMERITL A th46 5

AR I T B CL48 Rt R i D el 2l it L i U el 2 ROBE (R 2 <8l 24 B
DL < FLBH /) (Droppo 1985, Baker %5 2001), {HX}H: F 2% [ A4 )2 BH 7 (K0
I B 1L I T B B %3R5 (Grantz 25 1997). Rttt i A2 B B4l 55
AALBE I3 R 7 R E) 0y 2 B Dy R R A TIUI RE B — DR R GEAT R T A 2RI
(Rauphach 1995, Jones 1999). Thom (1977) %4 LAZI4xBH 1 (RS vk ¢4 52 B
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TGV HE A VB 95 05, X S Br bR SRR A S e 2 BE ) ) — 3 4y
(Chameides 1988). Al FIRZAT T v R 1132 52 B 00 N HEANAAE T v 45 4
TEAR ST A, SEAE TSR R (¥ X% 1R 1 M LA o o AR AT A1 B8 IR B AR AL I
2 THIIR & 1) L B2 & Bl ol AT BE (Cascetta 1995, Park 25 2001, Lamprech 25 2000),
FIH ReRP# A (Paw U 1987), 0] LA 5 3 THI L EE #E S 1 2 1T 5722 FH
T30 235N S 2 ML AR R b 23 S S A A ELAE 254 Bt (Daudet
1998, Grantz H1 Vaughn 1999). | H w122 LU & (186 S B ) e kel XA
SRR Bt T K-ER &4 A (Lhomme 1991).

ALK T J 2 A IR ) T3 88 A AR e PR 085 DA Ay gt o P R B 2R AR
TR SR B 48 0 2455008 Thom (1975) VE4NSIA T —Fh kb B et 2 W 2 J2 1
T RAM S vk s, AR B R — 20, SR
7k 2% A AL 35 G B AT S 20 LA AR B

A A PR S A T 1 BEL P A 2 — B ok o) P 4 1 T i T A e R AT T O
(Lee %5 1997, Baldocchi 1 Wilson 2001), {8 FH 5 SCAUAE (11T 1E K ¥, B Richardson
KB g (R BN P AE T I XU B RBEAT AT 1, AT A5 2R Pk 4 R 1 AS #e

M, AP ) RUE = (Grantz 25 1999) ., IX PP T 1E J7 728 A B I AS e 1
Monin-Obukhov AHAEEE SRR N, k2 9 E— v K, BB = A 3
1)1 BN eSO ANAE P G R X L N A M ESIPN A s NG i e DAk o
I, XTI (Lee %5 1998, Collatz 1991), {HM4X&ENZE, HEH)E
W2 IS8 B, BRSO AR A ANIE B AR 2 P9 A el R (41
U Watanabe Fl Kondo 1990). I {6 75 LA FH e i A1 3 A SK il e J 2 PN 11428 Hk
i) /8 (Meyers Fl1 Paw U 1986).

MR E B R R A, Bl SPAC R GiHh Lo B — KA R
GE R T IS S P K DL G BRI ZE IS A (Seller %5 1992), M7 f&
P A SR AR5 R A AR I ) ROBEFR A 8, A R LUK 24 /s RUBE () S AL B i
FrREAY, N ROBEIR et S, vl RORE (1R X Al 28 DA K R R (18 A A 28 i s
il T o R (1 255 A A 7R 25 (Baldocchi 2001) 0 MK R4 TR 22 A 16 S5 077 1140 £ J55 ST L
[X 3 Ay R AR M 22 J2 A58 (Wang AT leunning 1998).

F S R M Bk U R A T T B R LSRR, R R A 2 A T A5
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AW R BRAURE A — R ARG T N A IR o [ 1E = MW A B (1953)
B HEDNEAR B e )2 W IR B il o BeoR =, EREETFE(1959)1E
[ Py ks F BB 5 i SO KR e 2 4 S DG RERI T 2K 3R - Loomis A1
Williams(1969).54 45 1 ) 7 HEFIRE SO AR A2 P 2 10 520 o X AT LA A ARAE
SN A A S P BE DA 1A LA H 9 5 3

A A
z a z b /

— u=u(@) u=u(@)

o
»»
-
ot
R

Bl 1.8 MW /= 21 8h 2= 155 B Thom 1975)
Fig. 1.8 Aerodynamic resistance between atmosphere

and crop canopy (from Thom 1975)

HEN 90 4FAR, MEYDEE S AEMERI C4 &R 1) S WA R A I 10
AR REH LR > AT A L B AR . Farquhar S5JETAEAL R RE M oG A
R (Farquhar 1980, Farquhar 1982), Ball Z5(1987) 1 FLIER R Bl F /KT &
5 BRI [ FE Al (Collatz 25 1991, 1992). Je /2 ML T Ross (198 1)4 5 &4
B, MR BRI . BT R AR I R R R, A S ER
5 R B B S WL R A8 A (McNaughton 25 1992), K AL FIHLIH 5235 2
() P~ 2 H AR S AU ST I R 2 —(Seller 55 1986, 1992,1996). Seller %5
(R TR7 R A B (SIB AT SiB2) I A A 1k A AN ) ROBER R 1 — N8 e o (1 461
T, MBURIALR 9 Amthor(1994)#1 Lloyd 25(1995)F %

VF 2 BT CHERT ] 52 1723 FF 5 18, RO~ 2% e e id il v BE 4O
B MR 2RI, B R AR B R A DR B A 1) 2 Ak
TP BRI, XA ALY, I BN BRI I ] 5 1 AR 3 18 43 2
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RS E A4 Y 5 )24 2 (Raupach AT Finnigan 1988, Baldocchi 45 1991, Raupach
1991, 1995, McNaughton 1994). {E{E G s 5 (14 i 500 5 DT e P38t 1k
%2R /N (Raupach 1995). Leuning 25(1995)0 f £ 2R R U2 SR
718 A GIRE I P R P 3 B TR IS B TORT L 43 31l Ay YR AN 953 DX 3 1) - [
BHEE, KPR 2 3 AR HL 92P5 . Wang Al Leuning(1998)#2 i T
PSSR, RV 56k 2 Al e — B T R — iy OB 2R, PR 4 4 R
HHEIER RS, i LUINACE 345 A e R 10 B, PRI BEAT T S50 40
E(Leuning 1998). WM U B S Th 16, XTS5 51 1t e J2 A k4
AL, KA BR RS T, R R R B R, 1 R e Bl
W2 Rl RAF A Sy, 1T HAT SRS FEAMK T 2 SR8 (E PR A A 28 ] L
S TSR RBE 2230k

TR LA 5 FH TS R COL, 3 (Goulden %5 1996, Black %5 1996, Grace
B 1996) KA HEAR A K175 B0 A8 ¥ (Fuentes 55 1992) P A AR R I AR 40 46
(Hollinger %5 1994, Verma 5§ 1986). XJ A3k 1 1Ak H A7 B T T i NS 30
A IRARAR A VAT I A K 52 1 (Janssens 2001)

15 KAESRFREEHTZANIESER

SPAC A 4t H (194 5 Rl B B il FE PO F 90 2 R B R v A 2 — . 20 1H:2880
SEAR R W11 bR B 22 Bk B 25 514> (International Council of Scientific Union, &
ICSUD $&H T EFrthpel . AR (IGBP), 111990 FiilE T .00 H,
RAETCO,. H,O HFood &= KJsii, HHCO, HH,O M EWNIFTIC N K.

X SPAC ZR 45 (1949 SR e B AL S LR R RIS AR AR S R G IT LAE T
AUV, T HRAT L N B AR HRE KR (AT 74 B T IR PPAN AR K
SRRV, BEAE e AR R e, SR ARV K SRR R 2, R EETTK AR
MR U RARERE, 1997). KM EEY AR ARUEE AR B LS K
I3 TORERAE 7= 1 (0 S M A B — K o R R 2Rl o AE ) SE B FE K L 72 m]d
R N E B A AR, A AORT BOBAIC, K BRI
A7 B 7K 08 5 4% AP S SRS 1 U S5 A 0 1 R R R K R S BR 2K (Wang &
20010 KA I 7K 53 FE RN BIF A5 21 0 HE B A PR C B A L I X, @
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i 7K P A ARAD) 3K S As AT A A KR E NS IR AT O AR b 7K SR B ) AT
R A 7 4R LB AKHE (Kendy 55, 2003). HUERIXIE/K . #ud & 1T,
A LAFE MRS BRI ZE (RO A, 20 A IXORURE AR T 7 7K ) ml Ay 2 0L
5 AR AN T B e B s RAER . b P R TR E BRI Rz —, e
o, AEBIEEE, TP, REILIR, AT &N E AR A Y R
DA B Bl EEARR 7 IX 2 — o HKBREAL, KETFEREAS A, EHG
F8 Ay BRTAS DAY A 98 ) B AR I 8 AR A ) B AT R 3R (B W, 1997,
Kondoh #lOyamada, 20000, A HL 7K A BRRIRFEKZ H8, VEPIFEK I 32
REBEAN YR, A AR O THaBSK s AR, AR T ik 2 K 7K 18
7%, BRI BT ARME AP A JE B0 R KALRFEE M. PR, Wik,
RREFTIRANV AT o KA W FT AT RGN, 7 SO i B e 45
HHEARER . TR MK ST IEFEESPAC RS /K /384T L R ST K i
P2 AN R B B8 Al E W], 1997). J34k, BEdb-F IR i A&k 15 7K AL
PRGN DB RBE BRI DR, X3 RORE F) /K SO R 9T B A R
KIN OB . SPAC REGEK. HALE T A L BG5S, AN R 58 B
ERAIR KN W 7

1.5.1 SPAC A% ¥ 54 /ithinidize) T 2R F R

SPAC /K. AL TAEZ R 2 REE FRIF, PR 2mErt, A
FRKSCF T AR TTE . AR AR TTE A B RS MIGIS 7
255

A I 5 FE AT G B R B ST b R AR R OR SAH ELAE A I E
“footprint” 43HT+ HAERBELE bR AHEA o LUFT IR BE AR OCH AR e R A N 1) .
9882 (AR IO OUL N 5 I AE Bt DK ) 2 ) R R A I TR ROEEF S ) 5 22, A BB £
(N REE, /NN EEEECOMIK . Hll SR TS v e

FE0F AR R AT TN 20047 RO R R b, BB T B 72 KU B
W55 K 53, MBOIRBEFI G A A A T B, AU 8 e S I A 4
. MICEKE T 23— Rk — KT (SVAT) BRI DUR IR %
Bk, AR BB ERI OP8 7 g Sl U 4 AT AR A ) L)
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T EBREBEE R R £ R@ A K 4 AR B 40 LA G oA 5 5 o

ADEEETE (Mismatch), A2 Ji€ A A ARAUL R RS B A A el A (10 5 7 Bl th 2 24 iy
W — A5 o

TAE R (10m-100km) X 3 T S PR R A B
XA R AR
WS BRI (10m-15km) T i
DRI RUSE W

fof T 38 B (10m — 1 km)

I ROBEREAE L

I A2 F (1em — 10m) s \ . T i

K 1.9 BRGNS

Fig. 1.9 Scales of Ecosystem-Atmosphere System

AT RS AGE AR KT C O, P 1 R ot b 6 J2 78 4 AR S (i S, o b R T AT
MINSHAGE AR B E, DMERACER . A FIRERS REE B SR
TR R I S8k 7% (PILPS) LWERHh, Uk W i 2 TS 7R B AT W S8 (A
e ko Bl I SRS R A AT 1 22 W) B2 1) g e e e, G R 3 T R K
RSB, IR B A R S 2 AN e Mo H AT I BUR 5 v pheax
R A, [t B T S U T B R Rk B A AR R, DA Sk AR LT 1 i R B
WS R BERL, REA UM S B A BT Bl s B He 55 K B AR
PR ] SR RS B

M BET O p5 ,  ZR O /K S0l Al A A ik NS B B K A3 a1
BN KA RS KRB AR FAL I R . IR BRI (RO,
FCRA K, OB B (W/m2)o JETYBLRUN SR EE, Gl Gl a1y sk 5
B SE 28T, T LR B —RE R CPT (BREB) Wi, 238l 1 2 VE A FE AR
K (EC) BRSE . POCLLRER T HISAE N — T/ NI VL, BAER B, RE, 1&
Yr AR (Todd 4%, 20000, HE#) ZNHT-EEY AR (H) i

27



WoE REASRZRF @A 0T 18 7 AT 5 1) 45 5

#Ul = (AE) (Black F1Mc Naughton, 1971; Perrier 45, 1975; Cellier fl1Brunet,1992;
IR, 1995; Stockle FlJara, 1998; Asseng %%, 2000; Shen %5, 2002), Cellier
(1993) AHBREB 75 2 WA MR : (1) RGIE KA PR AL 888 PRAES
EFFEER IS (Gay, 1988; Fritschen FlSimpson, 1989); (2) HFFAEWAN &
M SURAUKIUE, BB 8) r rik TR 2 A m R (3) Wl
TR A R P e NV BRI R /) o 98¢ S B e~ vk e T S IR ol s A R T
ZAF T2 BIBR A (A2 KREEFIEL SO, 1991). Perez (1999) XFBREB J7 v i v Al
AT AATAE TR FAE T . Sauer 25 (1998) A WBREB V2L E
HWRE, HhTEN SRR (HD TIREANRER, 2w T EHREE (A
RGOS 2 o DB S5 H Ul 0 52 X BE B~ HE VS IIAE. RTH A AR B (RS IR A
Mo REBREB EA HA A BEG IR aL, (R U558 2 Ml e SPAC 7K. #4
WS IEZ —, HEWPH TRUFI SR, Sl sE e & 772
AR (Eddy Covariance, TRFKEC) FR4:n] B € KAILIZE N FE#E —
KRAZNAK #kCO2 M, fEE R AR NS K ., $hil &y
SeBEACES, T LI R BRI A, RS, AR By B2 M) (Ohtas%, 1999;
Petrone %%, 2000; Kondoh AlHiguchi, 2001; Hughes %%, 2001; Ohta%s, 2001;
Cain %%, 2001). Judd &¢ (1993) IZHEC RGMITEK RSG5 W i R 48] I
€ T R 2 oKl R, 2 R BRI RGN E 45 R B A R B, R
EC RZMEI/K, PGl E IR S, B DTN R AT AR AR A D 1) JUA R
AT (Dugas %%, 1991; Nie %%, 1992; Fritschen %, 1992; Ohta %%, 2001).
H59 U ZERIAE LU LTI : 1y W EEAH O R Gl il vy, H@ & “footprint”
()6 RN FEEIR B ) () A8 AL 2 AN 52 1) (Horst FWeil, 1992; Baldochhi, 1997);
2 ES IR AS e LLEL S (P I, BC RGURMEN 2 Hl EH (Lee %%, 1996; Baldocchi
&, 200005 3. 7EAF R BUME LU R Bl R ORI HLIX , BC RGEARE EH 1
SEACT R, HATMR 2 45 R B, EC R G0N I Bl & F v POl & 2
FNT-REE P E E i E Sl 2 (Rn) 5 HERGEE (G) 2% (Dugas %%,
1991; Nie%%, 1992; Fritschen %, 1992; Goulden %%, 1997; McCaughey %%,
1997; Mahrt, 1998). Twine % (2000) i B AH B AM 2 K FRIE A (A
TIRSIE, AE S H 2 I 3 S i a] i e 5 (Rn-G DA — 2 45 R . Morre(1986)
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LA L Villalobos  (1997) i LA SR E FINE BH Z A0, T2l /K
A s 5 P B A B SRR, Villalobos A W ZE KV BN iR — AN
i, W B B BUR BT R IE AUl & . Businger fOnley (1989) f&iH
T A2 H] T W B SR RRIBUORE T VG s AN R SR i I Bl R (CO,. 7KV B
W EAE) . Katul (1994) Sed 1 it 78 FLE & ) 7H 7. Saver 45 (1998) 7t
KA AR 7R, ST AR G W AR O R G e 4 SR A LA I — Bk
BRI (WE/H) 00 WHEH FILE AOMIRHRZEBI K, i SC Bidiat 5
AE 53R A DCH A A (AE A OCHEARLE o R EAHSCH AR M EAE +H /N FRE= T
HETE I P AERE S (Rn-G), I T RESE AT, AT REENT- LU R e 1.
TFOK B A 5 VR AL AS A DA S T R R S s 24 I REAH OC R GEI R R 2 T
2. Baldocchi (1994) iz MW LA SR I3 M 17 /N 22 F1 B KA A L AN AL X fig 1P
17 43 BE (R0, R K e J2 1 5 A e L IS DAY S A o 25 O 1) /N 22 7 2 9 A o/
59%, FlAxBEEL SN C B HGE BN T EHGE &, FORIBHGE & /N R HGE K
22%, TIEHGEE N K64%. HEXKAE/AE eq (AE eq N P-Hii i) # L/
TNE, R ER R R ORI AR BRRAE AL i 2 B ) R BRe #9 K. Laubach 45 A
(1994) iz 1 EAHRERIE T HFEARM (3lm &) EJ7 = s R rprK. 6l
i, KIAEZ-d=6.520 FNZ-d=11.7Z0 =5 u A v FA I S 1 AN Bl v 2 221k
HAR B i A e R A T KV AC R R AL LR 1.2, DO TETE 2 R s
(IR A b D7 B KPR A U A e R B A5 2 A 1% (¥ . Blanken 45 (2001) 7
eI AR N RIS 7 T K SRR AR I R, A IR R RE AR B K
(1182-91% T T2 (HO K, HEMb567-68%, BT 526-28%, 14 [114-7%,
IKEPAE10-123 om J7& B3R AR 34, 7mm, 5 REK S IR G R
S0 7 28 i 1) 25 (A R 1 — 3k

BN S R M T W R S, DLER R AR ML S A
PR CaBRAEAE, 1993) . AHAZIE N A — 8 I 52 H 4, HUA 10 i I i
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Fig. 2.1 Time series of temperature and CO, fluxes measured by eddy-covariance at 2m
above the ground surface at Yucheng and Lhasa (sampling frequency, f, = 0.2Hz).

(a) Temperature measured at Yucheng (T,); (b) CO, flux measured at Yucheng (F,);
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(c) Temperature measured at Lhasa (T,); (d) CO, flux measured at Lhasa (F,).
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Fig. 2.2 Some IMFs and the residues of T, and F;:
(@) and (c) IMFs of T, and F; (b) and (d) the residues of T, and F,.
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Fig. 2.3 Some IMFs and the residues of T, and F,:
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Fig. 2.4 Lower frequency domain (lower than 0.2Hz) of

Hilbert spectra H(w,t)of T, (a), F, (b), T, (c) and F, (d).

55



FE FRSRE LT RIBE. CO,B B4 b it

233 Hilberti& H(w,t)

T IMF A R Hilbert 28 97 4 31 1 24 5T LU WL SE OB 7S, JF P
S Hilberti 3 A — INF 43 L (B 5% JR P 630 1 L, 3 FLAT 238
TN 5,

2.3.3.1 ML £ 3 69 Hilbertig

HEbF SR 5 e i PR Ak sty PR it S5 N C O, 38 & UL 4 42 EMD 43 i 43 21 %
HEIMFRS, 4 HilbertAL i, 3 2AHMN (I Hilbertit . El2.4%x ) T M bl fOW
WBE T Hilbertil, BAASRE RN, BACRED (5D, HARFRRIRSAR, LA
Hz, EHDIBERRIRIEI R, B, iR, Rz Ess. K248
71N, WIS T AR )P 51 T 1) = o 3O PR A3 A - 0 3 e (1 907 B
M AT, b, T, A2 S0 4 i 00 AR 43 AT L 4 T 0.01HZ 31 0.03HZ Al
0.0015Hz%1]0.005Hz P4 /> X 35 (@) s F, = 241 J& 3 7 1 i R A2 vh 1-0.01HZz £ 0.02Hz
#110.0015Hz%1]0.004Hz P54~ X 455 (b) s - 1111 T, 3= 2 1 J& 3 40 52 (18 A3 248 43 A 0, [ ) 4 v T
0.015Hz#10.01Hz#10.003Hz £1]0.008Hz P AN X 45k (c) s F, 3= T2 1) J& 3 3 1 (R 4336 43 AT
905 [ ) 4E /R -1-0.015HZ2 31]0.025HZ 13 T-0.005Hz P > X e (d) o E IR AF IR (T
FCO, il (Fp) Kl JLT-5A7 i 73 B SA 4b T 7£0.005HZ LA R (R AR AR X 5k,
T3 A DI 7 B 3l SR AT (B E (T, FICO M & (F,) ¥ods 52 41014 B

2o Hilbert R 46 Ji5 gt T ATt AN L 805 1 51 11 B — IMF T [
I 45 % Cinstantaneous frequency ) LA A& ~F- 341 [ ] 4l %2 ( Average instantaneous
frequency, AIF). 52,5, 2.67) il 2 T, AT, 1 B 4 5 ks 110 5~ 35 Fioxd B, T Hilbert 42
e LU R 53 IMF 23 52t (R I 43032, A rbn] L SE S W16 21 IMF 23 5 (18 ARUOSREAE o
SRR AR g5 R B T E2.7, g5 RERWIT MF LT BT A IMF RSP 35 16 i 43
A T AH R (T R F, R IMF TS24 0 B A%

56



FhE BRI R R Y 239 @A A 4 ARG A H T G4 T 4

3 T T T T T T T
2 L _
=L
O -
_1 | | | | | | |
0 100 200 300 400 500 600 700
~
=
)
3
>
g
- 0 100 200 300 400 500 600 700
045 T T T T T T ]

Instantaneous frequency of some IMFs of T1 (Hz)
o
w

0 100 200 300 400 500 600 700
0.2
0.1
0 1 ! 1 ! 1 !
0 2O 100 200 300 400 500 600 700
0.15
0.1
0.05 4
O 1 ! 1 !
0 100 200 300 400 500 600 700
Time (5s)

K25 T, fHiHilberti A A7 IMF2y S IR BE I A% (s P35
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Comparative Analysis of Temperature and CO, Fluxes for Winter
Wheat in Tibetan Plain and North China Plain Using The EMD

Method

Abstract

Comparative study of spectral properties of temperature and CO, fluxes measured by
eddy covariance method at Yucheng (36°57°N, 116°36°E, 28m a.s.l., in the North China
Plain) and at Lhasa (29°41’N, 91°20’E, 3688m a.s.l., on the Tibetan Plateau) is described
using the empirical mode decomposition (EMD) method. The main results are: (1) The
intrinsic oscillation modes or intrinsic mode functions (IMFs) were extracted from data of
temperature (T) and CO, fluxes (F) measured at Yucheng (T, and F,) and Lhasa (T, and
F,). (2) Hilbert transform was applied to these IMF components, then the Hilbert-Huang
spectra and the marginal spectra of these data were obtained. (3) The comparison analysis
for temperature and CO, fluxes in North China Plain and on Tibetan Plain illustrated that
the characteristic frequencies corresponding to T,, F,, T, and F, are 0.05Hz, 0.03Hz,

0.014Hz and 0.005Hz, respectively.

Keywords: Empirical mode decomposition (EMD), Intrinsic mode function (IMF),

Flux, Hilbert transform, Wheat, Tibet
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The use of continuous wavelet transform in the analysis of the periodic

characteristic of wind speed above and within a maize canopy

Abstract

Meteorological measurements were carried out at four heights within and above a
maize canopy at Yucheng (36°57’N, 116°36°E, 28m above sea level), located in the
North China Plain, from August 1 to 30 of 2001 when maize was at he grain-filling
stage. In this paper, the variabilities of wind speed within and above maize canopy have
been analyzed using Morlet continuous wavelet transform. The main results are: (1)
Continuous wavelet analysis provides a concise and compact information in the scale-
time domain. It reveals the 1d and 18d period components of the data. (2) Averaged
wavelet spectra in time and scales give the temporal variability and the energy

distributions components with different periodic lengths of the data.

Key words: Maize canopy; Wind speed; Wavelet transform
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Fig. 4.2 Temperature, humidity and wind speed measurement above and within a maize

canopy on Aug. 3 and 4, 1999: a, at 1.2m within the canopy; b, at 2m above the canopy.
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Fig. 4.3 Continuous wavelet transform (CWT) of the time series of temperature,
humidity and wind speed (using Morlet wavelet as basis wavelet function). al and a2,

CWT of temperatures; bl and b2, CWT of humidity; c1 and c2, CWT of wind speed.
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The Application of Wavelet Transform in Meteorological Study within

Plant Canopy

Abstract

Wavelet transform is a new branch of applied mathematics developed since 1980s,
and has been used as a new method for spectral analysis. In this paper, the mathematical
background and the application in microclimatic flied of wavelet analysis methods is
reviewed, and then continuous Morlet wavelet transform is used to analyze the periodic
components of temperature, wind speed and humidity measured by microclimatic
methods at Yucheng (36°57°N, 116°36°E, 28m above sea level), located in the North
China Plain, August of 1999 when maize was at he grain-filling stage. Continuous
wavelet analysis provides a concise and compact information of periodic components of

the measurements in the scale-time domain.

Keywords: Microclimate; Canopy; Wavelet transform
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