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EL o PHREZHRZ/IMNEEENSHEY > THREESE
10mnlAF - R - BREBRTHBNELS  SEOEERE
RN EBE ARG - HTYHEERZENENME S EEE R
1> FEMAE 2 EHEHBERERY  flusEEZTY
BAMELT72. 6nn > HF S HBEES. 6o > TS TERREE
£550. lon > BT EHBEOTHE  ERMNEETE ST
Wik (BHPHES33. 0nn) » HFEYHEBEST2. onn - BHEM S
BHERBRKRKES  FHTHHBREMESS. 0 - EFRHEIES
mnZE GG - EENSE=Y > BB ENERR SR
AEC RN EBREET (RO SHEOESERAD) - T T3
Wit RO HEBESHERA > LESEREL > HF
HEAEELL Son> MAEEHBRMES4. 5on FREEREMEE
25.6mm’ SEAEZ2 562 -

F4-2 551991~ 1992F0 1003 EC B AR » WH = k%
QUM RTENE AHWNRAENHSBREME - HhFmst
A FTH ER A B R LB A B R A5 B Y SR ()
HRAEERERRE (F  REEFEEEE) - 2T  0F
TRAZDHBIEER S ARBRRAEG 2 EREHEE R
AEERRECCRZEDHERE F8 FEIFE5M
C BRE MG - 1903 FECENERREMHEES D - 4-9
[FIEF RN > BEAR1991 ~ 19927119093 N RIERIZ R EEE R
HATM R A-1 FTEROR R ABELE - G180 2 TS
BEAHHRREZNBERENFNES K (9EIERATHD)
o [ Z AT W1 b A B 5 2 TR IR FUR A -
vh EHRE LI BREA  MIEEMG RN - 19938 > 78
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RS FRELYERD - KEFRERARR /D
HWREERNHBREATERAEE - 0 S BN &K AR
RTSLE FR - A RN EECHEBRIBE - REM
REBA > F—ETEEERERERZREATE > tEENA
12 18 TH R R A

AT 28 = FEATAR - G IRE ZK SRR MR SRR S 2 A
HITRTSHIFWEETHE > HR4-1A4 20 FEHS SR
LRI UM BRHNEETHMG  RFSNERE SO RE
EREHEHERN  MENFRERNEC R SRR RS
HZBWAE/D > WHBERI-IPBRWERLE - #4-3071H
1991~ 1993F B WMk Z RK 24/ » B /R EBEETE®
REDR A 6/NRFREMEM Al - WITH KK~ 24/N 5 B
MWNESHHRENBENE - CHEEREFE > HHZEFH
AERRAEEMERREERE -

RPEHT - 4Fe/NERENWEFEB R ZE ZEME KR 2470
FEBRNEZHEBRE » FHER (HE o/ ) WEHEBRHR
EOHEERNEE  AMEEEZEBNEE » & Li4Ee/N
RF Z MTNAN 24/ NI R E - HEBWIERAIAR (3 FBHE
WARMSHZERNEES  EEEEHHFIHI/NE > £/
ReBHFINEETHER  REERNE ¢/ B EHMTE
) BIan - EEEE R 2B E 30, 9mnFI25, 6mn 0 EHEAE20%E
G BRIEFIIEE SRS 51858, 20nF150. ImmA2 71, 4mmF163. 1
mm > ZEEEE/N 0 B 16.2% 113, 2% - RN AIEHRAEIE
HZHWERAKBE  TERREZHFBELIFFASMTY - W
EHNE-EHEMS  KEBZHWERZHESFEYE - IS
HERIUFREZHE -
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R4TH—HERBCHEL RSV SN EASE S
B B I IR BT 2 A5 T8 © BIanZERE sl > k2 0~ /N »
T~12/0E ~ 13~ 18/NEEFI19~ 24/NER 2 6/ i B R B R 30
Z 5 5. 0200 ~ 5. 24nn ° 7. 93unF112. 69nn - EMIEH ES
B W11 50mn— E @ INE 29, 36mn - AW IEFT
ARSI R 5 §140 - B0 E T~ 13~18% » 2
ENFRE  BH7. 68un#E 7. 23mm > FH 2 0~6HEE T~ 190
CERZII~ 18R E 19~ 24 ~ TEEI 13~ 181 Z 19~ 2415 BL
KEWZ 0~6FET~12F » H 6/ FEBEEZREH
BEETRZEL CEhLIABEENERL- bEEmERES
EFEEE  HEAAETEERRERRET EmEE o B3R
FHEREHBNREZERAENEEETO M E: BB B
BEREEEHEENHBEMBMZRSE  EESREKETFS®
TMENENEEN - R ESRAERZEE AR -

ERBEHEREMENCEAHARRE > HIKERRH
EGHEMEREC SR E IR AHTERAERS
HHWRE £ 0~6KFE5. 02nn E19~ 248 X =19 69mn -
mF A SRS ERE 4. 50ne!8INE 14, 08nn * HE EEETEH
RRZWRMMA - AT > EEHEEREFMENRY /I BEE
HNEHEREZLAFAEKX > PIMEREEF HEEREZ19~24
TR ERZE(EH 14, 08nn™ » KA1 39mm HEBE R R L
B EH10%EL -
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H4-1 1991~ 19003 BA MK  FREABRKIEREHERERY
B RPZEBREUNENZ B R (an) » KR
AHECANEEREANDRANRACRACERY -

H O # FsREME
'oouh BAWE | B & g H#®

B B 1% B & B R
B & 11.3 34.5 35.8 25. 8 27.3
(IR i 33.0 72.2 73. 6 55. 2 52.0
& 25. 4 25. 8 27. 2 20.3 21.1
& 6.7 23.1 22.1 17.2 17.5
a8 9.6 14.6 14.6 9.9 13.8
a M 18. 1 12.8 13.8 19.6 22.6
[ 2 26.5 16.1 16. 6 27.5 29.0
" F 25.0 25. 9 29.9 23.1 29.1
B# K 72. 6 25. 6 29.1 50.1 54.5
{3 74,4 36.3 39.8 63. 1 61.9
=R | 17.1 38.6 41.8 30.5 35.1
By B2 (L 11.0 24.8 27. 4 18.8 24,3
w W 3.4 7‘ 6 9.3 7.3 9.3
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F4-2 1991~ 190201993 R A ML - HEREAYEEETHRe
REM > RhZ ERARF NG 2 ZR R (un) » B K RAT
ﬁ%ﬁ%@%ﬁﬁﬁ?ﬁ%ﬁﬁﬁ%ﬁ%ﬁﬁﬂﬁéﬁﬁZﬂ@fﬁtﬁﬁ‘ﬁﬂ o

B oW H S = (]
U " oW n

R BERXR KEBE 7 @8 &

£ fr| 1991 1992 | 1993 | 1991 | 1992 | 1993 | 1991|1992 | 1993 | 1901 | 1992 | 1993

EOBE| 194 | 115 | o1 83.3| 39.5 | 23.8 |21.128.7|23.7|25.2|29.1125.8
PIF | 24.6 | 50.2 | 1.5 5.6 T1.0 | 55.7 |51.1|57.8(54.2|47.6|49.3|64.0
© db| 32.0 | 320 | 0.5 | 347| 25.5 | 148 |15.5(25.9|14.3(13.7/26.1|18.3

1 7.8 0.3 47.1) 17.4 5.8 |37.4 (1.2 5.5/88.2{11.2| 5.9

np
)

12.9 | 11.1 1.6 27.7| 11.2 6.0 [14.9) 8.9) 6.020.8|13.7| 4.9

o
E

7.5 | 30.4 1.4 14.8; 14.2 6.8 | 8.7[31.2) 5.4|13.9|34.1] 5.5
® HE| 18.2 | 40.0 4.1 2.2 13.1 | 16.6 [20.3(37.3(12.5|24.4/39.4| 9.4
& &) 206 | 32.6 | 12.2 19.0| 20.9 | 47.2 |13.4|23.5(35.0|17.0|34.4(32.0
B H| 63.3 | 643 [105.0 22.0| 19.6 | 45.1 [47.745.9{63.5/55.2(49.3166.2
€ ¥ | 59.9 |105.8 | 15.8 24.7| 41.9 | 37.6 [40.2)92.0|21.8145.0/85.7(25.4
H M| 139 | .7 0.1 41.0 | 44.83 | 2.5 |27.2|36.0|21.4(27.4|40.332.6
ML | 7.6 | 16.2 2.7 38.1( 21.2 | 16.2 )830.8|14.6|13.5(|42.1!119.0/14.4

B W Ls 5.6 0.1 9.1 8.5 3.3 | T.3] 91| 3.t|18.3|10.0| 2.2
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24-3 1991~1993 FRMEMN » KW ERZ KRB/ NF R o4/ E R
HNEFYEHERE  ARBRACELABES PR AL R H
B B B\ E A7 ( ED)MITFHMBE () « (ARHER 62 247 1mn)

[
N 24/ INEF SR | o4/ INES SR
152 % H R EMEGEs D ED BRI | fNREHIE
0~6 | 7~12|13~18|19~24 | 0~24 Al 0~24 0~24
#*= B | 502 5.24| 7.93| 12.69 30. 88 25. 6 11.28
4.50 4.65) 8.83| 14.08 32.11 27.3
P78 | 11,50 | 13.78| 18.43| 22.36 66. 07 55. 2 32.98
11.20 | 13.23| 16.87| 22.48 63.78 52.0
& 46 | 7.18 7.68| 7.23{ 8.24 30. 33 20. 3 95. 39
7.05 7.36| 7.21] 9.41 31.03 21.1
¥r 1 | 3.53 2.99| 6.32| 8.37| 2121 17. 2 6.66
3.14 2.77| T7.10| 7.96 20. 97 17.5
& th 1.07 2.431 4.45| 6.39 14. 34 9.9 g.59
1.12 2.55| 4.37| 8.04 16. 08 13.8
B B | 2.23 3.30| 6.67| 10.19 22. 39 19.6 18. 05
2.03 3.35| 6.59{ 13.02 24. 99 22.6
m HE | 497 7.18 | 9.23| 10.41 31.79 27.5 26.5
4.91 7.54 | 9.24| 13.41 35.10 29.0
& F | 4.31 6.39| 7.74| 9.6l 28. 05 23.1 25. 04
4,28 6.221 9.59 15.81 35. 90 29. 1
& B O[11.65 | 16.75| 15.51| 14.95 58.16 50. 1 72. 59
11.58 | 16.75| 17.56 | 19.99 65. 88 54.5
6 3 [13.28 | 18.15] 21.15] 18.83 71. 41 3.1 74. 35
12.97 | 17.44| 19.62| 23.55 73. 58 61.9
H W | 7.9 6.98| 9.90| 13.03 37. 81 30.5 17. 09
7.53 6.78 | 11.35| 15.68 41.34 35.1
FalELt] | 2.52 2.791 5.37! 11.50 22.18 18.8 11. 04
2.26 2.85F 7.02| 14.73 26. 86 24. 3
W W | 092 1.05| 2.20| 3.31 7.48 7.3 3.44
0. 80 .06 2.72| 5.31 9. 89 9.3
B g | 5.8 7.29( 9.39 11.48 34.01 28. 32
5. 64 7121 9.8 | 14.11 36.73 - 30.58
7= & | 0.21 0.17| -0.47| -2.63 -2.72 -2. 26
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o B (R B K T (A

F5-1 F51991~ 19934 » 13E MR MIRT - & M55 Fr | &
FKR24/NFRTHAWE > WHEER 6/NE - ARFFFRIZH
BEEENARK MDA ZEHMWNE » KL ENREE-1
Fisl & 84 -

PR 1991~ 199345 » BREEME R AR A
BNHERIAF19914 ZAny MEIlie BEA » 19924E 2 Mark -
Polly ~ Omar F1Ted BER AR 19935 Z Abe BEE » E P Mark
BAEHREEGEA P OMEAEEE MEREZEBKESEE
EEAE W - HepeHEEACER D OME /B RE5-1~
b-6 P « EIHIARRIKELL “B” 1 “E” RBRFES-1/7H 5 B R
LEIZAE - Bl5-1~5-687 > 1991~ 19934 sETEEHE
e ERERAMHETBEESE > Any(1991) 1 Abe(1993)
BRI A HGE - FOMKREREESE > Onar(1992)2 0
NEMS  PORKITERE > MEllie(199]) MEBESZ&E
(25~26" N) —BREEREEE - 19922 Polly FfiTed A

L ECYIEER I v E (A

F®5-2 M5-3 SHRFAERRERARESHELRREE SR
RERHERB KRR/ FFREEKE » F5-4 F5-5 B4
FARHEHENECREME - HEET > BT Polly flTed W
ERH LB LBEAZEERN  FRWREERRE (LEE
AE) —BEBAAR HEMEREHRIECWEBIER R - W
Polly MITed HMe/& » IR EY /i B{bBE K (Polly 30 HLEH MG A
PLBEEE) PRAKEZFHEBREREZRA (Hs-3
5-5 ML ME R4/ THEALE ) - H oL H FE R AR K FF 2
RN ERZE®BK -
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/N AHNWERABRENE - I HERKRHES
ARNEETHEHEREZBE - B e 3] H R
HHAGER - ABRET  RT IO E R - 17778
BALHIERAL > WS > [ERTERERZ HEE R
BENHEPERS  WERERNZEILi«(1991)BEMA > Ellied Bk
RZAMUAEERRRE LT BT EBILERE - 8 LR
F KBRS EFHENERT RS BT 14 > Abe (1993)
BRIt RS BB - IR T AW EERRES - Eass
HWEN RS R > GREE 97 11H~12BEZ KEREX
FEE AbeBEES BRI W Z ML A B - K I K& TS =
HEE -

RKo-4 NETFHEREZEHERAHBABER D EL > ©
feo #F5-6 SIEENREES o/ \RZHERZHEMUEL H
6 NFREZEZEN  HRER > 1EBSKET » THBEY
REER/DEBHireille A - MEHNEHREBERAWEIS
NatBa Bl - 1992 TITBE R EZE - B/ IHZ AN F12Bobbie
BeEF] Omar BEREN - 19934 BRI BIE Yancy BERAFT Abe B4
c FEZHER  RER/IHIEBobbie(1992) » REMMZFTI9E
#9. 4mm > HAHWIHIE Omar(1992) » EF64. 5nn -

HEZE(ODZEREWHEZERAAHEEN - HER
iy W AR HEETRATERER > FIEBEBEEH
BHREANE - ANZHEED  RBITREERZIEE =
WO EHNEZE130mm ' MANBHNEZE 50on - REBE - &
MNEEREENEANSHENREZNSEH (RFHH
) 2/NFHI RN E > PISTHR T 1300nf50mm (23130
omZ B3 ) 2% - ANGY - MEMZSH (RIEM4/NE)
RN EIANHEZEE130nnf050mn (AR 130m2 HE) v
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e DA HEREHE TS (Threat Score) fH -
Ik TSTHEZRFR

S = A/ (B+0O)

Hfa BREHEEEE (K) W MEEHS0 k0 ZRHE S
B REHEKERAESR (KX) WREREE

C BREWE (R) WHEHERNOES - IEETE (K) ¥

BEEZ (K) WHBHZXRE -

®5-7T REHGENEHEERSE - KWNSTSHE  #RER -

EFEBANEDHHE » HENMETS - LSRN (46766)
B TS ERES @ HLHF0.54 (5 ERAPREEREZH
Wt - HIRF0.45) - 5340 R — SN A BB (&
WG SEOFET 4B o FRLUEERINEE TS EE
B o - EFEHEWREDHE - MBS E > HREMHEREH
BHAKEWNE e AMEZE0 HiE TS EHARER: mMEH
HEBREHMOWNE » [EHH5E(46699) R A H BT (46768) R F
145 15RZFEW (HNE=2130on) Z# > HAMES  BR
ERERART R ZM R ER S - Xs-8 FIHBEHEINES
#130mm * BREAGTEHOTE/NE1300nt BISEFORRT » DU
g RPHEET  EEENR4AR > EAHELNEE -
HFEPEEBEEINERS  ERfARBERTEAHEBERNN
Bl hEHE KRR -

R REEE - AWNZBEDHE > BT TISHES » 8ifh
MEFTFEEEBERZNTEHEE  HERLNS

Aiff = A /B B’ = A/ (A+0)
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ArREBISR R BB R A% - ANWEHD  ERELHEZT S
o MERFSEERLEE - ANMEET  TREBRZT S
boe R5-7 RARTIHRERET EREXN N AR EATRE
BRI RETE - WRET - EANHE - BT 7795055
(46693 4t - HAEHE MR AN L - HEFEEERYE
6> SHEEREEANBE 2 HBBRESY - R B
FAEREZRMME - AIBTER 0,42 BEREZZFZ0.33 (H
MTFHSEHANERBRERS 26 - EAiENEEL 515
0.69%410.26) - EEWNHBAE - B AMEEE o FUERE
g -
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£5-1 1991~ 1993FBa/TPIR - BMMZ AR A4/ NREISE RGN B (BAIBARE)
RO OEROMFH AN HM AT 4% W EF ¥ EE ER WAL &

AMY(19981)
071712~ 14 58 10 0 1 3 11 7 41 58 11 4 0
071718 31 13 12 0 1 § 26 57 118 B9 15 10 0
071800 30 14 23 0 1 12 56 82 185 93 17 18 1
071806 43 14 24 0 1 12 84 81 247 110 18 19 1
ELLIE(1091)
081608 2 51 81 43 0 8 55 0 0 9 0 1
081612 4 57 70 33 0 8 17 0 0 0 il 0 0
081618 11 64 91 34 33 0 0 0 0 8 14 0 0
081700 10 53 58 41 58 9 0 0 0 21 11 16 0
081706 g 20 30 5 80 9 0 0 0 2l 6 18 0
081712 § 15 22 5 80 9 0 0 0 2l 3 16 D
MIREILLE(1881)
092506 15 19 57 13 0 0 0 0 0 3 7 0 0
092512 17 20 28 8 1 0 0 0 0 1 5 0 0
092518 16 20 28 2 1 0 0 0 0 0 5 0 0
NAT(1991)
093006 52 11 25 1 3 27 45 56 239 98 43 17 15
093012 44 3 13 i 3 25 37 50 252 334 43 16 13
SETH(1991)
111218 8 13 0 0 0 0 0 9 6 0 9 0 0
111300 8 18 0 0 0 0 0 9 7 0 10 0 0
BOBBIE(1992)
062612 2 30 3 0 0 0 0 7 0 0 1 2 0
062618 2 50 4 0 0 0 0 7 0 0 3 B 0
062700 1 54 11 1 1 0 0 7 0 0 3 § 0
062706 1 48 10 1 1 0 0 7 0 0 3 § 0
062712 1 a7 9 1 1 0 0 0 0 0 2 4 0
MARK(1992) :
081612 8 710 0 0 5 8 85 121 5 8 1 3
081618 8 7 10 0 0 6 16 83 146 62 8 0 5
081700 § 3 8 0 0 § 9 71 123 81 7 0 §
081706 B 2 5 0 0 15 19 26 108 162 6 1 7
POLLY (1592)
082706 15 66 3¢ 3 3 1 22 20 43 B8 54 8 0
082712 15 75 43 4 3 1 17 17 43 BT B4 8 0
082718 12 59 28 5 2 I B 1T 40 35 45 5 0
082800 11 46 30 5 i 1 5 9 14 15 27 2 0
082806 9 83 22 1B 0 0 0 2 320 16 0 0
082812 13 76 40 17 0 9 0 0 6 23 10 0 0
082818 21 130 47 18 4 1 2 1 13 102 16 11 0
082900 32 174 65 29 32 8 1 1 30 177 20 22 1
082006 26 158 66 20 54 78 21 7 41 243 38 54 28
082912 23 139 51 19 85 222 76 17 51 246 38 118 39
OMAR(1992) _
090308 3 28 31 19 0 7 17 19 52 2 2 B 1
090312 3 31 15 14 0 45 80 82 137 5 6§ 18 5
090318 8 38 12 9 1 103 281 130 180 19 7 2% 12
090400 5 18§ 7 2 14 212 314 144 198 24 7 47 28
090406 i 14 8 1 14 212 313 141 144 922 7 53 51
TED(1962)
092006 8 B 135 2 0 0 2 8 22 188 19 5 0
092012 10 9 g4 2 3 1 B 10 60 200 33 5 0
092018 13 21 20 2 3 2 6 26 96 207 53 0 0
092100 15 34 22 9 4 2 7 22 134 287 B8 0 0
092106 25 49 38 3 7 3 5 21 123 296 83 4 0
092112 26 54 50 13 23 3 3 22 B4 3§ T4 7 1
092118 26 48 52 20 57 11 20 21 46 305 57 35 9
092200 20 37 43 21 61 28 323 21 5 184 44 59 9
TASHA(1993)
081712 0 0 0 0 0 0 & 12 30 0 0 0
081718 0 0 0 0 0 0 6 15 39 1 0 0 0
YANCY(1993)
083118 0 10 2 2 0 0 0 0 0 )] 0 0 0
ggg%gg g 2 2 2 0 0 0 0 2 g g 0 0
1 0 0 0 0 0 3 0 0
e
9 0 0 0 0 0 0 111 2 0 0 0
091100 0 0 0 0 0 0 0 3 39 9 0 0 0
091108 0 0 0 0 0 1 5 11 114 21 0 2 0
091112 0 0 0 0 0 5 8 14 241 24 0 5 0
091118 0 0 0 0 1 5 11 28 282 39 0 7 0
091200 0 0 0 0 1 5 11 26 283 41 0 7 0
oslas 0 0 0 9 1 4 g 28 181 3 0§ 9
2 0 0 0 0 18 0 4 24 153 37 0 8 1

R
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#5-2 1991~ 1993FBAEUHIE - I B X RE IR BE TR R B 7 R 3R 9.4/ N

Fsh RN R (BARAR)
BoOM o XR ATH AL FY AF 4% R EE BW BN AWM MEL M

ANY(1391)
071712 7 20 7 0 0 0 5 5 8 24 13 2 0
071718 15 43 18 2 0 3 11 41 40 54 22 12 1
671800 31 44 19 2 1 11 22 50 57 70 30 24 7
071806 34 33 22 4 2 3 23 48 59 78 31 28 5
ELLIE(IQQI)
081506 38 100 42 40 18 12 29 3 1 7 26 28 ]
081612 41 128 54 69 27 13 29 4 1 41 40 4
0B1B18 52 125 63 108 48 13 24 7 3 5 62 87 5 .
081700 59 125 1 128 78 27 38 11 5 9 72 125 12
081706 47 115 66 131 98 37 42 13 6 11 75 120 21
081712 104 87 173 123 48 51 15 9 9 95 117 29
HIREILLE(IQQI)
092506 5 45 23 27 4 3 8 1 1 2 7 2 1
092512 8 68 27 55 12 § 7 3 2 2 6 4 1
092518 14 60 22 18 13 5 11 7 2 2 5 8 2
NAT(1991)
093008 62 104 39 g 16 33 27 29 71 51 102 30 31
093012 48 68 286 7 17 34 25 32 73 63 67 24 28
SETH(1991)
111218 35 55 14 5 7 2 4 27 20 14 25 g 3
111300 28 51 14 8 7 2 4 28 18 13 18 g 3
BOBBIE(1992)
062612 11 39 14 3 1 0 1 3 3 18 20 4 0
062618 g 34 16 3 2 0 1 4 3 20 21 5 0
062700 8 13 8 10 3 1 2 B 3 14 22 4 0
062706 18 38 17 13 3 2 1 5 3 20 23 10 0
062712 23 20 5 7 5 3 5 12 2 7 11 5 1
MARE(1992)
081612 76 132 40 7 18 55 34 35 67 56 80 27 48
081618 81 140 432 7 18 55 34 a4 70 57 81 27 47
081700 72 126 39 7 24 57 37 as 74 83 71 27 49
081706 57 . 98 33 5 31 57 42 37 76 84 55 25 51
POLLY(1992)
082708 17 56 11 9 3 1 2 7 2 19 19 ] 0
082712 7 38 6 4 2 2 4 4 2 3 7 5 1
082718 11 39 & ] I 9 4 4 2 3 10 5 1
082800 21 50 13 12 1 2 3 5 3 4 19 5 1
082806 35 59 26 19 3 3 3 5 4 18 35 11 1
082812 30 73 21 18 5 5 8 10 2 20 41 11 1
082318 18 41 14 12 4 5 11 28 12 44 24 13 1
082300 35 50 17 29 6 7 15 27 12 65 28 138 1
082406 35 52 17 13 8 7 18 30 12 65 34 14 1
082812 1 116 62 68 35 20 34 8 8 37 81 31 5
OMAR(1992)
050306 22 49 {3 i6 4 3 5 4 18 35 7 g
090312 a7 81 26 18 5 6 13 23 9 59 82 13 1
090318 63 98 35 17 9 24 29 48 47 103 77 52 8
090400 B4 104 35 20 19 44 26 592 47 107 88 56 20
090406 B7 100 31 17 18 48 22 52 42 104 91 50 21
TED(1992)
092006 19 53 12 2 0 0 4 18 I 23 20 2 |
092012 23 52 12 3 2 5 7 37 25 34 24 B 1
092018 i8 48 10 1 I 0 8 11 19 27 22 2 0
092100 14 71 13 2 3 1 11 21 20 33 19 6 1
092106 36 B4 24 11 5 12 14 48 18 102 31 26 2
092112 B3 170 66 52 35 17 21 29 11 48 100 71 4
092118 as 188 71 80 41 5 7 14 7 a4 91 81 1
092200 169 57 75 419 9 3 10 g 28 78 54 4
TASHA(!QQB)
081712 13 27 ] 5 5 2 5 23 24 20 12 7 2
081718 18 4 1 3 5 3 12 29 38 21 12 g 2
YANCY(IBB3)
083118 8 a9 14 12 4 2 17 13 2 3 § 8 1
bowe 45 B OB 4 romWolbozo1oe s
6 2 1
ABE(1993)
001018 22 100 7 1 8 1 ] 22 27 24 a5 15 1
091100 29 89 10 1 ] 3 7 38 43 33 3 18 1
0911086 28 70 13 1 7 8 17 74 70 52 27 20 1
gglllz 31 69 18 2 ] 7 20 71 78 57 28 20 2
osiéég 30 63 17 9 8 8 23 75 75 59 28 20 4
b9i200 35 6t 20 1 5 11 24 79 T8 81 27 24 6
001319 S8 52 29 3 718 33 88 8D 78 28 30 9
40 54 23 3 8 21 17 85 71 77 31 34 13

o
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#5-3 1991~ 1003 Ha MR - I FUSRME U BR CFD IR B 2 H 2 sk A o 4/ NS
e REENE (BZRARK)

B M XER TTH G YT B B BE KE L% tHE AW PTEL #H#H
Y (19491)
371%12 7 18 8 0 0 0 4 5 5 21 14 2 0
071718 7 18 7 1 0 0 g 8 7 28 14 2 0
871800 18 50 15 | 0 1 7 38 30 49 24 11 0
071808 26 41 1% 2 1 8 21 51 58 88 29 18 5
ELLIE(IQQI)
081608 75 41 32 18 8 12 3 1 5 25 29 2
081612 50 129 B4 94 53 14 20 9 3 ] 82 72 4
0815618 62 134 73 131 78 25 32 12 6 9 T4 127 12
081700 53 106 62 124 102 a3 48 12 8 11 70 158 28
081706 42 49 61 129 112 47 55 14 10 13 79 135 31
081712 45 111 70 189 119 43 43 12 7 12 92 95 24
MIREILLE(1491)
092506 13 49 34 24 4 1 B 9 1 2 11 4 1
092512 30 58 47 30 g 1 7 6 0 1 20 15 9
092518 8 66 30 41 11 ] 5 3 1 2 8 3 2
NAT(1991)
093006 77 80 29 19 29 58 3 43 62 35 94 35 49
083012 57 80 24 7 18 58 47 46 80 73 42 81 B9
SETH(1991)
111218 36 43 11 4 ] 4 g 41 40 21 24 12 3
111300 37 43 11 4 9 5 21 45 55 30 25 14 5
BOBBIE(1992)
062612 8 21 11 2 0 0 1 13 13 20 20 5 i
062518 11 29 13 3 0 0 3 33 33 33 28 8 0
062700 19 47 28 8 5 2 2 7 8 38 40 7 0
062706 46 .87 48 59 23 3 3 10 4 38 63 49 1
062712 29 50 37 53 25 4 3 ] 3 20 51 31 1
MARK(1992)
081612 48 a0 25 7 17 40 24 20 35 as 5% 20 53
081618 g3 157 46 12 7 44 26 32 55 34 98 25 37
081700 Bl 139 42 g 13 51 31 34 65 48 85 26 42
081706 66 114 a7 8 20 53 37 36 70 62 57 25 44
POLLY(IQQZ)
082706 57 10 6 3 1 2 9 4 15 15 6 1
082712 11 48 12 10 3 1 2 14 7 22 10 10 1
082718 20 52 17 10 4 3 9 46 43 44 20 27 1
082800 54 84 23 12 5 21 11 52 89 59 58 26 8
082806 60 78 19 13 9 34 23 85 71 5% 48 30 10
(82812 38 30 28 21 8 13 19 20 4 52 52 25 3
082818 49 96 42 34 14 19 28 15 7 46 70 29 3
082900 52 76 26 25 12 19 10 26 ] 79 53 43 17
082906 65 73 19 12 12 24 4 39 28 94 63 23 21
082912 57 81 21 12 10 26 7 40 31 B4 67 22 22
OMAR(1992)
090308 33 54 24 25 9 2 5 3 1 4 30 9 i
080312 41 90 45 40 19 2 5 3 1 7 59 2§ 1
080318 51 98 39 30 14 5 5 4 3 11 55 9 1
090400 59 187 35 25 ] 17 47 30 7 g2 72 27 2
090406 55 98 29 18 ] 18 52 37 24 89 89 28 3
TED(1992)
092006 21 62 12 1 2 1 5 18 24 21 25 5 0
092012 26 73 17 1 3 1 5 20 28 30 32 g 1
092018 26 78 271 1 4 3 12 35 41 47 30 13 2
092100 30 B4 25 3 4 1 21 50 53 71 28 19 4
002108 33 52 16 3 5 B 27 57 52 66 24 17 3
082112 21 48 20 3 4 12 28 55 44 82 19 12 5
092118 23 94 23 3 3 3 13 a8 317 53 30 14 1
092200 78 32 10 5 13 11 40 35 99 43 37 1
TASHA(1993)
081712 12 31 8 2 1 1 1 8 25 27 19 1 0
081718 10 25 7 3 3 4 4 32 38 41 18 10 1
YANCY(1993)
083118 13 52 15 11 2 1 L ] 4 15 27 5 0
090100 26 74 24 15 4 1 4 7 5 24 47 7 1
090108 30 88 43 24 17 10 17 8 i 5 25 44 2
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091200 30 79 27 2 B 9 18 89 89 70 32 28 2
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091212 50 68 23 2 8 a6 81 73 89 39 28 13

ml—'
A=



F5-4 1991 ~1993F B A HARY - P B B B AR R B B Sk Bk 0 4/ i
HinE RN R (EMESAK)
B M XE TTFE ek w9 &b o W R &% M AW MEL %y

ANY(1991)
671712 -7 14 -3 0 -1 -3 -8 -2 -3%  -32 3 -2 ]
071718 -18 30 4 2 -1 -3 -14 -18 -78 -i5 7 2 1
071800 -3 30 -4 2 ] -1 -34 -32 -108 -322 13 8 7
071808 -9 18 -2 4 1 -5 -36 -32 -189 -a4 14 7 3
ELLIEC1981)
081806 34 49 -20 7 18 4 -27 3 1 7 17 28 3
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082618 7 -18 12 3 2 i 1 -3 3 20 14 -1 0
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062712 22 -17 -4 6 3 3 5 12 2 7 9 2 1
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081612 69 126 30 7 18 50 26 -50 -54 51 72 25 44
081618 73 133 32 7 18 50 18 -49 -78 -5 13 27 43
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POLLY(1992)
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092118 81 141 19 80 -18 -8 -13 -7 -38 -270 34 48 0
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TASHA(1993)
081712 18 27 6 5 5 2 ] 11 -5 17 12 7 2
081718 18 4 i 3 5 3 7 14 -1 20 12 g 2
YANCY(1993)
083118 8 29 11 10 4 2 17 13 2 3 B B 1
080100 13 43 23 12 4 2 10 10 0 3 q 5 i
090108 8 43 17 29 11 4 8 5 -1 2 5 5 1
ABE(1393)
091018 22 100 7 1 8 1 8 21 17 23 5 15 1
091100 22 89 10 I ] 3 ] 33 4 24 33 18 1
081108 28 70 13 l 7 5 13 83 -45 32 27 19 1
391112 31 89 18 2 8 3 14 83 -185 33 28 15 2
031:13 29 83 17 2 5 4 12 47 -208 21 28 13 3
09}%30 35 81 20 i 4 7 14 53 -184 20 27 18 ]
091213 3% 52 22 3 ] 18 27 61 -111 45 28 24 9
40 54 23 a  -10 21 a3 81 -2 4] 30 28 13
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071800 -21 36 -7 3 0 -11 -48 -45 -136 -43 7 -5 -1
071836 -17 27 -3 2 0 -5 -42 -23 -189 -42 11 0 4
ELLIE(1491)
0816808 31 23 -20 -1 18 0 -44 3 i 5 16 29 2
081612 48 73 -6 62 B3 é 3 9 a 6 51 72 4
081618 8l 70 -18 97 45 295 32 12 ] 1 59 127 12
081700 43 a4 4 83 45 29 48 12 8 -9 59 140 28
081706 33 T8 31 124 52 38 55 14 10 -7 69 119 31
081712 36 97 49 164 60 14 48 12 7 -9 84 79 24
MIREILLE(1991}
082508 -3 a0 -23 12 4 1 3 8 1 -1 d 4 1
092512 13 78 21 22 8 1 7 6 0 1 15 15 2 -
092518 -8 46 4 38 11 6 5 3 i 2 1 8 2
NAT(1991)
093008 25 70 4 18 26 28 -14  -13 -177 -251 51 18 34
093012 14 50 11 6 13 33 10 -4 -172 -2B1 -1 65 76
SETH(1991)
111218 28 35 11 4 ] 4 g 32 33 21 15 12 3
111300 29 25 11 4 9 5 21 38 49 30 15 14 5
BOBBIE(1992)
052612 4 -8 8 2 0 0 1 6 13 20 19 2 0
062618 8 -2l 9 3 0 0 3 26 33 33 24 2 0
062700 18 -7 17 8 4 2 2 0 6 38 37 1 0
062706 45 41 39 58 22 3 3 3 4 33 61 44 1
0682712 28 13 28 53 . 24 4 3 8 3 20 49 28 1
NARK(1992)
081612 40 83 15 T 17 38 16 -65 -85 31 44 19 50
081618 86 150 38 12 7 33 11 -51 -81 -28 90 25 32
081700 75 136 34 9 13 45 23 -37 -8 -33 78 25 36
081706 51 112 32 8 20 37 18 ¢ -38 -100 61 24 37
POLLY(1932)
082706 0 -9 -29 3 -1 o -19 -11 -39 -53 -39 -1 1
082712 -3 -27 -32 6 0 0 -14 -3 -36 -45 -54 3 1
082718 8 3 -11 5 2 2 2 29 2 9 -24 22 1
082800 44 ag -7 6 4 ag 6 43 85 44 a1 24 8
082306 51 15 -3 -4 9 34 23 83 69 49 32 29 10
082812 25 3 -12 4 7 13 19 20 -1 30 42 25 3
082818 28 -34 -4 18 16 19 26 15 -6 -58 55 18 3
032300 19 -98 -39 -4 -20 11 6 26 -24 -98 33 21 16
0829086 30 -85  -47 -8 -42 =53 -17 12 -13 -149 25  -31 -5
082912 34 -8 -30 -8 -5b -1897 -59 24 -20 -182 28 -98 -10
OMAR(1992)
090308 30 28 -8 i 9 -5 -12 -16 -51 2 28 2 0
090312 39 59 30 28 19 -43 -75 -80 -1386 3 53 8 -4
(80318 45 61 27 21 13 -89 -2768 -125 -178 -8 48 -18 -11
030490 54 23 28 23 -4 -195 -2867 -114 -18% 68 B85 -20 -27
130408 51 81 21 17 =b -184 -261 -104 -120 87 63 -25 -48
TED(1992)
092006 13 58 -123 -1 2 1 3 8 2 -1866 6 0 0
092012 17 64 -77 0 0 0 -1 16 -32 -170 ¢ 4 1
082018 13 58 0 it 1 1 8 § -54 -180 -23 12 2
092100 16 50 2 1 0 9 14 a8 -72 -218 -38 19 4
092106 8 i -19 0 -2 3 21 38 -71 -231 -59 13 7
092112 -5 -6 -30 -10 -18 9 28 33 -39 -284 -5% ] 4
092118 3 47 -29 -18 -54 -8 =7 17 -10 -252 -26 -21 0
092200 22 39 -11 -12 -57 -13 -13 19 28 -8) -2 -21 -1
TASHA(19083)
081712 12 31 i} 2 1 0 -4 -4 -5 24 19 1 0
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080100 28 69 22 14 4 1 4 7 3 24 47 7 1
680108 3¢ 33 42 24 17 10 17 3 -2 5 25 44 2
ABE(1993)
091018 20 61 8 2 2 K| T 3 -5 17 42 3 1
081100 20 61 8 2 2 3 8 11 -31 12 43 ] 1
081106 29 89 15 1 2 3 1 49 -89 35 a8 13 1
0911¢2 33 102 23 5 X -1 2 T8 -187 44 43 26 0
091118 28 68 18 1 8 ] | 32 -208 17 28 15 2
081200 29 79 28 2 5 5 T G4 -174 29 32 20 2
441208 K1) 58 21 d ] 18 28 52 -112 35 28 25 8
091218 50 68 28 2 -12 17 32 58 -80 33 38 20 12
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Spatial and Temporal Variations of the Convective Activities ag
Revealed by the GMS Satellite Observations and Conventional
Data over Taiwan Area in Mei-Yu Season (I)

George Tai-Jen Chen Shui-Shang Chi

Department of Atmospheric Sciences Ceniral Weather Bureau
National Taiwan University

GMS infrared and visible satellitc imageries in the period of May-June 1991-
1993 and digital data in May 1992 were used in this study to reveal the spatial and
temporal variations of the cloud development over Taiwan and iis vicinities. Results.
indicated that the orographic heating effect over Taiwan was the major mechanism
responsible for the formation of local maximum and diurnal variation of the
convective and non-convective clouds. Cloud top temperature in May 1992 showed a
remarkable diumnal cycle over different areas. The minimum cloud top temperature
was observed at 0400LST and 1600-18C0LST. In addition, it was found that the
diumal variation of cloud top trmperature was out of phase for the central/southern
Central Mountain Range area and for the Fuchien area. The minimum cloud top
temperature was observed in the day time over the former area, whereas the reverse

was frue over the later area.
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ABSTRACT

To convert the analog wave data which recorded on the sheet
tape to be digital data to fit the need need of researchs and
invetigations, firstly , the tape data measured at Byitoujeau
recently years were scanned to be the picture file in PC, and
then, an analysis method self-developed had been to obtain the
digital data. To compare the original data, it is proved that the
digital result can availably represent the original data.

The digital wave data was used to process the analysis of
wave-wind cross correlation and spectral. The result of wave-
wind cross correlation has showed that there is a quantitative
relationship between the significant wave height and the wind
speed in the winter. The best cross correlation time lag is five
hours. More practical result depends on the more data band.
The cross correlation is relative low in the summer. It shows
that the wave in the summer is swell domain. The result of the
analysis of a large number of spectral show the shape of wave
spectrum on winter is close to the P-M spectrum. The wave 1s
belong to arisen wave. The peakedness parameter increases and the
narrowness of the spectrum decreases as the increasing of the wave
height in the winter.The shape of the spectrum herethen closes to
the JONSWAP spectrum and the best coefficents are r =1.4,
C1=3.77 and C2=1.10.The peakedness parameter in the winter is
generally large than in the summer. It means that the energe of the
wave in the summer is more consentrated in the frequency domain
than in the winter.
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DECLARE SUB QSORT (A&()
DECLARE SUB SPECTRUM (
DECLARE SUB fft (XREAL
CLS
OPEN "D:\LIST.ANAM FOR INPUT AS #1
INPUT #1, oflend$
INPUT #1, NFLENDS
CLOSE #1
STARTN = VAL(MID$(oflend$, 4,
ENDN = VAL(MID$(NFLENDS, 4, 5)
Lo
CLS
STARTN = STARTN + 1
£f1% = RIGHTS (STRS (STARTN) , 1)
£2% = RIGHTS(STRS (STARTN), 2)
£38 = RIGHT$(STR$(STARTN), 33
£4$ = RIGHTS$(STRS$(STARTN}, 4)

r b)
). én, SMPRTS, SPCFLS$)

, A
RD(
(), XIMAG(), si)

5))
)

IF STARTN < 10 THEN STARTNS = "0000" + £1%

IF STARTN >= 10 AND STARTN < 100 THEN STARTNS = "000" + £25
IF STARTN >= 100 AND STARTN < 1000 THEN STARTNS = "00" + £3%
IF STARTN >= 1000 AND STARTN < 10000 THEN STARTNS = "O" + f43

IF STARTN >= 10000 THEN STARTNS = RIGHTS (STR$(STARTN}, 5)
NF$ = RIGHTS (STARTNS, 5)
ANAFLS = "ANA" + NF$ + ".pCx"

DITFL$ = “DIT"™ + NFS$ + ",PRN"

STAFLS = "STA" 4+ NF$ + “_PRN"

SPCFL$ = "SPC" + NF$ + ,.PRN"
1200

IF STARTN > ENDN THEN EXIT Do
OPEN ANAFLS FOR INPUT AS #1

mk$ = INPUTS(1, #1)

vrsn$ = INPUTS(1, #1)

NS = INPUTS (1, #1)

N = ASC(NS)

BPPS = INPUTS(1, #1)

BPP = ASC(BPPS}

LUX$ = INPUTS(2, #1)
LUY$ = INPUTS(2, #1)
RDX$ = INPUTS(2, #1)
RDYS = INPUTS$({2, #1)
HRL$ = INPUTS(2, #1)
VRLS = INPUTS(2, #1)
PLTES = INPUTS (48, #1)

RSVD$ = INPUTS(1, #1)
NOP$ = INPUTS(1, #1}
BPLS = INPUTS$(2, #1)
TYPLTES = INPUTS{z, #1)
FILS = INPUTS(58, #1)

BPP = ASC{BPPS$)

LUX = ASC(LEFT$(LUX$, 1)) + ASC(RIGHTS(LUXS, 1)) * 256
LUY = ASC(LEFT$(LUY$, 1)) + ASC(RIGHTS(LUYS, 1)) * 256
RDX = ASC(LEFTS(RDX$, 1)) + ASC(RIGHT$(RDXS, 1)) * 256
RDY = ASC(LEFT$(RDYS, 1)) + ASC(RIGHTS(RDYS, 1)) * 254
LUX = ASC{LEFT$(LUX$, 1)) + ASC{RIGHTS(LUX$, 1)) * 256
LUY = ASC{LEFT$(LUY$, 1}) + ASC(RIGHTS(LUYS, 1)) * 256
HRL = ASC(LEFT${HRL$, 1)) + ASC(RIGHTS(HRLS, 1)) #* 25g
VRL = ASC(LEFT$(VRLS, 1)) + ASC(RIGHTS(VRLS, 1)) * 255
NOP = ASC(NOP$) :

BPL = ASC(LEFT$(BPL$, 1)) + ASC(RIGHTS(BPLS, 1)) * 256

TYPLTE = ASC(LEFT$(TYPLTES, 1)) + ASC(RIGHTS(TYPLTES, 1)) * 256
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PRINY "PCX FILENAME i1, ANATLS
PRINT "DAT FILENAME U, DITFLS
PRINT "Bits per pixel :'", BPP
PRINT “Xmin i, LUX
PRINT "Ymin i, LUY
PRINT YXmax ", RDX
PRINT "“Ymax 1", RDY
PRINT "Horizontal res. :", HRL
PRINT "Vertical res. ", VRL
PRINT "No. of platte ", NOP
PRINT "Bytes per line :", BPL
PRINT "Type of platte :", TYPLTE

REDIM A(600), REP(600), STA(600), VLU(600)

REDIM MAX(RDY + 1), MAXS(RDY + 1), MAX1(RDY + 1), MAX1S(RDY + 1)

i =0: lno =1
SVN = B00O: FINL = SVN + 200
[ble}
i=1+ 1
AS = INPUT$(1, #1)
A{i) = ASC(A3)
IF A(1) > 191 THEN
AS = INPUTS(1, #1)
REP{i) = A(i) - 152

STA(i) = STA(Li - L) + REP(i)
VIU(L) = ASC(a$)
ELSE
VLU{i) = ASC(A3)
REP{i} = 1
STA(L) = STA(i - 1) + REP(i)
END IF

IF VLU(i) = © THEN
IF REP(i) > MAX1({1lno) THEN
MAX1({1lno) = REP(1)
MAX1S{1no)} = STA(i)

END IF

END IF

IF STA(i) / BPL = INT(STA(1i) / BPL) THEHN
LOCATE 13, 1: PRINT "Input data No. ", 1lno
i=0

Ino = lno + 1}
MAX1{lno) = 0
END IF
IF lno > FINL THEN EXIT DO
LOOP
CLOSE #1.
REDIM pb(12)
pi = 3.1415928§
————— FILTYER ¢ : FIND 1THLE WATER LLVIEL
LOCATE 15, 1: PRINT "FILTER 0 : FIND THE WATER LEVEL®
SUM1L = 0: AVGlL = 0: 5N = 0
TOR i = 1 TO 80
TF MAX1S(1L) - MAXS(1) / 2 < BPL - 20 AND MAX1S(i} - MAXS(i) / 2 > 20 THEN
I MAXS{1) < 7 THEN
SUM1 = SUM1 + (MAX1S({i) - MAX1(i) / 2}
SH = SN + 1
ELSE
MAX1S(i) = -1000
END IF
END IF
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NEXT i

AVGl = SUM1 / SN
i= 21

DO

=
It
=

+ 1
IF K > 6 THEN EXIT DO
SA = SA + MAX1(i + K}

LOOP
IF SA / 5 > 10 THEN EXIT DO
LOOP
stn =1 + 4
FOR 1 = 0 TC 12
ph{(i) = 0
NEXT i

FOR i = 1 T0 stn
IF MAXS(i) <> -1000 THEN
VLU = 'MAX1S({1) - MAX1(i) / 2

IF VLU <= .7 * AVGl OR VLU > 1.3 * AVGL THEN ph(0) = pb(0) + 1
IF VLU > .7 * AVGL AND VLU <= .75 * AVG1 THEN pb(l) = pb{1l) + 1
IF VLU > .75 % AVGl AND VLU <= .8 * AVG1 THEN pb(2) = pb{2) + 1
IF VLU > .8 * AVGL AND VLU <= .85 * AVG1 THEN pb{3) = pb(3) + 1
IF VLU > .85 * AVGLl AND VLU <= .9 % AVG] THEN pb(4) = ph{4) + 1
IF VLU > .9 * AVGl AND VLU <= ,95 * AVG1l THEN pb(5} = pb(S5) + 1
IF VLU > .95 * AVGL AND VLU <= 1 * AVGL THEN ph(6) = pb(6) + 1
IF VLU > 1 * AVGl AND VLU <= 1,05 * AVG1l THEN pb(7) = pb(7) + 1
IF VLU > 1.05 * AVGl AND VLU <= 1.1 # AVGL THEN pb(8) = pb(8) + 1
IF VLU > 1.1 * AVGL AND VLU <= 1.15 # AVGL THEN pb(9) = pb(9) + 1
IF VLU > 1.15 * AVGl AND VLU <= 1.2 * AVGl THEN pb(10) = pb(10) + 1
IF VLU > 1.2 * AVGl AND VLU <= 1.25 % AVGL THEN pb(11) = pb(11) + 1
IF VLU > 1.25 * AVGL AND VLU <= 1.3 % AVGL THEN pb{12) = pb{12) + 1
END IF
NEXT i
PMAX = 0

FOR 1 =1 TO 12
PRINT pb(i), avgs, stn
IF pb(i) »>= PMAX THEN
PMAX = pb(i)
avgs = .675 * AVGl + i % .05 * AVGL
END IF
NEXT 1
SLEEDP
FOR i = 1 TC stn - 1
MAXS(i} = avgs
NEXT i
""""" FILTER 1 : ERASE THE BOQUNDARY LIME .
LOCATE 16, 1: PRINT "FILTER 1 : ERASE THE BOUNDARY LINE""
SUMO = 0: NMAX = 0
N2 = @
~10000: MINT = 10000
= stn TO stn + SVN
IF MAX1S(1i) - MAX1(1) / 2 > 8 AND MAXLS{i) - MAXL{i) / 2 < BPL - 8 THEN
MAX(1) = MAX1(1)
MAXS(1) = MAX1S(i)
ELSE
MAX(iY = O
MAXS(1) = -1000
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END IF

IF MAX1(i) > BPL / 4 THEN
MaX{i) = O
MAXS(i) = -1000
ERD IF
IF MAXS({i) <> -1000 THEN
IF MAXS(i) - MAX(i) / 2 > MAXT THEN MAXT

IF MAXS(i) - MAX(i) / 2 < MINT THEN MINT
NMAX = NMAX + 1
SUMO = SUMO + MAXS(i) - MAX(i) / 2
END IF .
NEXT i
AVGO = SUMO / NMAX
FOR i = stn TO stn + SVN
IF MAXS(i) <> -1000 THEN
MAXS{i) = MAXS(i) - MAX(1i) / 2

END IF
NEXT 1
GOSUB MKDATA
e FILTER 2 : FIND THE CLINE DEGREE

LCCATE 17, 1: PRINT "FILTER 2 : FIND THE CLINE DEGREE"
SUM2 = 0: AVG2 = 0
FOR i = stn TO stn + SVN
SUM2 = SUM2 + MAXS(i)}
NEXT i
AVG2 = SUM2 / (SVN + 1)
VARMIN = 10000
FOR K =1 TO 7
FOR i = stn TO stn + 8VN

AVGZ = AVG2 + i * SIN(plL / 2 * ((-4 + K) / 90)) * .0l
VAR(K) = VAR(K) + ((MAXS(i) - AvGz) ~ 2} / (SVN + 1)

NEXT i

IF VAR(K) < VARMIN THEN MINK = K
NEXT K
FOR 1 = stn TO stn + SVN

MAXS(i) = MAXS{i) + i * SIN(pi / 2 % ((~4 + MINK) / 90)) *

NEXT i
fm——— FILTER 3 : SMOOTH THE DOWNWARD NOISE

LGCATE 18, 1: PRINT "FILTER 3 : SMOOTH THE DOWNWARD NOISE"

REDIM S(15)
J = stn + 5
DO
IF J > stn + SVN THEN EXIT DO
SLPMAX = -10000: SLPMIN = 10000
FOR K =1 T0 5
SLP(K) = MaXS(J + K) - MAX5(J + K -~ 1)
IF SLP(K) > SLPMAX THEN
SLPMAX = SLP(K)
SMaX = J + K
END IF
IF SLP(K)Y < SLPMIN THEN
SLPMIN = SLP(K)
SMIN = J + K

END IF

NEXT K

DDGR1 = 8

DDGR2 = 8

SIPCL = 1 / (TAN(DDGRl / 90 * pi / 2)) »~ 2

SLPC2 = 1 / TAN(DDGR2 / 90 * pl / 2)
TSLP = SLPMAX * SLPMIN

67

MAXS (1) - MAX(i
MAXS(1i) - MAX(i

)
)

.01

/2
/2



IF TSLP < -1 * SLPCl AND SMAX > SMIN THEN

JMP = INT{(SMAX + SMIN) / 2}
JMP - 7 TO JMP + 7
MAXS(JJ) -~ MAXS(JJT - 1)

FOR JJ
SLE1
SLP2

MAXS(JJ -~ 1)

- MAXS(JJ - 2)

IF ABS(SLPl) > SLPC2 THEN S(JJ - JMP
NEXT JJ
81 = JMP + 7: 82 = JMP - 7
FOR K = 1 TO 15
IF S(K) <> 0 AND S{K) < S1 THEN 51
IF S(K) <> 0 AND S(K) > S2 TIUEN 52
NEXT K
FOR 1 = S1 TO S2
MAXS(1i) = -1000
NEXT i
J =82 + 1

1

ELSE

J = J + 1

END IF
LOQP
GOSUB MKDATA

J =
DO

FILTER 4 : SMOOTH THE UPWARD NOISE
LOCATE 19, 1: PRINT "FILFER 4 : SMOOTH THE UPWARD NOISE"

stn + 5

IF J > stn + SVN THEN EXIT DO
SLPMAX = -10000: SLPMIN = 10000
FOR K = 1 TO 5

SLP(K) = MAXS(J + K) = MAXS(J + K - 1)
IF SLP(K) > SLPMAX THEN
SLPMAX = SLP(K)
SMAX = J + K
END IF
IF SLP(K) < SLPMIN THEN
SLPMIN = SLP{K)
SMIN = J + K
END IF

NEXT K
TSLP = SLPMAX * SLPMIN
IF TSLP < -1 * SLPCl AND SMAX < SMIN THEN

JMP = INT((SMAX + SMIN) / 2)

FOR JJ = JMP - 7 TO JHP + 7
SLPL = MAXS(JJ) - MAXS{JJ = 1)
SLP2 = MAXS(JJ - 1) — MAXS(JJ - 2)

IF ABS(SLP1) » SLPC2 THEN S(JJ - JMP + 8} = JJ ELSE S{(JJ - JMP + 8)

NEXT JJ
1 = JMP + 7: S2 = JMP - 7
FOR K = 1L TO 15
IF S(K} <> 0 AND S{K) < S1 THEN S1
TF S(K) <> 0 AND S({K) > S2 THEN S2
NEXT X
FOR i = 81 T0 52
MAXS(i) = -1000
NEXT i
J =52 + 1

nwon

ELSE

J=J+ 1

END IF
LOOP
GOSUB MKDATA
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f———— FILTER 5 : FILTER THE LOCAL NOISE
LOCATE 20, 1: PRINT "FILTER 5 : ERASE THE LOCAL NOISE"
REDIM ETA(13)
FOR i = stn + 2 TO stn + SVN - 2
VARL = 0; SUM3 = 0: AVG3 = 0
5000
FOR J =1 TC 5
ETA(J) = MAXS(J + i - 3)
NEXT J
FOR Jd =1 TO 5
SUM3 = SUM3 + ETA(J)
NEXT J '
AVG3 = SUM3 / 5 N
FOR J = 1 TO 5
VAR1 = VAR + (ETA{J) - AVG3) ~ 2 / 5
NEXT J
STD = VAR1 ~ .5
IF STD > 5 AND ABS{MAXS(i) - AVG3) > 1.96 * STD THEN
MAXS(i) = (AVG3 * § — MAXS(1i)) / 4
GOTO 5000
END IF
NEXT i
fm——— FILTER 6 : ERASE THE WRONG WAVE HEIGHT RATIO
LOCATE 21, 1: PRINT "FILTER 6 : ERASE THE WRONG WAVE HEIGHT RATIO"
REDIM M(400), V(400), PP(20)
SUM3 = 0: AVG3 =0
FOR i = stn TO stn + SVN - 1
SUM3 = SUM3 + MAXS(i)
NEXT i
AVG3 = SUM3 / SVN
ptl = MAXS(stn + 1)
pta2 MAXS(stn + 2)
pt3 MaAXS(stn + 3)
pt4 = MAXS(stn + 4)
IF ptl + pt2 + pt3 + pt4 > 4 * AVG3 AND pt4 - pt2 > O THEN AAS = wy»
IF AAS = "UY THEN
MAXS = -10000
i =stn + 1
Do
i=1i+1
IF MAXS{i) > MAXS THEN
MAXS = MAXS(1)
M(1) i
V(1) MAXS
END IF
IF (MAXS(i) ~ AVG3) * (MAXS(i + 1) -~ AVG3) <= 0 THEN EXIT DO
LOOP
ELSE
MINS = 10000
i =s5tn + 1
DO
i=1i+1
IF MAXS(i) < MINS THEN
MINS = MAXS{i)

o

M(1l) = i
V(1) = MINS
END IF
IF (MAXS(i) - AVG3) # (MAXS(i + 1) - AVG3) <= 0 THEN EXIT DO
LOOP .
END IF
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i=M(1) + 1

IF i » stn + SVN THEN EXIT DO
IF V(II - 1} > AVG3 THEN
MIN = 10000

Do
i=1i+1
SP1 = MAXS(i) - MAXS(i - 1)
SP2 = MAXS(i + 1) - MAXS(i)

IF SP1 * SP2 < 0 AND MAXS(i) < MIN THEN
MIN = MAXS(1)
M(II)
V(II)
END IF
IF (MAXS(1) — AVG3) * (MAXS(i + 1) - AVG3) < O THEN EXIT DO
IF i » stn + SVN THEN EXIT DO
LOOP
II = IT + 1
ELSE
MAX = -10C00
DO
i= + 1
SP1 MAXS(1) - MaXs(i - 1}
SP2 = MAXS(i + 1) - MAXS(1)
IF SP1 * SP2 < 0 AND MAXS(i) > MAX THEN
MAX = MAXS(1)
M{II) = i
V(1I) = MaX
END IF
IF (MAXS(i) - AVG3) * (MAXS{i + 1) - AVG3) < D THEN EXIT DO
LOOP
IT = I1I + 1
END IF
LOOP
WNN = IT
FOR i = 2 TO WNN
TP = M(1) - M(i - 2)
IF TP < 10 THEN

I -

o

FOR II = M(i - 2) + 1 TO M(i) - 1
MAXS({II) = -1000
NEXT II
END IF
NEXT i

GOSUB MKDATA
FOR 1 = 3 TO WNN ~ 2

TP ABS((V(i) - AVG3)) > ABS(V(i - 1) - AVG3) THEN
RATIO1 = ABS((V(i) - AVG3) / (V(i - 1) - AVG3))
ELSE
RATIOL = ABS{(V(i - 1) - AvVG3) / (V(i) - AVG3))
END IF

IF ABS((V(i + 1) - AVG3)) > ABS(V(i) - AVG3) THEN
RATIO2 = ABS((V(i + 1) - aVG3) / (V(i) - AVG3))

ELSE

RATIO2 = ABS({V(i) - AVG3) / (V(i + 1) - AVG3)})
END IF
IF RATIOL > 3 AND RATIO2 > 3 THEN

SPMAX1 = -10000: SPMAX2 = -5000

K =M1i) - 9

Do
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K=K+ 1

IF K = M(i) + 9 THEN EXIT B0
SP1 = ABS({MAXS(K) - MAXS(K - 1))
SP2 = ABS(MAXS(K + 1) — MAXS(K))

IF SP2 > 10 OR SPl = SP2 THEN
PP(K - M{i) + 9) = K
ELSE
PP(K - M(i) + 9) = ©
END IF
LOOP

Pl = M(i) - 9: P2 = M(i) + 9
FOR K = 1 TO 17
IF PP(K) <> 0 AND PP(K) > P1 THEN P1
IF PP(X) <> 0 AND PP(K) < P2 THEN P2
NEXT K
‘FOR IY = P2 TO P1
MAXS(II) = =-1000
NEXT II .
END IF
NEXT i
GOSUB MEKDATA
S TRANSLATE TQ BE THE REAL UNIT
LOCATE 22, 1: PRINT "TRANSLATE THE DATA"
.SUMT 0: AVGT = 0:
GAIN (254 / HRL) * 8
FOR i = 1 TO SVN
MAXS(1i) = (MAXS(i) - avgs) * GAIN
SUMT = SUMT + MAXS(1) ‘

PP(K}
PP(K}

AVGT = SUMT / SVN
f———— CALCULATE THE STATISTICS PARAMETERS OF THE DATA
LOCATE 23, 1: PRINT "CALCULATE THE STATISTICS PARAMETERS OF THE DATA"
SMPRT% = 5
dn = stn + SVN
dnn = INT(dn / &)}
REDIM wave(dnn), maxwh(dnn), minwh(dnn), wavehi(dnn),
REDIM WAVEHF(dnn), WAVEP(dn), PMARK(dnn)

rawsum = 0: WN = 0
FOR 1 = stn TO dn

rawsum = rawsum + MAXS({i)
NEXT i
rawmean = rawsum / (SVN + 1)
FOR i = stn + 1 TO dn - 2

IF MAXS(i) < rawmean AND MAXS(i + 1) > rawmean THEN

IF MAXS(i — 1)} < rawmean AND MAXS(i + 2) > rawmean THEN
WN = WN + 1

wave(WN) = 1
END IF
END IF
NEXT -i .
FOR i = 1 TO WN
maxwh(i) = =~10000: minwh(i} = 10000
FOR J = wave(l) TO wave(i + 1)
IF MAXS(J) » maxwh(i) THEN maxwh(i) = MAXS(J)
IF MAXS(J) < minwh(i) THEN minwh(i) = MAXS(J)
NEXT J
WAVEHF (1) maxwh(i) — minwh{i)

nn

wavehi(i) WAVEHF (1)
WAVEP(i) = (wave(i + 1) - wave(i)) / SMPRT%
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NEXT i
CALL QSORT(WAVEHF(),
FOR J = 1 TO WN
i=0
DO
i=1+1
IF wavehi(i)
PMARK(J) =
EXIT DO
END IF
LOOP
IF WAVEHF(J) = WAVEHF(J -~ 1) THEN
FOR K = PMARK(J - 1) + 1 TO WN
IF wavehi(K) =
NEXT K
END IF

1, WN)

= WAVEHF(J) THEN
i

hmeans 0: HRMSs
tmeans 0: TRMSs

N / 10 + 1) TO WN
WAVEHF (1)

hl3s
t13s

0:
0:
INT(9 *
hlilos =

0:
0:

o
Inn

t
=
[
tn
o

NEXT i
FOR 1 =

= tll0s
INT(2 *
hl3is +
tl3s +

2 TO WN

W
hl1l0s +
+

WAVER ( PMARK{ 1))

WN / 3 + 1) TO WN
WAVERF (1)
WAVEP ( PMARK(1))

WAVEHF(J) THEN PMARK(J) = K

hmeans

nmeans + WAVEHF(i)

tmeans + WAVEP({PMARK(i))
HRMSs + WAVEHF(i) ~ 2
TRMSs + WAVEP(PMARK(i)) ~ 2

tmeans =

HRMSs =

TRMSs =
NEXT i
HMAX
TMAX
Hlio
T110
H13
T13

=

WAVEHF (WN)
WAVEP ( PMARK (WN) )

h110s / (WN - {INT(9 * WN / 10)
t110s / (WN - (INT(9 * WN / 10)
hi13s / (WN - (INT(2 * WN / 3)))
t1l3s 7/ (WN - (INT(2 * WN / 3)))

LI R A

)
1)

HMEAN hmeans / (WN - 1)
TMEAN tmeans / (WN - 1)
HRMS = ((HRMSs} / (WN - 1)) ~
TRMS = ({TRMSs) / (WN - 1)) ~
P1.OT THE DATA

.5
.5

CLS

PG =

K

IF ABS(BPL
TICMAX =
ELSE
TICMAX =
END IF
200 /

- avgs) > ABS(avgs) THEN
INT(ABS(BPL - avgs) * 8 / 100

INT(ABS(0 - avgs) * 8 / 100 +

TICMAX
=0

DO UNTIL K = 7

K=K+ 1
SCREEN 1.2
WINDOW (O,
LINE (50,
LINE (50,
LOCATE 14,
LOCATE 5,

0)-(640,
100)-(550, 200},
200)-(550, 400),

2: PRINT "(cm)"
2: PRINT TICMAX

480)
15, B
15, B
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LOCATE 12, 2: PRINT TICMAX / 2
LOCATE 18, 2: PRINT O
LOCATE 24, 2: PRINT -TICMAX / 2
LOCATE 1, 4: PRINT "W. N.:"; WN
LOCATE 2, 4: PRINT "Hmax :"; INT(HMAX)
LOCATE 2, 18: PRINT "Hi/10:"; INT(H110)
LOCATE 2, 32: PRINT "H1/3 :"; INT{(H13)
LOCATE 2, 46: PRINT "Hmean:"; INT({HMEAN)
LOCATE 2, 59: PRINT "Hrms :'"; INT({HRMS)
LOCATE 3, 4: PRINT "Tmax :"; INT(TMAX * 10) / 10
"LOCATE 3, 18: PRINT "T1/10:"; INT(T110 * 10) / 10
LOCATE 3, 32: PRINT "T1/3 :"; INT(T13 * 10) / 10
LOCATE 3, 46: PRINT "Tmean:"; INT(TMEAN #* 10) / 10 .
LOCATE 3, 59: PRINT "Trms :"; INT(TRMS * 10) / 10
LOCATE 2, 74: PRINT "{cm)?"
LOCATE 3, 73: PRINT "{sec)"
GOTO %000
C =14

LINE (50, 200 + AVGT * PG}-(550, 200 + AVGT * PG), 11
IF K = 7 THEN

FOR 1 = 1 TO SVN
pPpl = 50 + 1 / (SVK / 500)
pPp2 = 200 + MAXS(1i) * PG
Pp3 = 50 + (i + 1) / (SVN / 500)
pp4 = 200 + MAXS(1 + 1) * PG
LINE (ppl, pp2)}-(pp3, pp4), €
NEXT i
ELSE
FOR i = 1 TOQ 500
ppl = 50 + i
pp2 = 200 + MAXS((K - 1) * 500 + i) * PG
pp3 = B0 + (i + 1)
Pp4 = 200 + (MAXS((K - 1) * 500 + 1 + 1)) * PG
LINE (ppl, pp2)-(pp3, pp4), C
NEXT i
END IF
FOR II = 1 TO 10000: NEXT II
SLEEP
IF K < 7 THEN CLS
LOOP
9000
FOR i = 1 TO 1000
K =0
Do
K=K+ 1
PSET (50 + i / 2, 100 + (MAX1S(i) - MAX1(i) + K) * 2), 14

IF K = INT(MAX1({i)) THEN EXIT DO
IF MAX1(i) = 0 THEN EXIT DO

LOOP
pp5 = 50 + i / 2
pp6 = 160 + MAXS(i) / 3.5
pp7 =50 + (i + 1) / 2
pp8 = 160 + MAXS(1i + 1} / 3.5
LINE (pp5, pp6)-(pp7, pp8), 15
NEXT 1
END

P QUTPUT DATA ZION
OPEN "D:\DITDATA\" + DITFL$ FOR OUTPUT AS #1
FOR i = stn TO stn + SVN - 1
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DRINT #1, INT(MAXS(i) * 10) / 10
NEXT i
CLOSE #1
OPEN "D:\DITDATA\" + STAFL$ FOR OUTPUT AS #1
PRINT #1, WN
PRINT #1, INT{HMAX)
PRINT #1, INT(HL10)
PRINT #1, INT{H13)
PRINT #1, INT(HMEAN)
PRINT #1, INT{HRMS)
PRINT #1, INT(TMAX # 10) / 10
PRINT #1, INT(T110 * 10) / 10
PRINT #1, INT{T13 * 10) / 10
PRINT #1, INT(TMEAN * 10) / 10
PRINT #1, INT(TRMS * 10) / 10

CLOSE #1
CALL SPECTRUM(MAXS(), dn, SMPRT%, SPCFLS$)
LOQP
END
MKDATA:
f e —— FILTER : ERASE THE JUMP NOISE
POT = stn

DO UNTIL POT > stn + SVN
IF MAXS(POT) <> -1000 THEN POT = POT + 1

IF MAXS(POT) = -1000 THEN
PIT = POT
Do

IF MAXS(PIT) <> —1000 THEN EXIT DO
PIT = PIT + 1
LOOP
51P3 = (MAXS(PIT) - MAXS(POT - 1)) / (PIT - POT + 1)
FOR J = POT TQ PIT - 1
MAXS(J) = MAXS(POT - 1) + (J — POT + 1) #* SLP3
NEXT J
POT = PIT
IF POT > stn + SVN THEN EXIT DO
END IF
LOOP
RETURN

SUB fft (XREAL(), XIMAG(), si)
! si=-1 for FFT: si=1 for IFFT

' = FFT ==
N = 2048
REDIM NN(20)
M = LOG(N) / LOG(2)
FOR i = 1 TO M
2

NN(1) = ~ (M- 1)
NEXT i
FOR L =1 TO M
NBLOCK = 2 ~ (L - 1)
LBLOCK = N / NBLOCK
LBHALF = LBLOCK / 2
K =20
FOR TBLOCK = 1 TO NBLOCK
FK = K
Ve=gsi*2*pi*xTFK,/N
C = Cos(V)
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& = SIN(V)
ISTART = LBLOCK * (IBLOCK - 1)
FOR i = 1 TO LBHALF

J = ISTART + i

JH = J + LBHALF

TREAL = XREAL(JH) * C + XIMAG(JH) * S
TIMAG = XIMAG(JH} # C - XREAL(JH) * S

XREAL(JH) = XREAL(J) - TREAL
XIMAG(JH) = XIMAG(J) - TIMAG
XREAL(J) = XREAL(J) + TREAL
XIMAG(J) = XIMAG(J) + TIMAG
NEXT i
FOR i = 2 TO M

I1 = i
IF K
K =

i

< NN(i) THEN EXIT FOR
K —~ NN(i)
NEXT i
K=K + NN{(I1)
NEXT IBLOCK
NEXT L
K=0
FOR J = 1 TO N
IF K »>= J THEN
TT = XREAL(J)
XREAL(J) = XREAL(K + 1)
XREAL(K + 1) = TT
TT = XIMAG(JF)
XIMAG(J) = XIMAG(K + 1)
XIMAG(K + 1) = TT
ELSE
END IF
FOR i = 1 TO M
1L =i
TF K < NN(1) THEN EXIT FOR
K

= K - NN{i)
NEXT i
K = K + NN(TI1)
NEXT J

IF si = 1 THEN
FOR i = 1 TO N
XREAL(i) = XREAL(i) / N
= XIMAG{i) / N

XIMAG(1i)
NEXT i

ELSE

END IF

FOR 1 =1 TO N

NEXT i
’ = End of FFT ==
END SUB

SUB QSORT (A(), M, N)
IF M =1 AND N =WN - 1 THEN num = 0
IF M < N THEN
i =M: =N+ 1: K= A(M)
DO ‘
DO
i=1i+1
IF i » N THEN EXIT DO
LOOP UNTIL A(i) »= K
DO
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J=J =1
LOOP UNTIL A(J) <= K
IF i < J THEN SWAP A(i), A(J)
LOOP UNTIL i >= J
SWAR A(M), A(J)

CALL QSORT(A()}, (M), J - 1)
CALL QSORT(A(), J + 1, (N))
END IF
END SUB
SUB SPECTRUM (RD{), dn, SR%, SPCFL$)
CLS
= 2048

DIM XREAL(N), XIMAG(N), SP(N)
pi = 3.1415926#
si = -1
PCUT = SR% / 2
FOR 1 =1 TO N
XREAL(i) = RD(i)
XIMAG(i) = 0

NEXT i
CALL E£ft{XREAL(), XIMAG()}, -1)
SPMAX = -10000: Mos = 0O
.FOR i =1 TO N/ 2
5P(i) = 2 * ((XRFEAL(i)}) ~ 2 + (XIMAG(i)) ~ 2} / N
SP(1) = 0

Mos = Mos + SP(i)
IF SP(i) > SPMAX THEN
SPMAX = SP(1)
SPFMAX = FCUT * 2 / N % (i - 1)
END IF
NEXT i
MO = Mos / N
OPEN “D:\DITDATA\" + SPCFLS$ FOR QUTPUT AS #2
PRINT #2, "Mo", MO / 10000
PRINT #2, "PF", SPFMAX
PRINT #2, "PSD", SPMAX / 10000
PRINT #2, "FCUTY, FCUT
i=0
DO
i=1i+1
PRINT #2, SP(i) / 10000
LOOP UNTIL i =N / 2
CLOSE #2
END SUB

76



TREEEZRI R ERE
CWB83-2M-07

G L @ AR TR X X B
| * R A A

EHAHE X OB

B LR X &
Bl e REGEmyn

FERENA+TZENR—H



woR

BEERXEERER > KRB GEREMS LR BATEEE
R BERFRIBRIAFRT o MERR L TS KIE (fully developed
sea) » AIT AR B2 AK » H=AVYg 23 % AP HZ % & » AR %
BogRENIEAL P VERAR - KB BELRER R H TS
Bt BRIk o

{2 A 2R 35 1993 5 W T R AN ARG H EHES » B =
BEBRE (Bt~ RF 5~ Bau) o BHBEABR N KL
ZHEB (FPHRERRREERAMEL) o fARBRAZ %
LB  ARARBRERTENYTHANER ) SRR EE
ATREAEEAABRAREZIEBVWEEAN  TAAREREETE
B3 o

FRRTEREMZMG > £hEh et =8 8y
fle REMABMAETEFT RT  HMAEHRIE0T8- A THLT
RZEEETR EEM AT ZARA R EB I A ST A S Bk
ZIHEWEE s SAERNEFRESEZ BN > SR ESS
o AARTARVEERAEA o



L%

BEEIRLEEBRER RIS HEGEE A 0 B IRTERA
R ERERFRIFRT » RERRS TR (fully developed
sea) » RITT R EZ AKX » H=AVHg 38 - RHRA RS » AR ¥
o gRE iR > VAR (Hubert, 1957) « s X 48 R 2 & »
Q36 51 P-N-T o 0y o 3 SR ELRE R 60 AR » BP AR 4 B A
RAGRGEE R R RN (M4 5 1993) o

LHAXTEERZ B LB TNZ AR £ PELSE
BRI EFEBREREA T FHo 2B L TARE » B3R
EHFES s o XTHE 8 MERZ F B SEERZE »
EIARBEANGEBE - F—FH e BRmT > WEESE R
BRICWEL RS EWH > BERS AR > detids A Py |
BETHER R BRERRE » EHERTER A GRS > £ 754
R— M A FA R RN it BB B RE S 4big 2 HE X Ak R
MZFR o

R EWAERY LA RBHPFRME BRI E2 F A
o MBERETRALB MBI R EH (S5 - A &
TEHBR) Es b BB o

= FHE A

RERARPAH BB R LETH > AT o 16@RTiE LR
3 (AERE-RE-TE AP~ ER AKX A~ 5
ERER - EPT BB B BASR) > WA LR
(R~ T8 - BH) > ZHARESLRE (B0~ B
By ) AL e AHAZCEAR (B4 Tmb) ~®BAE (°C) -
By (16F4) BRE (m/s) » AHEMA1993458 2% 3745051
Rl&FZpg—% o

PR E# G T 53t HRAE-FIRAR S BE ~ Rk T
HEARBERE S FXRRIML (RREARAL) » ZHEEE
Re) o e REZ BT PNHEL PHERIEARG L » 3
AEF 7 R R LB PR ETI)E 4 o



CRMATK  HBBEHLELE » WA M BZEFHE
BREELXZR » XHRR » 2EREM (AR} ) BEEIH
BRoB-IEAERMEHEMNEZ R EREEE (2
BARARALA ) o FIERT BB MR s #3355 A 45.2535mb > Jr Bp
R SE LT ks PR B A BARBREERE XSG AR
Fro sush » BB FRFAH10mb » BARLE K &R TERE
Bof—8HEMBERESY » THKIOMb » BEE R o

MR LR B S X R T A S LIE A BEAE = o fn
Bl Z BB » EERANFELH AN xBERT B
RISEPAIFTFHBER TREEBERNE o BAMBELE « &>
ERE—FAR (0.839C)  Z3h4 b A1 51 47 9] 38 BAEFTRIAE £ 7] o

M M BR324 T A E = o shB A AR 1
M REFE S BEIRE =G LR RN Bk~ 345 5
FOBBMELHRERZ o PHREFRKE L o REBHE » 12
Ba B REHIHH » FRRAR B RE%55 » b
MIENAEE > CEBBAERTFHERLELE 12 o sbsh» &
M ER MK ETRASELHARTE 2m/s AT » AEA—
g LU B o

RARE BB e LM A Wb AF2 BRMR AT
@%Ewoﬁ%%#%%w(%ﬁﬁmﬁﬁéﬁﬁ)’E%%%&
RATM FEM (event) » MEZ AT 40 £ —45 » JF P 3R 1228,
RARERGEZIRS c B ugEeRsl (LBE) » G2
8 % 0.58 -

Al Z A B (WA ) MARRARE LAY AREA L
ZHRERRSSWBEHNE N (BEERAR) ~ B (Muenx
R) BB (RELIIEH) o LFBRERR AT L2 L{E25 063
%%ﬁ%:iﬁéaw»kﬁ%amﬁ%%mo%amﬁ%ﬁﬁ&
S BAR IS o BABRRIKZ AP Ao

EALMMARZERAMNE &R A BERTIEAEI0
o BHGHHEESLFIN ) HHARK_REZ o L P R E
E-BE B o wss M alRngg s e Lo B 36T 8%
#hE-SE PR Rk b3 R —F o



Z. BRBA

BURFIZHE » SR RE LM HERLERANRA A ELAR
PR o HE R L B REBAKREARE » BELREMSZ N
EoSRLAA S AT EEE (XD 1993) c gk
AREFFZIEHAFIE > BAS T 02— RXR&HZEWNHH
B> &M SRS BIAREH BB EFTHS o LM
BOFETRE > BRARESE078 (BA) » oRWZ 2l
BATRE > MR LEEEF 080

vy, fiysiiEig

HRELTRERMZ RAFMMAEToe | ¢ MUE& IOETRSMN
AZME > AHALERARERGZEFEANEATAR o 2 £F
RIBSGZ RAGDAMER =g (Mu- Rt s e
M) S BB R LR REZEY (TR RSE RS
EFTEN) c A RBBAZEMAELEEL BIEERERFE
ABERAER R RAER LRI THAAANRAGBREZ ST
MBS  FEARRKRIEE THE -

RIBSEREZ —BRR » BAHEAMMERLEERE XL KA
MoGHERERFLLRIRIBLEA  REEHATHAL
AR > 428 ML E R A 0 I AR (shielding effect) 3 3 »
BRI &R IIERZ LB » R E R IEWES o

AR RS MBI RH ) R RARAM IR B RBRTAR S
BRA(FRERAELBRBRREAFEARBAZLER) » A TH TR
RER AR NBREEBER LM U AT ERS
T SABRREFREGEZRNES » GRS EH
ABTRER L B RIRAL A ©



#4304

Hubert, W. E. (1957): A preliminary report on numerical sea condition
forecasts. Mon. Wea. Rev., 85: 200-204,

S5 (1993): 2K 3Rk b Lok R S5 2 SR MBI HF AL o bk B
£ 32F o
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A= TRARFHU R EB1993FFR ~ £ ~ B3 TH L3 £ o

Station | #]3k Pres. Temp. Speed E-W N-5  |Mean vector
Mean |8.D.{Min.|Max.|Mean|S.D.! Min. |Max.|Mean|S.D.!Max.! Mean|S.D.{Mean! S D. Mag. | Dir.

1| PCY | #dst 11002.55 6.51| 987{1020|21.90|5.44] 67| 33.3| 6.77/3.15] 18.5] -2.46|4.29] -1.06|5.49| 2.68] -157
z2| KL &M (1010.90]6.84] 994, 1029|22.73/5.69| 7.8| 35.9| 2.65/1.75| 10.1| -1.08]1.881-0.72|2.21| 130[ -146
3| HL ieif  |1011.89|6.35| 995/1028/23.4314.53} 11.1) 33.0/ 2.99|1.96] 11.5{-0.51|2.23] -0.19/2.74] 0.54! -160
4] SA L |1011.38(6.61| 995/1028,22.45/5.41| 8.2 33.4| 2.65/1.55] 9.1| 035!2.34| 0.68]1.84] 0.76| 63
5[ IL FH  |1013.56]6.71] 997/1031|22.36|548| 8.4 34.7| 144|123 7.0|-025/137]-0.48/1.19] 0.54|-118
61 CK A%h |1009.496.21] 993|1026|23.69(4.26! 12.1| 33.5| 3.39(1.911 10.6! -0.621.78] -2.08]2.70| 2.17| -107
71 TT & 1012.25]5.94] 996/1027)24.59|4.32) 12.8| 33.9| 1.65/1.04; 6.6,-0.06|1.13]-0.87/1.32| 0.87] -94
Bl TW A& [1012.35]5.78] 997,1027|25.09/4.18| 13.3| 37.6| 2.54/1.57| 9.1|-0.22[1.521-135/2.17] 137} -99
9 LY MMt | 976.01/4.73| 962| 988122.44[3.63| 11.1] 30.7] 7.84|4.47| 30.2] -0.40|5.43] -2.49|6.76] 2.52| -99
10| HC 1E4&  [1010.54|5.21] 996]1025{25.19|3.92| 13.0| 33.7| 3.68/2.54| 13.0]-1.27/2.62] -1.98 2.76| 2.35|-123
11] KH B |1012.6415.11) 999|1026|25.1114.65| 9.8| 34.4| 222|126 84| 053]1.65 -0.58{1.78] 0.79| -48
12| TN Gy 11010.9315.42| 997]|1025|24.42|5.35! 8.3| 36.1| 3.15(1.44] 96| 021]1.61 -1.32(2.77] 1.34] -81
13] TCT | £+ & 1007.86|5.30] 994]1021{23.67|4.28/ 12.0| 31.8| 7.55/4.52] 21.5| -1.67/3.34] -4.24 6.75| 4.56| -111
14| PH #A  [1012.11]5.72] 997|1026|23.61|4.85| 10.8] 33.4| 4.62|2.44| 12.6] -1.192.12| -2.24 4.06) 2.54)-118
15; CY £ & [1009.495.36| 995|1023]23.11|5.77| 59! 356! 2.19|1.32| 7.6] 038|1.46]-0.81[1.90] 089 -65
16| TC & 1003.31|5.29] 989/101723.44|5.61| 5.6 34.6| 1.57/1.01| 50| 0.25,0.98]-0.46|1.50| 0.52| -61
17t WC 1 [1010.14/5.66| 996|1024/23.32|5.66! 7.1| 34.9| 5.09(3.24} 16.2] -0.73|2.48] -2.73/4.72] 2.83| _105
18| HCU M4y [1010.15/16.10| 996) 1026/22.23|5.83] 5.1 33.9| 3.5212.64! 13.7|-1.30(3.07] -1.38]|2.52] 1.90]-133
19] 1§ Ak 11011.74]6.69| 996|1030|22.15/6.07| 6.1| 36.3| 1.63,1.33| 8.8|-0.38]1.58]-0.34]1.29] 051! -138
200 TP %4k |1012.00|6.67| 996{1030122.72|5.91| 7.1| 36.3| 2.93|1.81] 8.8|-1.66|2.40] -0.651.71 1.78( -159
21 ¥S§ E 641.9712.53) 634] 648 4.05/4.95|-10.6] 17.9] 4.73|2.66| 24.7| 2.25/3.49| 0.15/3.49] 2.25 4
22| ALS | FE.L | 764.72{2.17| 758| 771/10.89{4.27) -3.4| 21.3] 1.10/0.83} &.1] 0.26|1.05| 0.07(0.85| 027 15




R SRR AR EEAL1055 BB BIERE o

PCY KL HL SA IL CK 1T W LY HC

PCY 1

KL 0.24 1

HL 0.09 0.18 1

SA 0.08 0.20 0.12 1

1L 0.02 0.16 0.14 0.24 1

CK 0.15 0.22 0.22 0.07 0.03 1

TT 0.04 0.16 0.18 0.08 0.13 0.28 1

TW 0.14 0.18 Q.11 0.0 0.04 0.30 0.27 1

LY 0.07 0.06 0.03 0.01 0.00 0.14 0.05 0.12 1
HC 0.1% 0.16 0.10 0.09 0.03 0.28 0.13 0.35 0.12




P SHELILFI0sE Bkt E o

XKH TN TCT PH CY TC WwC HCU TS TP
KH 1
N 0.30 1
TCT 0.00 0.21 1
PH 0.01 0.19 0.85 1
CY 0.25 0.41 0.10 0.12 1
TC 0.24 0.30 0.07 0.11 0.50 1
wWC 0.07 0.30 0.53 0.58 -0.34 0.42 1
HCU 0.03 0.15 0.44 0.52 0.19 0.24 0.59 1
TS 0.07 0.08 .05 0.08 0.15 0.18 0.18 0.1% 1
TP 0.01 0.02 0.14 0.20 0.03 0.04 0.17 0.24 0.19
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ABSTRACT

This project is mainly to assist the development of the Lanyu
Baseline station which is operated by the Central Weather Bureau.
One of the tasks is to assist the purchase of the automatic
monitoring instruments, which is described in Part I of this report.
After october, 1982, air samples are collected at Lanyu, and then
sent to university laboratories to be analyized to determine the
composition of non-methane-hychocarbons, the concentration of
methane, and that of anions and cations in aerosols. Part Il ~ IV »

V and VI describe about these results.

Keywords : baseline station, NMHC, CHa, aerosol
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FERBAKRTRE L ohe 5 MR HA (AR ) -

(DFRBEE=S

BARAEFRXTAESRER  TEHMEKRE E R
EREBREMMEATTHRMAGE - WG RABMABIRISAA
4B Rl 0 VRAT T XM - ST LAE - HURB XA S MR
FoHLEA (R AT ©

=~ G ERKARBN

B3EHERRBOAROBHTEHN AL KRR
TR A BT R R4 BIRAUERE S IR IR AE
H AL ENEE—E > AT

(QEHHEH—F

S EGAIAES e ERE s REANRBELEZERASE > LA
%%@&Mﬂi’%%E%Hﬁk’%ﬁﬁ?éﬁﬁkﬁﬁﬁﬁﬁ
m’ﬁﬁﬁiﬂﬁ%%mﬁﬁaé%%ﬁ@%%%ﬁ~%%#$%
B R FHNERATHARERREY AFeEES
R LA BLA (o AR B -

(b) KM kikin £ 45— 2
WE LGOI

1.4 5} 42 43 4 B J& % (MODEL UVB-1, 280~330 11 m)

2.4 542 98 SHE % JB B(MODEL UVA-1, 300~390 2 m)

3.4 % 7 K 15 384 & 22 (MODEL TSP-1,03~3 ym)

A% 4k FRIETH 4R 9545 & JE % (MODEL MFR-6, 415, 500, 610,
665, 862,1940 11 m)

S.EHE R RERIENRAR
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Wi i S M AL LA (e HE5S)
COERMNHMBARATAH—F

ERELHENMERARE EATHZAGHRBAAT ALK -
1% Fl E‘I/tzaﬁ"ffﬁl‘r%#m;é%zi o OB ERERE 1’2’)@' ’
BB ET SRR PTHRBLRTFZEETREMNK -
%?%u%ﬁ%a%ﬂ%hﬁﬁ%%%~&ﬁ~w%~ﬁ&%ﬁ~

HRBERARE L FLAMARAAGRMEL) -

()85 s 4508 A 3 Bt — B

EGET U BEEEME ) £ E] 4005 pmE1Ogm > T
HEFREEHRSMENRE - 2BRBLE -

‘%e**#ﬁ:‘»‘(*.}:?‘%%% o
BEREEB S -

Lf’—"—e%rfﬁ
4%%%#&&ﬁ$%°
5EAEN
B BB BTN P REINES 'd"’fii""%'"‘ %  REREEMR
B THRIE S o B s 0 ESh S S AR A
M A e

(VSR RBEENR &

BB T BRI Ao/ S A (700 L m) ~ (550 u,m)&
E"5’5(450 pm)Z AR RAETEEL 0X107m™ » sbik 58

"Aﬁﬁ’Wﬂ%%ﬁiﬁézﬁﬁ%%’WWﬁﬁﬁﬁiﬂﬂ
Z_ Rayleigh #4f ~ "0 B A R E 7 8H —'Er-v?éfﬂ LR R
S (o M) °
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LK

*%ﬁi%EﬁWﬁﬁgﬁﬁkﬁﬁﬁﬁﬁmﬂﬁ%ﬁ%&ﬁ%

.

£.ORAR TRBVEEN ) HE BWRASERATREMN AL
SA BB cos S0 o ZAAML A EAATHAR

nN. R
Pt AL B4

}

ENMERE-RAEBESTR
L EHEA ARSI R e
Y- U .
. REEAIERE C B AHK ... P

. EER
R A
. BB

OB I

h
-

o

KB o
B e

-------------------------------------

op #r oob e o ok ob

- RAEILHA

L () RENBRADHAITEERE -

(b) T BB Sy BATIR R -

CEE . AR HERE

{Gas Filter Correlation)

M E : o~1~2 5~10>20" 50> 100"

A ME ¢ =0.05 ppm

200

500

v @ ~ M U s
- . . P

WEE
HEEME
. %ﬁ?ﬂ -
B R B
I P

*0.01 ppm

18

01 ppm RMS/30 secs
: = 1 minute

0 L/min

s B FER -SSR (Bigh Precision CO Analyzer)

100¢ ppm



1g.
11.
12.
13.
14.
15.
l6.

TEFEA : To.2 ppn/24 hzs

AVEEH ;1 s F.5,/24

BEEBE 5 ~ 45 °C
FAT" % : pigital f
o0~ 10V

hrs

LA/ TREEM(958) : 1 minute

WHE o 110 10% vac, 60 Hz

M EE AL AT (Righ Precision so, Analyzer)

- AFE ()R EDEE BRI ERE .

(bR B B B PATIR R E -
AR BARMRHME (Pulsed Fluorescent)
RIFESE 1 0~10° 2050 100> 200 ppb

13,
14.
15.

AW A E : =100 ppt

. MEE : Lo.01 ppb

ﬁ.ﬁ,&'f&’. :_i-l 3

. #3 : 0.05 ppb RMS

B AR M (90 8): £ 3 minutes

. B . 0.5 L/min

. BESEREA + 0.2 ppb/day
. BWES : f2 s/week

. Jjﬁ)ﬁ}%ﬁ%ﬁ : Zero ; 120,05

ppb/ac

Span : *o0.1 ¢/°C

R : bigital Bi-F
et 0~ 10

EH : 110F 108 vac, 60 Bz |

17



=~ B8 53 (0, Analyzer)

BB AELRARERAGRE

. B UV, 4N E L (U.V. Photometric)
. iﬁ[ﬂ :0~1 ppm

TR E + = 1 ppb

. ﬁ'gﬁ : *X0.002 ppm

LM . To0.001 ppm

. AL . +o0.002 ppm

. BRREM : £ 20 secs at 2 L/min
BN : 10 secs

BB 1 ~ 3 L/min

. BELEA : < 0.5 8/month

. %’f’%i‘?&?f} : < 1 &/month

. BEHERE 0~ 50 °C

. BAT R : pigital B

M s 0~ 20V

., W : 110k 10% vac, 60 Hz

O W om o= ot o e ke

I e T
o b b W A

E|

S AEEEERE - i R4 (calibration & Sampling System)

BB ARATES - ERMHARY

D ERERAMCAXMARTRNESAE
BETEMNIADSHEFIIHIB0. 5K
STRAEFARNFEMEERAE
RNV G ERE AR
EEADAHBERATHHELAEE  LRELHIZI0XR
A LA RS A BB Ak e

 RETRN MR EN AR ERMETHELESR
BB AGARBRIEEHBHEREAHELS

CHE £ G R AEULI B TR BB AR TR E TN
. T AR AR ALRE (so, B co) B AR I

L T - T T~ WL TN VE R % B o
. . . . »

s =
[,

18, .



- HHEER (pata Acquisition System)

L. MRS TR A E REE— TN A

13.

14.
15.

. TR

AR

AR

T FEEE
B /E A S

. BT R

(a)
(b)
{e)

(d)

{a)
(b}
(c)
(&)
(b)
(e)

+ 100

-
{

: 20

f-&-F (RS232)

£ X e Y 4

r 110

—+

DC Voltage :

Resgistance :

3g0mv, 3V, 30V, 150/300V
300€), 3xQ, 30kQ), 200x00, 3M02, 1om()

AC Voltage : 300mv, 3v, 30V, 150/300V

Frequency

DC Voltage

Resistance :

Frequency
DC Voltage

Resigtance :

AC Voltage

c) FH R
dy ER

Channels

; 20 Bz ~ 100 kifz

: 0.04
0.29
1 5.08
r 100

1 Q

5¢ + 0.2V
¢ + 30 k02

+ 10

(v #H 300 mv
# 3 k0

: lmv F 3 V
mV rms EIEIE

6. MEBMAN ¢ (a) BB - 5us
(b) 3R E ¢ 100

: 1 ms

ro2 o~

1 12 Channels
%f§i§§ : TJI_i$65,535 "on/off" events

(a} 'f‘é-’vﬂﬁ%% :

(by &% H

(c) By .
(dy EHAEX

: 0 ~ 28,

=90%

10 ¢ vaC, 60 Hz

19

ms

7V

. W@ &R : ¢ ~ 17 channels/second
Mo Hr
i0.
11.
12,

TX,RX DTR, GND,

: DB-3FP

+ 11,210 measurements (Memory Card Size 1 MB)

WM ARR A BARET IR A

CTS, DSR,

9600 baud rate ¥A L

8 data bits
rH, 28°C~ 40°C,

= 75% RH

RTS



7T i}?ﬁ%‘]tﬁ% {Control System)

a. AHAEZE

(1) RBMEH « TAABERAN KRS REFTN, RTH LS

1.
2.

e EH& ek,
bk B MR ; 4g60%-33
WHEANMNE : Rs-232 + 2 1@

3. MBI RIEHRE ¢ )8R ;- 1.2 * 1B,

W om o~ oy i o

1.44MB + 18
2)FEEEM : 200mBRl E + 18

. #EAE 5 101 & o+ 148

. 14" Color Monitor, parallel port, 3 serial ports

HAMESEZ ARG R L
MK TR E 4%
AW 24 GBS, g0 ML L

. UM (Modem) ! 9600 baud rate ¥AE modem,

external & internal with communication software.

(2) T KX T8

1.
2.

FLM A SE : 4865L-33 MHz Processor (MR E—M)
B ES « )M - 1.e4mB ¢ -1 {8
2 EERER ;. 1gemBl E o+ 1 1B

. BAT : B E TFT parallel port and serial ports
. 3t M (Modem) ¢ 9600 baud rate #hL modem,

external & internal with communication software.

C AW AR B R GREN

(3) Magneto optical mass storage device, SCSI interface,

105Mb cartriges

(4) REZFHELGARAARFERBAFZALTH 20 0%
BAE R BA o Rt e

20



ﬁ.ﬁﬁﬁ&£4mm:

R : 7.5 Kva

1

2. 454 . BEf A R R R

3LEA/HMHER « 110 vac :

4EANEWRE O+ 158 ~ - 20 %

S.HMINEFEE : + 45 38 ~ - 65 ¢

6 EHRE T = 5% ' :

7R ERE s A RAME - AR AR AT RIS EK
8. 5 & r M) s 1 172 i

9. 2RISR I R : 60 dB ¥A L .

10,3438 : - 20 ~ + 50 C/7emp,0 ~ 95 $/RH

c. FHIEAHK (ups):

EE : 1 KVA

1

ZEIN/BMER ¢ 110 vac

3 AR s 40 dB (EFHF ), 80 dB (— AL EF)
4.8 g A N § ‘
5.3k R > 90 8 .

6. BIER : 50/60 Hz £0.1 %

7.RE AR E 6500 R

g

KRB R : 10,3 A
- KRB ({Cabinet)

TG & AT A A R BAR Y, SR A 1o m 2 R R, &R A 720
B b, WA AT I 5 B b Bt T o, 36 B M A 4

21



M=

ok 5B B A 5 B AR B B ARAR AT R A4S

R TRABREEN, HE L HRA SSRGS A BRI

&
=. R
SELE:
1. BERES
2. AHAHLE
R R REREEETFHEBRE
1. BEUES .
| 1.1 RE ¢ 0.24 A-FF/min
1.2 BEEWE - HRE
1.3 %@.ﬁ-’f'&}ﬁi HATE 50 mg/m > F DT E 0.005 mg/m
1o FHEE : RARFIGEREARRTESHE
1.5 W : 10 % |( 0.05, 0.1, 0.2, 0.4, 0.8, 1.6, 3.2,
: 6.4, 12.5, 25.0 ) B4L: um
1.6 HEBWH: BEEHT
1.7 HAER o1 &~ 1558 RRERE
1.6 B#ER 10 oA
1.9 FAEBE : -10C ~ +407C
1.10 RRBEE: #ME  ZKE L2 Bz/min
1.11 HRERE: KEEHTLBARE :
1,12 4% % - AHRARER  FTLERYARALHS 500 Bz T
Qe s Bs
1.13 T : 120 v 50/60 HZ ' 50 H.4F
1.14 &2-FTHE : 2 g/mL

10 BEFRBREESEETIHITE

22



2,1
2.2
2.3
2

.4

NN N b
@

i

2. AHAAEE

'ﬁ‘ﬁ]ﬁﬁﬂﬂmﬁ@’}#‘é“f‘ﬁ WAL M B JF—L%i‘?ﬁ‘EﬁTag—
8-digital LED BRI TH4A & - Ik 0 1
e 1oz FREELEBBETERRGHEN
BB RBBEA 2. BESRFEE ng/w’
' B. BREDRAFLEZREE  HbH B
c. Rk wFH

R
AR EMFHER 2. HHOBRE o0~2000 B2

' B. {&fe&ThH o~500 nz

=]

RS 232 #r

WAL M R E B (1~999 £
TN RZRRGAEBEFL
BEBWMEE 2~4 kag

- PR BT IR A R 2R Bk A P HEMBEEREEBRGRS -

C RECRERARVR  BAARBE LR EAREASILE A

CRERABTRE 0 BATRR - B ﬁﬁﬁ%%&ﬁw%

AR S (F ~ )=
REE -1 o BHEARENSELEE

RAMME : FHE 45 RATREENE, GHEL— 58
- MR ERNF L — o
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e .
bk A 5B WAL LRI SRR SLY

~.mm:r&ﬁ%ﬁﬁmJ%%,m@ﬁ&%%ﬁ&ﬁm%ﬁ%ﬁ%z

ER ¥

CRFER AW E G

. R

@éﬁi@ﬁﬂﬁﬁé\'@?ﬁ}?%%%ﬁ?&{i {Seguential ICP Echelle

-Spectrometer)

11.
12,

# ﬁlﬁlﬂ?ﬁ"@%%%(.vﬁrs),f% Hamamatsu R1463 PMT tube’
225 nm J B VA F B4 H Hamamatsu R75% PHT tube®

A fpchelle MM A 5L & #i: Bl E Echelle 4564 (Echelle
grating) 4 J6 A %, EALT B K4 b S MAAT A (order)
4 U?ﬁ:ﬁﬁ#??'fﬁ@ﬁﬁ?l’ﬂi?bf%qlﬁ (Aperture plate)’
‘EEDDnm‘Sﬁ;-E-i_-’;}%IUE(d_ispersion) & 0.083nm/mm, [ A7 JE
0.0075nm. .

¥HaEi®E 48 #ildebrand Grid Hia

AE XTI AKX TE, 640k RAM. 40M Byte Haxrd Disk,
4B .28 Byte MEL, M14- vea H & B RAGAM, HaMR
BAEE - . |

RF (radioc freguency) éi%ﬁ . #1 % = 40.68MHz free-running
Flagg a*ffciié'?r, ﬁ-ﬁmiﬁiﬁ%@kﬁiﬁ °

MilE (torch) : T T 406 FHAIE (RERKIN R B = {B ) » KA
BRI ST  Eh BF( R REL RS R AR H
E4HE -

ST AE R (puTs) T A BESIENE ¥ HERARAMME X
T Ri100 V) °

ERERE . TARF R AFEBRT AR R -
?}fi.r'ﬁ.t—/z}i‘(-.(Calibration equation) : M TR A e

. JEL*EX,E‘T‘- (Line library) c6e4l 7L e zoofE ik &, HF-gkHE

IR /M (S/N) I -
HERE : — %L #, =¥, & Scan displays B -
FE T4 E (interelement correction) : B &k HE o

24



13.
14.
15.

14,
17,
ie.

-@@Wmeud%ﬂ,éﬁﬁﬁ%k&é%M%°

zﬁl'&%&@ : 190 ~ geonm.

EIH : 190-240 VAC 304,50/60 Hz for IcP BHRMA R AL
110v,15A 60Hz for L ib{h B ep & -
THEAMSBHEIRS IR ELLZ5H
—REVToitastEnd, THifeeB@fELHE
ﬁw#:%éwﬁﬁf%% b SR Ao i A iR

.ﬁﬁﬁﬁﬁﬁ%mwiﬁﬁﬁﬂﬁ’ﬁ%ﬁ%%ﬁ%&ﬁ%%ﬁv

CRECBRRAEAANAUR - HRAKLEEAMRAFILE R R TR

FAET R E o AT - Bl L BT A KRR MED R -

BAEAE T F %%4&
'f%lﬂﬁﬂpgc : 1 -':T‘—

THEMR - FHE 20 RNAERTENK, ilEg— 8 5

TR EHGTHZ—
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T At v
W R WA B3 B SRS IR B RAEHLS

— R TRESEER HE L HRA R T RSN RS

SRR EAMARLE  -a

. { FLASK SAMPLING UNIT WITH AIR SAMPLING CADETPUMP)

1.1 FRANM
200mm * 460mm * 550mm KA L

L2 TRABEMBE 12v BAT AT 110v/e0ns
1.3 wHBRARAESL 15 psT BH 0 18 in.sg BEK
i.e BRI H '

1.5 THAT RAES 11505 F KT

1.6 BB 1/308%H 0 Farsiiesodd -

1.7 i vIEER 3/8" NPT(F)

1.8 ARIAREEAL 17 TR

1.9 B 10 L/min: E 1ot .

1010 BAEHM - HEAEMNTHAR -

111 EHEBRSES

2. EHEEWM

3. EREES

¢, FAARHRER A

5. HkiEH M '

6. NI ARIRAE KA

7. Bk AR A 4 3 0 B

8. 3/8 op B 1/4 oD

9. MARE

26



At 5

HREREEERBILESH A HRERT
—. R  "TREREEH, HE AHAANEEEE N ERSE
:.%@:i%ﬁ(cmwmmR)ﬂ%%%%ﬂﬁﬁﬁ,ﬂﬁﬂ%ﬁ

EERRE UK EEREA DR KESER  kE
E?ﬂ%%ﬁﬁ@—ﬁ%%%ﬁ%%%%ﬁ%ﬂ@@%“ﬁ

B
= 8 2ERS
1. EFEH ‘
2. BEHEERES
3. meRE |
4.%%%ﬁﬂﬂﬁﬂ%$%%%
5.&%&%
1. BB
1.1 RFFEE : 0 E = 12000 FT ( 3.6 K )
1.2 ﬁ%ﬁ- 50 FT (% 15 M), HE + 1%
1.3 BEAFEE : 50 FT ( 15 i ) '
1.4 SEEE sao@—ﬁgmﬁ EME R 15 55

LERER, WS | SH—ERHE, LR
A A
1.5 SEHLTHE . MWL ENESE
1.5.1 & : 904 NM
1.5.2 EEHEEIIE =2 30 A
B EE © SILICON "AVALANCHE DIODE
HIHEFEER 145 mn
- BN REERE
9 ENREEVIESLHHBE EXe MY
J10 THBEERES ¢ 8088 , 16 BIT

el o S -
o ~1 O
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1.11 EHERARBER @+ =2 5 &
119 ZOREHRE - RS-232 =X MODEM/FSK 300 BAUD RATE BAE
1.13 #BfEmE . BEF -50C # 55°C
; BE 5% B O100%
1.14 B : 115 VAC, 50 = 60 HZ )
LHEM?:%%ﬁ%%%%ﬁﬁ,%%%@%ﬁ%ﬁ%ﬁ,%ﬁ
O EHS, HEAKEIR, RREHEEFE.

2. EEREBHR IR

R : 2 17T 16 EEFL R

may . BA 30 EE, EETEREETS
BE pS-232 THEEEHEE, SEBEEER
WiEEE . 0°C 2 50C

BHLITIhEE - ‘-

2.5.1 HISSEE TR -

HIst BN S B B

3 HIRSEHEE.

4 P ERIEERE

5 fiEREETNHERE

5

7

8

%o B e T oS N ota B o)
[ 5 IENV="S % B o B

[a]

BLOFER MONITOR
TR REEREAR
WES RS R AR A,

[ T o S oo T e T e S o B W

o,
5.
5.
5.
5.
5.
5.

3. ks

3.1 A ﬂ?ﬁwiﬁ%ﬂﬁ%ﬂ(SINGLE—END)E‘Z%8@{?&%§E(DIFFERENTIAL)
FELLIE YR '
BB -0 F 57V & 0 E 50wV
FRATEE @ 14 - BIT LB Az (ADC)
HETERE . 0.025% RMSE
=1 ﬁﬁ%(FREQUENCE)E@K { 0-3000 HZ )~ Bl A - BB A
(SYITCH CLOSURE INPUT) - SDI-12 AE - 8 EROEmA
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(%)

[ LI % R S V)

=

@ =1 O i

9
10 BfE  HBEEEEES, ROEHBFT

i ;A SEIAIEE - 2 PRI KABERE 1 E
+5V(20mA ) BRHE - 1 {HEE MS-DOS FHE BHEARIN
| ET LR kAR a0 Y U B R i

st E ¢ 128K BYTES RaM DAL

EREGAR  BEERBEIE, THE - SEREE - BRE-

fBME | BAE AR ME 2 RS |

B RS-232 1E

HEEEE - = = 15 B/E

HEGEERE - 1 B3 45 K

&5 R E MODEM : 2400 BAUD B L ®THidk MODEW HE3Eu:

S MODEN FAEEE - HILLFBIA B MR i W IR

B TR -

BiE . RERETHRIE AC © DC REZH

. AN R R AR

1

B EN - hEEEA RS-232 A EECHRIRNE, WL
EHEHAISEBESAR, RUHESRRE
EE B R
4,1.1 hsRpEEE : §0486-33DX, 64KB CASH
4.1.2 ROM : 128KB
RAM : 4MB
4.1.3 B AT : RS-232 * 2 A
4.1.4 WEEEESE . IREES : 1.28B « 1,
'  1.44HB + 1{H
OVIERERE - 245MB + 118
5 S 101 B ~ 1B
6 BBIE ;14" (1024 + 768 )
7 EMEE: MS-DOS V.6.0
.8 EHEE - & :
.0 FRsEE . 24 #HEEEESC, 80 MEfu

[ N S S -
‘._n,_nb_nw,_.
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4.2 ETMRTE ;- HEISTSE KODEN EIERIEMEEA NODEN
Wi, TLEME&SESSTR, RUKES
BANHEREIIEESR, RN EED

- bR E R o Y S CIES s w Lok g o '
4.2.]1 "HREETEE : 80486DX-33, 4M RAM

4.2.2 WBHEREEEE 0 DIREEE : 1.44MB « 1 H

‘ Q)HEREHE : 200MB + 1 fH
4.2.3 FiF . THRERES LOD

-4.2.4 FHEE=NE EAY MODEM

4.2.5 AMEHE MS-DO0S V.6.0

5. FpfFikie  FIRTLUZ MR MR E R BRI E,
EAEmEE R EN R ESANERER &
F1 MODEM B BENE RS-232 o iHi i ) o ey e ik 5
BURE L - :

6. Fo, HBRRARIE  RERTRELEESHEAL  ETHHR -
: B WEERFEENS -
BIEHEFR (P - )2
REMR .1 F
ZEMBER - % 120 RARRTEAR, AEa—B8
MENEESENTHZ— -
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FREba

EI N CELER EPS P S T RN
— BR TRAGREEEMN HE  SHRLERGEEZE B A LK

. R AEab
1. RSB EHERE.
" (1) uv-B U
(2) vv-a
AR PRGEMHERR
. BRBREMR

mos Wt

LORARBHERE | : @

12
_ . (2) Uv-a: 300 B 390 nnm 1 1B
1.2 HEREM: £ s, oRHsoETRLAR
1.3 E#E : (1) 2.0 v per Watt/m (280 - 330 nm)
‘ (2) 0.04 V per Watt/m (300 - 390 nm)
1.¢ BRBWR: LE82.5¢0%
1.5 EAHEK: +11 Bl +14 voc, 500 ma
©o-11 B| -14 viC, 5 maA

.1 Bk E: (1) uv-B: 280 ¥ 330 nm

L

1.6 1E%H#MA: 0 -5 voe

1.7 BEMEEM: 100 ms

1.8 BAEBE: -40 °C 10 50 °C

1.0 RERBFAEGHAREENER, TRl Col L, 2&E

HR A AR RBTRY. &l o8 BB MM b
0.1°C. .
1.10 ik B T e

H
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by

®
o
b

FIEL Y E | : 1 18
1 BRkE: 0.3 Bl 3 unm
2 }‘@H’r)‘;“i : 1 matt/m
3 THE : 3.3 mv per Watt/m
¢ AR ti1e, o B 7sEIAREE
.5 {EEEthd: o ® 4 vbde
6 BAHE: £ 14

7 WA a4 EEELTR

g MR CGRAEER): £ kie f-s0 ‘CHl+50 CH
o B EA: HE1.9NH

10 A lBEEEBEEEY

[ X S N SR S S L]

s b BMARRBEEHGAE 14

2.1 Mgk 415, 500, 610, 665, 662, 940 nm
3.2 %ERAMA: = 53 HoEHeoHETARAR
3.3 BAEZTHE, 110 #H, 220 vaC, 50/60 HZ
3.4 HtERAE: -20 ‘CEl+50 °C
35 BRIHR: = EHAaRaK
3.6 S HMREEEHEEEGR
3.7 BABEAAFEENEE, TlivlhidaClE
3.8 AmBERERTHY
4, AHWER 118

4.1 SHEHUKEBARVLENILEHNBRE, 2RERGER
BRE, RERUBESHEHERSZTHELER.

4.2 NEEBEFTHEEES IS, THEM S E SIS G
BHBRESESEGR.

6.3 WA 16@AA LHALBABRMA
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Bk e AR 13 BIT
WAEREE: -4.006 Bl +4.095 RAF
CTAREMNBREA S EREHRE
Tatdc BBAM: B

AR E BRI KRBT ARKAIAHKESR
HABBKE ) ATE S ZHMMNAH D noven BBEE
‘R§-232 #x’ﬂ’:ﬁ?%fl%ﬁ%éhﬁﬂi@ﬁ&@ﬁﬁ*ﬁ?i°

P N Y
. . . . .
m o~

 BRBEESR

5.1 #H : ReEE 0 ZEZH
5..2‘-%}?& r BRBRELEEH 180 cm VAL

DR RERAAANR - BEAYRALAE GHE - RAMK
Mg o 3B ARSI -

BAE e F (P )0

H“EME 1 F '

AEMR o A 10 RAEAREMK, ahEL—- A
sl MR AR 2



A
bR S R 8 E AL B 8 R £ A
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1. High-Sensitivity Integrating Neéhelomete:
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cEn/br Sk By < 1.0 X 100 @
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Eﬂﬁiﬁ%ifﬁ?ﬁﬁﬁmﬁ?ﬁ%ﬁﬁﬁfh%%iﬁﬁ—%%ﬁ(@fiimpbv)f

Compound I-Jan | d-Jan | 15-Jan | 20-Jan | 1-Feb | 7-Feb | I7-Feb | 24-Feb | 1-Mur | 5-Mar | 9-Apr | 15-Apr | 29-Apr
ethane 9.15 | 4.04
ethene 4.03 0.19 2.03 1.61 2.17 4.20
propane 228 8.28 5.07 0.03 : 3.36 4.40 4.26 0.76
propene “0.04 | 003 0.09 0.49 0.32 0.67 0.29 0.15 0.16 06.23 | 030 0.91 1.22
isobutane 0.05 0.23 0.12 0.30 0.15 2.54 0.62 0.39 0.35 0.35 0.09 0.33 0.10
acetylene 0.15 0.16 0.45 1.08 0.07 D.13 0.32 0.32
n-butane 0.12 0.04 0.23 1.00 0.80 1.41 0.17 0.13 0.14 0.30 0.12 1.75
trang-2-butenc .0.03 0.02 0.06 0.03 0.08 0.04 0,04 0.04 0.06 0.07
1-butene 006 | 005 0.03 0.23 0.19 0.16 0.08 0.07 0.04 0.02 0.33 0.05 0.96
isobutenc 0.06 0.08 0.04 0.58 0.27 0.34 0.12 0.36 0.04 0.07 0.18 0.86 0.13
cis-2-butene 0.04 0.02 0.07 0.03 0.05
2,2-dimethylpropane 003 | 001 | 002
cyclopentane 0.02 0.02 0.02 0.06 0.02.[ 0.03
isopentane 0.50 0.77 0.35 19.54 0.67 1.51 3.86 0.67 0.27 0.22 0.16 1.10 1.07
propyne 0.0%
n-pentane 0.06 0.08 0.07 0.41 0.15 0.62 0.11 O.F)'J‘ 0.04 0.10 0.09 0.32 0.08
1,3-butadienc 0.02 0.03 0.14 0.04
3-methyl-1-butene 0.01 0.03 0.02 0.04 0.03
trans-2-pentene 0.02 (.10 0.02 0.05 0.03
2-methyl-2-bhutene 0.01 0.01 0.03 0.02 0.04 0.02 0.01 0.04
1-pentene 0.03 | 0.03 0.02 0,15 0.04 6.05= 0.05 0.03 0.01 0.03 0.15 0.03




8%

R WHFTRWABHMBRERELA Y EE —RE (B ppbv) ()

Compound I-Jan | 4-Jan | 15-Jan | 20-Jan | 1-Feb | 7-Feb | [7-Feb | 24-Feb | 1-Mar | 5-Mar | 9-Apr | 15-Apr | 29-Apr
2-methyl-1-butene 0.01 0.0} 0.04 0.02 0.02 0.02 0.02 0.05
cis-2-pentene 0.01 0.02 0.01 0.03
2,2-dimethylbutane 0.13 0.06 | 13.82 0,29[ 0.07 006 | 0.17 | 0.23
cyclohexane 0.1 | 017 | 002 0.06 0.14 § 0.75 0,03 0.21 0.01 0.03 j 0.03 | 0.21 0.69
methylcyclopentane 0.03 ;1 0.01 0.12 0.05 [ 0.10 0.03 003 | 0021 0.09 0.06
2-methylpentane 036 [ 065 | 029 | 148 | 036 | 0.87 0.67 0.42 022 | 020 | 0.19 | 035 1.53
3-methylpentane 0.17 ; 033 | 0.16 7.30 0.20 1.88 0.54 0.44 0,13 | 046 [ 0.61 0.39 1.39
n-hexane/isoprene 006 | 0.14 | 0.11 0.94 0.16 | 0.39 0.81 0.75 0.12 1.06 | 230 | 0.71 1.35

"|3-methyl-1-pentene 0.07 0.04 0.02 0.03 0.04
4-methyl-1-pentene 0.03 0.01
2-methyl-1-pentene 0.03 0.01
cis-3-hexene 0.01
1-hexenc 003 002 | 0.02 0.10 0.04 [ 003 0.04 0.03 0.06 003:| 0.08 0.03
methylcyclohexane 0.02 | 0.02 0.06 0.06 0.04 006 | 0,02 007 0.17
2,3-dimethylpentane 0.01 | 001 0.03 003 | 010 007 | 0.04 0.02 | 0.05 | 0.05
2,4-dimethylpentane 0.17 | 0.02 0.11 005 [ 0.33 0.04 ! 0.04 006 | 0.04 [ 0.19
heptane 001 | 0.22 | 002 0.49 039 § 0.13 0.23 0.18‘\ 014 | 0.14 | 006 | 0.10 0.04
henzene 021 | 1.72 | 0.20 0.11 006 | 0.76 0.05 0.26 1.08 1.31
2,3,4-trimethylpentan 0.21 3.89 0.60 | 0.13 0.52 032 | 007 [ 042 | 0.89 0.51
octane 0.13 | 0.02 0.92 045 1 0.09 0.03 038 | 002 | 0.55 0.19
toluene 0.46 | 1.65 1.35 8.10 405 | 6.92 0.19 231 3956} 975 8.44




£ T BREGLSUWAPHEEE R (H ppbi)

Cﬁmpound Jan Feb Mar Apr n Mean
ethane 4.41 3 4.41
ethene 2.08 1.28 4.20 7 2.04
\propane 2.28 4.19 2.91 0.76 9 317
\propene 0.17 0.36 0. lé 0.81 13 0.38
isobutane 0.17 1 0.93 0.24 0.17 14 ] 0.40
acetylene 0.46 0.07 0.23 0.32 8 0.33
n-butane 0.35 0.63 0.22 0.94 12 0.52
trans-2-butene 0,04 Q.05 0.04 0.07 10, 0.05
1-butene 0.09 0.13 0.03 0.45 13 0,18
isobutene 0.19 0.27 0.06 0.3 13 0.2;4
cis-2-butene 0.04 0.05 0.04 5 0.04
2,2-dimethylpropane 0.03 0.01 0.02 3 0.02
cyclopentane 0.02 0.04 0.03 6 9.03
isopentane 3.29 1.68 0.17 0.78 14 2,19
\propyne 0.09 1 0.09
n-pentane 0.16 0.24 0.07 0.16 i3 0.17
1,3-butadiene 0.02 0.08 0.04 4 0.06
3-methyl-1-butene 0.02 0.03 0.03 5 0.03
trans-2-pentene 0.06 0.03 0.03 5 0.04
2-methyl-2-butene 0.02 0.03 . 0.03 8 0.02
I-pentenc 0.06 0.04 0.01 0.07 12 0,05
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EWELEYAFEBER T (BT erby) ()

* =

Compound Jan Feb Mar Apr n Mean
2-methyl-1-butene 0.02 0.02 0.03 8 0.02
cis-2-pentene 0.02 0.01 0,03 4 0.02
2,2-dimethylbutane 4,67 0.18 0.12 023 8 1.85
cyclohexane 0.09 028 0.02 0.31 13 0.19
methylcyclopentane 0.06 0.06 0.03 0.06 10 - 0.05
2-methylpentane 4,04 0.58 (IJ 14 0.69 14 150
3-methylpentane 1.99 0.77 0.30 0.80 13 1.08
n-hexane 0.31 0.52 0.59 1.45 13. 0.68
3-methyl-1-pentene 0.07 0.03 0.04 5 0.04
d-methyl-1-pentene 0.03 0.01 ‘2 0.02
2methyl-l-pentene 0.03 0.01 2 0.02
cis-3-hexene 0.01 1 0.01
1-hexene 0.04 0.03 0.06 0.03 12 0.04
methylcyclohexane 0.03 . 0.05 0.06 0.09 9 0.06
2,3-dimethylpentane 0.02 0.06 0.02 0.05 10 0.04
2,4-dimethylpentane .10 0.12 0.06 0.11 10 0.10
heptane 0.19 0.23 0.14 0.06 13 0.17
benzene 0.56 0.28 1.19 10 0.57
2,3,4-trimethylpentane 2.05 0.42 0.20 0.61 10 0.76
octane 0.38 0.19 0.38 0.25 10 0.28
toluene 2.89 372 231 19.95 11 7.53

50




i€

® =

ETH, RTHR. EXRE, EXKk, SRPRBRELE-BR

Date | isobutane/n-butane | isopentane/n-pentane | isobutune/n-pentane |isopentancin-butane isopentane/isobutane | n-bulane/n-pentane | toluene/benzene
I-Jan 0.42 9.17 0.83 4.58 ! 11.00 200 2.19
4-Jan 575 9.63 2.88 19.25 335 0.50 0.9

I5-Jan 0.52 5.00 171 1.52 292 3.29 6.75 -

20-Jan 0.30 47.44 0.73 19.45 64.83 2.44 73.64
1-Feb 0.1% 4.47 1.00 0.84 4.47 533 67.30
7-Feb 1.80 2.44 4.10 1.07 0.59 227 911

17-Feb 3.65 35.09 5.64 22791 6.23 1.55

14-Feb 3.00 9.57 5.57 5.15 1‘.72 1.86 0.73
I-May 2.50 6.75 8.75 1.93 0.77 3.50

5-May 1.17 220 3.50 0.73 0.63 3.00

9-4pr 0.75 1.78 1.00 1.33 1.78 1.33 36.63
15-Apr 0.19 3.44 1.03 0.63 3.33 5.47 7.44
29-Apr 1338 125 10.70
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isobutane | n-butane | isopentane | n-pentane | 2-methylpentane 3-methylpentane | benzene toluene

isobutane 1 i

n-butane 0.50 1

isopentane 0.00 0.29 I

n-pentane 0.78 0.85 0.45 1
2-methylpentenc 0.04 0.27 0.99 0.43 1
3-methylpentene 0:14 0.34 0.96 0.51 0.98 1

benzene 0.13 0.27 0.19 0.21 0.13 0.15 1

toluene 0.07 0.06 0.01 0.09 0.04 0,10 0.39 1
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—*—— 2-methylpentane

— O~ 3-methylpentane

1-Jan

4-Jan 15-Jan 20-Jan 1-Feb 7-Feb 17-Feb 14-Feb- 1-May 5-May 9-Apr
: A
Date '

B = 2-methylpentane 1 3-methylpentane 1B AL b iR R

15-Apr

! { Il [l i{
T T T T ¥ T i 1 T 1
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3.00

2.00

1.50

1.00

0.50

0.00

1-Jan

—&— jsobutane

—0C—— n-butane

] ] ] ] L] Il } 1 i (|
T 1 1 1 T T

4-Jan 15-Jan  20-Jan 1-Feb 7-Feb 17-Feb  14-Feb  1-May  5-May 9-Apr  15-Apr

‘A

29-Apr
Date

isobutane #1 n-butane % & 2 4Edh i3 &
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—©— n-pentane

o P Al

e o

1-Jan 4-Jan 15-Jan 20-Jan 1-Feb 1-Feb 17-Feb  14-Feb 1-May 5-May
TN,
Date '

PN isopentane fl n-pentane % Jf 22 4k b 43 &

9-Apr

15-Apr

29-Apr
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] trans-2-butene
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o ] cyclopentane
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EACE N7

#] Al Tenax-TAR M B R REER &R M

B [ECe-Cro8 85,16 &4
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— TR E

TR RUAR T ik b ik B & 85 58 A6 44 5 B Ca-Cs#C6-Clo=
oy E 0 Co-Cro 7 i M 5 LR 4% Tenax-TA Bl 52R W #l48 >
BB - A EEFZ AT TRT » 54 A AL SR AR T 2 2w
WP EAL BOK SR 4800 B (FID) BA S T4E « #3dbkdoid Rdh2 2 0a
BEF  FACHTRNAMBEL  BR 2 felly3h -4 — S8R
BEE B —-BoRE ik o 586 4 &4 R Polyscience 2 3] 69 — 4%
BRPSRTHRER  FREEAIGEEN TR F fzero ain)N » &
RARABF RS R REMAG TR AR EELITARES T Spies
SEBEE > BTHRARTHERBERSRE

Cppm=22.4X10° (0 V /MV)X(T,/273) X (760,/P)
o liquid density (g/mL)
V @ volume of liquid (mL)
T : temperature (K)
P pressure (tor)
M : molecular weight (g/mol)
V : System volume (L)

EHGREEIETRERE R AOHSHE 4988 R AtA4n A & g
o #AFBGR RARHAIZER65T  dosh T AR A BRSA » ARG E

ESMHER -

MR R 2 BAETH A KA B2 5 » BALERAT Bk
iR PIAA R RBITOE GREDR ) HAGMMNEGREE ST
BMEAEL - AAEGE T T EHEILAESE > Bz FERE {4
FIRAMBEAMTREEATEAME S B EEREMHE » &7
ARETEAESENT F - A LHIRRR 55 BB 5 4B R R a2
FOENRBI R B RN O 0 328 0055 AR 5 B A fU0 B AT
BAMN  DIERGIEFZ S BEATHESTENE » 88 Fras
AT FFEIBR QAL SR A E AR o 42 bR SE th AR PP TR B R Ao iE e by
ZRHE . _ ~

T AR EE LA A o S B ER LRI M2 b 22 S 40 S
MARRRGFEHNOREBRER “BRELERRAR REXTL - £
ekl - BARSEENRELRLREHEEDEAHS » REHE G
—RAF-RERR SN EHOREE TR IR AL c BRggEE
ARk Ss 0 IR 200 ul FT A A0 B E AT 3% 49 iAo (Spiking) AT 5 &
BEFHMERARBERM PR BRI EALBHESH FR LT
Mo BERRE R AR EEms RESE AR EEELE
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RAnAZI R PR R F 0 H LB A B MR S SE »
ﬁ%;&ﬁﬁﬂmﬁkﬂﬁﬁﬁﬁ%%%%ﬁﬁﬁ’ﬁﬂﬂﬁ%ﬁ%W%
R e N BAC S, o e R ATIEAY Blef A5 8H 5 heguk
%’ﬁ@iﬂﬁﬁ&ﬁ%mﬁiﬁﬁk%ﬁ%’ﬁﬁ%%ﬁm%mxﬁ%
AR AALSMBE — k5 eh s B A A4k £ B Ak (HEEn#) » %8
B — I R S SIS 9 A AR 4 o R T A AR T
B3R BACE M RRITAND A o sk BP 7T K13 S 8p a8 e sm nb p) o

7 TRUHARELE

21 25

i

RIEH AAA IR E S 88 b Polyscience s 3] » & 2 BxiERE .
e P AL 6942 4845 3% 3 A Hexane » Benzene » Heptane » Toluene » Qctane
» Ethyl-Benzene » m-Xylene » 0-Xylene » Nonane » Decane % -+ #1253 o
A EMEL B 6 RS RER A Co~Clomt LA 4 1015 & SHIRA

e
22 BEESE

RGP RE R B AP A T BAERE R H ho iy
P Tedlar % ¢h SKC 28 # & » sh— R T8 B RALH 45 F 093835
3 LA TR R BRI 0 T B B B 0 A0 SR A
BAL © AR EAH S polypropylene #4558 o phid 455 T k]
AR — BRI AR AR SRR ik o
A —AE4 7 (injection port ) 4 Zh4g - THEFNREZERZEAL
TR REY RS .

23 REFH

Btk ¥l ( Model 224-PCXR7 » SKC Inc. ) B Al A A58 55 £L80 22 2,
BIENBHE » ARABERES BB BRES « T TR X8
1 —BRARKYE > 5 —ARAREE - oM 2 B AN
AL S (AR KRB R B RN o W B AR g &
ERARERE - THALIES M A LRSS N A B R o g8
BMRERE SR AT REE

24 BEF

i%%&ﬁTmmﬁAﬁ%ﬂ%ﬁ°%Tmu&@%&4%mm)ﬁ
B]R0O22 A 16em > 42 6mm > KH4E 4 mm R M pyrexs B4 » B
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BEF s s 7 1~ 1.5 omf@ 4k AEAE SR ag 3R FEARE - R A AT 0 &
ik S0mL/min 89 8 8, ( £599.99 % ) AT » Ebhe RBLHE PA R 89
Ze AT T2 ( conditioner ) ¥A 300°C #udh 8~ 10 JoB¥ » 5 A He AL I
Lok iEin ey T aksh o

2.5 RHMRBITR

AT B4 P B4 #5888 #7144 & Chrompack 9000 & Zefif 4 24 BLHE A5t &
s (TCT) (LE—)> WE DB-1 0.53mm X 30m B 15# L
» REE AL L AAK 6. 7ml/min - , P

ZNEBTH%

3.1 ARy

¢‘.l’

HBAL B R B F A(zero ain)FRZAE » ENI0HAFTRER B
B 05 pl 2 BESEAEN - FRESEELES -

3.2 BRI

(1). M B RAMETE B #8 it Bak CRHiaR AR BF R
VA e MR F AR 2 i AMANARTREZ Lk -

(2). AMSTEYHENMBTES (GRARETHALSHZREESE
R IRALME LA ) -

(3). gD A 80-180 ml/min {KIZHEZA] -

(4). MIVEY HE ENFRES MR ARERE - RIEZE LA
SEFAHE LG D TRE LR -

33 AMEBITRIRESES

(1). #8278 2 B8 3 . CP-9000 5528 /2 A7 45 P T 64 20 5L A A 3
REEET o SRR -

(2). B ASRERE R0 2000 » HIARE ¥ 2ok BB 2
FTHE0SImm Embas ) hEARTMAZRERLARE 90T
BEEBER] 5min o A EEE T FE 0 Bl E200 C 0 HERA
bt E AN RFE R ATE T a7 o

(3). £A0BAHERE S MRSt ERREERSTCHREBMRIEIE S
S (43S R do R A R]) » B SC/mindg R BESEE
02°Cr » i 92°C £ > HHA15C/min FHEF] 200°C - M BHBE L
B230°C » #52 A.45¢ ( Carrier gas ) #9741 & Tmlmin > M 3 85 S8
3% 530 mU/min > 1858 3348 A 89 8, A8 £ FUA 2R £ %) & 30ml/min »
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250ml/min -
(4). BEHELzTRAE T

AR BACAAh 0y R HE R VA T B 04 R AR B o AR R AT IR e T N
TEN o B HBRRMM FREN AR AR TR AR
FONEER S DAL AENE BFE T A5 A0S
SRALE AR AR RS BB AR B L GE F W
FHER > FTEEEANRHRPOTRELTE » BA RS RS
THELFTERSREL - BB EZ A — 435 B4R
PR A+ B &F RS T RIS PR S Ce~ Clos#t
B o A—BHEEE Co~Clo RAILmBEE—F% -

T BRI

—mE s AHFFEFKM REMSHZREERES T EZE®H
By B Co~Crosg Sl &4t pinene £ A RAE L LS R 40 A 55
Mo ARAABRPARNERLTHEECs~Clos S48 E 4%
e Ax—AB AN ERRER ) HERTHL_BTAS
RGREALER > 12245 2/7 2 3/1 > 4/9 7 4/28 » 5720 ¥ M@t g » L5
#7148 5 %] B hexane(0.04) » benzene(0.25) »  heptane(0.03) » toluene(0.5) >
octane(0.02) » m,p-xylene(0.08) (ppbv) # £ 3 824 9/19-10/18 Riididkit &
R BT EMESNLREAK ppbSE o RAMEL - REASRER 2K
HMERERSESZ LB (D) - BAEAREERHRAL - REEB Y —%
2RI AT SR M E AR 54 0 AAAETE A B H ] Tenax-TA M A% » 4%
S REF R0 wRBAT T RHBHE BB ARETFABIREREL S
o I TEAGEE RS R BT BA AN R
18 o FHRTHEEBLT :

(1) bFRREEERATRZIEY > LS ERMQ2Y) A B
PR ARANS > 42D G E M8 Fo

(2) SLARBAET RKIEMS > REIEE T L AR THRET HHART L
MERERERFAERL  EFHEH '
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®—  WSUEE CC, MELSIREKRE —RROMEBI82E12A Z83E5H)

HEA \ #BFE  Hexane Benzene Heptane Toluene Octane Ethyl- m,p- o-xylene Nonane Decane

(ppbv) benzene xylene

12,24 004 0.2 002 162 001 003 0.1 0.03 00 -
1,1 0.3 0.3 0.2 119 01 007 0.1 007 001 -
1,4 21 082 1.63 199 0.7 0.19 0.25 0.16 0.03 -
1,15 1.1 0.8 1.76 184 1.1 0.09 0.08 - - -
2,1 0.93 0.8 0.17 17.4 0.17 1.18 3 0.56 0.2 0.03
2,7 0.07 0.26 0.03 2.2 001 0.04 0.07 - - -
2,17 0.66 046 034 1655 006 0.26 0.46 0.2 02 -
2,241

3,1 0.03 03 002 0.2 003 - 0.03 - - 0.0
4,9 0.02 0.08 002 02 002 00 005 - - -
4,15 0.24 052 06 168 0.4 0.79 094 0.47 - -
4,22 0.07 0.27 0.06 156 0.15 0.33 016 - - -
4,28 0.08 0.39 0.07 0.6 0.02 009 018 - - 0.01
5,13 0.83 062 0.25 452 0.42 05 032 0.18 05 0.02
5,20 6.06 05 004 06 004 0.1 003 007 - 0.0l

2,24 RUXEERR
-1 ERRIERIEZ T



(a) EXB® (B M)
16 cm * 4 mm {i.d.)
(b) WEBREEEHRAKKSE

25 cm * 0.53 mm {(i.d.

LAY

B — . (— ) CP-9000 FFHi 4 h B B E B B & ;
(=) CP-9000 3 8 J& # &
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—RERE

LIERRBRRASL

AFEMHHAATHTRBITEERNT - SR BFRBAENG LD
EHTRENRLESEIRAREZFRRAMS  AHLRGETINELYT
WIBEZREWS » SR GFLARTREARLIE-—BLT RS °
ATREA-MBRATER-HURAFFAERLZ24 RORBEE
HEAEIEE EHEHAI000 torr it A AL torr A A RBHR A3 (H
BEFE AT 0. 15%) ok Bp TAHESERIIF R A BT ©

HMAREFZRTAFTRERLERY - WEREARAFTERS >
M ERAETEBREFEETFRFRENGRBRAEFES o B 4 B
T I AAMALHESETRAANSHAEAZTIRAREP] torr » BULE
BERMZHFEERAP  LEEIFTUAT X LR

Ci = Pi/P % 108 (ppmv)
Ci I FlafRe
Pi | VAR R
P 2| RLR

HAEEARBEEFRE RS FPIRAMBEIRERR » BT
ARBELSHERSTENRARFEENRZIEE o b B ACI ppiv
T ACHPX torr » BIAE AFHELPt torr RHTRIBRBEER S

Cix = Px/Pt * Ci (ppmv)

FARERMPTRETAREEL TRBERMS ) ERREIHEREE
R IEWEE o

83



1.28.48 % #4&

AWARRAAET PHRBEMEAGITREF ML iM%
HBAEEMBIERE BREFELALER  ATREHIHAENE S
AMIA > ARERERTE o REBRFSMEAXAMENKREIP2 &A1
i & 49HP 5890 series I1 » B EAB A —<ILHT » H SE B3 (8
MSEAT)LNET  BELKAEETFaR B RHP Chemstation & i&H 4
#32 » MS-WINDOWS 3.1/ £ EHE R0 EIS M R— T EZ AR E W&
(B —) e AEBARMASREEERME - SBRSLTRARRNE
BARAFZ—RALHAE —GALHIERE o iEF4HEAH = | —ASIPELCOA 8
B ZEZ9n % 1/8” mesh 80/100 molecular sieve SAMREHME A » B4
75 4k 2 — B8 BT S HAT 5 8 A7 o B — 7 ASUPELCOA 8] 2 & 225
1/8" mesh 80/100 HAYESEP QF4k4% 4 » B H B4 H —RLB A T
AT BESAT » FRFECIAZNEL T ey A4 — FH 5 TR HEE S
R o gHARMAE R THRFRSHMRAESZHE G H »
MAESBENEM L BEHEXTRIALEE BB THREARAR
BHERBITHGRERTANN ) LBAS—FHAERAIITZREE
A BRATREFRS —ERSEMEZEMNZS s AR EETHMES2
EENFABH  HMAABEENERLESL » TAQICKkBASICE T EAE
TGRS A SRRl AR EAN c R EHIE = -

1 3RAR K B R AR
A REREBFRBRRETRAALE  XAATRIHEAEEHR

&iﬂﬁ%ﬁ%“nmmﬁﬁﬁLﬁ%%@@ﬂﬂﬂmﬁﬁ°ﬁﬁm%
2.0HZ Pyrex b BT A ERBERAAXALE  EBEWwE = 0
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=~ FEARREAER
2. 1 E Bt

RETRAH TG IRE S SRR AR T
FORAM  AA AR :30nl/min
#4041 :300L/min
%A 1 400nL/min
KEEAEFAR BiR R 250°C
28 A R AL IR A 1 370°C
MRS E A -62°C
o-d 5 4% HAYESEP Q » 25ft % 1/8” » mesh 80/100
HaEa ER3sC
A= IgE g S0°C
ko 1 #4584 HmL

2. 2%k (D

FhRAFEFEG BT T RALFT R AR T RERAEKAHNE
B THERBFARAREMAEZ ST EHRBMES B M T
[ . #FEEHMASEEFE
(@) . AMBFEBEEITHETRIRE  FREPRARBRIRAFIER

HEZTIMRERAK -

. REABESAZZEY - ARE - BRXGHH LRRER » 2 FEHERTHL

K o .,

(0. 38 45 05 S0 HILT Mo AN » A I RAE B 2 L0 B8 1 4
o

(d). 3%4% 0 B Z AT AH00/s » & BB K DRE R » AR E%R
L3 o
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(e). A—HAMFH M BT EHER  BFFR-E Ko

(f). BRI REAT AT  HEANEERFRERBEN » RAERE
k£ B 3T R F TAFIRAR MK H A2 BT o REHARE K
}g o

(g) B IR BB A AT » LARERS SR ERGRFRITER

 ERARERMA LR RBAIRD G TR RE ©

Ilﬁﬁ%%

EE y}(Fi«F»%hri&%zh MR BEFRIERBREA L @ ZBE—T
—f-«fiif’l‘k'f’l‘ﬂéf’ » RIFABBELR

(a). 2% 445 ¥ I — HH3R4EA0 » AR E R TARERF o (— ¥
&%ﬁﬂ&%ﬁ%éﬁéﬁcf’a‘iﬁﬂpﬁ s BB (FEIETF  BFRE
(BE)ELF) o

(b). ITHHBEE » CREAMS - 2SR EFE > BRBHAE » MR
ARE AR RS F 2R o

(C) MWHAEM I L e BHFEELH > AHKEREET > BEAE S E T

WA ¢ T R SRR B L AR o |

(D). —HFAERBIAR TR E  BFREFEW(ELE) » A HER
B (stopcocks) A& FH(FHATHE) o

(e).2. 5L %ML — A RMBEHB PRY—BEKRERZIETRE
(F— RS2 REE R AME) » 5 AR ARERZH T o

WO B N E AR Y i 2 D SR B AR A punp X A3 84012
BORRS T W) BB TEER A b BB FRE
ZHFMETRZABEFRERE LR returnx FH ik 0 b
FArFEEH R A4R BB AEEFRREH —HKLE
S )

() B RRAEESER T - TR EIHEERE  HTHF » B E
T o PR E AR AR R —RIE BRI 0

B.ip B RR
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(a) AR BB RFAAE 240 ~ 12 ~ BRAHWHTEFE(To0) 8 LEE
(b) . FRARBE 80 B AFRAT R 2 00 Modh T3 B B R G AL ©
() AR L R R T RAALOAR 828 o
(). @ TREBH » PHRFAE > THEHE  SRUF(ERBATHE
AR BZELEF) o
(0) MMFREMBR(HHEAR) » BEEB IR tef lond el o
C.ak S
MR RREOLSTAF I | [ lushingdf 4 #7 2R 4% (pressurizing) %= £
AIFAACT o A RET NP RTREFT LR EGES > HhAEST
FEFTRIBRERSFHYIF PR o
(a).Flushingifif #
a. AT LA LA AR ER  REED TN OHENHN
({23 km el h) e
MRS B TR AR) » REBlo-ring @ h 2 T A M IRE BB o AR 4
MR AR > Rds s RESBEREM > FHESHARDER » Bk
BE N TR EZ FFERAF# Fteflon o-ring®| iR E 4
& #1mm o
b.M e AE - kA toggle valve(sk #42 F) M A flushingdRiE# » 47
Mpump B 15 5 4RA R (46-8 lpn) R Bk RER (SRR E
o SR ER LA TFRETAMI0ARR - REMAALY lush o
c.flushi®ismE VP Eoysge
b). B8 E RIS ‘
a. RFRER > R BEFR o
b.FEIRRBF » 3THHE » K Ttoggle valve(kF4EB) > WL Z »
AR ETHRRBRRLEE °
C.¥FH—EAL » BREHMA ZRCHBEEFHHRF{RT-8 psi o
d.R-FRER » PR » TR :
e.EEFRLBAE > IrHME > W Epump o R FR o
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f.spBA ik L2 BA (EFRAT-8 psi)abitshk b FRA AT HT
REFRE 0 LHEENEEEL ) EATShRRES R ZEHH
RAEE T TR
g ATRGEU AL EMAZ LA A EMMORA  HAN LR
pumpZ kA o B Lidreturnz b AR 0 REHEREE o
hoW A E RS 0 Betel lon € AF > EEFEL  HTRE > 2T
BT HEEEATAT  MERMERE
D. #p F ik
(a) A THIBE Mooth R EAARFRRRRE £E ©
(b).#p FRMBERM (BEATHZAR)  FREBMEOEF £ L
6 BEE o
(0). R ARFAAG T ~ R ~ B HI > EARAACE I8P o
(D). EALE » FRFKERITRERETLIERARA > RETAER
24/ B ©

88



I RS

3. A% & a7

MARN ERBERRABES TR - — BB —f R RoER
R NERERPAFRRENBRAE » TARBRITRPRAKGEES
FH o FEZTFHRRELARBEORAEE SRk — o h AP ERMTER

PR ESMBEARE0I9A L BT AREZ EEERB AL M E
B 2R E%ﬁﬁf%@@é&iﬂ bW E/ RBERPELTEH TR T
(NOAA/CMDL) P 2 1884 — AR R L R Otk » BRIBEE A B H B
é@ﬁ%ﬁﬂs%%%ﬁ*ﬁ?ﬁmﬁ’ﬁﬁﬁﬂuﬁ BERESRESL
BEEERER  ERBAREGEE MRS ETESAS BRI o

J.2W M B RAR ST

ABTRTBAFRETEM INERAHNZASERARALETE
BB EX B BREEANRETAN T EORE T R O
#82/11/134 583/1/91F o Mt — B LW R F il » bl
ALBEHREREIIREREERALT LK » 0B ERER LR
> B AR TS £ HRA R 35 A ZRBA R RAT > EARAESS
L SHRBALR T RRNE RUEEAR RETRAP T ERE B
HERSBEFODEHALEAIN > BELERFTEFELE » 285
REBNRFARETRER B UL AEREE » B2 B2
L FI A AT RAe R ST o AR+ 2 R P THER
PHABEEAEE CREODLER M T BB — A2 E R BE
o BFHEEZEARTEAL TR  AARA GRS ERAT TR
BEZRAREFFTOBANIE c LEAREHMANS LoERAT
% (RE S AR B X ER IR LFHFIRERBERRAA— AWM > %
HELEHARENSE  XARTXLRAAGARAS » APRITRAK
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RATREASTLHE R AZBARE  RAHHRY AR PR
RABENAG  HEVHMBAMEAR » TREEAADHNY » WX
BETGETMBETHIPTERERAE S A USRS —5 >
BRERZERE s ZRANEFRIFARB B THERRI FiRELGF
S AR IR AR I E o
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R B 3

(1).NOAA/CMDL  "FLASK SAMPLE COLLECTION USING THE HARTIN AND
KITZIS SAHPLER (HAKS) Revision 1.27 1& M4BIE+ R
(2).NOAA/CMDL #7424 %
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6

COLUMN Ni CATALYST

CARRIER

GASIN |

SAMPLE

SAMPLE

]
ouT

Ni

FID

CHECK  MASS
VALVE  FLOW
METER

B ~ fuA8 A A R B

Hz

AR



£6

T

Hz

ATy
moiskure

trapp/ / trap

N2

N

solenoid
valve

hydrocarbon

[1# % e ada v

sample

L carrier

b @ gas in
regulator

needie GC

/ valve

sample

=2

out

o4l

cold trap

fask

vacuum & compressor
‘ puUmp

calibrated

air

B =~ BPed 2 B AR AR A G

) —

—
mass check
Flow valve
meler



76

flask

flow indicator

w |

back pressure regulator

air pump

pressure gauge

= RIRE A



peak area
[Thousands)

42

41

40

39

38

ar

36

35

34

33

32

31

29

28

HayeSep Q column

CH4 calibration curve IR square=0,939)

o5




F—~ PHEEZAMBRER

3% 7] CUDL 4

A58 545 e g C¥DLA&# | BIEEFEH
842 3D HRBEME | ABET
pEdC | mEC
e8| 0.999 1.817 | 1.73¢ | 0.954

a:4# FIHAYESEP Q484 » 26t % 1/8" » mesh 80/100

b:F—EASHRER

C: B E 245 Appnv
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Ao BMMERETATPRARES

(1993/11/13 - 1994/1/9)

E 2 R
(FARAIE) (ppmv)ﬂ,b
1993/11/13 1.741

(#9) =0.007
1993/11/20 {.767

($13) =0.008
1993/12/3 1.749

($25) +£0.000
1993/12/7 1.785

(¥29) +=0.008
1993/12/13 1.773

(£1) +0.007
1993/12/20 1.780

($5) =0.006
1993/12/28 1.784

(#21) +(0.007
1994/1/1 1.788

(317 =0.007
1994/1/17 1.773

(#37) +0.009
©1994/1/9 1.798

(#33) =0.008

a:HayeSep Q & (25 ®)
b: T4 %, confidence limit, (95% = T4E&E,n = 5)
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ERA Rk

£ N
% 3% 8 B4R 1 H AT
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— + TMIAMI AEROSOL SAMPLER X & & B354 28 | BB U F M
1.1 /2%

MABRSERESLTOAABAZEEIGE ) FRGE NI G
EEA  LEREREE(Sn)H Ev:iﬁilnﬁ% ~ B 2T W Ak
& MR ET AT KN EH T 2 ORI R S R0 2
oM » 4R A % E Watman 41 cellulose filters) « — B B A @ F AR E 5K
B oF o HikBp 4Rkl o AR SR B E R E  RER
BoAEER NBELEEXAT TS EMEE -

1.2 i R 5 ¢

AEBARMARAT IO LA TRKSZIRE  EMNLEZE G
CES X

1.3 T3

5

(—)A4bE ““(photochemmal smog) 2K, A4 1E F(wood smoke) P T AL
«Ih'ri%] éﬂﬂ-sﬂfﬁ iﬁfﬁ.ﬂ’& fh‘ﬂg]mu; ﬁLﬁkTﬁ’]&iﬁhgl % -

(COEEEEESHECHBREY IRILBEFTLAE -
43 f :

MIAMI AEROSOL SAMPLER £ ## W 8L B E B » LE(—) £44
v SRR AT A A B(=) A o

(—)ZFAR3T: A5 8RR EE  THoTMEE  LEA8A L
Hlmo/minz 3% 2L FATHABREEKRRL
FTRLZERAAEME -

(Z)RHEE TR ZEH20X25cm ZEKTHEBLTRBAN AR
K BHBHTARINGISKTLES  LEALHRZAHM
HdoF ¢

1. JEAE(frame) © 42 B B e 2 B A BB M H » TR R BRR T
AAR -

2.8 R(net) : ARANAFAEZHBE > THREBKTFTEHE 7
£ B A E i A RS R A sy o
ERATEEHAR » BARER » XTARAHIERRA

99



FACKIEE 2 2 BBE A -
3LME : AR R 2 ERERR > LAEREENR  THRA
BE -
445 B BEEREEB EEBRBRZ-HER -
(Z)AEmEs: BA REFDLExatRil ) BANREATE
c T HHEE » L RER (A ¥ (inch) < AR L0
» RS EESEE  BREFRAEZIRE - AN
AREREGRHRTREATEX
Flow Rate=-0.43816+ 17.4654(Ap) /2 » 42 &{t/min

(W) 493 % (shelter) © 4% Bl &/ b 2 R 27 A H B4 - R RR B9
ERFER AR B2 TAREES® T HARRK -

(E)4:£ B 354 : Whatman 41 cellulose filters. RBHRFHE TR E & -
—fa 5B R IEBEBEAKEERASN A RRS
Mdr i a TR HT 2 48 0 #4FF E H cellulose X 4R
» AR TR AL -

(7<) AL ik .4 45 (wind sensor) : et —3 M MTHERH EHZT G K
B AR A S BHTE L LY EHER
£ 52 o (g Bl RSB IR )R 0 BT R AHIE -

L3 AERIE

(—) TR TRBES 4 WTRABRNITZREE

(S liAr 2 R E » WATHMZEEGGE » EhEE2iE 20T
760mmHg)

FLOW=-0.43816-+ 17.4654(Ap)? ({t*/min)

(Z)iAEHRESHEEE(E)

1.6 iR F 58

(—) —fE BT A5 B AR o 302 ] A 24N 0 Rl B RARALR -
BoAE T i A AR ok R AR MAR S AR E » Z M S1E
BEEE 5 4212006 B 4 — kB K o

(C) BB AR AEN YRR ERETABRANRS R 2
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LB BEER - EREZRFEAREWs (BT A SR A
Z£0.1mg) °

(Z)HIUBRFREUTHEE > 458 (@) 2 0l 75258 B EIURE %
z%ﬁ %%T%M%E&ﬁﬁ%ﬁﬁ’uﬁﬁfﬁ% L i
REOCEETHRLY -

1B RAAZ BT RAGAEBEARE  REALFOBT L -

2. :)‘EI?"{E% °

3AMBEER a8 > B LIER - U ABSFREBRZELF
o) » P M LA T AT L o

4B PEEHOBREZE L EATHL ) SEAEGEEZBEE > £
HIEEIY -

SRR MREEERAAEES  REAFHERFERERT
o> —~REEXREAFEZSZAEN  A—ETHREEN BB L
4 e

(o) EHRMERNE AR ERETES ) BEGgHFERATREE
'ff. E‘I Fﬁ o ffii

(E)ATFARE B (Shelter) * BT L RARZAEE > HANAAFHABEA >
AREHJERE BDEA -

(/\)ﬂﬂ#oaTa'i-ﬂ% #1 #26"] ﬁ&qiﬁl*liﬂa ;fﬂ?:j]—é }é.;y:\ ﬁTﬁ—t °
/}}/\

(E)AHB A EAFEEA - BT L KFEE » BBETHAN
HARER -

OOHH TR e Emear R 2 BHBRAHRE -

(JOBRERZ RS ABBEREEREN AR FTTRAFHEEE
AR R4 T
1. H{HEBRAXEETE  ARFREZRBEARE A EHEFMNET
ko
2.PFETF . -
SR A U FAER AR B MBS T HBAKEZ —FHN
Atz kIR E ROIEAR » RAFEHEY » FiH o

() EiEEe  ATAHERTTAE
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yv=Q8+Qe o
2

PRI FAE ()
QS FﬁEHtl‘E‘%Z_mu'?i (m*/hr)
Qe #BTWZAEFE (mhr)

DE R RN HERM ()
Qs—[ -0.438164 17.4654( AP 1 0.0283 X 60
Qe=[ -0.43816+17.4654( APg)'? 1 X 0.0283 X 60
AP; 2 B2 B A 3B £ (inch)
AP: 7 b5 2 B J7 31 B £ (inch)

(+—)EHRETERES  2EF-FHREK -
(t) B EEBRZEE > RS 28T B FESTHFHEFEWe -
1.7 5B E 18

BEASLEBMEREHENAL AR TR MGE B3 A8NE
‘Tﬁmﬁm’ﬁﬁ&mﬂiﬁTv%@é/ﬁ@$m%%°ﬁﬂ7ﬁﬂ
M AEARERTAZEMNEET » H80H BOLH 1 dolig
BP0 sboh R4 B A HME L @I RIERG c REHEAT A

LEWAEA —MERE BREAZFEARERTH > BEFTHLR
—BA o T HEBH -

=+ TANDERSEN SAMPLERS 47 ¢ & B4 8 ;) SE BT M
21 R

B &E 2 AE B4 Whatman 41 Cellulose filters ¥4 1.1 ~
Lim¥minz dh 8 - W HFEFTAFIBRF RS ERRPRINE
AIEMEIRIE R F e BE > sba L e Silica Gel 316 §E A RE

LR AP ABERERFARE A ERTI TEHMELL > ¥
ERABELRZIO MR T 28444 -

2 @A &

REMBAAARAT 0w mA THREY RS » EHML L2 BB
Fo - ,

2.3 Fik
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(—)H&A6EE (photochemical smog) X A4 12 E (wood smoke) ¥+ 4575 14
ZaE o GTBEBRRREABIAT > MEATH 2 mIRE .

(R EESZEZEEEEREY  nREFVLEKEALLET -
2.4 %4

(—) 2 RAZH 2 A EIE S - BBt A B A (turbine type fan)
AR A 2mYminz B 3]& -

(D) BHREEE  AFH20X255emZ B R A S B LT RAN—fEM R
B ABNTAATIRIBRELS LERAL&LEL
#HE 4

LiBAE (frame) ¢ £ R &1 fk 2 R 5, A MG AT H » 7T Bl £ 8412 T 5L
AR e

kA (net) ¢ A A RA M E ZRE ) TIREEATEME £
A TR T EE AT RL BT Ry
HATHBEHEME » BHABEA » LFARTHE
BRABE S B EREE -

B gRABEE R BSE Y RAREEHE ) THBA
iR o

A4 R  BeE R RBRBAZ —HEES -

~a

[93]

(Z) AR 303 (Timer) : TR CIRGRIFH - BR2 B REZRE » B
B M3 £ ON-1.038% » OFF-2.10% » S{@OFF8 M MG £
6 o ket FEhEAE - SASE E G L d e
ATimer 2z T AR R - A5k -

(W) R Bk « AR BE AT FMRBRA SLIL R TSR » Btk
BI2REYMEEERELERE » LHEKEEHEN
GNRIFE T S TRARFA S Z B -

(£)3% % B 54 : Whatman 41 cellulose filters, AR MBS TEEHED -
— R FEREABEBRETERESN > R Rss
Hizkih FREGHETZA4F » HAFF]E A cellulose jE 4K,
VAR IR E TR B HAK -

(FOBTERRE  FREA S HBBRGEE > 10 mR L
R 7L A Silica Gel 316248 L » AR BEHEMK L
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25 RERE : SILKERE

(—) RIS ETERREE % AR A » ARSI EE A -

(=047 3 SLHSI) ZHILK EAREFARBELN > EREAEE
it

(Z) GBI ) 54857 » FBBKEREL -
(D HEOHILEEEMHZREvATR IS FTEFETHRE -
(B)FTHIZLEE » KA EEMERAERTILHESE -

(FR)A—feie THBRES L TAZEYS  EREFNEELZATZA
TR EAZE -

(D)ERBRE AETMEBLREFRARLFIETRE -

(N 618 A BIEHT — RAXELAE » 8% B4 HEZ R brush) » &5 i
FARE ©

2.6 F 5%

(=) — AR R 7 % fop 8 A0 - LIRAR0F M 524005 » RN E Ry
- BAEIF AR HARL N ATAREEEAIS AR - KM S
B FI2NRF R A RIB A -

(I BRENAMBREATEHEERTTAEAR4S N F L 2
CREBEER  EEZAFEAREW(ETFAMMATEHEE

0.1mg) -

(Z)ETUESGER BAT 58 48 B(0) 28 5 87 2K BREUE 4
ZoE > TETEAF EHMBRER  RBF RN BRSIE
R2BE WETRIE -
LAHEERLBERARHZANEARE  HEALFHIH L -
2.RFEF -
3R B B g B - Bk AR AHABST RIERRZEL S

fo) 0 MK R X3
4 EHE HAXEL ERFHE ZERQRGIBBL R
k2RI o '

CARERE MREEERNEES ) RELEZRBAFERKZ

Lh
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Ao —@AEERAEAREEZAMA > ZETHLEER » %5
% -

(W) ZHE R ABNESRETER  ER8bRATRESE
iR e

( 2) 47 B 4%3% 2 (Shelter) » B2 F M Z 4R o AANEFFOBEFEA -
AR At bih o EETEA -

GRBMRE THE RS F2OFHBRBURS TR AFTRAMEEL -

() A3 a8 A BEAMRER A BB L RKTFEE » A& THAN
%F;%)K. T}‘]

(MITH TR RERERE I HFELZGRABNTRE -

(FIFREFEZRY RPFEFTIENE > ARk TTRAFHES
BB BT -
LMMEBRZ AL ZAMAEZIDFEARE ) HEALFHEDL -
2HERF
3.EMEE b EiESR  ARBEOESTHRERERZ £33
MRk R E RIEAR  AANTHET » FHHo -

(P et ATAHERINTAE

y=F 0 1
2

PRI FEAE (m)
QS R iy (Hlsfhl)
Qe D BT RZEE (nd/hr)
CHEEA RS HRERM ()
Qs—[ -0.43816+ 17.4654( AP;)1? 1% 0.0283 X 60
Qe=[ -0.43816-+ 17.4654( AP:)'? ] X0.0283 X 60
AP : BdEEFZ R 3B £ (inch)
AP: @ #7852 R A /& £ (inch)

(+—)i & HEHRS  BEE—TGE®K -
(+REHBRZFE  R(Z) 258 A EEBHEEEFREWe -
27 HaE R 4
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(—) B i¥ 2 g% B FL4& A 400~ 5000] Béf'fﬁ LiEEN S BLAMTREE -

()R ERZAEIRERZETFREAR %ﬁ%&ﬂ%’@%%ﬁzﬂ
%’fx*m%mﬁﬁﬁﬁ%rx%iﬁ » BlIAEAERCHRIEET
it THERE «c ZEFRLARELT I ERNE miﬁ%ﬁ
Aﬁﬁ#iﬁ%@ﬁ:Hﬁ%ﬁﬁ&ﬁﬁ%iﬁ%%ﬁﬁﬁi EH -
FIHRE -

(Z)EBRERAETE A Timers TAZ AL  THRMEEEY  —EF
IE*J:-{E-ML.'%
BT A
3.1 BBRR fhok ¢

B k48 B RBOMRL EHOREEALE 0 BEMILI-ROE 4 - RIEE
Milli-Q Reagent Water System#ti Al » &b 7ACE ML XA 1TM) -cm#b =T 42 B -

2 B 3.
.‘).2;*—5’-?1:0 .

1. %8 4 (Sodium Carbonate) : %4& E. Merck 20 8] » 4473848 » &
99.5% LIk - .

2. BB £ 45(Sodium Bicarbonate) : /4% E. Merck = 8] » S 373 B4 » 4
FB995% A L e

L]

VAL -

4 . 35 44 8 #4(Sodium Nitrite) : H/&E. Merck® 8] » 4473 841 > £ 99.0%
AL .

. B % #h(Sodium Nitrate) P 4EE, Merck 8 » AT E B4R 0 &L 99.5Y%
VAL o

6. 785 #5(Sodium Sulfate) TiEE. Merckw 8] » M3 EE 4 > #7599.0%
VAL e

. B3 (Suppressor regent) ¢ #4&Biotronic » £ AT B4

8.1 : Gelman Acrodisc LC PVDF Syringe Filter ©

L

~J]

3 S

LA REETRATER
()it iz k% % © Biotronic HPLC pump unit » BT-0.512 -
(2)5#: £ 4 ¢ Anionen-Trennsaule BT [ An -
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(G3)# 444  SIC Chromatocoder 12 »
2.A8FREESE  TRANSSCOIC 460/H -
3,544 BECTON DICKINSON lc.c. 25G5/8 -

3.4 B A AR o AR

1. Mobile phase * 0.02mM Na2CO;3 + 20mM NaHCO;
2. Flow rate of elluent : 1.0ml/min

3.Flow rate of suppressor ¢ 1.5ml/min

4. Conductivity range : 100 s

5. Injection volume - 100 z1

3.5 TS m
35,1 REEY
(i)mm‘"cdi(elluent) %‘_ T ] i"’f‘;{)

A FEL A 100mM NaxCO3 2. 100mM NaHCOs 6944 ## % » AT TS5 &
F20.2ml 4% 100mM Na:COs & 200ml 49 100mM NaHCO; # 1000m] 8 £ % #5,
T B AT REARE > B £0.02mM NapCOs » 20mM NaHCOs A 3 7%
VAQ45 pmesfilteriB g » RBUB T HHEEZZETIO 4 UEHAL
r&. ‘P é’J FT‘LJ@J °

(EEIRE  (THwHL)

FATEE 1000me/ 248 #5%2 (C17 » NO5™ » SO47) » B F T RFHREE
FiEZiRAsl

F AT ©0.25~10mg/l

FEBEAREET © 0.5~20mg/l

GHEARAET 1 0.75~30myl

(3)/2Fp#&| : Bx33ml 49 Suppressor reagent > e NF T RIFHEHHE
1000ml »

3.5.2 AR
(DHFRFEGERASRTED  LERLEI aRREGH -

(A VAR B A FETGRA » e n40misg 28T K > FRBF K ER104
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4F o
C R)E B2 EREA0AS pmed B R REEZ -
3.53 R HER

(1)fie 8 AT R BN ]

Q)E g FARERA XAk EEEABBHZEA -

G T EEBEE 05y s BERBRL -

(DEBRIEISHE > HHEREZBES > RREHEESZRAFEMN
y ARLESHFREEAE  RERYEHO ST RIRAZRE
BER—ERA TG -

(S)yBEEZERENETREMAT  EAEALI0u] -

354 8FHR

BERLMNEE ) THEELESFRALERBETRSZERGN
HIEAEXYE -

3.55%

e

(Wt E i 2 R a A RARELTER  LBRSRA
(mg/l) : Cs =

()E Bk WA A T F 5 (1 g)=Cs X R A (m)

(3) e TRl AT 4 B T 1B (1 g)=Cs X E BB AT (ml) X BEREA

EELR R B A
4yEaPraedTZRA( g/m’)=&3im AT A e T e/ E Amg

(m’) °

v~ G AT
41 FRASK:

G Rk s B ABARLE SIS - BEMIlL-ROA S » BRI
#&Milli-Q Reagent Water System#il » #78F M K A1TM) ot T 48 R -

13

o~

42 5

:_lu-

. épadmig o (RCD
46 B E. Merck 2 3) GR .3 2 1000mg/l -
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(28]

CERAZ IR R (MnCL) ¢
£ E. Merck 22 8 GR #3# # 1000mg/l -
LR (CuCl) ¢
78 B E. Merck 20 3) GR #& # % 1000mg/l »
4. BRI R (FeCl) - .
# B E. Merck 2 8] GR & 3K # 1000mg/ -
ARAZREE T (NaCl)
48 8 E. Merck = 8] GR #3 % 1000mg/l =
6. 54 BIER(PH(NOs)2) :

7 B E. Merck 2 3) GR &3 3 1000mg/l »
7. 452 AR (CdCh) ¢

#£ @ E. Merck %= 8] GR #.3 2% 1000mg/] -
8. ”5%*"“5 #m i (MeCly)

£ & E. Merck 22 3 GR 4.3 % 1000mg/] -

9. é%ﬁ-i‘—:e-:{i(CaCh)

48 8 E. Merck 2 8 GR & # % 1000mg/l -
10. £84F 855 (CrCl3)

72 H E. Merck 2 8 GR #3{ % 1000mg/] -
11. 2% & (Nitric acid) :
i@ LT, Baker 20 8] 54T 158 » 46 70.5%

B yE M Gelman Aerodisc Le PVDF Syringe Filter »

(3]

Chy

4.3 1R B3R
1 ;%@Leeman” 3] ICP-AES & fRig -5 6L 8 5 T 2844k -
ok EiE R TRANS SCOIC 460/H
) a $ HITACHI-600 & Tl 144
4.4 Leeman ICP-AES & E4&4F
1.power : LOKW
2.coolant ¢ 13L.PM

3. Nebulizer:40PS]
4. pump Rate : 1.0ml/min

SEBREH
sk Ey

UEHTIFEE A B £-H -5 -5 LERMBER
10me/l % Img/lin 5% HNO3) »
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2SR R

()55 MO RT 4 LI ENRARLGHH -

(2045 17435 4B A EIALA » Jon40misy £ de Tk FARFRFEEI0
é}\é‘é © .

()E & 12 ERGEIX045 L midiBEELISE Z -

3.4 G ATTR E BT REST » A ARMEE TR A ASRM
CEPTTERS NS L

4,49~ LB FRHCE R RIT O -

5.ICP-AESH#M A EE R 2 TR G B FRRERE RE § AASAH
b ER 2R BRGSO RREREEE -

6.3 K

(1) }ICP-AESH F 2 &7 % 0 3 42 50 58 4 (Int. ) RAANFF47 ~ s R
REAbS)ZFI AL AEZRFRTER » LFLERRA
(mg/1) < Cs ~

(QFEIUL I WM T B F (1 9)=Cs X ERER M (mI)

()RR 4128 T T (ne)=Cs X ERUR MM (ml) x BARER

ERA SR

(VAT IGMHT 28K (L g/m’) =23k BMAT S 1adET 18 (1 g)/

= F 8 Fmd) -

A~ BERATER

AEE BRI HARES REENEARS T HARRZ S
BB AR d 6 0B R AT > ST AT AR A SR MR 4 RIEATHRGT -

1477 12 45 4% 22 (ANDERSEN Hi-vol SAMPLER PM10)#:82% 12 &
RS WS B S IR6M ) B TSRS AR AGE AT K
BIRSIE -

2B RAB AR EREB AR ARERHAFT TS
MR E SR EZEY > AR ER Bk BRFER24)E -
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SAFAEMNERA -~ RS BZUEZENE > A5 %
o AT RARRETHL LT RhELARMZREE » LE

— s FH e

LEE-FRMERMEARSARE - RFEERTE  HaEs
E A EFRREA R IR EFT -
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DATE cd Cr R
82.10/10-10/13 0 0 0.26881
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Abstract

Taiwan island is located in the subtropicacl area. High mountain region orien-
tated from north to south. The splitting of airflow, the acceleration of wind speed
and lee-vortex will influence the advection of precipitation system. Besides that,
sipce mountain acts as the sources and / or sink of heat and moisture, the occur-
rence, the duration , the intensifying and the decaying of the precipitations ccan
vary in a very short time. To understanding and to make a good short - range
forcasting of those phenomenon are very important for researchers. According to
Doswell { 1986 ) and McGinley { 1986 ) the gathering of the meteorogical informa-
tion as socon as possible is essential to the short - range forecaster . The following
meteorogical data are needed:

a. Convectional meteorological data.

b. HIgh spacial and temporal resolution surface meteorological data in Taiwan area.
c. VHF wind data.

e. Integrated sounding system data. )

f. meso — 3 and meso — ¥ model simulationdata.

In the second year we will focus on the gathering meteorological data from
existing system , the purching two ” work stations " to analyze the radar data and
convectional data , respectively , and analyze some preliminar:-y' simulation results.
We hope through this ” team - work ” type study. We can find some good methods
for short - range forecasting .

Key words : Short - range Forecasting
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. A conceptuakmodel of the Taiwan southeast mesolow
and mesocyclone. A stationary mesohigh forms on the upstream
and a mesolow forms on the southeast of the CMR under a
prévailing westerly or southwesterly flow. An additional
moving mesocyclone develops to the east of the CMR if the
anpmgmg angle of the prevailing wind is large

B 1.8 LIN. et.al (1992)
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The thunderstorms were most
on the:24th and 25th (Figs. 15a and 15b),
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E 2. ‘Twenty-four-hour precipitation totals {0900 to 0900 LST)
in millimeters for (2} 24, (b) 25, and (c) 26 May 1987. Small dots
indicate the 596 daily rainfall stations, Topographic contours are at
100, 500, and 2500 m. :
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island on the 26th (Fig. 15¢) as drier air aloft moved
over that region. A very - interesting behavior of the
convection on these 3 days was a preference for
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convective in nature. The thunderstorms were most  island on the 26th (Fig. 15¢) as drier air aloft moved
numerous on the. 24th and 25th (Figs. 15a and 15b), over that region. A very interesting behavior of the
diminishing considerably over the northern half of the  convection on these 3 days was a preference for
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ABSTRACT

An alternative method 10 derive the wind field from dval-Doppler radar data in a mountainous area is given,
“This method is based on terrain-following coordinates in ordec to acquire more reasonable lower boundary conditions
for the vertical velocity. First, we use dual-Doppler radar equations and the anelastic continuity equation as terrain-
following coordinates to obtain the estimated wind direction and speed in three-dimensions, Then, we use the
variational method to adjust the wind ficld by the constraint of the continuity equation.

After we compare the wind field obtained by this method (method A) with the model results and with that
obtained by using a similac method in a cartesian coordinate system with a zero vertical velocity lower boundary
conditicn (method B), we find that there is almost no difference between method A and B for flat terrain. However,
fine struecture associated with the terrain is found in method A, Ascending and descending motion occur 1o the

wind-ward side and the lee side, respectively.

Key Words: kinematic structure, squall line, tecrain-following coordinales

1. Introduction

The mountain ranges go nonh;south and are very
lofty on the island of Taiwan. Mountains can have thermal
and mechanical effects on the formation of precipi-
'Lation system. So, many pggipiiation systems occur
near or over mountainous areas. One of the methods used
to study these systems is the analysis of Doppler data. In
the, past, many researchers have successfully achieved
an understanding of the kinematic structure of
precipitation systems via Doppler radar data. For

_example, Lin et al. (1990 a, b) and Mehr and Miller (1983)
all used Doppler radar data to determine the kinematic
structure of precipitation systems with the aid of SLU (Saint
Louis University) and the CEDRIC (Custom Editing and
Display of Reduced Information in Cartesian Space)
package, respectively. The SLU package is the Doppler
radardata analysis systemdeveloped at St. Louis University.
(For details, see studies by Lin ef al., 1986) The CEDRIC
package is the NCAR's (National Center of Atmospheric
Research) Doppler radar analysis system (Mohr and
Miller, 1923). ‘

Lin er al. (1990a) discussed the kinematic stnicture
of a squall line over the Taiwan Straits during TAMEX
(Taiwan Area Mesoscale EXperiment) on May 16, 1987 by

using dual-Doppler radar data. Many important aspects
of this system were revealed, such as a front-to-rear flow
at all levels on the forward side of the squall line; a
shallow rear-to-front flow at the back of the line; many
individual cells imbedded within the squall line; new con-
vective cells forming ahead of old cells; and convective
downdrafts to the rear of the main updrafts.

The method used by Lin ef al. as well as others to
process the dual-Doppler radar data was constructed using
a cartesian coordinate system. However, when we applied
a similar method in Taiwan, we ran into some problems,
for example, when we wanted 1o calculated the vertical
velecity from the continuity equation in mountainous areas.
The lower boundary condition was not necessarily zero,
as assumed in the cartesian coordinate system. To over-
come this problem, we have to use different-coordinates
for a better lower boundary to obtain the vertical velocity
derived from Doppler radar data.

In this paper, we will derive 2 methed which deals
with Doppler radar data for a terrain-following coordinate
system. Thus, the lower boundary condition can be easily
determined from the wind speed and terrain features. We

- will then compare the internal kinematic structure of a

convective systemn in northern Taiwan during TAMEX from
our method with that derived from a method based on a
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cartesian coordinate system.
1. Methodology
1. The Synthetic Method in Dual-Doppler Radar

To study the kinematic structure of a precipitation
system, we need to know the horizontal (U, V) and vertical
(W) velocity inside the precipitation system. If the
Doppler radial velocity measured by two radars is repre-
sented by V,; and V,,, then the relationship between V,, and
Vg and U, V¥ and W can be written as

V,=U sinf) cos 8y + V cos f cos 8 + Wsin 6

(1a)

V,=Usinfycos G+ Veosfzcos B+ Wsind;,  (1b)
where 3, and 3, are the azimuth angle for the two radars,
respectively. 8, and & are the elevation angle for the two
radars, respectively and U, Vand Ware the particle moving
speed components for the cartesian coordinate (as shown
in Fig. 1).

Fordual-Dopplerradar conditions, the horizontal wind
speed (U, V) can be solved with an unknown vertical wind
speed (Wi d:

U=U + Mzwm',. (2)

w3

Fig. 1. Schernatic depiction of dual-Doppler radar scanning of precipi-
ttion system particles, f; and Brare the azimuth angles, and Gand
8 are: the elevation angles for the two radars, respectively. U, V
and W oare the pasticle moving speed componcais in cartesian
coardinales. ¥,y and V,; are the radial velocites for the two radars,
respectively.

V=V MW, (3)
where
=M, + M
. V=M, + M,
M}__,lele‘;Vran
M, B Q;Bzcl
i M3="52A1;"’;1A2
A,
M,= AICID G
X—x;
A=
_Y-X
Bi=""
I—7;
C*‘T,-

D= ByA, — BiAy
W= Wnir + V£
1

R=[{x-xY+(y-3) +(z-z) ',
where (x, y; )} is the position of the ith radar. V,is the
terminal velocity of the precipitation particle and can be
estimated by an empirical equation: '

V, = —4.32 (dBZ)P0718 {4

.In Eqgs. (2) and {3}, there are three unknown variables
(U, V, W), so we should add another equation using these
three variables (usually, the continaity equation) if we want

to solve them. The anelastic contintity cquauon for the
terrain-following coordinate is

BTP?:I (agf’ apv)+SpU+PpV )

where
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dn

dt

1-1 9Z,

Z,-2Z, ox

1= 9Z, .

Z-Z, oy

Z, is the terrain height, Z, is the model top height and
p is the density of the air (as a function of height only).
7 isthe vertical velocity of the terrain-following coordinate.
From Egs. (2), (3), and (5), we can derive a vertical dif-
ference equation for 7:

ey
(PR =o), 8L+ L5

A B C

_aﬁw’ arr ale“zir

+5r](SpU’+PpV')P_c-—5TI(T dy T e
D E
+ ST S W+ PPM W ) 6

¥

where (). denotes the current layer data, (), denotes the
previous layer (the upper layer in the downward integration)
data, and (3, denotes the mean value of the two layers.
The E and ¥ terms can be divided inlo two paris:

n

5’1 apMZ air aPM“isr)

E=El+523——( 3 3 b
-
67] (apMZ mr apM mr)
2 dx dy

F=F1+52=30 (SpMz W+ POMW,),

‘air

( SpMZ eir PpMde;ir ):

Then, Eq. (6) can be represented as
A=B+C+D+EI+E2+ FL+F2 )]

In the above equation, the B, C, D, E1 and F1 terms
are known, but the A; E2 and F2 terms are unknown. To
solve Eq. (8), we use the iterative method. The rewritten
Eq. {7) for the mth iteration is

A =B+C+D+EL+E2, \+F1+F2,., 8)

where W, used in E2 and F2, comes from the previeus
iteration. We continue the iteration involving the previeus
(p) and the current (¢) levels until

E(P"mr)cm air)c.m—lISE“'
where £5=0.001 kg/in’s in vur calculation.

In Eg. (7), the unknown variables are (W), and
(7). The relationship between (W), and (]),; can be
derived from coordinate transformation and Egs. (2) and

3
PV =(Z,=Z) (Pl + PU S+ PV G, )]
where
G=1-(Z,~Z,)[M,S+M,P).

Then, we can obtain the Vertical wind speed (W)
for every level by downward integration in Eq. (7). After
W, is obtained, U and V can be derived from Egs. (2y and
(3)

2. The Wind Adjusted by a Variational Method

In the above method, when we integrate the continuity
equation, the error due to the finite difference accumulates
in each vertical column. So, the 3-D wind field (U, V, W)
derived from the above method is not consistent with the
continaity equation. For this reason, we have to use a
variational method to adjust the wind field, thus assuring
that the continuity equaticn will be valid.

We use Eq. (5) as the consr:amt in the variational
method. In Eg. (5}, let pr}= n. pU= . pV= ¥ and the
hat is dropped:

a.

(au av Wy asU+PV. 10

Then the function of this variation using Eq. {10) as the
constraint is

J=” {J (U~ OF + (v =V 1dn

+21J [(3_U+3V) SU—PV]d1) dxdy, an

where 7 and V are the herizontal winds (muliiplied by
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the air density) derived from the above section. A is the
Lagrangian multiple. :
In order to let &/=0 to minimize the function, we get

” {J {U-T)SU+(V-V)éV)dT
%{J[(
+.1J"[(

From Eq. (12), we obtained the Euler-Lagrange equation,

(=¥}

u

Q;i_) SSU-P&V1dn )dxdy=0.
(12}

oi

v=0+L4s1 (13)

v=v+2,p2 (14)
dy

r(‘w %’;’ ~SU~PVYdN=0, (15)

and the natoral boundary conditions. (A=0at the boundary;
to be accurate, a discrete method should be used to derive
Eqs. (13), (14) and (15).)

Deleting U/ and V by using Eqs. (13) (14) and (15),
we obtain the equation 1

[

- 0
—-l(S2+P?')]d1]=-J {
!

FA FL @

[— gty

o (SJ.)+3“(P2) sa" pit

% ¥

%_f+%_sﬂ-pv1dn.
(16)

Using the relaxation method to resolve 2 (x, y) from
Eq. (16) and the natural boundary condition, we derive
the horizontal wind field, which satisfies the continuity
equation from Egs. (13) and (14).

For the adjustment of the vertical velocity, we used
Egs. (13}, (14}, and (15) to delete the A term as

a_U_a_U v _av_

S(U-TY-P(V-V3ldn
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J[B—U W _sg_pvidn. a7
ES
Let
- pld v
D= ax & -su-pv
ad av _
D=L+ 5L -sG-P7.

Then Eq. (17} can be written as
0 o

- J (D—Do)dn=-J Dodrr=ﬁu‘ .
1 1 7=l

where we use the top boundary condition (f],.0=0 )-
We obtain

= far=—Ti (18)

n=1

From Eq. (17), we know that the adjustment of 7 is pro-
portional to 1. Then, we can derive the vertical velocity
(Wair) by using
PWur=(ZZ) P +pU(1-m)S+pV(L-mP].  (19)
With the above method, we obtain the terratn-follow-
ing three-dimensional wind field from dual-Doppler radar
data, which satisfies the continuity equation. If we do not
consider the terrain effects (or if the terrain is very fat in
the radar analysis region), then the synthetic method de-
scribed in section I.1 is similar to that in the CEDRIC
package. The wind adjusted by the variational method
described in section I1.2 is similar to the SLU package.

lil. Comparison with Two-dimensional
Numerical Model Results

Inthis section, we want to demonsirate that the scheme
mentioned in section I can obtain reasonable horizontal and
vertical velocities. We assume that the radial velocity of
the radar from a known wind field is obtained through two-
dimensional numerical model results. Then, by using the
methcd described in section 11 (hereafter called “method
A"™), we obtain U, and W, fromthis radial velocity. Comparing
U, and W, with the model results (U, W), we expect to verify
that the velocities obtzined in methcd A will be very close
to UJ and W.
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Here, we choose the wind and reflectivity data from
Chen’s {1991) model results (shown in Fig. 2) as the actual
wind and reflectivity data. Then, we project this known
wind field to the radar scan line {assuming a radar position
at x=-10 km and z=0 km} to get the 2-D radial wind data.
The model's structure is similar to that described in very
great detail by Durran and Xlemp (1982). Tt is a two-
dimensional version of the Klemp-Wilhelmson cloud
mode]l {(Klemp and Wilhelmson, 1978) with a terrain-
following coordinate system introduced. In addition, a
wave-absorbing layer is added to the top of the domain. The
rainwater variable for the model is the same as that in the
Klemp-Wilhelmson model. The grid size in the x di-
rection is constant and is taken to be 1 km, where it is
stretched along the vertical to allow for finer resolution in
the lower atmosphere. The model domain is 270-x
18.2km*. There was assumed to be a sponge layer 11 km
thick at the top of the model.

In this model, because the horizontal wind (U) and
vertical wind (W) are not at the same point for the nested
grid systern, W is moved to the locations of U before
projection. Then, using the method described in section
I (assumed in the two-dimensienal plan) to obtain the wind
field (U, and W,), we compare this wind field to that in
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Fig. 2. The reflectivity pattern and wind fi¢ld in 2 portion of the domain
ar a selected time from Chen's (Cher et al., 1991) simulated results.
The contour interval of the reflectivity is §5 dBZ, starting from
5dBZ.

the model.

Figure 3 presents the standard deviations of horizon-
tal and vertical wind between the model results and the
results of method A. The number on the vertical axis (K}
of this figure is the vertical grid namber in the model. The

. standard deviation of the horizontal wind is about

0.13 ms? and does not vary along the vertical axis. The
maximum standard deviation of the vertical wind is about
0.125 ms™ at about a height of 4.5 km (K=10). Using the
maximum standard deviations and maximum values for the

. wind as obtained from the model in order to estimate the

error of method A, we find that the errors for the horizontal
and vertical wind are about 1 and 8 percent.

Figure 4 shows that I/ and Wfrom the numerical model
resulis (thick solid line) and the resulis using method A (thin
solid line) at x=4 km (over low terrain) and x=24 km (over
relatively steep terrain) vary with height. At x=4 km, the
vertical wind speed is relatively small since no convection
occurs in that region. The results of method A are very
close to the model results for both horizontal and vertical
wind. Atx=24 km, this section passes through the convec-
tive region on the higher terrain. The horizontal winds from
the mode! and from method A are quite similar. The vertical
wind patterns for these two are also similar, but the maxi-
mum value from method A is somewhat larger than that
from the model. The difference between the maximum
vertical wind can also be seen in other sections {not shown).
The alteration of vertical wind speed before projection and
the finite difference method used to solve the vertical velocity
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Fig. 4. The wind speeds of the model resulls (thick solid line) and results
using method A (thin solid line) a1 x=4 km and x=24 km.

“:may be the cause of this difference.

From the above discussion, the pattem or the value
obtained using method A is reasonable, and we can say that
method A is now available for research and operation work.

IV. Comparison to the Results
Produced by CEDRIC Software
with Cartesian Coordinates

. We used method A to acquire the 3-D wind field for
terrzin-following coordinates and to find the kinematic
structure of a precipitation system. We also interpolated
the wind field to cartesian coordinates and used CEDRIC
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software (hereafier to be called “method B™) io find the
kinematic structure of a precipitation system. Then, we
compared the kinematic structures of both methods to see
how they differed. We chose 01:30:00 on May 17, 1987
during TAMEX, when a squall line was moving toward a
mountainous area. At this time, the convective region of
the squall line was overrelatively flat terrain. We compared
the results produced by these two methods in this region
to examine the reliability of method A. Moreover, we also
compared the results of these two methods in mountain
areas to see if there was any difference between them.

Three aspects are matched up here. First of all, hori-
zontal sections from method A and method B are compared
in order to search for a more generalized description, as
well as to examine the differences and the similarities
between the wind field analyzed by the two methods.
Secondly, a comparison of south to north vertical sections
is made to find the differences between the wind fields
acquired in the squall line's convective region and in the
mountain regions. Thirdly, a comparison of an east-to-west
vertical sections produced by the two methods and applied
to the two-dimensional wind field structure of the squall
line's convective region is made to find differences in
convection over mountain areas,

‘We hope that through the comparisons in this section,
we will be able to determine why it would be better to use
method A to process radar data in mountain areas.

Allthecoordinate systems used in analyzing radar data
were fagtened to the CP4 radar position, where the height
was 9 metets at its horizontal origin.

1. Horizontal View

Figure 5 shows the terrain in the radar data analysis

o2 3T = 0,00 K0 H1
P OF L1220ean
-13.

0,000 KM K-AXI3S 30.0 GG

Fig. 5. Terrain chart of the radar analysis area. The contour interval is
500 m, starting from 500 m in height.
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area. The altitude of the eastern side is higher. The altitude
of 1000 m is found roughly io be at about x=20 km.
Furthermore, it is obvious that there is a mountain ridge
orientated in a northeast to southwest direction, There are
two valleys oriented in the same direction locaied on either
side of the mounigin rdge, the highest peak of which
has an altitude of 3400 m located at about x=38 km, y=
=33 km.

A z=3km

Figures 6(a) and (b) indicate the horizontal wind su-
perimposed with radar reflectivity and ventical velecity, as
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obtained by method A at z=3 k. Figure 7 is identical to
Fig. 6 except that the results are obtained using method
B. At this time, the convective region (with a reflectivity
greater than 30 dBZ} of the squall line was located at
approximately x=5 km. From Fig. 5, we know that the

_convective region was located in a flat area, There was

littlz difference in the find field for <13 km throughout
the flat area, The main convergent area was locatéd
in the convective area or the front edge. The positions of
the main ascending and descending regions are almost
identical in the convective region and its neighbonng area,
but their values differed somewhat, mainly due to the
difference in the smoothness technique used during data
processing. There was more smoothing in method B. In
the mountainous area (x>15 km), the vertical velocity was
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Fig. 7. Same as in Fig. 6, but for method B.
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obviously different. Method A had more fine structures.
For example, there were many upward and downward
centers x>15km, and y>-45km, but in method B, downward
motion dominated. These results were mainly produced
by the different low boundary conditions used for the
vertical velocity. In method A, the low boundary condition
was 17=0, while the low boundary condition was W=0 for
method B. Thus, in method A, upward or downward
metion would occur when the air was moving up or down
along the terrain. (This can be seen by comparing Fig. 6
with Fig. 5.)

B.z=5 lom

At z=5 km (Figs. 8 (a), (b) and Figs. 9 (a), (b)), the
difference between the horizontal wind was not very great
except for some differences in results found in the upper
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left area of the chart. This area was too close to the base
line of the radars, therefore making the error in the synthetic
process too large. Furthermore, there were still some other
minor differences. For example, the wind pattern obtained
by method B (Fig. 9 (a)) in the mountain area tended to
be from the west rather than from the southwest as in
method A (Fig. 8(a)). This was probably due to the lack
of varational adjustment of the horizontal wind in me-
thod B. It may also have come from interpolation of the
wind data from temain-following coordinates to cartesian
coordinates that was carried out in method A for the con-
venience of comparison.

The ascending and deseending patterns in the convec-
tive region were identical. The maximum region was
around (x=4 km, y=-42 km)}, but there were still some
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differences in value. Moreover, in regions near the radar
base line, there were obvious diversities because of poor
calculzation refiability. There were also obvious difference
in mountain areas. For cxample, in one region of (16
km<x<25 km and -45 km<y<-35 km), there were two
upward and two downward centers derived from method
A (Fig. 3(b)), bur no obvious upward motion in that re-
gion was obtained with method B (Fig. 9(b)).

2. South-to-North Vertical Section

Here, we want to compare the results derived from
methed A and B in two vertical sections at x=3 km and 20
km, respectively. The vertical section at x=5 km passed
through the convective region of the squall line over a flat
area. Another at x=20 km was over mountain areas. ,

A x=5km

Figure 10 (frommethod A) shows that there were four
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Fig. 10. The {a) wind ficld and radar reflectivity and (b} vertical win
obtained by using method A at =5 km. The conlour interval
of the reflectivity is § dBZ, starting from 0 dBZ. The contour
interval of the verical wind is 3ms’!, staning from -15ms™.

areas having larger upward velocities (at y=-42 ki, -35 km,
-22 kun and -18 km). Similarly, there were also 4 regions
of higher upward velocity for method B (Fig. 11), and
their positions were identical to those in method A. How-
ever, the magnitude of the second region’s (y=-35 km)

_ larger upward velocity was not so obvious as that in Fig.

10, The larger vertical velocity in this region derived from
method A wascaused by the low reliability of the honzontal
wind close to the radar base line as seen in Fig. 8.

In addition, there were some differences at the low
level in resnits obtained by using the two methods. For
example, the downward motion bet than -35 km<y<-25 km
derived from method A was bigger than that obtained
from method B. In method B, the low boundary condition
of the vertical velocity was zero. Although the terrain of
this region was flatter, the wind velocity on the lower level
was strong. Therefore, certain differences resulted.

B. x=20km

This section cut through the mountain area. From
Figs. 6 and 7, we see that on the lower level of this area,
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Fig. 11. Same as in Frg. 10, but for method B.
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the wind blew northward. Therefore, from methed A
(Fig. 12}, we see that the flow ascended and descended
according to the rising and falling of the mountains. This
phenomenon shows good agreement between the move-
ment of flow and terrain features. In method B (Fig. 13),
however, the airstream moved almost horizontally, and
the vertical velociiy was very small.

3. East-to-West Vertiical Section

The east-to-west .section is perpendicular to the
squall line. The kinematic structure of this section could
help us understand the structure of a squall line. We chose
the vertical section located at y=-44 km from the radar
base line.

In this section (Fig. 14 and Fig. 15), we could see
that the main part of the squall line was Jocated at x=4 km.
In front of the squall line, at about x=10 km, there was a

~aew cell. Both had their own ascending area. Except for
some minor differences for x<10 km, the results of me-
thod A and B are similar. To the right of the new cell
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around x=20 km, there was a cell which did not develop
highly. Here the differences between the two methods
were large. In method B (Fig. 15), the movement of
the flow was mainly horizontal, and the vertical velocity
was very small, yet in method A , it is obvious that the
air ascended and descended closely following the topog-
raphy.

V., Conclusion

An allernative method {method A) with temrain-
following coordinates for dual-Doppler radar analysis
has been used to overcome the zero vertical velocity of
the lower boundary conditions for the existing method
in more complex terrain. The method we derived was
tested against numerical model results. We found that the
difference of the velocity field between our method and
the model results was small. When we analyzed the true
radar data for TAMEX 10P #2 using cither method A
or the CEDRIC method (method B} in a cartesian
coordinate system, the gualitative features of the con-
vective region's velocity field for 2 squall line were similar
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for flatter terrain, but there were some differences for
velocity fields in mountain regions. Finer features asso-
ciated with the terrain were found in method A. Ascending
and descending motion“occurred to the wind-ward side
and the lee side, respectively.
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ABSTRACT

Mountains can provide heat and moisture to the atmoesphere and act as a barrier
to the prevailing wind. Thus they can influence the formation and development of pre-
cipitation systems. About two-thirds of the island of Taiwan is occupied by mountains.
Therefore, it is important to understand the influence of terrain on the formation and
development of precipitation systems. This kind of research has become one of the
objectives of the Taiwan Area Mesoscale Experiment (TAMEX, Kuo and Chen, 1990)
held in 1987.

On June 20, 1987 during TAMEX IOP 11, a Pacific high pressure system was over
Taiwan. Two major precipitation systems occurred in the Taiwan area in the afternoon.
According to safellite and surface data, one precipitation system was over northern
Taiwan and the other over central Taiwan. Several soundings show that southern ‘Tai-
wan was under the influence of southerly flow and northern Taiwan was affected by
southwestern flow. The Pan-Chiao sounding in northern Taiwan indicates the level of ‘
free convection (LFC) decreased fo 1 km in height at 1400. LST. Thus lifting due to
topographic effects or other factors could help convection . A three-dimensional non-
hydrostatic numerical model with terrain following coordinate system was employed to
study where cloud systems developed, We found that when the initial wind used in
the model was from the south, water vapour convergenced in northern Taiwan. Then
cloud and rain formed there, The formation of this cloud and rain system plus surface
heating helped to form a convergence area. The land-sea temperature contrast seemed

- not to be important for the formation of this convergence area, but it could enhance the
intensity of the cloud system. If wind direction was from either 165° or 225°, the cloud
and precipitation system formed in northwestern and northeastern Taiwan, respectively.
Upslope flow helped clouds form in central Taiwan. The cioud and precipitation sys-
tem formed in the mountainous area in central Taiwan when initial wind in the model
was from 165°, 190°, and 225°, Higher wind speed from the south at Jow level would
cause the precipitation in northern Taiwan to move northward away from Taiwan istand
rather than eastward as observation data indicated.

(Key words: Terrain, Cloud and Precipitation System, TAMEX)

1 Institute of Atmospheric Physics, National Central University, Chung-Lj, Taiwan, R.O.C.
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1. INTRODUCTION

Mountains act as a heat and moisture source as well as a barrier to the prevailing wind.
The moisture can influence the formation of precipitation systems. Kuo and Orville (1973)
studied the mountainous storms over the Black Hill in South Dakota, U.S.A. They found
that the prevailing wind could affect the position of the formation of mountainous storms.
Karr and Wooten (1976) analyzed radar echoes over the Rocky Mountains. They found that
mountain “hot spots” were favorable for the formation of radar ccho. Banta and Schaaf
(1987) used satellite data to trace where mountainous thunderstorms initially formed and
found the initiation stayed on the lee side. The "lee side convergence zonc" as favorable for
the formation of cumulus clouds has also been proposed by Banta (1984).

As mountains occupy so much of the land-mass of Taiwan island (Figure 1), their effects
on the formation of cloud systems and mountainous storms is very important. Liao and Chen
(1984) presented two cases where storms formed in mountainous area in the afterncon and
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Fig. 1. The topography of Taiwan in meters, Stations along the broken-line will
be mentioned in Figure 8.
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then moved toward the Taiwan strait. Chen et el (1991} studied a mountainous storm '
which formed in a mountain slope area in the aftemoon in northern Taiwan and then moved
eastward. This system dumped more than 100 mm-of precipitation at some stations-in only
a few hours. The maximum refiectivity was over 50 dBZ along the steep slope and near the
mountain peak. On June 20, 1987 during the TAMEX (Taiwan Area Mesoscale Experiment,
Kuo and Chen, 1990) méuntainous precipitation systems formed in notthemn and.-central
Taiwan in the afternoon: and then moved eastward (Figure 2). The pattern of daily rainfall
amount (Figure 3) formed three groups. The magnitude of the rainfgll amount was large in
northern and central Taiwan, but less in the south. In northern Taiwan precipitation formed
in early afternoon (Figure 4) but not in southem Taiwan. In southern Taiwan, some of the
precipitation might come from cloud systems moving from the, Taiwan strait (Figure 2},

The objective of this paper is to study why mountainous cloud and precipitation systems ‘
form in.northern and central Taiwan in early afternoon as well as the important factors that
help storms occur. To answer these questions, we will analyze conventional data as well as’
simulation results from a thrée-dimensional non-hydrostatic numerical model. We hope that
after this study we shall have a better understanding of the formation of mountainous cloud
and precipitation systems over Taiwan island.

The analysis of observational data will be described in section 2. The model structure
will be presented in section 3 and appendix. The modeling simulation results will be discussed
in section 4.
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1700 LST, 20 June 1987, dotted line is the coastline, solid line is the
cloudy area.
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Fig. 3. The daily rainfall amount (mm) over Taiwan island on 20 June, 1987.
The contour intervals are 10 mm starting from 10 mm to 70 mm,
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Fig. 4. The hourly rainfall ‘rate (mm h™1) at (a) 1300, (b) 1400, (c) 1500 LST
on 20 June 1937. The contour intervals are 1, 3, 5, 10, 20, 30 mm,
respectively.
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2. DATA ANALYSIS

A suiface weather map (Figure 5a) and satellite images (Figure 5b) show that a Mei-Yu
frontal system was located some distance to the north of the Taiwan area on June 20, 1987
but a Pacific high pressure system influenced the Taiwan weather pattern. In southern Tai-
wan wind was from the south while in northerm Taiwan southwest wind was found as it was
located in the northemn periphery of the high pressure system. The diurnal change of wind
direction was very obvious as shown in Figure 6. Airflow moved away from Taiwan island
at 0500 LST (local stand time) and converged on the island and mountainous areas at 1200
LST. Figure 7 depicts the hourly variation of wind, temperature, moisture and precipitation at
Taipei and Pen-Chia-Yu stations. In Taipei wind direction changed from south (downsloped
direction) to west (on-shore) and temperature increased after 0900 LST. These phenomena
have also been observed by Johnson and Bresch, (1991). The temperature dropped and wind
direction changed after 1300 LST due to precipitation (Figure 4). Wind direction changed

Fig. 5. (a) Synoptic-scale surface map and (b) Infrared satellite image for 0800
LST, 20 June 1987.
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. (b) '
Fig. 5. {Continued.)

back to southerly wind at 1500 LST. In Pen-Chia-Yu wind changed to northerly at 1500 LST
and southerly again at 1900 LST. Thus from these two stations, it is bard to say any mesoscale
features related to front had reached northern Taiwan. Sincé the prevailing wind direction in
southemn Taiwan (Tung‘-kfang) was from the south (Figure 8), the change of wind direction in
southern Taiwan was not so obvious as that in northern Taiwan (Figure 6). Figure 9 depicts
the surface wind field along 2 line from the coast to the mountains in northem Taiwan (Figure
1). .On-shore flow developed near the coast (2, b and c stations) between G800 and 0900
LST. Along slope (d, e and f stations) upslope wind also developed between 0830 and 0930
LST. The upslope wind had a northerly wind component which was also found in Pan-Chiao
in the afternoon (Figure 8). The direction of upslope wind depended on the terrain features
around the station. Thus in northern Taiwan the on-shore flow and upslope flow developed
almost at the same time. However due to lack of data, it was not easy to determine the
development of upslope flow in other regions.
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Fig. 6. Conventional meteorological variables on the surface for (a) 0500 LST
and (b) 1200 LST on 20 June 1987 in the Taiwan area.
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Fig. 7. The¢ houwily wind, temperature (solid line), mixing ratio of water vapour
(dashed line) and precipitation (bar, mm hr=*) at Taipei (a) and Pen-Chia-
Yu (b).

The vertical potential temperature, equivalent potential temperature and saturated poten-
tial temperature profiles at 0800, 1100 and 1400 LST at Pan-Chiao station in northern Taiwan
are shown in Figure 10. In the early moming the atmospheric was near neutral on the low
levels. After the sun rose, low level temperatures increased as seen for 1100 and 1400 LST.
The level of free convection €LFC) was reduced to about 1 km in height in the afternoon,
therefore the lifting due to topographical effects or other mechanisms was expected to help
air parcels at low level to rise and to form cloud and rain. This situation was confirmed by
surface rainfall data (Figure 4). Hourly surface rainfall data indicated that significant rainfall
-amounts began in the Taipei area in northern Taiwan and central Taiwan at 1300 LST (Figure
4). there was 79 mm/hour™! at one station. But the amount of rainfall was less at other
stations. In central Taiwan rainfall began in the slope area and higher mountain regions.
Radar reflectivity also indicated this situation (See Figure 10 of Liang, 1991). The amount of
precipitation was smaller than that in northern Taiwan in the early afternoon. At 1400 LST
more stations observed precipitation, but still in northern and central Taiwan. In northern
Taiwan more stations east of Taipei observed precipitation, which indicated that precipita-
tion formed in northeastern Taiwan, At 1500 LST this phenomena become more evident.
Meanwhile, the rainfall intensity in central Taiwan also became heavier in the mountainous
area,
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on 20 June, 1987.

Observations indicate that a Pacific high pressure system influenced Taiwan weather
on June 20, 1987. The sea-brecze and upslope wind developed after 0800 to 0900 LST in
a region of southerly wind. The Pan-Chiao sounding showed that the height of the LFC
decreased to 1 km in the aflernoon and thus precipitation formed more easily with the help
of terrain lifting. Hourly rainfall data showed that major precipitation occurred in northern
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Fig. 9. Hourly change in wind direction at station (a) CKS Airport, (b} Tao-yuan,

(c) Chung-li, (d) Hsia-yun, (e) Kao-l, (f) Pa-leng. The position of these
stations is shown in Figure 1. )

and central Taiwan at 1300 LST. As time possed, precipitation took place east of Taipei in
northern Taiwan. Two arcas had precipitation in central Taiwan, One was along the slope
and the other over high mountains,

3. MODEL STRUCTU:‘;E

The numerical model used in this study was a finite-difference approximation of the
clastic, non-hydrostatic equations governing atmospheric motion. This mcdel utilized the
compressible equations, which were efficiently solved by separating out sound wave terms
and integrating them with a smaller time step than that used for the convective processes in
order -1o maintain computational stability. The predicted variables included horizontal and
vertical velocities, pressure, potential temperature (6), the mixing ratio of water-vapor (qy),
of cloud water (g.) and rainwater (g,-). Cloud water and rainwater growth were parameter-
ized in the manner suggested by Kessler (1969), but with the coefficients used by Klemp and
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Wilhelmson (1978). The subgird scale parameterization used in this study followed Lilly's
formulation (1962), which depended on the relative strengths of stratification and shear,

The boundary conditions of the velocity components for the upper and lower boundaries
were assumed to have zero normal velocity and zero normal velocity gradient conditions for
horizontal velocities. There was also no normal gradient for 8, gy, ¢, and g, at the bound-
aries. In the upper half of the model domain, a region of Rayleigh friction and Newtonian
cooling were applied to the perturbation velocities and €. The lateral boundary conditions
were assumed to have no horizontal gradient at the inflow boundaries, but Orlanski (1976)
type conditions were employed for the horizontal velocities of the cutflow boundaries.

The numerical scheme used in the model was similar to that of Durran and Klemp
(1982). The model domain is 400 km X800 km x10 km. The horizontal grid interval was 10
lan and the vertical grid interval varies from 173 m near the surface to 642 m near the top.
The big time step was 4 seconds and the small time step was 1 second. Smooth terrain with
mountain peak 3 km in height was assumed in the model (Figure 11). A brief description of
the model structure is presented in the Appendix. -

4. SIMULATION RESULTS

‘To choose the initial wind profile used in the model is rather difficult. Since northern
Taiwan was located in the northern periphery of a high pressure system, the wind direction
in Pan-Chiao (northern Tatwan) was from the southwest while in southemn Taiwan (Tung-
Kang) as well as over sea (Ma-Kung and Tung-Sha-Tao) wind direction was in general from
the south (Figure 8). Thus in the model we assumed that the initial wind direction was
either from 190° (case A, Table 1), 165° (case B) or 225° (case C). In Pan-Chiao (Figure 8)
wind speed increased from the surface to 2 km in height (in the moming) or 4 km in height (in
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Fig. 11. The smooth terrain used in the model. Contours intervals are 500 m.

the aftenoon). At other stations, wind speed was rather unchanged with height above 1 km.
Since we were interested in the formation of the cloud and precipitation system in northern
and central Taiwan, we assumed that wind speed was to be 0 ms™! at surface and linearly
increased to 8 ms™! at mountain t1op (3 km high) in case A, B, C and E (Table 1). The
temperature and moisture profiles were taken from Pan-Chiao data at 0800 LST. Iri run D, the
wind direction was the same as in run A but wind speed at the mountain top was assumed to
be 5 ms™?. In run E the wind direction and speed were the same as in run A, but assumed
to have no sea-land contrast. In case F we assumed that wind speed increased from 0 ms™%'
at surface to 8 ms™! at I km in height linearly and wind was from 190°, This wind speed
profile was close to that observed in Tung-Kang in the afternoon (Figure 8). To avoid a
big shock in the model, initially the wind speed was to be zero everywhere in the model
and then slowly increased to its environmental value assumed in the model in the first three
hours. Then we let the model to run for another hour. At 4 hours of simulation time the
surface heating was acjivated fo the lowest level over the land for another two hours. The
heating added to the model was similar to that in (Banta, 1986). During this time the surface
temperature could increase about 2°K over the plain in the model which was close to the
- observed value for the maximum temperature variation at 1300 LST.

~The surface streamline for run A at 4 howrs of simulation time is shown in Figure
12. Airflow coming from the south was diverted near the southern iip of Taiwan and then
followed the terrain contours. It again converged in northern Taiwan. The "H" and "L"
in Figure 12 represent the local high and Jow pressure centers, respectively. “They were
located near the upstrearn and lee sides of the mountain, respectively. Perturbation high pres-
sure area corresponded to the upward motion. These flow features were similar to those in Lin
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Table 1. Experiments described in the numcﬁcal-simulation.

Case Comments

Run A Wind direction is 190° and wind speed is linearly increased to 8 ms! at the mountain

top (3 km in height). Wind speed s kept 8 ms! above 3 km in height. Temperature
contrast is assumed between sea and land surface,

RunB Same as in Run A but initial wind direction is 165°- =

Ron C . Same as in Run A but initial wind direction is 225°.
R D Same as in Run A but maximum wind speed is 5 ms¥at mouatain top.

Run E Same as in Run A but no sea-land temperature conirast,

Run F Same as in Run A but wind speed is linearly increased to 8 ms-1 at 1 km in height and
then kept at 8 ms-1 above 1 km in height.

et al. (1992), however a stagnation point forms upsiream of the island in our simulation
result. This difference might be due cither to the lower Froude number or the non-hydrostatic
effect in our simulation model. How the flow with or without the stagnation point influenced
the formation of cloud and precipitation systems needs further investigation. Since airflow
converged in northern Taiwan, the increase of water vapor could have been expected. Figure
13 shows the mixing ratio of water vapor at 10 min after 4 h of simulation time if ¢loud and
rain were suppressed. There existed a maximum region of the mixing ratio of water vapor
in northern Taiwan. Thus cloud and rain systems can be expected there. At 4.5 hours, after
surface heating was added for 30 minutes, airflow from the western, northern and eastern
coastal line met the southerly wind forming a convergence zone in northemn Taiwan (Figure
12b) over which there was a cloud and rain system (Figure 14a). The updraft of the cloud and
rain system would enhance the low level convergence. The maximum value of cloud water
in a vertical column is shown in Figure 14. Less cloud occurred in central Taiwan along the
weslern slope region, where the area with upward motion in the upslope flow regime was
small. Upward motion was also found in the eastern slope area in central Taiwan, but no
cloud tock place at this time. At 5 hours of simulation time, the convergence area moved
slightly northward (Figure 12¢) and major upward motion area shifted eastward in northern
Taiwan but the updraft areas in central Taiwan remained in the same regions at this time and:
later. The cloud cover area in northern Taiwan remained roughly unchanged but it decreased
in central Taiwan (Figure 14b). At 5.5 hours, the convergence area in northern Taiwan formed
a line roughly parallel to the coasted line (Figure 12d) and the cloudy area in northern Taiwan
extended 10 the northeast (Figure 14c). A small cloudy area formed on the eastern slope area
and in the mountainous area in central Taiwan where upward motion also existed. Figure 15.
shows the mixing ratio of rainwater at several horizontal planes and in an interior structure
with a quarter cutout. Near surface rain was near the slope area. At higher levels it extended
northward due to the southerly wind. The maximum mixing ratio existed at 5 ~ 6 km height.
A1 6 hours (2 hours after heating was activated), several small scale feaiures appeared in the
surface flow pattern (Figure 12¢). The cloud still covered northeastern Taiwan (Figure 14d)
and intensified in mountainous areas in central Taiwan.
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Since the convergence of the water vapor existed in the northern Taiwan for at least
two hours, cloud and rain systems could develop in the conditional unstable atmosphere.
The maximum value of the maximum radar reflectivity in a vertical column estimated from
model result in northen and central Taiwan scparately is shown in Figure 16, The formula
to calculate the radar reflectivity from mixing ratio of rain water was adapted from Fovell
and Ogura (1988). The maximum reflectivity was greater than 50 dBZ in northern Taiwan
for about 2 howrs. This situation corresponded to a higher rainfal! rate in northern Taiwan.
In central Taiwan the radar reflectivity was small, The upward area associated with the cloud’
in the upslope region was small in central Taiwan. Since major upward motion occurred in
the slope area or mountainous area where the altitude was higher, the low level air parcel
oObtained less positive area onge it passed its LFC (Figure 10). Thus the radar reflectivity
was smaller, '

Ii run A, clouds formed in northwest and northern Taiwan first, later extending to north-
eastern Taiwan, The intepsity of radar reflectivity estimated from the model was higher. These
phenomena were similar to the movement of the rainfall system (Figure 4). However for
central Taiwan model results showed that only small cloudy arcas formed on the western
slope and in the mountainous areas. The intensity of cloud water and rain water was smaller
in the model, as observation indicated. The upslope flow in northwestern Taiwan seen from
the observations (Figure 8) was found only at 4.5 hours in run A (Figure 12b) and not obvious
at other times,

In run B, the initial wind was from the southeast. Major cloud and rain systems formed
in northwest and central Taiwan over areas of lower clevation and then moved north-westward
away from the island (Figure 17). Stationary cloud also formed in the mountainous area of
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Fig. 16. The variation of the maximum value of maximum radar reflectively in a
vertical column in northern and central Taiwan with time, respectively.

central Taiwan. This system was larger than that in case A. Although no large cloud cover
formed over northeastern Taiwan, the movement of the cloud system looked similar to that of
a cloud system under the influence of southeasterly wind studied by Liao and Chen (1984).
In run C, the initial wind was from the southwest and the model size was extended
100 km westward to move the boundary further away from Taiwan island. Major cloud and
rain systems formed in northeastern Taiwan and moved northeastward away from the island
(Figure 18). Stationary clouds also form&d in mountainous areas in central Taiwan but with
larger area coverage than that in case A, A small cloudy area also formed in southwestern
Taiwan. ' _
In run D, the wind direction was the same as that in run A but the initial wind speed
was reduced 1o 5 ms™! at and above the mountain top. The cloud and rain system can be
found in Figure 19. In general the surface flow pattern in run D was similar to that in run A
(not shown) but the convergence zone in northern Taiwan moved slowly northward. Thus the
wind direction was from the north in northwestern Taiwan as seen from observed data before
5 hinto the simulation (Figure 9). The cloud system in run D in northern Taiwan was similar
to that tn run A but remained slightly south of that in run A. Cloud formed in the central
mountainous area in run D earlier than in Run A and enlarged at 6 hours of simulation time.
In run E, surface heating was applied to the lowest level over the whole domain. Thus
there was no land-sea contrast in terms of surface property. The surface sireamline looked
similar to that in un A before 5.5 hours but some differences existed later (Figure 20a). For
example, the flow direction in run A (Figure 12) was from the south in southwest Taiwan
but in run E there was southeasterly wind over southwestern Taiwan. In northwestern and
northeastern Taiwan, flow direction was more perpendicular to the coastline in run A than
in run E, Upward motion was higher in un A. In the mountainous areas in central Tai-
wan, larger convergence, occurred in run A than in run E due to an easterly flow . In run E
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Fig. 17. Same as in Figure 14 but for run B,
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Fig. 20. (a) surfacc streamline at 5.5 hours of simulation time for run E. The dotted
area and hatched area represent upward motion greater than 1 and 5 cm
s~1, respectively. The maximum value of the mixing ratio of cloud water
in a vertical column for run E at (b) 4.5 hours, {c) 5 hours, (d} 5.5 hours,

(e) 6 hours of simulation time.
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the cloud and rain pattern in northern Taiwan (Figures 20b, ¢, d and ¢) was similar to that in
run A but was weaker in central Taiwan.

The cloud pattern in run F {Figure 21) indicated that cloud formed in northern Taiwan
and moved northward away from Taiwan island which is not consistent with observation
(Figures 2 and 4). The cloud and rain system in central Taiwan was larger than that in run A.
Observation (Figures 2 and 4) did not show that a large cloud system formed in the central
Taiwan in carly afternoon. The stronger cloud and rain system might be due to either the
high wind speed assumed in the model or to the poor parameterization of cloud and rain
water in the model. : - .

From run A to run F, we found that cloud and rain system formation in northern
and central Taiwan was principally due to the interaction between environmental wind and
mountains in an environment with lower LFC when surface heating was activated. The
convergence of the water vapor and heating effect caused the formation of a cloud and
rain system in northem Taiwan. Upslope motion was responsible for the formation of the
cloud and rain system in the slope area in central Taiwan. The land-sea temperature contrast
could enhance the intensity of the cloud system through the increase in the strength of the
convergence area in northern Taiwan and the mountainous area in central Taiwan, The wind
direction assumed in the model could determine Where cloud and rain systems formed in
northern Taiwan. But cloud formed in the mountainous area when the wind direction was
- either 165°, 190° or 225°. There were also cloud and rain in northern Taiwan in run D
when the wind speed was weak but the cloud and rain area were located slightly to the south
when wind was stronger. In run F a cloud and rain system also formed in northern Taiwan in
the stronger higher low-level wind-speed environment. But the precipitation system moved
northward away from Taiwan rather than eastward as observational data indicated.

5. CONCLUSIONS

On June 20, 1987 during TAMEX IOP 11, a Pacific high pressure system was over
Taiwan. Two major precipitation systems occurred in the area in the afternoon. According
to satellite and surface data, one precipitation system was found over northern Taiwan and
the other was over central Taiwan in early aftemoon. The southern Taiwan area was under
the influence of a southerly flow and northern Taiwan was affected by a southwest flow.
The ievel of free convection (LFC) decreased to 1 km in height at 1400 LST as seen from
Pan-Chiao sounding (Figure 10), thus lifting from the topographical effects or other factors
could help convection occur. A three-dimensional non-hydrostatic numerical mode! with a
terraine following coordinate system was employed to study where cloud systems occured in
the Taiwan arca. We fotiid that when the initial wind used in the modal was from the south,
water vapor converged in northern Taiwan, This caused the formation of cloud and rain
systems. The updrafts of this cloud and rain system pius the surface heating effect helped 1o
form the convergence area in northem Taiwan. The land-sea temperature contrast scemed not
to be important for the formation of this convergence area, but it could enhance the intensity
of the cloud and rain system through the increase of the convergence arca. Upslope flow
helped cloud form in central Taiwan. The cloud and rain could form in the mountainous area
in central Taiwan when initial wind was from 165°, 190°, or 225°. Higher wind speed from
south in the low level could cause the precipitation system to move northward away from
Tatwan rather than eastward as was observed.
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More cases studies about the relationship between the formation of precipitation systems
and wind direction are needed, The position of the formation of the precipitation system is
sensitive to the direction of wind assumed in the model. How to obtain the “representative
wind”is needs further investigation. Thus, how 10 specify the initial condition in the model
is the major problem in the near future,
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Appendix
Dynamic equation for the model
The model equations are cast in terrain-following coordinates (x,y.£) with

_Z(Z-2)
{= 7, =z, (L

where Z, = Z,(z,y) is the height of the terrain above Z=0 and Z, is the height of the
model’s top. Threc tefisor transformation terms used to describe the equations in the (x,y,£)
coordinate system are

H*:G%:%:Zétz, (2a)
c13 ‘= %%%’ (2b)
O — %%TZ% (2¢)
| Using the above expressions, the momentum equations can be written
%t“f + Cpﬁv[gg 4 F;N(%%)} =ADX + Do K, (3a)
S+ RS+ 6P (G0) = 4BY 1 B K, (3)

Hw

— - a?r - 9 — —~ -
g+ Cr0lH™(5p)) = ADZ +ql5 — 1+ 0.61(g, — 8.)] + DuKom, (39
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where
8, = 6(1+ 0.61q,), (4a)
ADX = —u & Sy o2 4 om wH* 4b
Ul + (6§)J+‘U[ ( )]+ ( )}, (4b)
ADY = 2 4 G = &
ul3-+G (ag)]“[a +G ( ]+wH (ag)’ (4¢)
AD7 = G + PG+ G + 2 G rur (T, (aa)
_2 @_ 13 _2 .a_u 139u . Ow ?_T_’_
= 525 +G ( )) 3(5- +G 35+H 2 ta TC ag)]
13_3_ 13, Y% _E ?jf_ 13 Ou *2"2 @ 23___
+G ag[z(a +G ( )) S5+ 6 a£+H 2e oy T C )]
a (au _l_GZS%Eg_ KRt a _}_GIS_Z_E
233 23_3_“ _a_"'j 136_
+G (a +G a¢+ +G Be
. ow 5 Ow
+g* (H E+— + G ) (5a)
= _ 9 23 2 _(?_u 13 Ou a_w v 23 9
D,,_ay[z(a hilfe (ag)) 5(5-+G 7t + H* 7 5y +G ag)]
. 232_- ov 29 ov __2_ ?if-_ 13?”_- *a _a_"‘i 23
TGy O ) 3t Gt g 5+ G 56)]

6 (31.'. 13 Ju | Ov 23@) -
31 Sy ot Oy ¢
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+G”§€(g“ +G13g’; + 2 G”g—f
+H"-8%(H*—a'—g iui + G”%-lg- (5b)
_——(H*az+@+Glsaw)+G13§;(H.a£ g“’ G”g?)
9 (H*'Z_Z"La_w“_;% £)+G%%(H*%§ ‘Z“’ G_z“g—?
+H*——[2H" ‘?;2" i(gu + G”‘;—z + H*%’. 29, G”gz)]. (5},)

8 is the potential temperature, gy , gc , and g, are the mixing ratio of water vapor, cloud
water and rain water respectively, and 8, is the virwal potential temperature. Bars over
individual variables refer to the initial undisturbed state.

In equations (3a), (3b), and (3c) the eddy mixing coefficient &, is estimated according
to Lilly (1962). The first law of Lhennodynamxcs is taken to be

5 =l +20* G + 0 4P T ¢ W)
2 + 130 99 1369 23 0 \¢p 00 1399
+Hg + O gl + OGN+ (o + 6P (G + 6P D)
' o o8 -
+H' K5 30) ©)

where I, is the eddy diffusivity of heat. The value of K, is assumed to be three times of
Kp, in this study. The pressure equation mode! takes the form

BH C? Tou

13( Hapw
ot Co [a

v '
+ +G2“ =)+ = =0 (7)
) (05 5 aC
and Exner function I is the non-dimensional pressure in the form {5 y )Z’i Here Fy is the
base state pressure at ground level and Fy is the gas constant for dry air. C is the speed of
sound.
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The mixing ratio of water vapor, ¢, mixing ratio of cloud water , ¢, and the mixing
ratio of rain water, g, are considered in the model. The equation for ¢, , g , gr are

aqv 3qv agv 3q,,

Jq, aq,
= —l(umgy +uGT G2 + (v + VG0 H (wep )
P 13 9 vy O 133% ' a3 . 08 _3_q,_,.
Hg, +6 a_g)[f‘ (55 TC o )]+(3 +G )[Rh(ay 3g)]
.0 dq,
+H ag(KhH &) (8)
Jq. dg. Jdq. dq. d Oq.
q _[( q + GIS g )+( q + G?J Q¢)+H*( a‘i )]
6 6 a < a c rd 6 [
Higg + G SRR + SN (o + 6™ KA + GR )
+H*—(K H%qc (9)
a T a r a r a ol 6 T a T
aqt — _E(u aq G13 6q }_’_( q ‘!)(.;'23 q )+H ( q )]
+(—a— + G”’ﬁ)[K ({)‘—gE +G13aq’)] +( +G¥ 9 0 K ( G”aq’)]
B 3’ "\ Bz By a ER
il ad I}
* - gf
— 1
H aq(thH ag) (10)
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