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A Study on Accuracy Enhancement in Relative Gravimetry

Student : Hsiang-Hung Wei  Advisor : Dr. Cheinway Hwang

Institute of Civil Engineering

National Chiao Tung University

Abstract

Three issues concerning the accuracy of relative gravimetry are studied in this work.
The first issue concerns point gravity accuracy in a relative gravity network.
Simulated data from the Taiwan first-order gravity.network of Ministry of the Interior
are used for investigating this=issue. Different configurations of network result in
different variance-covariance matrices-and--in turn point gravity accuracies. An
optimal network is obtained by considering-accuracy and economic factors. Fixing
gravity values at 15 absolute gravity stations improves point gravity accuracy by 41%.
In mountain areas, the network accuracy can be improved by adding “pseudo
observations”. The second issue concerns the drift of a relative gravimeter, which is
determined by three methods: (1) repeat observations at a fixed point, (2) redundant
observations along a survey line, and (3) redundant observations at repeat points. The
second method yields the best result. An approach dealing with drift is that, in a
network adjustment, the drifts of the gravimeter along all survey lines are first
estimated by the second method, and the observations along survey lines are corrected
for the drift effects. The results from two experiments using this approach and LCR G
and LCR EG types of gravimeter at gravity networks show that, the accuracy of
estimated gravity value is improved by 0.5~1.3 ugal (G type) and by 2.3~3.3 ugal



(EG type). The third issue concerns ocean loading effect. A FG5 absolute gravimeter
is used to collect time series of gravity value at a station within a network. The M,
ocean loading effect is computed from the time series by least-squares harmonic
analysis. The modeled M, loading is then used to correct for the loading effects of
relative gravity measurements. Applying this approach to testing networks in
Changhua and Yunlin Counties yields an improvement of gravity accuracy of

0.1~0.3 ugal .
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(5) =T &4 (Leveling Disc) -
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Measure point for Gravity in Graviton-EG meter - right side view.

Measure peint for Gravity in Graviton-EG meter - view from hack side,
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Graviton-EG # * all-in-one » ;& & i {879 » m ? 4 ETH s pd 2T ~ p
Bl B ERT FFEFT FRLBRYVR BRSO T LY S
it T £ 2-1 ﬁ*u{r‘i BRFv R RE AW R DERY n 5 Error - Rms

Error 4p & » P 4o ¢
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U
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A, (3-14)

Ag=A,X,=V+L-A,X, (3-15)

FUNELEA EViEiE- B wE A ,gqm} %(315)}\‘#E‘qfﬁg,aj\]‘\Tvﬁ g & 4
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X
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74T

APA +AP,A, =APA, +P, (3-20)

(B-17)5% & fo g fecniz @ X°F B 240
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PR ERAS o FT R LRI Y 3 A E SRR DRAIET vAp R

4-1 ﬁi-ggiﬁﬁi 3+ f}'&\”]‘ £ 25 -lﬂ'/%

N
—=

AABEFA LS I LS RAERLC LR AL AR PR T

PR RBERHAAHES R o AR FIRRL b

I B R B
AR ERY PSS RER BB PPt ) BE S Reit 1A 5

Moo FRBAZDERIZIPERRT  Br ! AERRATREIERT R

2

2B ok TR R REHERTEE LY RELHOTI%RI ER
< X E lums”/'C & L+ > F G 4o KR BV % M T 0.0lums/°C (Torge, 1989) -
cE A REBAY - LI EER  AERIE Y BER R RSB raﬁ

B AR R R A P P 4 i RR R a bR
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GREREBE LIRS e BEERES AR LB c LR £ 4 %o F

B4 w3422 E 0~0.03 ums (Torge, 1989) » F]ptz

x\’i

ze @ DA~ EG A E 4

KPSl B KGR SRR W AGR A -

2. F R
T4RBIAR2F FEIIRS PR AR o X H BRI
PR A A BA LRGSR XFFREGL A BTV OE S FHo L F

B4R UAES S RPPES RLBD FRLE S T BPLS Rk

w4

'ff”i«g‘g?f%@”TF B2 (T o %7k p § HIHE 4 K2 }g_g, ‘quf A

ﬁﬁ’?‘ ki o

&4 Kaud & ]gf% kL EAAEF L A E RER S B RE
He ARty LR EERIETRE . £ REBFL BN G T

AU R B o LK BEREENE 4 IR 0T i R MR BRI -

4. Frts gl 5
@31?]1 RIR gAY F AR g olAcE 4 g e AR LT 4 R
& 8 Ao tg & i e Torge, 1989 ) < i1 L0 b (S~ DRTE A D
Bhdfm s 2 B 2) T AR Rfr R R L E BE AR 0B
B IoA AR g - A DI E 4 kel o F R SA 2 LR SO
CESEIES S RN R RS S HECEC E S i R Nis =
PERFRP- BRI R T 2 8

() eBHpEEEY > £4 RELL PiRs (FLEGRPfrrd ) -
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(2) BRIR I TR B R (T AR PER (<905 [ FF) RS E
ks R4 (Torge, 1989) « #14bfk 4 28 % % end o B iR
25 5 2 SR v ;}j’xﬁfq%}%i o

(3) ERES KBRY RELFE > iR

4-2 PHEA RESIFZ FANEER

BENAHEAS REFF LR AR E LT B (zero position) ¢ I IRLPFR
Mgt s AR L LTS RES CMEL A RZEHFAT SR
ﬁo

4-2-1 BA 2 75 ol b A AR

W B A W R FRIE AR O & B R TR g d e

bo

{x) %3

AR Kk A 5’1“% vfe BF T ko H ’bﬁfﬂik)'-‘ﬁﬁﬁﬁﬁi”‘ B o EH XTI R R

(Torge > 1989) - g ¢ o ER D i gt (1 ums”

3

il fof B AL ELESCERESS B FLES CREX L ERERT

Bkt ) i b H gBLISIE R PR LR "f—lp°@$ﬁi%%%(#%ﬁ%‘f@iﬁsiﬂl}iiﬁ»ﬁ%)’

Ry ‘*‘t

B TEREAR e £ ROEH EERFERL T G AL RS - LR

B BFEBERBAT - I U ERAMASE o EREFE

L oeh ¥ doo) PR A ehat oF (Torge, 1989) -
T

FUEME & 22 (Torge, 1989 5 Dragert et al., 1981) S Sk

~
~

L HETHBR g ek h > THEFREDRERS (RS ER
Bt %)e

2. nEREERERY BN oBE (H2 e ERaRE) -
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F_&

ARt (JR6 AR 2 TR ) PR ER R R R
4. % wp R B AR B F RS

5. fF BRIEhIE (T LEBLR -

R
7. twpling ¢ R E S REALLIIR BB HH ST

N

(@)
F_L
CW“

b g T opl R CGEAR %35 -10%c/day )

8. BEETHEARBET LG FEOFFRRERLS & o
4-2-2 5 I BRI F

PR R BES > T LR 2R o HE S RES R - L

Bz BHPER t ehd ﬁf%%}ﬁﬁfé B 5\ BB o(Drewes, 1978) -

z(t)—z(t)+( Z) (t—t,)+ ;(th)a s 1(a LR (4-1a)

t, L F BB PlnSsY R GBS Gded vd, S d, .0 T 5N (4-1a)

~

%ﬁ = /—r-fi 5 T8 5 7

z(t) = z(t, )+ d,(t—t,) +d, (t—t,)* +d,(t —t,)* +.

= 2(t,)+ 3d, (t-1,) = 2(t,)+ D(V) (4-1b)
p=I

2(t) MR HUEA BT R T R k-

(4-1b)3% = Fp 48 % - % hip| £ ok - F LE PER clich) 0 R AR R ] 2

_L‘sﬁlf“*év\?’*?)]*u? MRS N o BAck Py %ﬁﬁ%ﬁﬂ%ﬁ%)’jﬁﬁ * A FE
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KO E M Rl BH B D AR RFE T B (A B B chig

?J(%ﬂ‘k}_ 2k ,“RIJ} N hﬁv) Z B8k ,J\ N #%f;ﬁ—;_@ 1\ s ‘fr’}'su:;j%i% J_(\_,}; F§§ R

AFATRE SRePE R AL E g ¢ et p (Modified Julian Date » MJD) »
xR ke & o MID W d JD 2 2400000.5 % @ @ o @ ek p (Julian Date -
D) B UL A pppri A% -d <~ (B.C)# 4713 1% 1 p 12h+ & pF (UT)

4-3 P ApHEA REHS S

ALAHE S KRS E ] G 0 TR TR R SR f

B il - EATER S SRR RS GHRE . LT L E AN 2 R B A

* 2R R DR o

4-3-1 H B-€ 47 B

€4 Iiu?l A —ahltr iz I - BER %;Ed AR jr%;ﬁﬁﬁﬂii Im;{r\n
SHRIENE 4 BRI > B R EFRF IR BB R T HES RIEH R

WAL ESSF > PP L RS aecl > P Firk FHRHEE- &
# » 12 GravitonEG % #]) #E > & FF SLER E&Fg}@ﬁl VARE RIA g S
R iEfEG AREB I L - B EOAELS R TR RAST  TAELH

1R R SR

.L,»L
J.,.nL

EALE e RN E R EHBFEL IS NG RLOES S

PRIGRAE R F 0 AP pope Tau Pl3EE M 2 B FRIGE (F 240 2004) -

33



R

ey

ARHHE 4 RIBAS 4R pope TauiRliEA 45 e L o @ % S N A RDA

2 B g L o bk T 95% (l-a/m) T o P E TR e o % (4-5)

FoA 2 plenEpl R S - 43 (Pope, 1976) -

r o,

G, =|—
nyp

1/2

2. B F PIRR(BGRRIRR) -

(42)

(4-3)

(4-4)

(4-5)

RIEIMHE 4 ROBS FHFH > £ 950G kT T R AT -4
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£d W. S. Gossett 2 # & ¢ “Student “& %>t &~ W x fz & “ Student” s
A e X YRS BHERREXNO DY y2() > RIFEE D R

nent Ao 4o TN ittt ~ t(n) (Koch, 1987)

X

vY/n

t=

(4-6)

tAmasRARY REF LA GBI RRY AU B 415 pd &
k=n-1<B0 P » t A W F A EWRHERFBRAN - L, Fpd R k=

-3t AFHAFTEFHRLAT BTG B e

Bla-1t» FRF R AL RELp d & n DR R

~

£do6ygniE- PIRNZEBFIeHRERL > £pd RZn> G kT (1-a)
TtAT2ZfRhEt, 0 F-t, <T<t, > 4T (4-8a) 3% PIER R EHR > EHF d
SREEAHE  MPBIREEBEEALETBER > BFEIAAHSOY - 2 HERUELBR > o7

(4-8b) 3% -

R (Hy):d=0

L (H):d#0
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d

BIFRE CT=— (4-7)
Oy
[T <t () (4-8a)
T[> t,(n) (4-8b)

4-3-2 £ 4 PR 5 BRI RES ik

¥ N (3-la)fesN (3-10) R F BRI S B alic o L BB Gk B
A ST R B EF - g2 BT EBRHRARIESE S TV AR
BA R o APHE S GUIRA TR 5 T dele

Al:iyj :[gj _D(tj _to)]_[gi _D(ti _to)]

=(g, - g;)- Dt, + Dt, + Dt =D¥;

J
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kimd® pEAE 5 % (high tide) SugL o BE AL 5 t1ip (low tide) & 423 B
Mip ek L5 P A (tiderange) e # P& AP L AR AR - T40kF > IR

%4 % P ¥ 7 ¥ (diurnal inequality ) e

BB R FAST R bl o ASF P T I E > 95

12 [ FE25 A o - BELE P MG QuiE S0 Ao Flaip s £ 0 Afok et

g7 fL s 2 P (diumnal tide) o B AL E P =Rt > LI RAOFRFOEEE
MO o BATY R P A A HEE AP (springtide) F TR P AR 0 FE D
#(neap tide) o FAF AP LI > T3 2 4 3250 o LB Plragitipild

7\:‘11M(|t\_€_ ;‘é’a%Sz(i.ﬂ’F%—‘l—'H;"

I
—
7~
N\
\_
(\N
®
by
=
i
N—
[e
P
\_
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SH2pR) e BEAPLSA (RER £ 2001)-

52 @#*AfestrizdacdF § £ (harmonic method) :

AP EPHES BReRIPTE I {rr B AP FEF E2 4 (Yamanoto

H

etal. » 2001 ) ¥ & 4 2 2V 5d FGS5 8¢ & 4 REp|fl+- £ £ 4 éﬁﬁz;}r“$ﬂ

3

VIR L e A BRI R FREE . KRTAD | PR pBL

fE
2 BB kiRdcd 5-1 977 oI Mt 2 Ao WV R BRI nTHE 4 2 L a2
Afet e e 48 L A P2 RIFIE pizd (phase lag) o 7 f a7 & 2
SF Sy SUEE - M I DR L i 7 Al R
*FGS L4 RATFZ RFLRMHAT I 12pugal » 35 § P8 E 4 FFE7 7

20 pgal 42 18 & %4 & (Niebauer etal., 1995 )5 ® v K2 R4 % o

% 5-1 5L 4 2 %5 Kih(Niebauer et al. . 1995 ; 25 7 % > 2003)
* iR > FCpGal ) PR
B 300 Fp
el S AR o 20 = p
S 19 Y1
S ald g 8 | pE-B B
BT R =% 4p B FaE
118 # 10 12.14
B 0-20 <100 Hz
# fes 4772 (harmonic method ) f if4r=x o 3§77 5 - fa% S > BH ¥

e CERIFAR AR ERBI DR T - AP L EER L S &5
ygﬁﬁﬁ%@ﬁﬁ%@iwai,ﬁ?%zﬁﬁwﬁﬁuaﬁﬁixwﬁﬁé
oA osdrr e A2 TP (equilibrium tide) 2% 3 A#H o R AW

oW AT A A ATtz S
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g(t)y=a-cos(w-t—¢) (5-1)

a &ty
@ : &% K (cycle/hr)

t @ g

¢ : pizk

e AL B fow Bcd FGS B €4 RPIEF > &d § 2P REERL
FomFPBEE B AR c bR AR T BRE-FAR-HEES ¥
PR RBESEAPELES BB LA FILBH LS RBLRFAN
MIEF a4 ) il £ 4 R 2% E 4wk B(noise )#75!42( Sun et al., 2001 ) -

Flpt ¥ * B N T AT

G(t):z(t0)+d1(t—t0)+znai-cos( @, -t—¢) (5-2)

Z(t) @ A BCERIE A AT PR R ol Bl i o

PR

d, : REBEA

Hoo

N: 5 ek

e (5-2) A * Z & SoleenB BT ML

G(t) = a, +d1(t—t0)+i(bi -cos(w, -t) +C sin(w; -1))  (53a)

i=1
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SR
a, = z(t,) (5-3b)
b =a -cosg (5-3¢)

C =a -sing (5-3d)

% it A A (Residual) st 2o & flod d] PP 14580 = 2 RIZ > R IN54(5-3a)¢ 7 A
fefca, ~ d v b s g BT 2 A M e AT 2 2 ERORE AP L R

o ¥ B

a =b’ +c (5-4a)

C
= tan " (—- -
¢ =tan (b ) (5-4b)

AR e oo F LR N (S2) 0 FOIRL A R > A F

ﬁ@ﬁ??ﬂ%%%iﬁﬁ°

5-3  HoFM R &R ORI

BB | P E S R R RIS RN Y AR SRR

WRTHEHAZBEY 5@ o
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5-3-1 #\#a

PRBATHRERZRY 0 I A A FBITIHIRE L BT ARE 2

S o - LHMAECR HV AR EBEFPIERF 285 - L8R ¢

AP EEEFREF L TP EEL 0 A K AR T (FAFfr R E

el
W

2004 )
N _ _
> [R-Pko -0)]
CR=_——*+ - — (5-5)
[ ® Py —6)2}
i=1 i=1
N
2[R -0
g:'le (5-6)
P:itlig
Oi : -? /Plj 12}
P:falFlTimog
6 -'? /E'J?#‘l‘l 5

5-3-2 BE ¥R

EoC

BIFRE AT N ap A R EEREE > BT Bk T 9590 t-A #

KR o F A G, ARG R A R LT SRR T R R
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T=—">T(m) PHES H, » Ti%Rtghe % (5-7)
(o2

a

5-3-3 RBlEZHFE 1T a LA P50

PG s ZHAREE 4 R 5 b 0 Aol 5-1 fToF 0 5 A B - B E 2 MFES
24 ¥ - ®HE2 TAES 5 i ¢ o MFES (% 2B )~ TAES(F % B/ )E_% 4t
AR R GHES REGS KR - His R pHE 4 8 R ppHE 4 K
(Graviton EG) % gip| - & MFES &%t & 4 8L¢ » & 4 iR TP 63 ‘e(set) » & &=
AR 100 B 57 (drop) o #THENS = AUE 4G fede s B TRBL A 4o 0 B

B F R . WIERT A f PR e B(5-2)5 o I B o i R
# i d s P RIAREL SR £ R A ARl 52 0 R 52
Pz @ap (M~ S, K D)~ Bap (M,~S,)~-®sp (M,) R

PGS cn plzediro w BAE (M, S, ~ K, ~0,) %t (ELRE et all -

“E\L\

2001 ) £ R &6~ JRigALE 200 pgal 2 525 FoooA Rl T o Lk 52 ¥
N- BAPHEE o fok 539 BA PR REHABEHRPFELIREY A 5426
AR A SR EFR - B A BN M Bl 53 0387 #
FEEFAL T.Ougal Bt ViRt 48 ugal & AR HE S B )
(Caspary etal., 1987) * & B & i ki3 » RS EGFPEEAT A F > 2 M, @
Pty 19, 9pugal & S, 19. 1 pgal % > 40 B 28 0.078 i X - 5 38 £ 24.9 ugal i
RABETE N 2 B AR RGBT TS LT - BAP(M,)

= LT S Y T
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A ZHTAES (F X B )G €4 8 £ 4 REFP 112 2(set) » + 2§ 3% T
100 B 7% ™ (drop) > #rip| IV X & 8§ ? % PEnE 4 i 4B 530 % v AP

(M, ~ S, ~ K~ O,) HARIR 5B >3 &It 27« B4 72 BAM (M, S,

Ko~z ®&s®m (M,~S,)~- Bs® (M,) i, fc FGh 7 R A =
kb7 ¢ ¥ —Ff-,‘ Dz IR Gl = B A PP M R 0,580 &

B0 45063 BAa PN 280,492 2 0 & 5-5 - BA P IRk B0, 325
B o = BT A PR DBGLRRE R L ¥ 0 R jURIFSS ) kg 11,0 pgal £
- AP (M,) kg R R EmAE 20ugal PN > TG HEL
19.8 pgal = o iz ¢ Hdo| o Flpt ~ 0w - BAF (M) RS F E £ kit

EE L

B o dRage - B EM, K pus g iR A RFRGE pind
R REAP Il KERPEPERAGEP L2 L4 T L E
4 EE R LAcE 58 & 520 e Tinsi R ded 510~ & 5-11 o o A
# 5-10 ¢ #75% o 51 e T E A 0 foghat bR i £ T35S 03 ugal £ 4
Lo R 16 ugal otk 511 ¢ Sh o i f el BRI i £ T s
0.lugal » &4 BT HE 32,ugal o5 Biae? sct wis €4 B{ofEinL ok ]

EE 0 BRI HTE -

5-3-4 RERFFIHHB

Pl ke A f P mel AR Lugal P 0 T OO T B EE KRR
3

(1) pHL RELABLS B2 fpHE - & BES B EFF L3044

BTERIRE o R R PR p TS PRE 30448

PR R s o

67



(2) =B S5-2°¢ % FG5enf ipl€ 4 & 40 ygal 1 > B 5-3 ¥ e B &£ 4

B aE6Sugal L o B BLGHE 4 TRIE S B R R T E R

Boo BHES TN A EE - AITH IR ER TR E T FGS
TR E 4 B e 4 R A420 ugal 1) o ERGGE T ehgh (P54
% 52004) o

(3) AaRsEEs oo e PO PRI BAR
M, BPLBBPEPRA2E6 3BAPS, ~ K~ O &P Freh
Feh o wE S R A GRE] -

(4) @* Afemfri2 RN, 3 & £ 8 apip] T8 0 369 % FAHLT 1A 47

20230 BAFE FEAIEBLF TR 15T 20X FTH(ERL

3
W

2001)° 2P %A BES =0 % G X Hcdh o REPIEF L © 492 TR -
P Ao Ser A f et B R fIeEREEd BT LR

HEHLE -

120° 120.5°
24° .| 24’

MFES(FGS)

- TAES
G041 (rGs)

X217

~(LX202

23.4°
120° 120.5°

B 5-1 350~ AR E 4 2 H
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60
40
S
_‘g 0 - = = M2+S2+K1
é — = M2+S2
= M2
g 20
-40
-60
53102.3 53102.6 53102.9 53103.2 53103.5 53103.8 53104.1
time(MJD)
B 5-2 MFES(# £ R« & 4 Bip| £ & it £ v iR
# 5-2 MFES - i & i f 354 G B Fipld 2 BN M R
MFES Amplitue | stderr'of |“RIRRE | A FRIE | B ARM | BV B H
(22® )| (upgal) | amplitude t(63)=1.995 % e WA
( pgal ) ( pgal)
M, 4.8 1.9 2.6 By 0.387 7.5
% 5-3MFES = i 4 i f U 4= e B F R 2 H M R
MFES Amplitue | stderrof | B3FEE | BEFPRE | B | B8 H
(£#® )| (ugal) | amplitude t(63)=1.995 Dk -3 A
( pugal ) ( pgal)
M, 19.9 9.5 2.1 By
: 0.078 24.9
S, 19.1 9.5 2.0 By
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# 5-4 MFES = 45 f 9= tg R F R 2 5N R

MFES Amplitue | stderrof | BIFEE | BFPRIFE | BV H | Bt e H
($#®]) | (pgal) | amplitude t(53)=2.008 % $e HA
(pgal) (ugal )
M, 17.5 11.5 1.5 R F
S, 16.0 11.9 1.3 *EF 0.144 225
K, 3.0 2.8 1.1 B F
100
60
!
=20 Fg5
kot - - M2+S2+K1
he]
@ 20 - = M2+S2
e M2
g
-60
-100
53107.0 53107.3 53107.6 53107.9 53108.2 53108.5 53108.8 53109.1
time(MJD)
B 5-3 TAES(F % B )€ 4 BB & & k& v i1 F
% 5-5TAES — B4 f 3 tg R F R 2 VA
TAES Amplitude | stderrof | BIFFEE | & FPE VAR | BN G
(k%@ 1) | (ugal) | amplitude t(109)=1.990 | ¥ WA
( pgal ) ( pgal)
M, 11.0 3.5 3.503 ¥ 0.325 19.8
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% S-6TAES = B 430 f 4= 1587 Firlsd 2 5 4 A

TAES Amplitude | std err of | BFFE R | B AR | BN E
(#%®1) | (ugal) | amplitude t(105)=1.993 [E /:S L
(pgal) (ugal )
M, 30.4 12.3 2.468 BE
0.492 27.0
S, 20.7 12.5 1.653 Ry
% 5-7TAES = B 2 7 § L3R WG BE F R 2 WM A
TAES Amplitude | stderrof | BIFFRE | B FPRIFE | M | NS HE
(k@) | (ugal) | amplitude t(99)=1.995 Dk A
( pgal ) (ugal )
M, 34.3 11.6 2.953 M¥E
S, 25.9 11.8 21190 A% 0.580 25.1
K, 13.3 3.3 4.05 dE

%58 350 (MFES) €4 jaip f fecn drecp €4 2 SR HAL DL S L

EE LT EE L

w £ 4 & (mgal) Bl £+ i (mgal) 2 4
(mgal) (mgal)
MFES-O | 978869.9267 0.0936 978869.9245 0.0933
MEFES 978869.5821 0.0000 978869.5821 0.0000
SKES 978871.9988 0.1208 978871.9976 0.1205
STES 978852.6148 0.1248 978852.6125 0.1244
FYHS 978866.1921 0.1208 978866.1902 0.1205
TCES 978855.9599 0.1286 978855.9575 0.1283
G030 978869.8612 0.1360 978869.8596 0.1356
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%59 24k (TABS) €4 fidip f feer meen €4 2 BB LR S 4

T R L

%o | £4 6ngal) [ e £ 4t (mgal) [ e
(mgal) (mgal)
1025 978856.2159 0.0734 978856.2120 0.0733
WTES 978837.6632 0.0810 978837.6593 0.0809
HS01 978839.4310 0.0800 978839.4272 0.0799
TAES-O | 978867.5092 0.0535 978867.5052 0.0534
G041 978871.9648 0.0692 9788779610 0.0691
HSBM 978846.3801 0.0837 978846.3764 0.0835
TAES 978867.7623 0.0000 978867.7623 0.0000
HS02 978837.7981 0.0880 978837.7946 0.0878
HS03 978846.3711 0.0888 978846.3678 0.0887
HS04 978848.3537 0.0858 978848.3503 0.0857
HS05 978848.0168 0.0815 978848.0135 0.0814
PKBD 978849.0500 0.0696 978849.0468 0.0695
DKES 978861.6051 0.0696 9718861.6018 0.0695
JYES 978876.2121 0.0763 978876.2092 0.0761
X217 97884'7.2698 010955 9788477.2676 0.0954
X202 978853.6027 0.1046 978853.5998 0.1044
G049 978864.5748 0.0845 978864.5711 0.0843
G051 978858.8762 0.1013 978858.8729 0.1012

£05-10 §51 £ 4 eaginip f el 2 A s A

MFES |€ 4 el % —eai 5 (pugal) (BB ik L el o —eel 18 (ugal)
max 2.4 0.4
min 0.0 0.0

average 1.6 0.3
std 0.8 0.133

2 0-11 ZHE4 AP f fLeam 2 A p izt 4

TAES 4 gl w — 8 (pgal )| R Z s w —x £ (ugal )

max 39 0.2
min 0.0 0.0
average 3.2 0.1

std 0.9 0.037
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FEAXET BREASPTA R ﬁﬁ?‘]" AT S A B gk 2k

Rt g & p gt 2E 4 BE SRR L6 DRGREL
Bl B LRI Y TOREER] ) 2 N R RE VR W R R R -
AR L B e 2 B4 SARBLRIN S N KRB AHR o F b
15BREES g PR R RS 41% -

P EBRB FIERE TR E T PLRLR 0 FoA fth ¥ E 4 mp g 4
WF) R WLIRD o R 2R PEIRBEHSZ R 0 & FAET

LA L e A

1% fd o P T ERLIRES 252 > e A B2
o T MEHS R = BN 1L E A BELIP) o 2.P1 80§ kLR
KR Gl o 3 E AT R S R RIES Al o BRI Y LB
PR 2 AR 3t E 4 IR o ISR S ARBLRI B A Rl RGE £ £ 4 B S

PRFEAYPTPN X2 ARHE S PR o EATE SRR B ik
EEEAREH L RCEBAT LEIT L2 MR LR E T

22 oo R 2487 Nk BAF o

PSS AL REA GBGE TR D B2 RBES > A G AMHE A K
ARl - - s - £ % - H- &4 mokEL 4
AR 05~13ugal - EG AL 4 RATwRIEL T~ 24
T4 23~33ugal c VR E L E PN FLIN- B B E A4
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[SX)
ra

P Ao AT 2 AR P | el g N et R R 0 A AR

Pt Y2 RS AT o

Ao e e A R E - B FGO REBIAP I PHES P &
FAfeL AT A A RAM, A PHRHE A P FEM, LR
FEFENT L0 B a ok £01~03ualz o A A1 ual

AN AR R LR R e B

S BHES EER L TR Y BRERS G S o A
GHES 2 B BAAAFE L B RELIFIRALBE

FONRBIFER A X FREARIM, A -

N AT TR AR E SRR 2 B R A 1 30 A AT R R A B A
/‘H%éi\i —?‘7gﬂpﬁﬁi&ﬁ‘%ﬁ,ﬁ;ﬁ-;%,#g;,,w Hog g

3 2 3 e
ARFY P e

— o RFERREST S E A A 2R GHE SRR 15 BB iE (MG B
gREriky > 2005) o B PET 1% 15 B BEAELIPDA P L N2 s o SRR
W2 E 4 BREBPIED o Tt IDRGHES Tl X k- 5
SREA BT R T ALY VRS FHRALES R (T

1989)

5liedz € 4 %> & ¥ £ 32 lnanogal (Sunetal., 2001) -

= 23 £ ¢

‘H‘ﬁ ?J/’? g mi’% it > EH?E e g;ﬁ:;ﬂ] °
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54 < e

PERIE GNP 200404 F2ER- - FE 4 RIE L IFRIMERT o

LAE 1980 M pE 4 - SR WA ARHMET L 2 BEEH F 185

5= o
3{% 2001 - # 4 2 GPS A%tz pd AE2 B4 T L > 2RI A8
1k o Fra o

FEF £80203 SHKFES S L] A AES 2 kG
w°%’ﬂiiﬁﬂﬁi%lﬁ§w%@’% :

PR o~ BAR 0 1993 0 IR < BRI E B L P o R IR AR

REZ 019980 ST BT EZ EHFHRY SR HAEAL G 0 ATH
Wh & 1994 IR BRI RS AHS FRRNE PR F ARAL -

ik 0 2000 pod T X 2R AT ENR R AL E L B RAR

PEERAT ~ AP HRA T 20040 FHE S RE FGO RIF AEIAFREL 0 1

Fe BB Y SR RET R 0 ATH o
F5 0 1984 o & E L IL B pEh 0 W iR S A 0 pp. 243-280 -

Fus 4> 2003 o 2« 3 BRI S0 00 8 80 R i h gk SRS E S
Rz 2id A BELH > 375 o

em
*

MG E 2003 - %= ok fg b RwEd pIEIERRE o Pt
B g HRErh > 2005 0 S AL GHE 4 BRI 2 B 1 (F o pogIn e

Fhm o MEE > 2L 2001 - F- ok A E S p g FaRL T
P\ J}f({'fi o
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BAhs o 2025 10820 IR T LA A RIE DA > B o

BEA 199l SR RES BEAF AL AR MBI 2 5 A KT AL H
Bk maT g el 1 e o

EhE HAE FT 1980 ELER LN ALY SHRRE > RO
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