B R SRR R T E IR AR s

I FA SRR A e B RS2 5 K AR
(—) KRR R FD G T

Studies on Application of Spectroradiometry
on Drought Damage Measurement.

I. Analysis of Reflectance Spectrum of Rice Canopy

FEEE: W EA O B
IS CWBS6-2M-01

TG 85427 1 1 I 86 42 6 /3 30
FEEERA M

RERA: AT - BIAER
BYELA B FRRUE - BRI - RTH

BTEA: FERERRET EEEEERE
HERBNATAEAAZTH



R
BRI
EIE]

FR BT
AL AR
5[ Fs0Rk
Fe—(Table 1)
Bl —(Fig. 1)
18— (Fig. 2)
B =(Fig. 3}
B E(Fig. 4)
EF.(Fig. 5)
&/ (Fig. 6)

H&&

- L W) e

10
11
13
14
15
16
17
18
19



A AR A A R 25
(KRS EREHE R S GRE 2 434

=

PRl A M AR EARE B R R o o M B L, A B i
FERGDGEBATEEEEI 996 E — - THIMER S BRSO, BT -
T EIE A T R A - WA RRYEOE - SO LR EL BB R
BIRURRAR - AT R R RS MR350~1100 nm - EEENE - TTRER
RIS - RIS, RS AR S S R SR R T R
ER(350~700 nm)FHE N - BT EFAIHE R B AN - eI RS ELfER /Y
15%  STRLAMEIE BR(740~1100 nm) U8 ERABER 24 & HEHEREFE30-5 5% HilE 2.
B TR BRI R iR RS EL SR « R EALG(674 nm) STALSE(756
nmyF R AR B B S SR R B (ND VI - FERHER LR V) ~ 384
TEAEREIERUSAVD) « FAEMESEDVDEMEBE » EaERiEaEE e
BREFLER AR, TR — - ZHMRERERER %= - DINDVI
BA, FHHEE DR e e, RImEIRS R BMENL - KRR
FEBELITHT A (DL756 nm BB S L BE4R D Mitscherlich function.” ¥fEEREFE
ARG, R ERMEEAREE TSR -

BHEER]: ZAfa ~ BT - TR - DAL - MR - SEmREEN -



Studies on Application of Spectroradiometry
on Drought Damage Measurement,

1. Analysis of Reflectance Spectrum of Rice Canopy

ABSTRACT

The reflectanice spectrum of crop canopy changes with time and space and is a
function of growth status. Analysis of reflectance spectra of a crop during the growing
period can help in characterizing and evaluating the spectral property and growth
performance of that crop. Field experiments were carried out to remotely measure and
analyze the reflectance spectra, in the range of 350-1100 nm, of rice canopy in the first
and the second growing seasons of 1996. Data indicated that, except in the early
growth and grain-filling stage, reflectance within 350 to 700 nm region was lower than
10% in both crops. Reflectance of wavelengths above 740 nm was maintained in 30-
55%. By using two specific wavelengths of 674 nm (red light) and 756 nm (near-
infrared) in calculating the vegetation indices, it was found curves of NDVI (normalized
difference vegetation index), RVI (ratio vegetation index), SAVI (soil adjusted
vegetation index), and DVI (difference vegetation index) were bell-shaped after
transplanting. Difference in vegetation index between two crops was due mainly to the
growth rate of rice plants. When normalization with unit time, however, changes of
NDVI were similar in both crops. Reflectance in the near-infrared {for example, 756 nm)
was suitable for estimating LAI (leaf area index), and their relationship was propeily
fitted to the inverse of the Mitscherlich function.

Key words: Rice, Canopy, Reflectance spectrum, Reflectance, Vegetation index,
Leaf area index.
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IR AIEE - 490~-560]F R RIFRIE ~ 560~-585nmiftRAYEY ~ 585~-640nmitRAY



6

FEIE ~ 640~-T40nmiF AR SE LR 740~-1100nmIE-EATTAL A0S » R St
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B EE, W RDGIEEH R 500 nn/E G SO RGN - 550 nmAAE
EI[HE - REEFW FREEE 680 /ARG  fiNobel (1983)5 B E7RaHE
St S EER S o BB R (E ), WE—SERE RS TN RALL S
ffii - ERRBEELRAEFHHRERR, TS RERTENOLIREN(350~400 nm)Z K
WEREREE, NATLERE - RIS BEEBLE T SRR RHEET
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Table 1. The dry weights of plant parts and leaf arca index (LAI) of rice cultivar, Taimng No.67,
grown at Taiwan Agricultural Research Institute Experimental Farm, Wufeng, in the first and the
second crops of 1996,

DAT® Culm Leaf Panicle Aboveground LAI
gpl’
the first crop
22 0.22 0.33 1.29 .16
39 2.75 2.23 4.98 0.74
49 9.64 7.23 16.87 2.30
55 8.71 6.16 14.87 2.95
61 15.19 2.64 24 .83 4.52
0 16.67 10.60 27.27 41.88
T 23.32 10.37 33.89 4.45
83 32,98 12.55 45.53 517
90 33.66 14.14 7.92 53,72 5.86
97 36.44 10.79 7.14 54.37 3.62
104 35.99 9.78 19.64 65.08 3.57
111 36.74 .87 31.75 76.36 2.62

the second crop

24 1.00 0.79 1.79¢ 0.43
31 2.00 173 373 0.81
37 4.29 4.24 8.52 1.99
46 9.16 7.40 16.57 3.55
52 12.25 924 21.50 420
59 18.07 1129 29.36 4.56
66 26.08 13.79 0.75 40.62 5.60
72 24.45 - 1243 3.96 40,84 4.83
79 2545 11.82 10.08 4734 4,20
89 20.60 8.82 24.03 53.45 ' 3.23
94 19.32 7.90 27.37 54.59 2.94
102 17.61 5.62 2998 53.21 179

@DAT: days after transplanting
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the first and the second growing seasons of 1996.
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1996.
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Fig. 6. LAI as a function of the near-infrared reflectance (756 nm) for rice cultivar
Tainung No.67 grown in the first (O) and the second (@) growing seasons of 1996,
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Abstract

The GFDL hwricane prediction system was tested at National Centers for
Environmental Prediction in experimental mode and in near real time for western
North Pacific storms during 1996.  Altogether, 171 forecasts were run for 23 storms
that formed during the months of July through December.

Results indicate that the GFDL system exhibited considerable skill in the forecast
of the storm track for the cases run. The mean track errors for all cases run are 108 ,
174,220,273, 352 and 436 km for 12 (171 cases), 24 (159 cases), 36 (146 cases), 48
{136 cases), 60 (118 cases) and 72 (108 cases) hours. Compared to the forecasts in
1993, the track errors in 1996 are about 10% larger for the first 48h, but are smailer at
60 and 72h. Except for the first 12h, the average improvement of GFDL track
forecast over TFS is 15%, 31% and 38% for 24, 36 and 48k IHowever, the
homogeneous comparsions between the GFDL and CLIPER forecasts show that the
1996 GFDL forecasts have higher forecast skill (relative to CLIPER) than the 1995
GFDL foercasts. Meanwhile, the 1996 TFS forecasts show slightly lower forecast
skill (relative to CLIPER) than its 1995 forecasts.

Despite the demonstrated skill of the GFDL forecast system as a useful
dynamical model guidance for tropical cyclone forecasters in the western North
Pacific region, some biases were revealed in the storm track and intensity. In general,
some slow (along-track) bias with no obvious cross-track bias is identified in 1996, as
compared to the northward and rightward (relative to the storm's heading direction)
bias in 1995. As to intensity forecast, similar to the results in 1995, an over-
prediction of the intensity of weak storms and an under-prediction of the intensity of
strong storms of the GFDL system are found in 1996, thus suggesting a need for some
improvement in the prediction model and its initialization.

More tests and investigations are needed in order to identify the key factors that
affect the performance of each typhoon forecasting system. A comparison study of
the parallel GFDL forecasts in 1996 using the analyses from AVN (at NCEP) and
from NOGAPS (at the Navy) may shed some light on the issue regarding to the
sensitivity of the GFDL hurricane prediction system to the initial analysis.
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BEH - AHRRATHEALESE CWB-86-2M-04 LB T E& o

20



B

AS S HOFDLEERFER 2 G TR ARM > BB A% Awbitr
S M EANZH M4 T _

(—) #ARHE
1. sy

GFDLERFER ALK ER GEH T RLEHEEEZ L (BE) ¢
(ﬁ&)&g(arg)%ﬁ%fﬁﬁu&GHm%ﬁﬁﬂ%ﬁ¢’%Mﬁ

Ry
g
éﬂ?ﬂz%ﬁ&uU%ma)w(@@&),Tumz)w(mﬁﬁ@k)
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2. REERARL

RAKRAEHRFHEHZERRAERA Smagorinsky ( 1963 ) A2k a9k
BRERBRE L o ERTHAFEL Y Kurihara # Holloway ( 1967)
Pried i BF B T4 VonKarman ¥HAUZLR02 Hmg 5T 4
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T THROBERHEERE
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closure model ) » AEBTHEANL BT ENEST  BAFTZHANEY
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3. #RAH
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HE—HEE h EEHFRBGERFTEZTES :
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EP LF RAFHEAEAMGER > HT K A5 > DIF K 285
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(7! =h7)1 &t = [(1- @)LF™ + oL F"|+[(1= B)HF" + BHF" |+ DIF (15)

HEe A BeermEE h'ﬁ'—,—-—%ﬁ’ﬁ{ﬁ e

BAAZERBEFTNHET o B TRAXMBEBAFELNEHE
W MG EAEGRG - AREAT o p &5 0.506 f 2.5 Masuda
(1978) BhERAEXY P E (A3 2~3 ZMH) TREL PE A+
oY Mk R s b
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&
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3. HERANE S (WwBAT) - dASHELRENEIRER AR
KB R FRRAAE(AIS YA TH B i E—AfhE —BHEEIRE
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HEBERHAE ST RN EMRNKSE Kuibara 4 Holloway
(1967 ) A4t £ ad Box Method THEHE ~ Hh B AR « 2548

24
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etal. (1993 ) M@ P » BB R WL LBAZH Gloria ( 1985) #¢ Gilbert
(1988 ) A M » S RBTATARSW 48 S BEnKR L H
HALZERAREFNE P AREBEOER LA RZRE 2L
BN EALLTHTER - 2 B3 Bender et al. (19972 2 i ibiB 42
T MMBEZBEREHREA-ANMER AT RALZGETAHAT X
RABBRZHAMELARAEZARZAH  WIBBREEFTHSEFAER
BeBZ S mBEE  EMFEHEABEXTER - HIKBTRE & &4
T AHBEERSHFTRARBRS T G 4RI 88 0 4%
“E FKBIRYMEZEENBEREERERATSERE #1545 -E
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BEHfazs BAUFREL2838B8ATHESZEY (EHARBORE
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(1988 ) BRELsh M 4E P » STHFELE S F oy A3k B E A L B A M E S
WiEE (wBAS) » FHELHENERRS EnHBELI R ERAWRET
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TR W R LBl B - b B 2L 5%
NCEPY MG 0 B R ARG PSS AR E 25 EHBESERT
LABES>EORY - HBAERSTATNHBE AL LBASTY
BRHFRALAGSHREREAYN REBE O —BEHAMALTEAY
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B AN TEARGERABRBEN BT RFHLIE £ Y Karihara et

26



al. (1995) #Hand5iLiB42 a0 5 » T AC A B B M55 /B A0 3R 35 70 38 0l SR 1045
ETHR BXpwBERERNEELE « X T Hobindbfbes S WMol ig -
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REXFWHFBE  TALEMINH S5 £:$-;‘n"i.i%7fﬂa‘§ﬂi§ -
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h=hg +hp (A17)

£+ B A D #HRALZRAGPIESH

EARBARB 1-2-1T PRAYBRELZ PREONTEEH :
Mg =hug + k(g +Haag — 2 ) (A18)
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Vo <6ms™ L =8V, /& <4x 107570 » XAV, <m0 DR EHITHIS
RHERr0) RBESINFBERVER (0 (BEEE) NEE
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A1 : 1995 % GFDL BER TR A i3 b R P ERER L BHEME A

STORM  NAME

NUMBER OF CASES

DATES OF FORECASTS

FAYE (WP05)

p—
—

JULY 18 -JULY 23

GRAY  (WP07) 3 JULY 29 - JULY 30
HELEN  (WP08) 6 AUGUST 8 - AUGUST 11
IRVING  (WP09) 3 AUGUST 17 - AUGUST 18
JANTS (WP10) 9 AUGUST 22 - AUGUST 26
KENT (WP12) 8 AUGUST 27 - AUGUST 30
LOIS (WP13) 4 AUGUST 27 - AUGUST 29
OSCAR  (WP17) 9 SEPT. 12 - SEPT. 16
POLLY  (WPI18§) 5 SEPT. 16 - SEPT. 20
RYAN  (WP19) 12 SEPT. 17 - SEPT. 23
SIBLY  (WP20) 7 SEPT. 28 - OCTOBER 2
VAL (WP25) 1 OCTOBER 10

WARD  (WP26) 9 OCT. 18 - OCT. 22
YVETTE (WP27) 5 OCT. 23 - OCT. 25

7ZACK. (WP28) 13 OCT. 25 - NOV. 1
ANGELA (WP29) 20 OCT. 26 - NOV. 4

TOTAL 125 JULY 18 - NOVEMBER 4




:Eé T 1995 £ B8R E 5 + GFDL #» CLIPER - TFS #= EBM £ &AM X5 CWB
81 T H 5 b A T B E A SR homogeneous # 24 ~ 36 Fr 48 [ FF
FARBERERTHERE (BHRAKTF) ik -

Bz Km

12Hr 24Hr 36Hr 48Hr

TFS 105 (62) 207 (122) 314 (183) 423 (231)

EBM 124 (77) 258 (138) 393 (202) 522 (253)

GFDL 90 (57) 144 (84) 183 (117) 241 (160}
CLIPER 367
CWB 350

(Case numbers 102 93 82

&3 : 1995 £RHEEE » GFDL # CLIPER ~ NOGAPS -~ AVN BEHE X &
JTWC 63 F ¥ TAMH E b X -F 5B A A homogeneous #) 24 ~ 36 ~ 48 5o
T2 RFTARBERERTIRLE (HFRARF ) k-

¥4 1 Km
12Hr 24Hr 36Hr 48Hr 72Hr
CLIPER 116 (78) 209(128) | 312(193) | 400(279) | 619(43])
JTWC 99 (65) 177 (89) 263 (127 369 (196) | 629(317)
GFDL 94 (61) 150 (87) 197 (131) 275 (174) 527 (372)
NOGAPS 12277 201 (118) | 286 (169) 400 (260) | 702 (447
AVN 134 (81) 226 (130) | 331(225) 468 (360) 829 (527)
Case number 72 71 64 34 38




*

4

1996 # GFDL B¢ A TAME Gt Bk R FE A B ETaRA Lo 4 -

STORM. NAME

NUMBER OF CASES

DATES OF FORECASTS

DAN  (WP06) 3 JULY 06 - JULY 08

EVE  (WP07) 11 JULY 13 - JULY 19
GLORIA (WP09) 5 JULY 22 - JULY 25

HERB  (WP10) 9 JULY 24 - JULY 31

AN (WP11) 2 JULY 29 - JULY 29

JOY (WP12) 3 AUGUST 02 - AUGUST 03
KIRK  (WP13) 15 AUGUST 05 - AUGUST 15
NIKI  (WPI3) 5 AUGUST 18 - AUGUST 20
ORSON  (WP19) 17 AUGUST 22 - SEP. 03
SALLY (WP23) 6 SEP. 05 - SEP. 08

TOM  (WP25) 8 SEP. 11 - SEP. 17
VIOLET (WP26) 11 SEP. 12 - SEP. 22

WILLIE (WP27) 6 SEP. 18 - SEP. 22

YATES (WP28) 7 SEP. 23 - OCT. 01

ZANE  (WP29) 10 SEP. 24 - OCT. 02

ABEL  (WP30) 2 OCT. 13-0OCT. 16

WP31 2 OCT. 13- OCT. 15

BETH (WP32) 9 OCT. 14 - OCT. 21
CARLO (WP33) 7 OCT. 21 - OCT. 25

WP35 1 NOVEMBER 02

DALE  (WP36) 11 NOV. 04 - NOV. 12
ERNIE (WP37) 13 NOV. 04 - NOV. 16

FERN  (WP42) 8 DEC. 22 - DEC. 26
TOTAL 171 JULY 06 - DECEMBER 22
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&5 : 1996 % GFDS B GFDN L% SR £ 1hik - %R A5 4 HREBEY
GFDN #% GFDS 7848 & S s 0B £ 15 BB E g bt o

Forecast Hr GFDS GFDN % Superior Case number
(Km) (Km) performance
12Hr 109 108 51% 177
24Hr 180 170 51% 166
36Hr 229 220 48% 153
48Hr 281 277 46% 143
72Hr 470 416 58% 114

&6 1 1996 5 GFDA #%{8TA483% £ B 49454 GFDS #v GFDN % %8 H4# + 1 &
7 GFDS % GFDN = FARBE TS EHEZ T4k -

Forecast Hr GFDA %eSuperior performance|%Superior performance
(Km) against GFDS against GFDN
12Hr 102 61% 55%
24Hr 160 64% 58%
26Hr 205 61% 63%
48Hr 254 55% 62%
72Hr- 403 63% 51%




&7

1995 % & 1996 % GFDS fr GFDN Z % & TR B L b -UR A ESFHTE

#MAER ¥ GFDN & GFDS B# A F AR E S BB ERZ Y] -

Forecast Hr GFDS GFDN % Superior Case number
{Km) (Km) performance
12Hr 104 103 50% 244
24Hr 172 166 50% 233
36Hr 224 216 49% 215
48Hr 275 280 55% 199
72Hr 464 452 51% 156
A& 8 1 1995 F & 1996 F GFDA & TE## £ R AR LG, GFDS v GFDN 2 %18
TaseF - & GFDS Z GFDN 2 FHEHESAEEL Tt -
Forecast Hr GFDA %Superior performance{%Superior performance
(Km) against GFDS against GFDN
12Hr 97 60% 57%
24Hr 154 64% . 60%
26Hr 201 62% 63%
48Hr 252 54% 65%
72Hr 415 55% 60%
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FORECAST SKILL RELATIVE T

ERRORS (KM)

CLIPER

900

600 r

B4 :

0.6
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0.2
0.4
0.6

— + -CLIPER
— -~ JTWC
——GFDL
==~ -NOGAPS
— - - AVN

12 24 36 48 72
[72] {71] [64] [54] [38]

FCST. HOURS [CASES NO.]

19955 B6 A% » GFDL ~ NOGAPS ~ AVN ~ TFS ~ CLIPERES Bl &
BARITWCH F o7 T3 b K 5 86 874 3 fichomogeneous{d % &4
BABTHARRZ Hdf -

e AV e
T st -
‘ — LT ITWCE
! GFDL
0 12 24 36 48 72
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CROSS--ALONG FORECAST BIAS
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SLOw
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3 L L I 1 ! L 1 1 1 ! ! I
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Errors(Kts)

48 72 80
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GFDL WIND SPEED BIAS
1995 WESTERN PACIFIC SEASON
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9509 17/00 HURRICANE RYAN  (OBSERVED: 31)
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- ACCUMULATED PRECIP (CM) DURING STORM PASSAGE
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TYPHOON HERB (0600UTC 24 JULY to 1800 UTC 31 JULY)
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TYPHOON VIOLET (0600 UTC 12 SEP TO 0600 UTC 22 SEP)
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Domain size

orid Latitude Longtitude Time
resolution—- step

Mesh (deg) (deg) (ponits) (deg) .(points) (s)
1 1 75 (75) 75 (75) 120

2 1/3 11 (33) 11 (33) 40

3 1/6 5 (30) 5 (30 20

£ Al : GFDL BATERAZ% 2 FTH4HREZBAE  HorRERBSER -

Time Integration Order

mesh C . -
| 1
mesh M > > » > > -
2 5 8
| NN J o
mesh T 134 6] 7] 910 T

B Al : SESRTHEBEBEs 2T A - (#49 Kurihara etal. 1997 )
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klevel . sigma

1 0207649
2 0739862
3 .1244004
4 1745733
5 2246687
6 2747291
7 3247711
8 3748014
9 4248250
10 4974484
11 | 5935387
12 6881255
13 7772229
14 8563145
15 9204018
16 9604809
17 9814907
18 9949968
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HURRICA\IE FLORENCE {0000 UTC 9 SEPTEMBER 1988}
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HURRICANE FLORENCE SEPT 9-11
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' Progranu Marine Star system for Receiving & Recording data
'Programmer:  David Sue

ON ERROR GOTO ErrorHandler

GOSUB Inilnitialization

DO
GOSUB CheckInkey
GOSUB GetGPSData
GOSUB getgyrodata
GOSUB CheckGPSData
GOSUB GetWeatherData
GOSUB WindDirectionAndSpeed
GOSUB AirHumidity
GOSUB AirTemperature
GOSUB SolarRadiation
GOSUB BarometricPressure
TimeTmp$ = LEFT$(TIMES. 2) + MIDS(TIMES, 4, 2) + RIGHT$(TIMES$, 2)
GOSUB DisplayData
GOSUB RecordData

LOOP

GOSURB ExitSystem
IniInitialization:

CLS
SCREEN 12

L

LINE (380, 310)-(450, 310),
LINE (380, 360)-(450, 360),
LINE (380, 405)-(450, 405). 2
LOCATE 20, 42: PRINT " Ship "

LOCATE 23, 42: PRINT "R-Wing"
LOCATE 26, 42: PRINT "T-Wind"

[ e

ViewXMin = 20

ViewYMin = 250

ViewLength = 200

VIEW (ViewXMin, ViewYMin)-(View XMin + ViewLength, ViewYMin + ViewLength), ,

WINDOW (-50, -50)-(50, 50)



LOCATE 2, 1; PRINT "Press Esc to stop.”
REM LOCATEG6, 1: PRINT " Time TDir TSpd Temp Solar Baro  Latitude
Longitude "
REM LOCATE 7, 1: PRINT "====== ==== ==== ===== ==

LOCATE 4, 1: PRINT " Time  TDir TSpd Temp  Baro Humidity - Solar
Latitude Longitude "
LOCATE 5, 1; PRINT "

LOCATE §, 9. PRINT " Sbir  SSpd”
LOCATE 9, 9; PRINT " ===  ===="
LOCATE 12, 9;: PRINT " RDir  RSpd”
LOCATE 13, 9: PRINT " ==== ===="
REM  LOCATE 9, 25: PRINT "Humidity"
REM  LOCATE 10, 25: PRINT "========"

Avglnterval = 1

DisplayTimeChoice = | ' Choice of Seconds/Display
RecordTimeChoice = 2 ' Cheice of Seconds/Record
"SELECT CASE RecordTimeChoice/DisplayTimeChoice
"'CASE 0: Unlirnited
'CASE 1. 10 Seconds / Record
"CASE 2 1 Minutes / Record
'CASE 3 10 Minutes / Recerd
"'CASE 4. | Hours /Record
"END SELECT

floppy$ ="T"

pi = 3.1415926#

AvgMemory = Avglnterval * 10

RawDataCount = &

OldDateg =" "

DIM WindSpeed(AvgMemory), WindDirect(AvgMemory)
DIM rawdata(RawDataCount - ), filename$(3)

filename$(1) = "com1:4800,n,8.1,¢s0.ds0"
OPEN filename$(1) FOR INPUT AS #1
filename$(2) = "com2:4800.n,8, 1,csC.ds0"
OPEN filename$(2) FOR INPUT AS #2

RETURN
ExitSystem:
CLOSE

STOP
END



GetGPSData:

GPSData$ =""
gpsidflag = 0
DO WHILE gpsidflag <3
LINE INPUT #1, GPSData$
GDHead$ = MID$(GPSData$, 2. 6)
IF GDHead$ = "$GPGLL" THEN
gpsidflag = 1
GPSLat$ = MID$(GPSDarta$. 9. 2) + CHR$(248) + MID$(GPSData$, 11, 6} + "
+MIDS$(GPSData$, 18, 1) '
GPSLon$ = MID$(GPSDatas, 20, 3) + CHR$(248) + MIDS(GPSData$, 23, 6) + "
+ MID$(GPSData$, 30, 1)
END IF
IF GDHead$ = "$GPVTG" AND gpsidflag = { THEN
gpsidflag =2
GPSTrack$ = MID$(GPSDatas. 8, 3)
GPSSpeed$ = MID${GPSDatas, 21,5
END IF
IF GDHead$ ="$GPZDA" AND gpsidilag = 2 THEN
gpsidflag =3
GPSDate$ = MIDS(GPSData$. t6. 10)
GPSTime$ = MIDS$(GPSDatas. 9, 6)
END IF
LOOP

)

RETURN
getgyrodata:

gyrodata® =""
gyroflag = 0
DO WHILE gyroflag < 1
LINE INPUT #2, gyrodata$

IF MID3(gyrodata$, 2, 6) = "SAGHDT" THEN gyroflag = 1
head$ = MID$(gyrodata$, 9, 3)

LOOP
RETURN

CheckGPSData:

IF OldGPSLat$ <> GPSLat$ THEN OldGPSLats = GPSLat$ ' GPSLatitude

IF OldGPSLon$ <> GPSLon$ THEN OldGPSLons = GPSLon$ ' GPSLongitude

IF OldGPSTrack$ <> GPSTrack$ THEN OldGPSTrack$ = GPSTrack$ ' GPSGroundTrack

IF OldGPSSpeed$ <> GPSSpeed$ THEN OldGPSSpeeds = GPSSpeeds '
GPSGroundSpeed

RETURN



GetWeatherData:

FOR idx =0 TO RawDataCount - |
QUT 770, idx
OUT 769, 0 _
rawdata(idx) = INP(768) / 16 + INP(769) * 16 - 2048
IF rawdata(idx) < 0 THEN rawdata(idx) =0
NEXT idx

bpraw = rawdata(0)
wsraw = rawdata(l)
wdraw = rawdata(2)
srraw = rawdata(3)
atraw = rawdata(4)
ahRaw = rawdata(5)

RETURN
WindDirectionAndSpeed:

ShipSpeed = VAL(GPSSpeeds)

REM.  ShipDirect = VAL(GPSTrack$)
shipdirect = VAL{head$)
WindShipSpeed = INT(wsraw / 20.48)
WindShipDirect = INT(wdraw / 5.69)
AntiWindShipDirect = WindShipDirect + 130

GOSUB CalculateWindVector " Calculate Wind Vector

IF TrueWindVectorSum < AveMemory THEN TrueWindVectorSum =
TrueWindVectorSum + 1
TrueWindVectorCounter = (TrueWind VectorCounter + 1) MOD AvgMemory
WindSpeed(TrueWind VectorCounter) = TrueWindSpeed
WindDirect(TrueWind VectorCounter) = TrueWindDirect
WindVectorX = 0: WindVectorY =0
FOR n =0 TO TrueWindVectorSum
TVWRad = WindDirect(n) * {pi/ 180}
WindVectorX = WindVectorX + WindSpeed{n) * COS(TVWRad)
WindVectorY = WindVectorY + WindSpeed(n) * SIN(TVWRad)
NEXT n
WindVectorX = WindVectorX 7 TruezVind VectorSum: IF WindVectorX = 0 THEN
WindVectorX = .000001
WindVectorY = WindVecrorY / TrueWind VecterSum
AveTrueWindSpeed = SQR(WindVectorY * WindVectorY + WindVectorX *
WindVectorX) )
AveTrueWindDirect = INT{(ATN(WindVectorY / WindVectorX)) * (180 / pi) +.5)
IF WindVectorX <0 THEN
AvegTrueWindDirect = AvgTrueWindDirect + 180



ELSEIF WindVectorY < 0 THEN
AvgTrueWindDirect = AvgTrueWindDirect + 360

END IF

IF AvgTrueWindSpeed <> oldAvgTrueWindSpeed THEN oldAvgTrueWindSpeed =
AvgTrueWindSpeed

IF AvgTrueWindDirect <> oldAveTrueWindDirect THEN cldAvgTrueWindDirect =
AvgTrueWindDirect '

RETURN
AirHumidity:

AirHumidity = INT{ahRaw / 32) + 32

RETURN
AirTemperature:

IF atraw < 164 THEN atraw = 104 "Range is -30 to +50 deg C

IF atraw > 819 THEN atraw = 819

AirTemp = INT((atraw - 164}/ 8.188) - 30 ' CalculateAirTemperature

IF AirTemp <> oldAirTemp THEN old AirTemp = AirTemp

RETURN

SolarRadiation:

Solar = INT(srraw / .8673) "JOULES / meter / minute

'Solar = INT(srraw / 1.44) P WATTS 3V = 1422.5 WiM
IF Solar <> OldSolar THEN CldSolar = Solar

RETURN

BarometricPressure:

Baro = (bpraw / 8.6) + 930 'OV =930 mband 2V = 1030 mb
IF Baro <> oldbaro THEN oldbaro = Baro

RETURN
CalculateWindVector:
AntiWindShipDirectRad = AntiWindShipDirect * {pi/ 180)

TrueWindSpeedY = ShipSpeed * SINCAntWindShipDirectRad)
TrueWindSpeedX = WindShipSpeed — ShipSpeed * COS(AntiWindShipDirectRad)



TrueWindSpeed = SQR(TrueWindSpeed X * TrueWindSpeedX -+ TrueWindSpeedY *
TrueWindSpeedY) '
IF TrueWindSpeedX = 0 THEN TrueWindSpeedX = .001
TrueWindCrossWindShipArc = ATN(TrueWindSpeedY / TrueWindSpeedX) * (180 / pi)
IF TrueWindSpeedX <0 THEN
IF TrueWindSpeedY >= 0 THEN
TrueWindCrossWindShipArc = TrueWindCrossWindShipAre + 180
ELSE
TrueWindCrossWindShipAre = TrueWindCrossWindShipArc - 180
END TF
END TF
TrueWindDirect = (shipdirect + (WindSlhipDirect - TrueWindCrossWindShipArc)) MOD
360

RETURN
CheckInkey:

K =INKEYS

IF K$="" THEN
RETURN

ELSEIF ASC(K$) =27 THEN
GOSUB ExitSystem

END IF

RETURN
RecordData:
GOSUB QutputRawData

IF RecordTimeChoice = 0 THEN

ELSEIF RecordTimeTmp$ <> MIDS(TimeTmp3, 6 - RecordTimeChoice, 1) THEN
RecordTimeTmp$ = MIDS${TimeTmp$, 6 - RecordTimeChoice, 1)

ELSE
RETURN

END IF

GOSUB OutputData
RETURN
DisplayData:
IF DisplayTimeChoice = 0 THEN
ELSEIF DisplayTimeTmp$ <> MID${TimeTmp$, 6 - DisplayTimeChoice, i) THEN
DisplayTimeTmp$ = MIDS(TimeTmp$, 6 - DisplayTimeChoice, 1)

ELSE
RETURN



END IF
DisplayTime$ = TimeTmp$

GOSUB ShowData
GOSUB ShowWindVectorDiagram

RETURN
QutputData:

IF DATES$ <> OldDate$ THEN
IF OldDate$ <> " " THEN
FOR OFNo=3 TO 4
REM GOSUB OQutpurDataTrailer
CLOSE #0FNo
NEXT
END IF
OldDate$ = DATES
RecordMonth$ = MIDS(OldDateS. 2, 2) + MID$(OldDate$, 1, 2)
recorddate$ = RecordMonth$ + MIDS(OldDates$, 4, 2}

REM filename$(2) = "C:\Marine\DATAY" + RecordMonth$ + ™" + RecordDate$ +
PI-TXT"
REM filename$(3) = "B:\" + RecordDate$ + " TXT"

filename$(3) = "C:\Marine\DATAV" -+ RecordMenth$ + "\" + recorddated + " DAT"
filename$(4) = "B:\" + recorddate$ = ".DAT"
FOR OFNo=3TO 4
OPEN filename$(QOFNo) FOR APPEND AS #0OFNo
REM GOSUB OutputDataHeader
NEXT
END IF

PRINT #3, recorddate$; USING "& ### EE#  ##  #HH# AT HERRE
& & HHE HEH #HE# R DisplayTime$: AveTrueWindDirect; AvgTrueWindSpeed,;
AirTemp; Baro, AirHumidity; Solar; GPSLa:$: GPSLon$; shipdirect; ShipSpeed;
WindShipDirect; WindShipSpeed

TF floppy$ ="T" THEN

PRINT #4, recorddate; USING "& ### #54 & #iHH Hint #4

HHAEH & & HHHH HREAR HREY #E 2 DisplayTime$, AvgTrueWindDirect;
AvgTrueWindSpeed; AirTemp; Baro; AirHumidity: Solar, GPSLat$; GPSLon3; shipdirect;
ShipSpeed;, WindShipDirect; WindShipSpeed

END IF

RETURN
QutputDataHeader:
PRINT #OFNo, " Time  WDir W3pd Temp  Baro  Humidity Solar Latitude

Longitude SDir SSpd  RDir RSpd”
PRINT #0FNop, "====== =======- ====




RETURN

OutputDataTrailer:

PRINT #OFNo, " o e e

PRINT #0FNo, ""
PRINT #0FNo, " Temp : Temperature (" + CHR$(248) + "C)"
PRINT #0FNo, " Solar : Solar Radiation (Joeules/meter/minute)"

PRINT #0OFNo, " Baro : Barometric Pressure {mb)"
PRINT #0FNo, " TDir : True Wind Direction {" + CHRS$(Z48) + "}"
PRINT #0OFNo, " TSpd : True Wind Speed (KNots)"
PRINT #OFNo, " SDir : Ship Direction (" - CHR$(248) + )"
PRINT #OFNo, " SSpd : Ship Speed (KNots)"
PRINT #OFNo, " RDir : Wind - Ship Resultant Direction (" + CHR$(248) + )"
PRINT #0FNo, " RSpd - Wind - Ship Resuitant Speed (KNots})"
RETURN
QutputRawData:

REM filename$(5) = "C:\Marine\DAT A\Today RAW"
REM  OPEN filename${5) FOR QUTPUT AS #5
REM  RecordRawData$ = ""
IF RecordTimeTmp$ <> MIDS(TIMES, 5 - ({(Recerd TimeCheice + 3) MOD 4), 1) THEN
IF RecordTimeTmp$ = MIDS(TIMFES, 2, 1) THEN
RecordRawData$ = LEFTS(TIMES, 2)
END IF
RecordRawData$ = RecordRawData$ + MIDS(TIMES, 4, 2)
RecordRawData$ = RecordRawDaia$ + " " = GPSLats + " " + GPSLon$
RecordRawData$ = ReccrdRawData$ + " " + GPSSpeed$ +" " + GPSTrack$
END IF
REM  PRINT #5, RecordRawData$
FOR rawidx = 1 TO 2
RecordRawData$ = RecordRawDaras + LTRIMS(STR3(rawdata(rawidx))) + " "
FOR n =0 TO TrueWindVectorSum
IF rawidx = 1 THEN
RecordRawData$ = RecordRuwData$ ~ LTRIM$(STRE(WindSpeed(n))) + " "
ELSEIF rawidx =2 THEN
RecordRawData$ = RecordRawData$ + LTRIM{STR$(WindDirect(n))) + " "
END IF
NEXT n
REM PRINT #5, RecordRawDatas
NEXT
REM  CLOSE#5

RETURN



ShowData:

LOCATE 6, 1: PRINT USING "& #:#£ % 424 #4  Hug#d 4 i
& &"; DisplayTime$; AvgTrueWindDirect: AvgTrueWindSpeed; AirTemp; Baro; AirHumidity;
Solar; GPSLat3; GPSLon$
REM LOCATE 8, 1: PRINT USING "&  #8F #24  ## S & &
DisplayTime$; AvgTrueWindDirect; AveTrueWindSpeed; AirTemp; Solar; Baro; GPSLat$;
GPSLon$

LOCATE 10, 9: PRINT USING "###.+  d#.4

LOCATE 14, 9: PRINT USING "###+ ###" WindShipDirect; WindShipSpeed
REM  LOCATE 11, 25: PRINT USING " ###=F #88# ##", AirHumidity; ahRaw
REM  LOCATE 11, 25; PRINT USING " ### =#"., AirHumidity

" shipdirect; ShipSpeed;

RETURN
ShowWind VectorDiagram:

MaxILength = -1

ScaleDraw = 1

AngleShip = 9C - shipdirect

AngleWind = 90 - (shipdirect + WindShipDirect)

xsnew = ShipSpeed * COS{AngleShip * pi/ 180)

ysnew = ShipSpeed * SIN(AngleShip * pi/ 180

xwnew = WindShipSpeed * COS(AngleWind * pi/ 180)

ywnew = WindShipSpeed * SIN(Angle'Wind * pt/ 180}

IF ShipSpeed > MaxLength THEN Maxlength = ShipSpeed

IF WindShipSpeed > MaxLength THEN MaxLength = WindShipSpeed

IF ABS(MaxLength > .1) THEN Scalelraw = 30/ MaxLength * .8 ELSE ScaleDraw = 0

LINE (0, 0)-(xsold * ScaleDrawold, vsald * ScaleDrawold), 0

LINE (0, 0)-(xwold * ScaleDrawold. yrveld * ScaleDrawold), 0

LINE (xwold * ScaleDrawold, vwold * ScaleDrawold)-(xsold * ‘ScaleDrawold, ysold *
ScaleDrawold), 0

LINE (0, 0)-(xsnew * ScaleDraw, ysnew * ScaleDraw), 3

LINE (0, 0)-(xwnew * ScaleDraw. vwvnrew # ScaleDraw), 4

LINE (xwnew * ScaleDraw. ywnew * “caleDrawi-(xsnew * ScaleDraw, ysnew *
ScaleDraw), 2

xwold = xwnew

ywold = ywnew

xsold = xsnew

ysold = ysnew

ScaleDrawaold = ScaleDraw

RETURN
ErrorHandler:

RESUME NEXT
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F— A ?%ﬁ%éﬁﬁfrv%ﬁzﬁ%%@i%ﬁ%ﬁ} 11/8/97 12:00 ) =

AMPLITUDE PHASE LAG
{METERS) (DEGREE)

Ssa 0.148 358.89
Mm 0.007 54.65

Msf 0.005 15191
201 0.006 32.03

Q1 0.032 37.5

01 0.163 43,53

Ml 0.012 45.59
P1 0.067 39.51

K1 0.198 43,17
Sigmal 0.002 46.63

S0l 0.003 32.17
0Q1 0.002 146.26
2N2 0.008 280.82
N2 0.055 254.44
M2 0.223 246.05
Lumda2 0.005 81.58

52 0.114 231.05
K2 0.025 218.92
MSN2 0.002 143.77
25M2 0.002 160.29
MO3 0.005 170.22
M3 0.006 37.84
803 0.002 121.46
SK3 0.002 211.03
MN4 0.004 16.98
M4 0.01 11.73

SN4 0 351.27
MS4 0.008 350.98
S4 0.002 332.43
2MN6 0.002 332.66
Mé 0.003 353.03
MSN6 0.001 348.35
2MSe 0.004 1.27

2SM6 0 47.22
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F= FATHEREF SIS R(RTE R 413/9723:00 ) -

AMPLITUDE PHASE LAG
(METERS) (DEGREE)

Ssa 0.05 178.93
Mm 0.021 -144.59
Msf 0.041 226.07
201 0.006 129.53
Q1 0.037 174.76
8] 0.191 208.58
M1 0.015 241.11
P1 0.07 2549

K1 0.221 254,24
Sigmal : 0.006 21.01

SO1 0.007 347.08
0Q1 0.002 238.73
2N2 0.014 346.35
N2 0.132 283.66
M2 0.666 326.33
Lumda? 0.025 34343
S2 0.182 11.92

X2 0.053 2.69

MSN2 0.008 279.73
28M2 0.006 311.06
MO3 0.007 222.78
M3 0.002 178.82
S03 0.005 274.01
SK3 0.002 301.37
MN4 0.029 247.97
M4 ' 0.078 282.93
SN4 0.004 293.36
MS4 0.052 333.11
S4 0.006 10.86

2MN6 0.002 248.34
M6 0.003 289.82
MSN6 0 265.97
2MS6 0.002 28.65

28M6 0 344.63




(2Z B EREEF M 2 R(R TP BITR 32897 11:00 ) -

AMPLITUDE PHASE LAG
(METERS) (DEGREE)

Ssa 0.065 124.63
Mm 0.006 136.46
Msf 0.007 289.96
2Q1 0.003 292.11
Q1 0.023 -19.44
01 0.121 10.01
Ml 0.009 35.85
P1 0.05 54.16
K1 0.148 55.18
Sigmal 0.003 194.39
SO1 0.001 221.43
0Q1 0.005 -64.82
N2 0.008 142.71
N2 0.056 187.29
M2 0.272 206.47
Lumda? 0.001 155.16
S2 0.119 247.96
X2 0.033 239.81
MSN2 0 340.78
2SM2 0.001 225.28
MO3 0.002 203.7
M3 0.005 25.08
803 0 15.87
SK3 0 148.96
MN4 0 84.03
M4 0.001 217.14
SN4 0 217.94
MS4 0 222.08
S4 0.001 184.65
2MN6 0 -182.8
M6 0.001 150.92
MSN6 0 208.8
2MS6 0 189.56
2SM6 0 122.79




EFm EAREARAEEANMEAZESZSBRECR) . (ABERK
Fof A Bk 1996 ) o

B F L% gk ok
0l 0.163 0.154 0.191 0.181
P1 0.067 0.075 0.070 0.078
K1 0.198 0.200 0.221 0.229
N2 0.055 0.058 0.132 0.2
M2 0.223 0.218 0.666 1.016
52 0.114 0.062 0.182 0.286
K2 0.025 0.015 0.053 0.086

FE D p#REA (A% AXKESBEH S 82X & 199 ) -

ol Pl KI N2 M2 S2 K2
TR/AE 12 09 11 23 31 29 35
MoA/EE 12 10 L1 34 47 46 57
ME/ME L1 09 11 40 54 53 62
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3 MR £(3/16/97 - 4/22/97) B EH R W 414 &
4/22 - '

FHONE) | RAMCLE)  BAMECHE)
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NoAM2 | g 1 L A% o ma
Date Observed | Retrieval % of Observed | Retrieval % of
Error Error
961542300Z | 277.7%1.0 2814 1.3 279.7+1.4 280.6 03
9615522382 | 274.1%1.0 286.6 4.6 283.1+0.8 2722 -39
96181231172 | 269.9+1.2 258.0 — 4.4
96182225072 | 268.4+0.7 258.7 —3.6
9619622447 1 272.4%1.6 266.6 —~ 2.1 | 2543409 264.2 39
9623222587 | 262.2+1.0 256.2 — 2.3 | 253.94+0.8 2541 0.1
9623322367 | 265.8+1.2 | 261.6 — L& | 2628106 2523 — 4.0
9623722497 276.5il.5 266.5 — 3.6 | 236.9%1.0 246.6 4.1
09623822267 [ 272.0%1.6 2577 — 53 12657403 249.0 — 6.3
9625023047 261.610.4 248.1 - 5.0
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NoaA-l4 | g TR BA 1 | o

Date Obscrved | Retrieval | 2 9f | Observed | Retrieval % of
Error Error

9619505302 273.6£1.0 270.0 - 13

0620305447 | 275.8%£1.3 281.'} 2.1 _

9620505217 | 289.1£1.3 295.6 22

9622322557 | 276.1x24 271.0 — 18

962310541Z | 283.1£1.8 280.4 — L0 262.1.’1‘.1.6 277.5 5.9

9623205287 | 270.9%1.5 279.6 32

9623305192 | 279.3%1.9| 2824 1.1 |

9623905437 | 284.1%1.9 280.9 — L1 1264.0£2.0 283.4 7.3

9625905372 | 270.2%1.8 261.7 3.1 258.0t1.9 260.6 1.0

9626105162 |278.2%1.6 275.0 03 255.8+2.1 266.9 43
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Fig. 1. Conceptual framework of TC motion effects of environmental structure (upper left), TC
structure {upper right), plus TC-environment transformations (lower right}, and environmental
effects (lower left) as a separate subgroup of transitional mechanisms in the systematic approach.
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[

Fig. 2. Schematic of the Standard (S) synoptic pattern conceptual model with the boundaries
of the associated SYnoptic region conceptual models added. DR denotes the Dominant Ridge
region, WR the Weakened Ridge region, and AW the Accelerating Midlatitude Westerlies
region. Streamlines of an appropriate [ayer-mean environmental flow with the TC circulation
removed are indicated by dashed lines, with A and C indicating anticyclone and cyclone,
respectively. The numbered TC symbeols indicate possible sequences of positions,
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Fig. 4. As in Fig. 2, except for the Poleward-oriented (P} synoptic pattern and associated
synoptic regions (solid lines),where PO denotes the Poleward-oriented synoptic region. The
adjoining DR synoptic regions (heavy dashed) are not considered to be a part of the P pattern.
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Fig. 6. Asin Fig. 2, except for the monsoon Gyre (G) synoptic pattern and associated synoptic
regions (solid lines). The monsoon circulation in the center of the synoptic pattern has a TC
symbol superposed to indicate the special circumstance of a TC-gyre merger. The heavy dashed
line has the same meaning.as in Fig. 4.
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Fig. 8. Asin Fig. 2, except for the Muitiple (M) tropical cyclone synoptic pattern and associated
synoptic regions (solid lines), where PF denotes Poleward Flow region and EF denotes the
Equatorward Flow region. The adjoining DR and AW regions (heavy dashed) are not considered
to be part of the M pattern.
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COMBINED DEGREE OF DIFFICULTY FOR SYNOPTIC PATTERNS/REGIONS
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FORECAST TRACK £RROR (n mi)
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T T T 1 T

[ { ! 1 1

36 48 60
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72

Fig. | Degree of track forecast difficulty for the pattern/region combinations (see Table for

definitions) except for S/AW and G/AW, which had too few samples during 1989-1995. Storms in

those pattern/region combinations that have larger (smatler) CLIPER FTEs are more (less) difficult

to forecast.
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. Recurring N
Environment Structure Transitions

(7yr)

Fig. 10 Recurring environment siructure transitions (numbers along arows) during 1989-1995
between pattern/region combinations as defined in Table 1. Numbers in parentheses within the

circles indicate cases in which the storm stayid in that pattern/region throughout its life cycle.
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Report on
General Upgrade to the CWR Global Forecast System, Year 1
Chi-Sann Liou, CSL Technology

May 1997

1. Introduction

The second generation Global Forecast System {GFS) at the
Centrai Weather Bureau (CWB) started operation in January
1995. The GFS consists of a global spectral forecast model
and an objective analysis model which uses optimum
interpclation (OI) methed to analyze observational data. The
current resclution of the forecast model includes 18 sigma-p
levels. in the wvertical and 79 triangulérly truncated waves
(T79) in the horizontal. Since its operation in 1995, the
quality control and GFé teams have constantly menitored the
performance of the GFS., Among other problems, we have
particularly noticed that (1) the GFS has relative worse
scores compared with those from other Numerical Weather
Prediction {(NWP) centers,-(2)'the GFS height fields show small
scale neise around or downstream of high terrain areas, and
{3) the GFE sometimes falsely spins up a deep low in tropical
areas. After we diagnose these three problems, we determine
that the problems are possible to be improved or fixed without
majecr development in numerical methods and physics
parameterization schemes. We therefore, propose a cosgt-
effective approach to improve the GFS in a two year project.
In the first year, we concentrate in the upgrade to the
forecast model by increasing model resolution and adjusting
parameterization schemes., In the gsecond yéar, we will focus

on the upgrade to initial conditions by improving data



resolution which is zbkout 3 times higher than the GFS. In
other words, the ECMWF and NCEP globazl models use 9 times and
the US Navy model uses 4 times more waves to resolve the
atmospheric circulation. The higher resolution will not enly
reduce numerical truncation errors in solving the governing
equations, but also be able to resolve smaller scale weather
systems. Consequently, the GFS should sufferlby worse
performance just for the resolution reason. ~ Figure 1 shows
an example of score comparison among global forecasts from the
four NWP centers. 1In this 15 day period of January 1997, the
500 mb height ancmaly correlation (AC) coefficients from the
ECMWF and NCEP forecasts are very close to each other, while
they are higher than those from the US Navy model and much
higher than'those from the GFS. The 15 day averaged AC from
the ECMW?, NCEP, US Navy, and GFS are 0.9712, 0.96%5, 00,9585,
and 0.942 for 48h forecast:; and 0.815, 0.82,‘0.73, and 0.70
for 120h forecast, respectively. These scores clearly show
that models with a similar resclution (ECMWF and NCEP) shares
similar scores and models with a higher resolution have better
scores., Another interesting peoint in this figure is that the
relative score difference between the US Navy model and GFS is
larger in 48h than in 120h forecast. This indicates that the
GFS initial conditions are worse than those at other centers.
When the GFS started cperation in 19395, the Cray computer
memory at the CWB was only 32 million words which could only
support the T79 resolution. The Cray memory has been upgraded
to 64 million words and therefore, the GFE can increase its

resolution to better resolve the atmospheric circulation.

The second problem we try to fix is the one detected by
the quality control term. The GFS height fields often show

noises around cor downstream of high terrain areas. Figure 2



shows two-year mean stationary waves of 500 mb héight from the
GFS 24h forecast for spring and winter seasons. The small
scale noises shown in the stationary waves most likely come
from terrain forcing. In spectral models, the terrain field
suffers from small scale noises and negative values due to the
nature of spectral truncation. Usually, we apply filters to
control the noises and negative values., However, the filter
will reduce the terrain height as well that makes the terrain
forcing weaker., We have to compromise the amount of smoothing
so that it is strong enough to control the noises but weak
enough to maintain proper terrain forcing to the atmosphere.
In the current operational GFS, We apply Lanczos filter once
to the terrain field. The filtered terrain field still has
sizable negative values but it produces better upper level jet
forecasts. We believe the noises in the terrain field cause
the staticnary noises in the height fields. Besides the
noises in height fields, the small-scale terrain noises will
cause unrealistic precipitation near small-scale high terrain
areas (Miller et. al., 1995). When we increaée the GFS
resoluticn, we have to rebuild the terrain field to match the
new resolution. We revise the method of preparing the terrain
field in the meantime to correct the noisy problem around high

terrain areas.

The third problem we try to fix is that the GFS8 sometimes
falseiy spin up a deep tropical low due to very heavy
precipitation at there. The heavy precipitation mainly comes
from the grid-scale precipitation which indicates the cumulus
parameterization in the GFS is not efficient encugh to remove
the conditicnal instability in tropics. An example of a
falsely spun low in 120h forecast can be found in Fig. %b
around 150 E°.



3. Improvement approach and related issues

There are two choice on increasing the model resolution:
increasing the horizontal resclution or the vertical
resolution. Due to the computaticnal instability conditien,
the increase of horizontal resclution must be accempanied by
the decrease of time step. Therefore, the increase of
horizontal regolution is much more expensive than the increase
of vertical resolution. However, the benefit in the increase
of horizontal resolution is much higher than the increase of
vertical resolution because the variation of atmospheric
structure in the vertical is fairly smooth, except at boundary
layer top and jet levels. After evaluating the available
computer rescurce and timing constraint on the operational
runs, we decide to increase the horizontal resolution to 120
waves (T120) without increasing the vertical resolution. The
choice of the spectral model resolution is limited by the
condition for Fast Fourier Transform: number of grids on a
Gaussian latitude must be completely factorable by 2, 3, or 5,
The T120 resolution is equivalent to 1 degree resolution in
the Gaussian grid space. With this resclution, tropical
cyclones may be resolvable in the GFS. Be able to raesolve
tropical cyclones is the major reascon that we choose to
increase the horizontal resolution as much as we can afford

without inecreasing the vertical resolution.

To increase the horizontal resolution, we heed to prepare
new ground parametérs and terrain field, modify the OI
analysis program, and modify the global forecast model. The
GFS team prepared the new ground parameters and terrain field
for the T120 GFS. The number of OI analysis volumes and the
size of the volumes were adjusted for the new resolution of

360 by 180 Gaussian grids. The grid dimension parameter, the



size of wdrking arrays,‘and a 15 times smaller horizontal
diffusion coefficient were adjusted in the global forecast for
the higher resolution. The major challenges of this werk are
to modify all resolution dependent parameters, fit the T120
GFS into the CWB computer memory, and make the T120 GFS run
fastér encugh to meet the operational schedule. We found out
that we have to revise the multitasking legic te save the
working space. The revised T120 GFS takes about 52 million
words memory for multitasking with 8 CPU’s and 36000 seconds
CPU time for 120h forecast with 5 times speed up by the

multitasking.

The new Tl20 terrain field is prepared from the 10 minute
resolution data base following Miller et. al. (1995). We
apply a low-pass filter to remove 2Ax waves and reduce the
amplitude of wvery high wave number waves in the terrain
spectrum. From the ECMWF experience, too large amplitude in
the short-wave tail of the terrain spectrum will cause
vortiecity and divergence fields at the bottom model level to
have different spectral distribution. The large amplitude of
short-scale terrain compenents will cause high wave number
compenents of the divergence épectrum to have a larger
amplitude than that for the vorticity. The large amplitude in
high wave number divergence components derives noises in low
level vertical velocity and in precipitation. By reducing the
amplitude of high wave number terrain components, the
divergence and vorticity spectrum will share the same rapid
drop-off spectral distribution in high wave numbers and noises
in precipitation near high terrain areas can be eliminated.
From our numerical forecast experiments, we found out that

filtering 2Ax waves by the low-pass filter is enough to



remove the terrain induced noises both in precipitation and in

height fields.

The GFS uses a relaxed Arakawa-Schubert (AS) cumulus
parameterization proposed by Moorthi and Suarez (19922) to
model cumulus convectioﬁ. The parameterization simplifies the
original AS by using numerical iterations to approximate
interactions among different cloud types. In the wversion of
the operational GFS, we use one iteration in each time step
with 25% instability removal for each iteration. This choice
may be not efficient encugh to remove conditicnal instability
so that grid scale condensation will pick up the left
instability and cause so called grid-point storms. We modify
the cumulus parameterization by using two iteraticns in each
time step. Furthermore. we loose up the maximum flux
constraint in the parameterization to allow more vigorous
convection in the GFS. These changes should make the cumulus
parameterization more efficient to remove conditicnal
instability and improve the falsely deepening problem in

tropics.

4. Results and comparison

The increase in horizontal resclution indeed makes
gignifiecant improvement in GFS3 forécast performance. Figure 3
shows the comparison of northern hemisphere AC in‘48h and 120h
forecasts between the T79% and T120 GFS for a period of 1-23
January 1997. The T120 scores are significantly better than
those of T79 in both 500 mb height and sea level pressure
forecasts., The improvement in the sea 1evél pressure forecast
is larger than the improvement in 500 mb height. This is
understandable since sea level pressure field has more

variance which will be benefited more by the higher



resolution. Similar big improvement can be found for sl
scores (Fig. 4) and 850 mb temperature standard deviatidn of
forecast errors (Fig. 5). The averaged AC improvement in the
fipst 15 déys for 48h 500 mb height forecast is about 0.01,
which is more than 60% Qf the averaged score difference
between the US Navy model and the GFS for the same period.
The 15 day averaged AC improvement for 120h 500 mb height
forecast is about 0.05 which makes the GFS score even better
than the score of the US Navy model. Similaf improvement in
scores are found for February 1997 which have been presented
in the CWB Weather and Forecast Conference in March. 1997.
Figures 6 and 7 show the AC, 81, and RMS for March 1997, The
imprcvement in March is still significant but the magnitudes

are less than those for January and February.

The new térrain field prepafed by the new method of first
épplying the low-pass filter has smaller magnitude in small-
scale noises, while it also has lower peak values in the
terrain height (Fig. 8). S8ince the only difference between
the two methods is the application of the low-pass filter to
remove 2Ax waves, the reduction in terrain peak values should
relate to very high wave number components of the terrain
field and should not effect the forcing to atmospheric long
waves., The terrain prepared by the new method has
significantly improved the ncise probklem created by the small-
scale terrain foreing in the GFS forecast. Figure 9 shows an
example of noises in 500 mb height and total precipitation
from a T120 GFS control run at 00Z 17 May 1997. The noises
can be seen along the 90 E° latitude in 48h forecast of 500 mb
height (Fig. %a} and around Saudi and Egypt in the 48h and
120h total precipitation forecast (Figs. %e,f). Figure 10
shows the same forecast by the T120 GFS but with the new



terrain field. The small-scale noises in 48h 500 mb height
forecast are totally gone (Fig. 1Ca) and the small-scale
noises in the total precipitation are greatly improved in both

48h and 120h forecasts (Figs. 10e,f).

The revised cumulus parameterization has also
gignificantly improved the falsely deepening problem in
tropics. In the 120h forecast of the control and new terrain
run {Figs. 9d and 10d), a %98 mb low was predicted in 120h
near 15N° and 155E°. The verify analysis at 00Z 22 May shows
only a shallow low of 1010 mb around there (Fig. 1lb). With
the revised cumulus parameterization, the 120h forecast shows
a low of 1004 mb at there (Fig. 12d) which is much better than
the control run. In comparing the total precipitation between
the two runs (Figs. %e,f and Figs. l1lZe,f), we see that the
revised cumulus parameterization produces more rain in the 48h
forecast and less rain in the 120h. The change in the
precipitation pattern is consistent with the problem we
suspect that the parameterization scheme is not efficient
enough to remove the convective instability so that the GFS
produces too little rain at the early forecast periocd and teco

much rain at the later period.

5. Summary and next year plan

The three upgrades we proposed to improve the GFS
performance are very successful. The forecast scores are
significantly improved by increasing resclution from T79 to
T120. The noises in height and precipitation forecasts around
high terrain areas are much better improved with the new
terrain field. The falsely deepening problem at tropical
areas is improved by the revised cumulus parameterization. In

the next year, this project will focus on improvement in



initial conditions. Wé will revise the data assimilation
method to use 6h incremental updates (Liocu 1991) to improve
the first guess for the OI analysis and reduce interpolation
errors from pressure levels to sigma levels, We will revise
the method in preparing initial conditions for temperature and
mixing ratio. We will try to include the ECMWE 24h sea level
pressure forecast as supplemental cbservational data for the
OI analysis. We will include tropical cyclones in the GFS
initial conditions so that the GFS8 can provide 7 day typhoon
track forecasts to guide CWB forecasters. The GFS team is
highly motivated to make the GFS be a reputable global

forecast model in the world.
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afa= 1.0000000000
afaw= 1.0000000000
afa= 1.000Q000Q000
afa= 1.0000000000
afa= L.0000000000
afa= 1.0000000C00
afa= 1,0000000000
afa= 1.0000000000
afa= 1.0000000000
afa= 1.0000000000
sfa= 1,0000000000
afa= 1.90900000000
afa= 1,0000000000
afa= 1,0000000000
afe= 1.000000000C
afa= 1,0000000000
afa= 1.0000000000
afa= 1.0000000000
afa= 1.0000000000Q
afam 1.0000000000
afaz= 1,0000000000
afa= 1.00000000Q0
afaw 1.0000000000
afa= 1,0000000000
afaw 1.0000000000
afa= 1,0000000000
afa= 1.0000000000
afa= 1.0000000000
afz= 1,0000000000
afa= 1.0000000000Q
afa= 1.00000CG0000
afa= 1.0000000000
afaw= 1,0000000000
afa= 1,0000000000
afa= 1,0006CC0000
afa= 1,0000000000
afa= 1.0000C00000
afa= 1,0006000000
afa= 1.0000000Q00
afa= 1.0000000000
afa= 1.000GC00000
afa= 1,0000000000
afa= 1.0000000000
afa= 1,000000Q000
afa= 1.000G000000
afae 1.0000000000
afa= 1.0000000000
afas 1.0000000000
afa= 1,0000000000
afa= 1.0000000000
afa= 1.0000000000
afa= 1.0000000000
afa= 1.00000000C0
afaw 1.0000000000
afa= 1.0000000000
afa= 1.0000000000

Taylor taste

k=1 U comp.
kw 2 U comp.
k= 3 U comp.
ke 4 O comp.
k= & U comp.
k= & U comp.
k= 7 U comp.
e 8 U comp.
k= 8§ U comp.
k= 10 U comp.
k= 11 U comp.
k= 12 T conp.,
k= 13 U comp.
k= 14 U comp.
k= 15 U comp.
k= 16 U comp.
k= 17 T comp.
k= 18 T comp.
k= 1 V comp,
k= 2 V comp.
km 3 V comp.
k= 4 V comp.
k= 5 V¥ comp.
k= & V comp.
k= 7 V comp.
k= 8 V¥V comp.
k= 9 VUV comp,
k= 10 V comp.
k= 11 V comp.
k= 12 V comp.
k= 13 V comp.
k= 14 V comp.
ke 15 ¥V comp.
k= 16 ¥ comp.
k= 17 YV comp.
k= 18 V comp.
k= 1 T comp.
k= 2 T comp.
k= 3 T comp.
k= 4 T comp.
k= 5 T comp.
k= & T ¢omp,
k= 7 T comp.
k= & T comp.
k= 9 T comp.
ke 10 T comp.
k= 11 T comp.
k= 12 T comp.
k=13 T ecomp,
k= 14 T comp.
km 15 T comp.
k= 16§ T comp.
k= 17 1 comp.
k= 18 T comp.
ke~ 1 Q comp.

1.0000007425401
Taylor test=
Taylor test=
Taylor taste
Taylor taste
Tayloxr tast=—
Taylor tast=
Taylor test=
Taylor tast=
Taylor test=
Taylor test=
Taylor tast=
Taylor test=
Taylor tast=
Taylor tast-
Taylor tast=
Taylor tast=
Taylor tastw=
Taylor test=
Taylor teat=
Tayler tast=
Taylor test=
Tayler tast=
Taylor tast=
Taylor tast=
Tayler tast=
Taylor tast=
Taylor taat=
Tayloxr tasi=
Taylor tast=
Taylor test=
Taylor test=
Taylor tagtw
Taylor test=
Taylor tastwe
Taylor tast=
Taylor tost=
Taylor teat=
Taylor test=
Taylor tost=
Taylor tast=
Taylor teat=
Taylor tast=
Taylor test=
Taylor test=
Tayloxr tastm
Taylor test=
Taylor testw=
Tayloxr test=
Taylor test=
Taylor tasts=
Taylor test=
Taylor test=
Taylor taste
Taylor test=
Taylor test=

0.9592289317759
0.9935608629394
0.9995608629394
0.9395608629394
0.99956086293094
0.9995608629304
0.9995608629394
0.9995608629354
0.9995608629394
0.9995608629394
0.9995608629394
0.59995608629354
0.9995608629394
0.9995608629304
0.9995608625394
0.9995608629394
0.59956086293294
0.9995608629304
0.5990445504431
0.9990303138954
0,9990303128854
0.5990303138954
0.5990303138854
0.%990303136954
0.9990303138954
0.5990303138854
0.99903031388354
0.9990303138954
0,9990303138554
0.9950303135954
0,9990303133854
0.9990303138954
0.9990303138954
0.99%0303138954
0.9990303138954
0.9990303138954
1.0000113491048
1.0000076513493
1.0000076513493
1.0000076513493
1.0000076513493
1.0000076513453
1.0000076513493
1.0000076513493
1.0000076513453
1.0000076513493
1.0000076513493
1.0000076513453
1.0000076513453
1.0000076513493
1.0000076513493
1.0000076513453
1.0000076513453
1.0000076513493
1.0002582550781

User gfsllfcrayze Jun 19

afa= 1.000000000C
afa= 1.0000000000
afa= 1.00000000CC
afa= 1.0000000000
afa= 1.0000000000
afa= 1.0000000000
afa= 1.0CC00000C0
afa= 1.0000000000
afa= 1.0000000000
afa= 1.0000000000
afa= 1.0000000000
afa= 1.0000000000
afam 1.0000000000
afa= 1.0000000000
afaw 1.0000000000
afa= 1.0000000000
afa= 1.0000000000
afaw= 1.0000000000
afa= 0.1000000000
afa~ 0.1000000000
afa= 0,1000000C00
afa= 0.1000Q00000
afa= 0.1000000000
afa~ 0.1000000C00
afa= 0.1000000000
afa= 0.100000G000
afa= 0.1000000C00
afa=~ 0.1000000000
afa= 0.1000000000
afa= 0.1000000000
afa= 0.1000000000
afa= 0.1000000000
afa= 0,1000000000
afa= 0.1000000000
afa= 0,1000000000
afa= 0.1000000000
afaw 0.1000000000
afa= 0.1000000000
afa= 0.1900000000
afa= 0.1000000000
afa= 0.1000000000
afa= 0.1000000000
afa= 0.1000000800
afa= 0.1000000000
afas 0.1000000000
afa= 0.1000000000
afaw 0.1000000000
afa= C¢.1Q0000C0000
afa= ©¢.10000C0Q00
afas 0,1000000000
afa= (.1000000000
afa= 0.1000C00000
afam 0.1006000000
afa= 0.100000000C
afa= 0,10000000C0
afa= 0.1000000000

10:14 1997
2 QO comp,
3 QO eomp.
4 Q comp.
S5 Q¢ comp.,
6 C comp.
7 @ comp.
8 Q comp,
9 G cemp.
10 Q comp.
11  Q comp.
12 Q comp.
13 Q comp.
14 Q comp.
15 { comp.
16 Q comp.
17 4 comp.
18  Q camp.

conp. Tayloxr

Taylor tastm

Hegggddggadqdaaaddaddddaaodddddgddaaagaaanad

comp.
comp.
comp .
comp .
comp.,
conp.
comp.
comp.
comp.
comp .
comp.
comp.
comp.
comp.
comp.
comp.
comp.
comp.
comp.
comp.
comp.
conmp.
comp.
comp.
CORp.
comp.
comp.
comp.
comp.
comp.
comp.
Gomp.
comp.
comp.
comp.
Gomp.
comp.

timcheck.dat Page 2

Taylor tast=
Taylor test=
Taylor test=
Taylor taestw
Tayler test=
Taylor tast=
Taylor tastm
Taylor tast=
Taylox tast=
Taylor tast=
Taylor taste
Tayler tast=
Taylor test=
Taylor taest=
Taylor test=
Taylor test=
Taylor tast=
tast= 0.99990
1.0000001901287
Taylor test=
Taylor test=
Taylor test=
Taylor cest=
Taylox teste
Taylor test=
Taylor taest=
Taylox taste
Taylor test=
Taylor tastw=
Taylor teate=
Taylor tastm=
Taylor taste
Taylor test=
Taylor Caste
Taylor taat=
Tayloxr taat=
Taylor test=
Taylor taate=
Taylor test=
Taylor test=
Taylor testm=
Taylor taste
Taylor tast=
Taylor test=
Taylor test=
Taylor taatw
Taylor test=
Taylor tastw
Taylor tastw
Taylor test=
Taylor taste
Taylor teat=
Taylor test=
Taylor tast=
Taylor test=
Tayloxr tast=

1.0002582350781
1.0002582350781
1.0002582350781
1.0002582350781
1.0002582350781
1.0002582350781
1.0002582350781
1.0002582350791
1.0002582350791
1.0002582350781
1.0002582350781
1.0002582350781
1.0002582350781
1.0002582350781
3.0002582350781
1.0002582350781
1.0002582350781
71154139

1.0002992104424
1.00C3715285476
1.0663715285476
1.0003715285476
1.0003715285476
1.0003715285476
1.0003715265476
1.0003T15285476
1.0003715285476
1.060037152685476
1.0003715285476
1.0003715285476
1.,0003715285476
1.000371528547¢6
1.0003715285476
1.000371528547¢
1.0003715285476
1.0003715285476
0.9996854087844
0,99969431531587
0.3996841531587
0.9996841531587
0.9996841531587
0.9996841531587
0.9996841531587
0.9996841521587
0.9996841531587
0.9996841531687
0.9996841531587
0.9996841531587
G.99968415315487
0.9996841531587
0.9996841531587
0.9996641531587
0.9996841531587
0.9396641531587
1.0000008715060
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afa=
afam
afa=
afa=
afa=
afa=
afaw
afa=
afa=
afa=
afa=
afam
afa=
afa=
afa=
afam
afaw=
afa=
afa=~
afaw
afa=
afa=
afa=
afam
afa=
afam
afa=
afam
afa=-
afa=
afam
afa=
afam
afa=
afa=
afa=
afa=
Bfam-
afa=
afam
afa=
afamw
afa=
afas
afa=
afam
afa=
afam
afam
afam=
afa=
afam
afa=
afaw
afa=

0.1000000000
0.1000000000
0.1000000000
0.1000000000
©.1000000000
©¢.10000C0000
C¢.1000000000
©¢.1000C00000
©.1000CC0000
0.1000060000
0.1000000000
0.10006000000
0.,1000000000
0.1000000000
0.1000000000
0.100000000C
0.1000000000C
0.1000000000
0.10000000C0
0.1000DDOOCG
0,1000000000
0.1000000000
0.1000000000
£.1000000000
0.1000000000
0.1000000000
0.10G0000000
0.1060000000
9.1000000000
0.1000000600
0.1600000000
0.166000GC00
0.1000006000
0.1000000C00
0.160000GC00
0.1000000000
£.0100000000
9.0100000000
0.010000GC00
0.0100000000
0.0160006000
0.01c000C000
0.010000C000
0.0100000000
0.0100000000
0.0100000000
0.0100000900
0.0100000000
0.0100000000
0,0100000000
G¢.010600000¢
0.010C000000
0.01000000C0
$.01000000C0
9.01000000¢0

= 2 T comp.
ks 3 T comp.
k= 4 T ceomp.
= 5 T eompe.
k= & T comp.
= 7 T comp.
k= 8 T comp.
k= 9 T comp.
kwm 10 T comp.
k= 11 T comp.
k= 12 T comp.
k= 13 T comp.
kw 14 T comp.
k= 15 T comp.
k= 16 T comp,
k= 17 T comp.
k= 18 T comp.
k= 1 Q comp.
ke 2 Q comp.
k= 3 Q comp.
k= 4 Q comp.
k= 5§ Q comp.
k= & Q comp.
k= 7 Q comp.
k= 8 Q comp.
k= 5 Q comp.
k=10 Q2 comp.
k= 11 Q comp.
ke 12 Q comp.
k= 13 Q comp.
k= 14 Q comp.
k= 15 Q comp.
ke 16 Q comp.
k= 17 L comp.
k= 18 Q comp.

Ps comp. Tayler
Taylor test=

k= 1 U comp,
k= 2 U comp.
k= 3 U comp.
k= 4 U comp.
k= S U comp.
k= § U comp.
k= 7 U comp.
k= 8 U comp.
k= 9§ U comp.
k= 10 U comp.
k= 11 U conmp.
ks 12 U comp.
k= 13 U comp.
k= 14 U comp.
k= 15 U comp.
k= 16 U comp.
k= 17 U gomp.
k= 18 U comp.
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Taylor test=
Taylor tasts
Taylor tesgt=
Taylor testw
Taylor test=
Taylor test=
Taylor taest=
Tayloxr tast=
Taylor test=
Taylor tastm=
Taylor toste
Taylor test=
Taylor tastw=
Taylor tast=
Taylor tast=
Taylor test=
Taylor test=
Taylor tast=
Taylor taste
Taylor test=
Taylor tost=
Taylor teste
Taylor Ltests=
Taylor tasts
Tavlior test=
Taylor taste
Taylor teste
Taylor tast=
Taylor tast=
Taylor test=
Taylor tast=
Taylor test=
Taylor taste=
Taylor test=
Taylor test=
tast=

0.95999
1.0000001365859

Taylor tests
Taylor tast=
Taylor test=
Taylor tests=
Taylor test=
Taylor test=
Taylor tast=
Taylor tast=
Taylor teste
Taylor tast=
Taylor tastw
Taylor taste
Taylor tastm=
Taylor tast=
Tayler teste
Taylor test=
Taylor test=
Tavlor tast=

1.0000008148154
1.0000008148154
1.0000008148154
1.00000081481.54
1.0000008148154
1.000Q0008148154
1.0000008148154
1.0000008148154
1.00000008148154
1,0000008148154
1,0000008148154
1.0000008148154
1.0000008148154
1.0000008148154
1.00006CB148154
1.0000008148154
1.0000008146154
1.0000229193351
1.0000229193351
1.0000229193351
1.0000229193351
1.0000229193351
1.00002291253351
1.0000229153351
1,00002291%3351
1.0000229193351
1.0000222193351
1.0000229193351
1.0000229153351
1.000022919335]
1.0000229193351
1.0000229193351
1.0000225193351
1.0000229193351
1.0000229193351
17248562

1.0004061953648
1.000452160525¢
1.0004521605256
1.0004521605256
1.0004521605256
1.0004521605256
1.0004521605256
1.00045216032536
1.0004521605256
1.0004521605256
1.0004521605256
1.0004521605256
1.0004521605256
1.0004521605256
1.0004521605256
1.0004521605256
1.0004521605256
1.0004521605256

User gfsll@cray2e Jun 1%

afam
afa=
afam
afa=
afa=
afa=
afa=
afa=
afa=
afa=
afa=
afam
afa=
afam
afam
afam
afa=
afa=
afam
afa=
afame
afam
afam
afam
afa=
afa=
afam
afa=
afa=
afa=
afam=
afa=
afaw
afa=
afa=
afa=
afa=
afa=
afa=
afa=
afam
afa=
afa=
afa=
afam=
afam
afa=
afam
afam=
afam=
afam
afa=
afam
afam=
afa=

'0.0100000000

0.01000000CC
0.0100000000
9.0100000000
0.0100000000
0.0100000000
0.0100000000
3.0100000000
0.0160000600
0.0100000000
0.0100006800
0.010000GC00
0.010000G6000
0.0100000C00
0.0100000000
0.010000C0Q0
0.0100000000
0.0100000000
0.0100000000
0.01900000000
©0.0100000000
0.0100000000
0.0100000000
0.01000060000
©.01.00000000
G.0100000000
G.0100000000
0.0100C00000
0.0100000000
0.0106C00000
0.0100000000
0.0lo00C0000CC
0.0100000000
0.0L000000G0
0.0100000000
0.0100000000
0.01000000C0
9.01000000¢0
0.0100000000
0.0100000000
0.0100000000
0.0100000000
0.0100000000
Q.0100000000
0.0100000000
0.0100000000
0.¢100000600
0.,0100000000
0.,0190000000
0.0190000000
0.0100000000
0.0100000000
0.0100000000
©.0100000000
0.00100C0000

B3

10:14 1397

comp.
comp.
comp .
comp.
COmp .
conp,
comp,
conp.
comp,
CORP.
Comp.
comp.
comp.
cOomp.
comp.
comp.
comp.
comp,
comp.
comp.
comp,
COomp.
Gomp.
comp.
COmPp.
comp.
comp.
comp.
comp.
COmp.
comp.
comp .
comp.
comp.
<comp .
comp,
comp.
comp.
conp,
comp.
comp.
comp.
comp.
comp.
comp,
comp.
comp,
comp.
comp.
comp.
cComp.
comp.
eomp ,
comp. Taylor

woninda WK

-
=]
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Taylor test=

tlmchack.dat Page 4

Taylox
Taylox
Taylor
Tayloxr
Taylor
Tayloxy
Taylor
Taylor
Taylor
Tayler
Taylor
Taylor
Taylox
Tayler
Taylor
Taylor
Taylor
Taylor
Tayler
Tayler
Taylor
Taylor
Taylor
Taylox
Tayler
Taylor
Taylor
Taylor
Taylor
Taylor
Tayloxy
Tayloxr
Taylor
Taylor
Taylor
Tayloy
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
tast=

1.0000001306009

tastm
taat=
tast=
tast=
tast=
tast=
test=
tagte
tagtm
tost=
test=
taste
tast=
taost=
taat=
tast=
tast=
Lagt=
testm=
tast=
Last=
tast=
test=
teatm=
test=
taste
tost=
tostm
tast=
tastw
tast=
tastm
tast=
testw
taat=
tagt=
tast=
testm
tagt=
tast=
tast=

tastm’

tast=
tastw
tast=
tastw
tast=
tast=
taste
tast=
tost=
tost=
tagt=

0.9897497327228
0.99974573272228
0.9997497327228
0.9997437327228
0.9997497327228
0.9997497327228
0.9957497327228
0.9997497327228
0.95357497327228
0.9997497327228
0.9997497327228
0.9997497327228
0.9997497327228
0.999749%7329228
0.9997497327228
0.5997497327228
0.9997497327228
0.5999984261361
1.0000001342734
1.0000001342738
1.0000002342738
1.0000001342738
1.0000001342738
1.06000001342738
1.6000001342738
1.0000001342738
1.0000001342738
1.0000001342738
1.0000001342738
1.00000013427348
1.0000001342738
1.,0000001342728
1.0000G6C1342738
1.00000C1342738
1.0000001342738
0,9999994330594
.9959994330594
0,9999994330594
0.9555994330591
0.9999994330594
0.9965994330594
0.9995994330594
0.9995994330594
0,85559943305%4
0.99939943305%4
0,93939943305%4
0.9999994330594
0.$%99994330594
0.9999934330594
0,9999984330594
0.9999994330594
0.9999994330594
0.9999994330594

1.0000001679180
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afae
afpm

afg=
afa=
afpm
afam=
afam
afam
afam
alp=
afam=
afam
afam=
afam
afa=
afa=
afa=-
afa=
afa=

0.0010000000
©.0010000000
0.0010000000
0.0010000000
0.0010000000
0,00100060000
0.Q00310000000
0.0010000000
0.0010000000
0.00160C0Q00
D.00100G0000
9.0010000000
0.00100060000
0.0010600000
0.0016000000
9.,001600Q0000
0.0010000000
9,0010000000
0.0010000000
0.0010000000
D.0010000000
0.001¢000000
0.00100C00D0
0.0010000000
0.0010000000
0,00)0000000
0,0010000000
0.0010000000
9,0013000000
0.0010000000
0.0010000000
0.001000Q000
0.001000000C
Q0.0010000000
0.0010000000
0.0010000000
0.00100000C0C
Q.00100Q0000
¢.00100000G0
0,0010000000
0.00100400000
0.00100000GC
0.0010000000
0.0010000000
0.0010000000C
0.001000000¢
3.00100000C0
0.0C100000C0
0.6C100000C0
0.0010000000
0.00610000000
0.6020000000
0.0010000000
0.,0010000000
0.0010000C00
0.0010000¢00
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2 comp. Tayler test= 1.0004606073505

3 comp. Tayler test= 1.0004606073905

4 comp. Taylor tastm 1.0004606073905

5 comp, Taylor tast= 1.0004606073905

L] comp. Taylor tast= 1.0004606073905

7 comp. Taylor tast= 1.0004606073905

] comp. Taylor tast= 1.0004606073905

9 comp. Tayler test= 1.0004606073905

10 comp. Taylor tast= 1.0004606073905
11 comp. Taylor tast= 1.0004606073805
12 comp. Tayler tast= 1.0004606073905
13 comp. Tayler tastw 1.0004606073205
14 comp. Taylor test= 1.0004606073905
15 comp., Taylor tests 1.0004606073905
1¢ comp. Taylor tests 1.0004606073905
17 comp. Taylor tast= 1.0004606073905
18 comp, Taylor taest= 1.0004606073905
1 comp. Tayler testw 0.9997555350719

2 comp, Taylor tosts 0.9997562165069

3 comp, Taylor tast=~ C.9997562165069

4 comp, Taylor teste 0.9997562165059

5 comp. Taylor tast= 0.9997562165069

6 comp. Taylor test= 0.9997562165069

7 comp. Taylor teste= 0.9997562165069

g comp. Taylor test= .9997562165069

3 comp. Taylor test— 6.9997562165069

10 comp. Taylor taest= 0.9997562165069
comp. Taylor test= C.9997562165069

12 comp. Taylor tastw 0.9997562165069
13 comp. Taylor test= C,9897562165069
14 ¢omp, Taylor taste= ¢.9997562165069
15 ecomp. Taylor tastm 0.9997562165069

0.9997562165069
0,9997562165069
0.9397562165069
0.9999997215535
1.0000000651689
1,0000000651689
1.00000C0651689
1.0000000651689
1,0000000651689
1.0000000651689
1.0000000651689
1.0000000651689
1.0000000651689
1.0000000651689
1.00000GC0651689
1.0000000651689
1.0000000651689

comp. Taylor tast=
comp. Tayler test=
comp. Taylor tast=
comp. Taylor tast=
comp. Taylor taste
comp. Taylor test=
comp. Tayloer teste
comp. Taylor taste
comp. Taylor test=
comp. Taylor taste
comp. Taylor test=
comp. Taylor tast=
conp. Taylor test=
comp. Taylon taste
comp. Taylor tast=
comp. Taylor test=
comp. Taylor taatw

15 comp. Taylor test= 1.00Q0C0Q0&51639
16 cemp, Taylor taste 1.0000000651689
17 comp. Taylor test= 1.40000000651689
18 comp. Taylor teat= 1.0000000651689

0.9999970625528
0.9999970625528
0.95%99970625528

conp. Taylor testm
comp. Taylor test=
comp. Taylor test=

-
I
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Usar gfsll@cray2e Jun 1%

afa= 0.0010000000 k=
afa= 0.G010000000 k=
afa= 0.0010000000 kaa
afa= 0.0010000000 k=
afa= 0.0010000000 k=
afa= 0.0010000000 Ko
afa= 0.0010000000 .23
afa= 0.0010000C00 k=
afa= 0.0010000000 Jow
afa= 0.0010000000 k=
afa= 0.0010000000 k=
afa= 0,0010000000 Yom
afa= 0.00100000Q00 K
afa= 0.0010000000 k=
ata= 0.0010000000 k=
afa= 0,0010000000Q Ps

afa= 0.0001000000 Tayl:
T

afa= 0.0001000000

afa= 0.0001000000 k=
afa~= 0.0001000000 k=
afa= 0,0001000000 k=
afa= ¢.000100000Q k=
afa= ¢.0001000000 K
afa= 0.0001000000 Jem
afa= ¢.0001000000 k=
afa= ¢,0001000000 o=
afa= C.0001000000 k=
afa= ¢.0001000000 k=
afz= ¢.0001000000 Je=
afa= ¢.0001000000 k=
afaw 0.0001000000 k=
afa= 0,000L060000 k=
afa= 0.0001000000 T
afa= 0.0001GC0000 k=
afam 0.0001000000 e~
afa= 0,0001000000 k-
afa= 0.00010G0000 o=
afa= 0.0001000000 k=
afa= 0.0001CC0000 b
afa= 0.0001000000 =
afa= 0.0001000000 k=
afa= 0,0001000900 k=
afa= 0,0001000000 K=
afa= 0.00010C0000 k=
afa= 0.0001CC0000 Y=
afa= 0.0001000Q00 o
afa= 0.0001000000 =
afa= 0.0001000000 Y=
afa= 0,0001000000 K=
afa= 0.0001C00000 k=
afa= 0.0001000000 ke
afa= 0.0001000000 k=
afa~ 0.0001000000 k=
afa= 0.0001000000 K=
afa= 0.000100000C k=
afa~ ©.000100000C k=
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comp.
comp.
comp.
[-1) 3-8
camp,
comp.
comp .
comp.
comp.
comp.
conp.
comp.
comp.
comp.
comp.

comp. Taylor

HHAggqagaaaaaadaaaqadqadadaddadddgagdadaaad

or tast=

comp.
comp.
comp.
comp.
comp .
comp.
comp.
SOmp.
conp.
comp.
comp.
conmp.
comp.
comp.
comp.
comp.
comp.
comp.
comp.
comp,
comp.
comp,
COmP.
COmP.
comp,
comp.
comp.
comp.
comp.
Comp.
comp.
comp.
comp.
comp.
COmp.
comp .
comp .
COmp.
COmP

Taylor
Taylox
Taylor
Taylor
Tayleor
Tayleor
Taylor
Taylox
Taylor
Taylox
Taylor
Taylox
Taylor
Taylor
Tayler
tast=

1.0000001182017

Tayler
Tayler
Taylor
Tayler
Taylor
Taylor
Taylor
Tayloz
Taylor
Taylor
Taylex
Tayloxr
Taylor
Tayler
Tayler
Taylor
Taylor
Taylor
Tayler
Taylor
Taylor
Taylor
Taylex
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Tayler
Taylor
Taylor
Taylor
Taylor
Taylox
Tavler
Taylor
Taylor
Tayloer

tast~
taat~
tast=
tegt=
tast=
tagt=
tast=
tost=
test=
taste
taatm
teost=
tastw
taat=
teat=

0.9999970625528
0.9599970625528
0.9955970625528
0.9999970625528
0.9999970625528
D.9993970625528
0.59939970625528
0.9999970625528
0.5999970625528
0.9999970625528
0.9999970625528
0.59999706253528
0.5999970625528
0,99999870625528
0.8999070625528

1.0000010172806

tagt=
tagt=
teost=
test=
tast=
tast=
tast=
tagte
tast=
taest=
test~
tastm=
tast~
tast=
tost=
tast=
tagtm
tagt=
tast=
taste
taatm=
tast=—
tagt=
Leat=
Tastm
tast=
tast=
tast=
test=
test=
test=
tastm=
tegt=
tast=
test=
tast=
taste
tastm
taat=

1.0004251912132
1,00046701€6177
1.0004670166177
1.0004670166177
1.0004670166177
1.0004670166177
1.0004670166177
1.0004670166177
1.0004670166177
1.0004670166177
1.0004670166177
1.0004670166177
1.0004670166177
1.0004670166177
1.0004670166177
1.000467D166177
1.0004670166177
1.0004670166177
0.9997552211761
0.9997549384€11
0.9997549384811
0.999754%384811
0,99075493B84811
0.99975493843911
0.9997549384811
0.9997549384811
0.9997545384B811
0.9997549384811
0.9997549384811
0,9997549384811
0.9597549384811
0.9997549364811
0.9997549384811
0.9997545304811
0,9807549384811
0.,9887545384811
0.9999566946707
1.0000000455702
1.0000000455702
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atam=
afam
afa™
afa=
afam
afa=
afa=
afa=
ata=
afaw
afam=
afaw
afa=
afa=
afa=
afa=
afa=
afa=
afa=
afa=
afaw
afa=
afa=
afa=
afa=
afa=
afa=
afa=
afa=
afam=
afa=
afa=
afa=
afa=
afa=
afa=
afa=
afam
afom
afa=
afa=
afa=
afa=
afa=
afa=
afam=
afa=
afa=
afa=
afam
afa=
afa=
afa=
afa=
afa=
afa-=

0.0001000000
0.0001G00000
0.0001060000
0.0001000000
0.0001000C00
0.0001600009
0.0001000000
$.0001000000
0.0001600000
©.0001000000
0.500L000000
0.000100G000
0.0001000000
0.0001000000
0.0001000000
©.00010Q0000
£.9001000000
0,0093000000
0.0001000C00
0.0041000000
0,0001000000
0.0001000000
©.90010C0000
0,0901000000
0,0001000000
0,0001000000
0.0001090000
0.0001000000
¢.000L0C0000
©.0001000000
0,0001000000
0.0001000000
0.0001000000
0.,00010000¢0
0,0000100000
©.0000100000
0.0000100000
0,0000300000
0.0000100000
0.0000100000
9.00001900C0
0,000010000C
©.0000100000
0.0000100000
0,0000100000
0,0000100000
0.0000100000
0.,0000100000
©.0000100000
0.0000100000
0.0000100000
0.0000100000
Q. 6000100000
0,0000100000
0.0000100000
0.0000100060

k= 4 T comp.
km § T comp.
k= & T comp.
k= 7 T comp.
k= 8 T gomp.
¥= 9§ T comp.
k= 10 T comp.
k= 11 T comp.
k= 12 T comp.
ke 13 T comp.
k= 14 T comp.
k= 15 T comp.
k= 16 T comp.
k= 17 T comp.
k= 18 T comp.
k= 1 Q comp.
k= 2 Q comp.
k= 3 Q comp.
k= 4 Q comp.
k= 5 {Q comp.
k= 6 Q comp.
k= 7 Q comp.
k= 8 Q comp.
X= 9% Q comp.
k= 10 Q comp.
k= 11 Q comp.
kw 12 { conmp.
k= 13 Q comp.
x= 14 Q comp.
= 15 ¢ comp.
k= 16 Q comp.
k= :T Q comp.
k= 18 Q comp.

Pa comp. Taylor
Taylor tast=

k= 1 U comp.
k= 2 U comp.
k= 3 Y comp.
k= 4 U comp.
k= 5 U comp.
kw 6 O comp.
k= 7 U comp.
ke 8 U comp.
k= 9 U comp.
k= 10 U comp.
k= 11 T comp-
k= 12 U gomp.
k=13 T comp.
k= 14 U comp.
kw 15 U comp.
k= 16 U comp.
k= 17 U comp.
k= 1B U comp.
X 1 V comp.
kw 2 V comp.
k= 3 V Gomp.
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Tayler
Taylor
Tayloxr
Tayloy
Tayler
Taylor
Taylexr
Taylor
Tayloz
Tayloxr
Taylor
Taylor
Tayler
Taylor
Taylor
Taylor
Taylor
Taylor
Tayler
Taylor
Tayloxr
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Tayloxw
Tayler
Taylor
tastwm

0.9999999846721

Taylor
Tayloxr
Taylor
Tayler
Tayler
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Tayloxr
Tayloxr
Tayleoxr
Taylor
Taylor
Taylor
Tayloxr
Tayler
Taylor

tast=
toat=
ftast=
teatm
tast=
teat=
tast=
test=
tastm
tast=
test=
Last=
test=
tast=
taat=
taat=
taste
tasat~
tast=
taste
tast~
tast=
tast=
test=
taat=
tastm
tast=
tast=
test=
tast=
tast~
tast=
tast=

1.0000000455702
1.0000000455702
1.0000000455702
1.0000000455702
1.0000000455702
1.0000000455702
1.0000000455702
1,0000000455702
1.0000000455702
1.0000000455702
1.0000000455702
1.0000000455702
1.0000000455702
1,0000000455702
1.0000000455702
0.9999965949256
0.9999965949256
0.9999065949256
0.99989965%49256
0.9999965949256
0.9999965949256
0.9999965945256
0.9999965949236
0.999996594925¢6
0.99%99965949256
0.9999965949256
0.9959965949256
C.99959655849256
0.9999965949256
0.5999965949256
0.9999965949256
0.9999965349256
0,9999965949256

1.0000011005671

tast=
tastw=
tagte=
taat=
tast=
tast=
tast=
tast=
test~=
test~
tast=
Tast=
tagt=
tast=~
tegt=
tast=
teat=
test=
tast=
tast=
test=

1.0005494896200
1.0005391202092
1.0005391202092
1.0005391202082
1,0005391202092
1.0005391202092
1,00053912020%2
1,0005391202092
1,0005391202092
1.0005391202092
1.0005391202092
1.0005391202092
1,0005391202092
1,0005391202082
1.0005391202092
1.00053912020%2
1.0005391202092
1.0005391202092
0.9997580546348
D.9997685326328
0.9997685326328
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afa=
afa=
afa=
afaw
ata=
afa=
afa=
afa=
afa~
afa=
afa=
afa=
afa=
afam
afam
afa=
afam
afa=
afa=
afa=
afa=
afam
afam=
afa=
afa=
afam
afa=
afa~
afam
afa=
afa=
afa=
afa=
afa=
afa=
afam
afa=
afa=
afaw
afam
afa=
afam
afa=
afa=
afam
afa=
afa=
afa=
afam
afam=
afa=
afa=
afa=
afa=
afa=
afa~

0.0600100000
0.0000100000
0.0000100000
0.000010000¢
0.0000100000
©.0000100000
©£.0000100000
0.0000100000
0.0600100000
0.0000100000
0.00001900C0
0.6000100000
©.0000100000
0.0000100000
0.0000100000
0.0C00100000
0.0000100000
0.00001000C0
0.000¢100000
©.0000100000
©£.0000100000
0.0000100000
0.0600100600
0.0000100000
0.000010000C
0.0000100000
©0,0000100000
0.0000100000
0.0000100000
0.0000100000
©0.00001900C0
0.G000100006
©.0000100000
©.0000100000
0£.0000100000
0.0000100C00
0.0000100000
0.,0000100000
0.0000100000
©.0000100000
©,0000100000
0.0000100000
0.0000100000
4.0000100000
0.0000100000
0.0000100000
©.0000100000
£.0000100000
0.000010C000
©.0000100600
0.00C0100000
L06001000C0
0.00000100006
¢.0000010000
6.0000010000
0.0000010000

k= 4 V comp.
k= 5 vV comp-
K= & V comnp.
k= 7 ¥V comp.
k= 8 ¥V comp.
k= 9 YV comp.
k= 10 V comp.
k= 11 V comp.
k= 12 V comp.
k= 13 vV comp-
k= 14 V comp.
k= 15 ¥V comp.
k= 16 V comp.
k= 17 V conp.
k= 18 v comp.
k= 1 T comp.
k= 2 T comp.
k= 3 T comp.
k= 4 T comp.
k= & T comp.
k= 6 T comp.
k= 7 T comp.
k= 8 T comp.
k= % T comp.
k=~ 10 T comp.
k= 11 T cCOmp.
k= 12 T comp.
k= 13 T comp.
k= 14 T comp.
kw 15 T COmp.
k= 16 T comp.
k= 17 T comp.
k= 18 T comp.
k= 1 Q comp.
k= 2 Q comp.
k= 3 Q comp.
k= 4 Q comp.
k= 5 Q comp.
k= & Q comp.
k= 7 Q comp.
k= 8 Q comp.
k= 9 Q comp-
k=~ 10 Q conp.
k=11 Q comp.
k= 12 Q comp.
k= 13 G comp.
k= 14 Q comp-.
k= 15 Q comp.
k= 18 Q comp.
k= 17 Q comp.
k= 18 Q conmp.

Ps comp. Taylor
Taylor test=

k= 1 U comp.
k= 2 U comp.
k= 3 U comp.
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Taylor tast= 0.9997685326328

Taylor todt= 0.9997685326328
Taylor tasts= 0.9997685326328
Taylor tast= 0.9957685326328

0.9997685326328
0¢,9997685326328

Taylor tast=
Taylor test=

Taylor test= 0.9997685326328
Taylor taest= 0.9997685226328
Taylor tast= 0.9987685326328

0.9997685326328
0.9997685326328
0.9997685326328

Taylor test=
Taylor test=
Taylor tast=

Taylor tast= 0,9997685326328
Taylor tast= 0.9997685326326
Tayler tast= 0.9997685326328

0.9999994740654
0,9$999999003721
0.9999999003721
0,9999995003721

Taylor tast=
Taylor test=
Taylor tast=
Taylor test=

Paylor teste 0¢.9999995003721
Taylor test= 0.9999980003721
Tayior tast= 0.9999999003721
Taylor teste= 0.9959999003721
Taylor test= 0.5999999003721

0,9999999003721
0,9999959003721
©,9999999003721
0.9999959003721
0.9999990003721
0.9999999003721
0.9995999003721
0.9995999003721
0.9999939003721
0,9999944386767
0.9999944386767
0.9999944386767
0.5999944386767
0.9999944386767
0.99%9944386767
0.9999944386767
0,9999944386767
©.9999944386767

Taylor test=
Taylor test=
Taylor test=
Taylor test=
Taylor taskt-
Taylor test=
Taylor teat-
Taylor tastw
Taylor tast=
Taylor test=
Taylor tast=
Taylor tast=
Taylor tast=
Taylor test=
Taylor tast=
Taylor tast=
Taylor teste=
Taylor test=

Taylor tast= 0.9999944386767
Taylor tast= 0.9999944366767
Taylor tast= 0.9959944386767

0,9999%44386767

Paylor test=
0.9999944386767

Taylor tast=

Taylor tast= 0.9999944386767
Taylexr tast= 0.9999944386767
Tayloxr tast= 0.9993944386767
Taylor tast= 0.9999944386767
tast= 1.0000011270335

1.0000000826829%
Taylor tast=
Tayler tast=
Taylor teat=-

1.0010518966339%
1.0006858637753
1.0006a58637753



Tl

(

User gfslldcrayle Jun 19

afa=
afam=
afa=
afa=
afa=
afa=
afa=
afa=
afa=
afa=
afa=
afa=
afa=
afam=
afam
afa=
afa=
afa=
afa=
afa=
afam
afa=
afa=
afam
afa=
afa=
afas
afa=
afa=
afa=
afa=
afaw
afa=
afam
afaw
afam
afam
afa=
afam=
afa=
afam
afa=
afam
afam=
afa=
afa=
afa=
afas
afa=
afa=
afa=
afa=
afa=
afam
afa=
afa=

0.0006C10000
0.00000}0000
0.000GG10000
0.0000G190Q00
0.0000010000
0.000CC10000
9.000GC10000
0.000G¢10000
0.0000010000
0.000CC1Q000
0.000GC10000
0.0000010000
0.0000010000
0,0000010000
0.0000010000
0.000C01CG000
0,0008010000
0.0000010000
0.0000010000
0,0000010000
0.0000010000
0.0006010000
0,0000010000
0.0000010000
0.0000010000
9.0000010000
0.0000010000
0.0000010000
0.000001000C
0.0000010000
Q.0000010000
0.0000010000
Q.00000100CG0
0.0600010000C
0.00000100060
0.00600100060
Q0.0000010000
0,0000010000
0.¢C00010000
0.0000010000
0.0000010000
0.0000010000
0.6000010000
0.0000010000
0.0G00010000
0.0000010000
0.0000020000
0.0000010000
0,.0000010C00
0.000001CC00
.D000010600
0.0000010000
0.0000010G00
0.000001CG00
0.0000010000
0.0000010000

10:14 1897
4 U comp.
5 U comp.
§ U comp.
7 T comp.
& U comp.
3 U comp.
1o U comp.
11l T comp,
12 U comp.
13 U comp.
14 T comp.
15 U comp,
16 U comp.
17 U comp.
18 U comp.
1 V comp.
2 V comp.
3 V comp.
4 V conmp.
5 V comp.
6 V comp.
7 V comp.
8 V comp.
9 V comp.
1¢ V comp.
11  V comp.
12 V comp.
13 V comp.
14 v comp.
15 V comp.
16 V comp.
17V eomp.
is8 V comp.
1 T comp.
2 T comp.
3 T Comp.
4 T comp.
S T comp.
6 T comp.
7 T cemp.
8 T Comp.
9 T comp.
19 T comp.
1l T comp.
1z T comp.
13 T comp.
14 T comp.
15 T comp.
16 T comp.
17 T comp.
18 T comp.
1 Q comp.
2 Q conp.
3 Q2 comp.
4 Q comp.
5 Q comp.
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Taylor
Taylor
Taylor
Tavior
Taylor
Taylor
Taylor
Taylor
Taylor
Tayler
Tayler
Tayler
Taylor
Taylor
Taylor
Tayler
Taylor
Taylor
Taylor
Taylor
Taylor
Taylox
Taylor
Taylor
Tayler
Taylor
Taylor
Taylor
Taylor
Tayler
Taylor
Taylor
Taylor
Taylor
Paylor
fayler
Taylor
Taylor
Taylor
Taylor
Tayler
Taylor
Taylor
Taylor
Taylor
faylor
Taylor
Taylor
Tayler
Taylor
Taylor
Taylor
Taylor
Taylor
Taylox
Taylor

tastw
tast=
tost=
test=
tagst=
tast=
taat=
tast=
test=
tast=
test=
tast=
test=
fast-
tast=
Ltast=
taste=
tast=
tast=
faat=
tast=
tast=
tastw
tast=
tastm
tast=
tast=
test=
tast=
tast=
taste
taste=
tast-
teat=
tadte
tastm
teost=
tast=
teat=
taste
taste
teost=
tastw
tost=
tast=
Lost=
test=
tast-
testm
test=
tast=
testm=
tagt=
test=
test-
tagt=

1.000685686377532
1.0006858637753
1.0006858637752
1.000685B637753
1.0006858637753
1.0006858637753
1.0006B58637753
1.0006638637753
1.0006658637753
1.0006658637753
1.0006658637753
1.0006858637753
1.0006858637753
1.0006658637753
1.0006858637753
0.9995853027674
0.9997584170396
0.99975841705%6
0.99975841705%6
0.99975841705586
0,9997584170556
0.999758417039%6
0.99975841705%6
0,9997584170596
0.9937584170556
0.9997584170596
0.99975841705%6
G,9897584170596
¢.9997584170596
0.99975841705%6
0.9997584170556
0.9997584170596
0.99975841705%6
0,9999987549011
0.9995999081724
0.9955099081724
0.5999999091724
0.999%999081724
0,9995999081724
0.9955999081724
0.9995999081724
0.9999999081724
0.9559999081724
0.9993999081724
0.95%5999081724
0,0999999081724
0.9559999081724
0.995%999081724
0.,9959999081724
0.995%999081724
0.9999999081724
0.9959821219629
0.9599821219629
0.9999821219629
0.9999821219629
0.9999821219629

User gfsll@crayle Jun 1%

afa=
afa=
afa=
afa=
afam
afas
afa=
afa=
afam
afa=
afa=
afa=
afa=
afam
afam
afam=
afa=
afa=
afa=
afa=
afam
afa=
afam
afam
afaw
afa=
afam
afam=
afam
afa=
afam
afaw
afa=
afa=
afam
afa=
afam=
afa=
afam=
. afa=
afa=
afa=
afa=
afam
afaw
afa=
afa=
afa=
afa=
afaw
afa=
afa=
afa=
afawm
afam=
afa=

0.0000010000
0.0000020000
0.0000016000
0.0000010000
0.0000020000
0.000001C000
0.0000010000
0.0000010000
0.0000010000
¢.0000010000
©.0000010000
¢.0000010000
Q,0000010000
0.0000010000
0.0000001000
0.0000001000
0.0000001000
0,0000001000
0,0000001000
0.0000G01000
0.0000001000
0.0000001000
0.0000001000
0.0000601000
0.0000001000
0,0000001000
0.0000001000
0.00000C1000
0.0000061000
0.00000Q01000
0.0000001000
0.0000001000
0,0000001000
0.0000001000
0.0000061000
0,0000001000
0.00000C1000
0.000CC001000
0.000C001000
0.0000001000
0.0000001Q00
0.0000¢01000
9,000C001000
0.000C001000
0.0000001000
0.0000001000
0.0000001000
0,0000001000
0.0000001000
0.0000001000
0.0000001000
0.0000001000
0.0000001000
0.0000001000
0,0000001000
0.000000L060

10:14 1997

k= 6 Q

k= 7 0

k= 8 Q comp.
k= 8 Q comp.
k=10 Q comp.
k= 11 Q comp.
k= 12 Q comp.
k= 13 Q ¢omp.
k= 14 Q comp.
ke 15 Q comp.
ke 16 Q comp.
k= 17 Q comp.
k= 18 Q comp.
Ps comp. Taylox
Taylor test=
k= 1 U comp.
k= 2 U comp.
k= 3 T comp.
k= 4 U comp.
= 3 U comp.
k= € U comp.
k= 7 U comp.
k= g U comp.
k= 9 U comp.
k= 10 T comp.
k= 11 U comp.
k= 12 U comp.
k= 13 T comp.
k= 14 G comp.
k= 15 U comp.
k= 16 U comp.
k= 17 U comp.
k= 18 U comp.
k= 1 ¥V comp.
= 2 V comp.
km 3 V comp.
k= 4 V comp.
k= 5 V comp.
k= & YV comp.
k= 7 V comp.
k= 8 V comp.
k= 9 V comp.
kw 10 V comp.
k= 11 Vv comp.
km 12 V comp.
k= 13  V comp.
k= 14 V comp.
kw 15 V comp.
k= 16 V¥ comp.
k= 17 V comp.
k= 18 V ocomp.
k= 1 T comp,
k= 2 1T comp.
k= 3 T comp.
km 4 T comp.
k= 5 T coemp.

comp. Taylor tast=
comp. Taylor tast=

Taylor t{est=
Taylor test=
Taylor tast=
Taylor test=
Taylor test=
Taylor tastw
Taylor test=
Taylor tast=
Taylor tast=
Taylor testw
Taylor test=
taste

0.9999773922282

Taylor teat=
Taylor tagt=
Taylor test=
Taylor tast=
Taylor test=
Tayler test=
Taylor tasts
Taylor test=
Taylor taste
Tayler test=
Taylor test=
Taylor tast=
Taylor taest=
Taylor taste
Taylor test=
Taylox tast=
Taylor tagte
Taylor test=
Taylor taate
Taylor test=
Taylor test=
Taylor Cagtas
Taylor tast=
Taylor test=
Taylor tast=
Taylor teste
Taylor test=
Taylor taest=
Taylor taest=
Taylor tast=
Taylor testw
Taylor tast=
Taylor tast=
Taylor tast=
Taylor tast=
Taylor test=
Yayler taste
Tayler tast-
Taylor tast=
Taylor test=
Taylor teast=

tlmcheck.dat Paga 10

0.9559821219629
0.9955821219629
0.9999821219629
0.995582121962%
0.959982121962%
0.9999B21219629
0.9999821219629
0.9999821215629
0.9999821219629
0.5999821218629
0.5999821213629
0.9999821219629
0.92999821219€29

1.0000024474998

1.0036854572158
1.0029971074G81
1.0029971074081
1.0029971074081
1.0029571074081
1.002997107408)
1.0029571074082
1,0029971074081
1.0025871074091
1.0029971074081
1.0025971074081
1.0029971074081
1.0025971074061
1.0025971074081
1.0025971074081
1.0029971074081
1.0025971074081
1.0029971074081
0.99T76630793301
1,0013200133441
1.0013300133441
1.0013300133441
1.0013300133441
1,0013300133441
1.0013300133441
1.0013300133441
1.0013300133441
1.0013300133441
1.0013300133442
1.001330013344%
1.0013300133443%
1.0013300)3344%
1.0013300133441
1.0013300133441%
1.9013300133441
1.0013300133441
0.9959679360965
0.9999752403410
0.9999752403410
0.9995752403410
0.9555752403410



User gfell@oray2ae Jun 19 10:14 1937

afa=
afa=
afa=
afa=
afa=
afa=
afam=
afa=
afa=
afam
afam
afaw=
afa=
afa=
afa=
afa=
afa=
afa=
afam
afa=
afa=
afa=
afa=
afa=
afa=
afa=
afa=
afaw
afa=
afaw-
afa=
afa=
afa=
afam=
afa=
afa=
afa=
afa=
afa=
afa=
afam=
afa=
afa=
afam=
afa=
afam
afa=
afa=
afam
afaw=
afa=
afa=
afa=
afa=
afa=
afa=

¢.0000001000
0.0000001000
0.0000001000
0.0000001000
9,0000003000
0.0000001000
¢,0000001000
0.0000001000
0.0000001020
0.0000001000
0.000000Q10C0
0.0000001000
¢.0000001000
0.0000001000
0.0000001000
9.0000001000
0.0006001000
0.0000001000
0,0000001000
0.0000001000
0.0000001000
0.000000100C
0.0000001000
0.0000001000
0.0000001000
0.000000:000
4.0000001000
0.0000001000
0.0060001000
0.,0000001000
0.0000001000
0.00000020C0
0.0000000100
£.0000000100
0.0000000100
0.000Q000100
0.0000000100
9.00000902C0
0.,0000000100
0.0000000100
0,000000G100
0.0060000100
0.00000Q01L00
0.0000000100
0.0000000100
0,000000G100
0.0000000100
0.000C000L00
0.0000000100
0.0000000100
0,0000000100
0.0000000100
0.0000900100
0.000000010C
¢.0000000100
¢.00000C0100

ke & T comp.
= 7 T comp-
k= B T ¢omp.
k= 9 T comp.
k= 10 T conp.
k= 11 T comp-
k= 12 T comp.
k= 13 T comp.
k= 14 T comp.
k= 15 T comp.
k= 186 T comp-
ke 17 T comp.
k= 18 T comp.
k= 1 Q comp.
kw 2 Q comp.
k= 3 Q comp.
k= 4 0 comp.
k= 5 G comp.
k= & Q comp.
k= 1 Q comp.
k= 8 @ comp.
k= 9 Q comp.
k= 10 0 comp.
k=11 Q comp.
k= 12 Q comp.
k= 13 Q comp.
k= 14 Q comp.
Kw 13 Q comp.
k= 16 Q comp-
ke 17 Q colip.
k= 18 Q comp.

Pa comp. Taylor
Taylor test=

= 1 U comp.
k= 2 U comp-
k= 3 U comp.
k= 4 U comp.
k= 5 0 comp.
ke 6 U comp.
k= 7 U comp.
k= B U comp.
k= 4§ T comp-
k= 10 U comp.
k= 11 U comp.
K= 12 U comp.
= 13 U comp.
k= 14 U comp.
k= 15 U comp.
k= 16 U comp.
k= 17 U comp.
k= 18 U comp.
ke 1V comp.
k= 2 V comp.
k= 3 V gomp.
ke 4 vV conp.
k= § V comp.

Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Tayloz
Taylor
Taylor
Taylor
Taylor
Tayler
Taylor
Taylor
Taylor
Payloxr
Tayler
Taylor
Tayler
Taylor
Tayloxr
Taylor
Taylor
Taylor
Tayler
Tayloxr
Taylor
Taylor
test=

1.0000762269526

Taylor
Taylor
Tayler
Taylor
Taylor
Taylor
Tayloxr
Paylor
Taylor
Taylor
Taylor
Taylor
Taylor
Tayler
Taylor
Taylor
Taylor
Tayloxr
Taylor
Tayler
Taylor
Tayler
Taylor

taste
tast=
teat=
tast=
tast=
tast=
tast=
tagt=
test=
tast=
tast=
tast=
tast=
tast=
tast=
Last=
tast=
teat=
tagt=
tostm
tostm
tast=
tast=
tast=
teoatw=
test=
tast=
taste
tast=
toat=-
test=
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0.9999752402410
0.9999752403410
0.9999752403410
D,9999752403410
0.9999752403410
0,9999752403410
0.9999752403410
0.9999752403410
0.9999752403410
0.9999752403410
0.9999752403410
0.9999752403410
0.9999752403410
0.9997907832299
0.999790783229%
0.9597907832299
0,999790793229%
0.999790768322%9
0.99979078322%9
0.999790783229%
0.9997907832299
0.9997907832299
0.9997907832299
0.899790783229%9
0.9997907832299
0.9997907632259
0.9997907832299
0.9997967832299
0,.9997907832299
0.99979078322%9
0.999780783229%

1.0000065523513

teste
tast=
taat=
tast=
toats=
tast=
tast=
tast=
tast=
tagt=
taat=
tast=
teatm=
taat=
tast=
test=
tagt=
tast=
tagt=
test=-
test=
tast=
test=

1.3447566674003
1,3103065863120
1.3103065863120
1.3103065863120
1,3103065863120
1.3103065863120
1.3103065863120
1.3103065863120
1.3103065863120
1.3103065863120
1,3103065863120
1.3103065863120
1.3103065863120
1.3103065863120
1.3103065863120
1.3103065863120
1.3103065863120
1,3103065863120
3.1371569547529
1.1604740640971
1,1604740640972
1.1604740640971
1.1604740640971

Usar gfsil@crayze Jun 19

afa=
afa=
afa=
afa=
afa=
afam
afa=
afa=
afa=
afa=
afa=
afam=
afa~
afa=
afam=
afa™
afa=
afam
afa=
afa=
afa=
afa=
afam
afam
afa=
afa=
afa=
afa=
afam
afa=
afam=
afa=
afa=
afa=
afa=
afa=
afa=
afa=
afam=
afa~
afaw
afa=
afa=
afam
afa=~
afa=
afam
afa=
afa=
afa=
afa=
afa=
afa=
afa=
ata=
afa=

0.0000000100
0.0000000100
0.0000000100
0.0000000100
©.0000000100
0.0000000100
0.0004000100
0.0000000100
0.0000000100C
©.0000000100
0.0000000100
0.0000000100
0.0000000100
0.0000000100
0.0000000100
¢,0000000100
0.0000000100
0,0000000100
0.0000000100
0.0000000100
0.0000000100
0.0000000100
0,0000000100
0.0000000100
4.00000001C0
0.,0000000100
¢.0000000100
0.0000000100
0.0000000100
0.0000000100
0,000000010C
0.0000000100
0.0000000100
0.0000000100
0.000¢0000100
0,00000001C0
0.0000C00100
©.0000000100
0.0000000100
0,0000000100

9,0000000100 -

0.0000000100
0.0000000100
0,0000000100
0,0000000100
0.0000000100
0.0000000100
¢.0000000100
©.0000000100
0.0000000100
0.0000000010
Q.0000000010
0.0000000010
¢.0000000010
0.0000000010
0,0000006010

ke 6 V comp.
k= 7 V comp.
k= 8 vV comp.
k= 9 V comp.
¥= 1¢ ¥V comp.
k= 11 V gomp.
k= 12 V comp.
k= 13 vV comp.
k= 14 V comp.
k= 15 V comp.
k= 16 Vv comp.
x= 17 VvV comp.
k= 18 V comp.
k= 1 T comp-
k= 2 T comp.
k= 3 T comp.
k= 4 T comp-
k= 5 T comp.
k= 6 T comp.
k= 7 T comp.
k= 8 T comp.
km 9 T comp.
k= 10 T comp.
k= 11 T comp.
k= 12 T comp.
k= 13 T comp.
k= 14 1 comp.
k= 15 T comp.
k= 16 T comp-
k= 17 T comp.
k= 1B T ¢omp.
k= 1 G comp.
k= 2 Q comp.
k= 3 Q comp.
k= 4 Q comp.
k= 5 Q comp-
k= 6 G comp.
ke 1 Q comp.
ke 8 Q comp.
k= 9 Q comp.
k= 10 O comp.
k= 11 ¢ comp.
ke 12 O comp.
k= 13 Q comp.
k= 14 Q <omp.
k= 15 Q comp.
k= 16 Q comp.
k= 17 Q comp.
k= 18 § comp.

Pa comp. Taylor
Taylor testw=

k= 1 U conp.
k= 2 U comnp.
a U comp.
4 T comp.
k= 5 U comp.

Taylox
Taylor
Tayloxr
Taylor
Paylor
Taylor
Taylor
Tayler
Taylor
Tayloxr
Tayler
Tayler
Taylor
Taylox
Tayloexr
Taylor
Taylox
Taylor
‘Taylor
Taylor
Taylor
Tayler
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylox
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylox
Taylox
Taylor
Tavlier
Taylor
Taylor
Tayloxr
Taylor
Taylor
Taylor
Tayler
Taylor
Taylor
Taylor
taste

0.9983970130244

Tayler
Taylox
Taylor
Taylor
Taylor

tast=
tast=
tast=
tagt=
tast=
tagt=
tastm
tast=
tagt=
tast=
tast=
tast=
tast=
tast=
tast=
tast=
tast=
tast=
tast=
tast=
tast=
taat=
toat=
test=
tast=
tastm
test=
tast=
taste
tast=
teogt=
teat=
cast=
tagtw
tast=
taste=
tast=
tast=
test=
teat=
test=
taatw
taat=
Test=
teat=
tast=
tast=
tast=
tasts
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1.1604740640971
1.1604740640971
1.1604740640971
1,1604740640971
1.1604740640971
1.1604740640971
1.1604740640871
1.1604740640571
1.16047406409171
1,1604740640971
1,1604740640971
1.1604740640971
1.16047406406971
1.0000051718550
1,0000525699912
1.0000525698912
1.00005256%9912
1.0000525659912
1.0000525699912
1.,0000525699912
1,0000525699912
1.0000525699912
1.0000525699912
1.0000525699912
1,0000525699912
1,0000525699512
1.0000525699912
1.00005256939812
1,0000525699912
1.0000525699912
1.0000525699912
0.99906829358147
0.9990829358147
0.9990829358147
0.9990B29353147
0.99908293581417
0.9%50620358147
0,9990929358147
0,9990829358147
0.9990929358147
0.9990620358147
Q.9990829358147
0,9990829358147
0.9990829358147
0.99%06829358147
0.9990829358147
0,9990829358147
0,9990829358147
0.5990820358147

1.0003967512070

test=
teat=
tast=
tashm
tast=

7.8322659778035
§.1815018619961
8.181901B619861
B.1819018619B61
8.1019018619861



gl

Uzor gislllcrayZe Jun 19

afaw
afa=
afam
afam=
afa=
afa=
afa=
afam
afa=
afa=
afa=
afam
afa=
afaw
afaw
afa=
afa=
afam
atfaw
afa=
afa=
afa=
afam
afa=
afa=
afa=
afa=
afam=
afa=
afa=
afam=
afa=
afaw
afa=
afla=
afa=
afa=
afam
afa=
afa=
afa=
afa=
afam
afa=
afa=
afam
afam
afa=
afa=
afa=
afnm
afam
afam
afa=
afam=
afa=

0.0060000010
0.0000000010
0.0000000CG10
0.000000C0610
0.0000000010
¢.0000000010
0.0Q0Q0000010
0.0000000010
0.0000000010
0,0000000010
0.0000000010
0,0000000010
0.0000000010
0.0000000010
0.0000000010
0,00000C0020
0.000CCC0QL0
0.00066¢0010
0.0006000010
0,0000C000L0
0.00000C0010
0.000C0000L0
0.000CCCOQLD
0.000CCCOOL0
0,0006660010
0.0000CC¢0010
0.0000000010
0.0000000010
0.0000CC00L0
0,0000000010
0.000CC000L0
0.000C000010
0.0006000010
0.0000000010
9.0000000010
9,0000000010
0.0000000010
0.0000000010
9.0000000010
0.0000000010
0.0000000010
0.0000000010
0.0000000010
0.0000000010
0.0000000010
0.0000000010C
0.0000000010C
0.0000900010
0.00C0000010
0.00c0000010
0.0009000010
0.0000000010
0.0000000010
0.0000000010
0.0000000010
0.,0000000010
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6 U comp.
T TG comp.
8 U comp.
9 U comp.
10 U comp.
11 U comp.
12 U comp.
i3 U comp.
14 U comp.
i85 U comp.
16 U comp.
17 U comp.
18 U comp.
1V comp,
2 V comp,
a V comp.
4 VvV comp.
5 ¥V comp,
&V cemp.
7 Vv comp.
8 V comp.
9 V comp.
10 V comp.
11  V comp.
12 V comp.,
13 V comp.
14 ¥V comp.
15 V comp.
16 V comp.
17 vV comp.
18 V comp.
1 T comp.
2 T comp.
3 T comp.
4 T comp.
5 T comp.
& T comp.
1 T comp,
3 T comp.
9 T comp.
10 T comp.
11 T comp.
12 T comp.
13 T comp.
14 T comp,
15 T comp.
1% T CoOmp.
17 T CComp.
18 T comp.
1 G comp.
2 @ comp.
3 ¢ comp.
4 Q comp.
5 Q comp.
6 Q comp.
7 Q comp.

Taylex
Tayler
Taylor
Taylox
Taylor
Taylor
Taylor
Tayloy
Taylor
Taylor
Taylor
Taylox
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Tavier
Taylor
Taylor
Taylor
Taylex
Tayloxr
Taylor
Taylor
Taylor
Taylox
Tavier
Taylor
Tayler
Tayloer
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Tayler
Tayler
Tayloer
Taylor
Tayloxr
Tayler
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor
Taylor

taatw
tast=
tastm
tastm
tost=
tast=
test=
tastw
test=
tast=
tast=
tastw
tost=
tagtm
tastm
tast-
tegt=
tagt=
tast=
tast=
tast=
tast=
tast=
tast=
taste=
tagt=
tastw
tast=
tagt=
tast~
tast=
tast=
tast=
tagt=
tast=
taste
Test=
tast=
tast=
tast=
tast=
test=
tost=
tast=
taste
tast=
Last=
tast=
tost=
tost=
test=
tastw
tagte
test=
teat=
teat=

8.18190128619861
§.18190186195861
8.1819018619861
8.1819018619861
8.1819018619861
§.1819018619861
§.1819018619861
£8.18195018619861
B.1819018619861
E.1819018619861
B,1818018619861
B.16819018619861
B.181901E6619861
6.3077206161025
6.9840147009458
6.9840147008458
6,9640147008458
6.9840147009458
6.9840147008458
6.9840147008458
6.9840147008458
£,9840147008458
6,9840147008458
5,9840147008458
6.9840147008458
£.9840147008458
6.9840147008458
6.9840147008458
6.9840147008458
6.9640147008458
§,95840147008458
0.9986944953887
0.9991571470146
0.9991971470146
0.9991971470146
0,9991971470146
0.9981571470146
0.99915671470146
€.9991971470146
(G.9991571470146
¢.9991571470146
¢.9991871470146
0.999197147014%
0.9991871470146
0.9991971470146
0.9991971470146
0,9991971470146
0.9991971470146
0.9991971470146
0.9826753974247
0.9826753974247
0.9826753974247
0.9826753974247
0.9826753974247
0.9826753974247
0.9826753974247

Usar gfsll@crayle Jun 1%

afa= 0.0000000010 k=
afa= 0.000000Q0010 k=
afaw 0.0000000010 o]
afa= 0.0060000010 Jem
afa= 0.0000000010 Jom
‘afa= 0.00000000190 o=
afa= 0.00000000C10 <
afa= 0.0000000010 T
afa= 0.000000001Q K=
afa= 0.0000000010 k=
afa= 0.0000000010 K=
afa= 0,0000000010 Ps
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8 Q comp. Taylor

9 Q comp. Taylor
10 Q comp. Tayler
11 Q comp. Tayler
1z Q comp. Tayler
13 Q comp. Taylor
14 Q comp. Tayler
15 Q comp. Tayler
16 QO comp. Taylor
17 Q comp. Taylor

a

comp. Taylor
comp. Tayvlor test=

tast~
tastw
test=
tastm
taat=
Tastw
tastw
tast=
tast=
taste=
tast=

0.9826153974247
0.9B826753974247
0.9B26733974247
0.9626753974247
0.9826753974247
0.9826753974247
0.9826753974247
0.9826753974247
0.9826753574247
0.9826753974247
0.9826753974247

1.0021015003357
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na

program zdtime

raeal xold, xnew,dt,a,afa
afa=0.02

w2

a=0.3

ANoWw3

AUR=ENIOW

aa=a
call ttt(a,dt,afa)
weaka

print *,’a= ‘,a
print *,fwm f,w
call adttt (a,dt,afa)
vmakaa

adtime.f Paga 1

print *,*
print *,7w,v= ‘,W,V
stop

end

subroutina ttt{a,dt,afa)
real xold,a,xnow,dt,afa, xtan
logical forward

data forward/.trua./
XnOoW=3 . *a

xold=xnow

do iml,5

xXtane~a

if (forward) then
xnow=xcld+dt*xtan
forward=.falsa.

alsa

xtan=xold+2*dt*xten
xold=xnow+afa* (xold-2*xnowtxten)
Xnow=xtan

endif

a=q, *xXnow

enddo

raturn

end

subreutine adttt{a,dt,afa)
raal xold,a,dt,afa,xnow, xten
print *,’afa= ',afa

zold=0,
xnow=0.
xtan=0,

do im5,1,-1
Enow=4,*airnow

if {i.ne.l} then
xtan=-ynow
¥now={1l-2,*%afa) *xald
xton=afa¥*xold+xten

User gfsilRas06 Apr 26 04:06 1997 adtine.f Paga 2

xold=afa¥xold
xold=xtan+xold
xten=2*dt*xten
print *,’lst zten= ’, xten

alse

xold=xnowtxold

xten=dt *xnow

print *,’2nd xten= 7, xten
Xnow=0.

endif

a=xten

andde

xnow=xold+xnow

a=5, *xnow+a

print *,'a, xnow= 7, a,Xnow
return

and
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(1)

00000

program gfcstx_tlm
Global ForeCaST Dry{x) Tangent Linear Model

include 7../include/param.h?
inelude 7../include/const.h’
include *,./include/gridtim.h?
include ../include/gridtln?.h’
include 7, ./inelude/spec.h?
include *../include/spec9.h!

character*1 bas_tmpf_need

dimension ut(nx, lev,my),vt{nx, lev,my}, tt{nx, lev,my)

>, pt{nx,my},qt(nx, lev,my)

dimension ut?{nx,lev,my),vto(nx, lev,my), tt9(nx, lev,my)

>, pto{nx,my},qt¥inx, lev,my

dmensmn ut??{nx, lev,my) , vt?9{nx, Lev,my), tt89(nx, lev, my}

>, pteR{nx,my), qt?&‘(nx lev,my)

dimension utdiff{nx, Lev LYY, vtchff(nx lev,my}, ttdiffinx, lev,my)
>, ptd1ff(nx,my) qtdiffinx, Llev,my)

dunensmn xx(nx*lev*rrry*s’.mx*my) xx9(nx*lev*my*ﬂ+nx*my)

>, XXPP(Nx* L ev*my*4+nx*my )

logical jo units;:

-

input namelist file = ‘namlsts’
spectrun coeff output file=rbspt??+
12:  filist

w

get model censtants

call cons
read in initial data and prepare for initialization/forecast
set up Basic state

call grossby (nx,my, Lev,sinl, tmean?,ut?,vt?, tt9,qt?,pt?
*, sig,ptop, pk?, pk29 pll:9 tref9 capa,cusl)

set up perturb field

call perturb{rx,my, ley,sinl, tmean?, tmean

*, pt%,pk9,pk29, tt9
*, ut,vt, tt,qt,pt,sig,ptop
* pk,pkZ, ptt, tref,capa,cost)

print * ’finished setting initial field’
time integration
INPUT: ut,vt,tt,pt,qt
OUTPUT: ut,vt,tt,pt,qt

bas_tmpf_need=/'y’

k.

User gfsllacray2e Jun 19 10:11 1997 test_tim.f Fage 2

call Mintgrt(ut%,vt?,tt?,pt?,qt9,bas_tmpf_need)
call Lintgrt{ut,vt,tt, pt,qt)

call trnv2x(ut9,vt?,tt?,pt?,qt9, nx, Lev, my,xx9)
call trova2afut, vttt pt,qt,nx, lev my, o0

[
read(53, ree=1)ut?, vt9
read(54, recs1)tt?,qt?, pt9
read(51,rec=1)ut, vt
read(52,rec=1)tt,qt,pt
bas_tmpf_need='n!
[
afa=10
do ta=10,1,-1
afa=afa*0.1
[~
do j=%,my
do i=1,nx
do k=1, lev
ute9(i, k, jI=ut9(i, k, jy+afa*ut (i k, j)
vERR(i, Kk, Jymvt9(i k, Jarafarvi(i,k, )
9901, k, J)=tt9({i, k, D+afa*tt(i, k,])
qree(i, k, )=qt9di k, j)rafa*qedi,k, |
enddo
pt99(i, )=pt9(i, j)+afa*pt(i, ])
enddo
enddo
[
call Mintgrt(ut99,vt99,tt99,p199,qt99,bas_tmpf_need)
call - triv2x{ut99,vt99, tt99, pt99, qt99, nx, Lev, my, xx99)
c
call Taylor_test(xx99,xx9,xx,nx, lev,my,afa)
call Taylor_test_u(xx99,xx?,xx,nx, lev,my,afa)
call Taylor_test_v(xx99,xx%,xx,nx, lev,my,afa)
call Taylor_test_t(xx99 %, xx nx, lev,my, afa)
call Taylor_test_g{xx%?, 149, xx,nx, lev,my, afa)
call Taylor_test_ps{xx99 xx? XX, MIX, lev,rny,afa)
c

if (ia.eq.10) then

t taue=taue*35600. /dt+0,301
nrec_f=itauet+1.001

print * rnrec_f= ' nrec_f
read(53,rec=nrec_fut?,vt9

read(54, rec=nrec_fltt?,qt9,pt?

do j=1,my

do i=1,nx

do k=1, lev

utdiff(i, k, J)=ut99(i, k, jr-ut®li,k, i)
vediff(i, k, )=vt99(i k, J)-vioti,k, j)
tediff(i,k, j)=tee9(i, k, ])-tt9¢i,k, )
qtdEFF(T, %, 1)=qres¢i,k, 1)-qt90i,k, i)
enddo

prdiff (i, jI=pt99Ci, J)-ptoi, )
enddo

enddo
write(73) utdiff,vtdiff
Hrite(74) ttdiff,qtdiff, ptdiff
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read(53, rec=1Jut?, vt9
read{54, rec=1)t1%,qt9, pt9
endif

enddo
stop
end

0

subroutine trnvZx(ut,vt,tt,pt,gt,nx, lev,my, x)

Transfer variables to vector form
vi, v, v3...., =m0 > x(v1,v2, V3,00 )

INPUT: ut,vt,tt,pt,qt
CUTPUT: ¥ {Vector Form}

aoon0o0n00

dimension ut(nx,lev,my),vt(nx,lev,my),tt(nx,lev,my)
>, L *?tgxwliv,nz),p):t(nx,my)

real x{nx*le +r*my

do k=1, lev

do j=1,my

do i=1,nx

idx_ut=i+(j-1)*nx+(k-1 Y*nx
idx_vt=i+(]-1)*nx+(k-1)*nx+nx*lev*rrn/
igx_tt=i+5j-‘1l):nx+(k;‘{ ):*nxm;:;*lev*my*z
jox_pt=i+{j- 1 *racnerle
d_qt=i+¢]~1)*me+(k-1 Y¥rx+nx® L ev¥my*3+nxtamy
x¢idx_ut)=ut{i Kk, j}
xCida_vtdsve(i, i, )
*(ide_te)=tt{i, k, 1)

x(i_dx_pt)=pt(11,]).

xg:jgx_thqt(hk.n

enddo

enddo

enddo

return

end.

[y )

subroutine Taylor_test{x99,x%,x,nx, lev,my,afa)

real x(nx*levdmy*G+nx*my, XP(nx*Lev¥my*b+nx*my)

>, X9 (n* Lev*my*4minc*my )

X609 _x9 length=0.

x_length=0.

do idx=1,n¥*lev*my*4nx¥*my
X59_%9_length=x99_x§_length+(x99Cidx)-x9( jdnyare2

x_length=x_length+(afa*x(idx))**z

endda '
tay_test=sqrt(x99 x9_tength)/({sqrt{x_length})
write{26,10) afa,tay_test .

10 format(ix,’afa= *, F12.10,4x, ' Taylor test= 1,§20.13)
return
end

subroutine Taylor_test_u(x99,x%,x,nx,lev,my,afa)
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real x(nx*lev*my*4+nx*my),x‘?(nx*lev*my*!nnx*my)

>, X9 Levmy*4+nx*my}

X99_x9 length=0.

x_length=0.

do k=1,lev

do idx=1,nx*k*my
%99_x9_length=x99_x9_Length+{x99( Tduy-x9Cidn) yr*2
x_length=x_length+(afa*x( idx))y**2

enddo

tay_test=sqrt(x??_x‘?_length}/(sqrt(x_length}}

write(26,10) afak,tay test

10 format(ix,’afas ©,£12.70,4x, %= ', i2,3x

>, U comp. Taylor test= /,f20.13)

x99_x%_length=0.

%_tength=0.

enddo

return

end

oo

subroutine Taylarntest_v(x99,x9,x,nx,lev,rny,afa)

real xCnx*LevAmy imomy ), X9{ it Levrmy*b+nocay)

>, *FCroc* LevEmy* dtnx*my)

Xx99_x9_length=0.

#_Length=0.

do k=1, lev :

do idx=nx*Levrmy+1, nx*my*k+ (nx* Lev*my)
x99_x9_Llength=x99_x9_Length+(x59(idx) -X9¢idx)y**2
x_length=x_lengtht{afa*x(idx))**2

enddo

tay_test=sqrt(x99_x9__length)/(sqrt(x_length}}

write(26,10) afa,k, tay_test

10 format(1x, afa= *,f12.10,4x,'k= r,i2,3x

>, iV comp. Taylor test= !,§20.13)

Xx99_x9_length=0.

%_length=0.

enddo

return

end

subroutine Taylor_test_t(x99,x%,x,nX, Lev, my,afa)
real x(nx*lev*my*4+nx*my),x9(nx*tev*my*4+nx*my}
>, X99¢ e Lev* my*4-+nx*my)
*x99_x9_length=0.
x_length=0.
do k=t,lev
do idx=nx*Levimy*2+1 nrtmy*k+(nx* Levkmy*2)
x99_x9_length=x%9_x@_iength+(x99(idx}- X idx))**2
x_Length=x_length+(afa*x(idx))**z
enddo
tay_test:sqrt(x99__x9_Length)/(sqrt(x_length))
write(26,10) afa,k,tay_test
10 format(1x,’afa= f,£12.70,4%, k= 2,35
>, 1T comp. Taylor test= r,§20.13)
x59_x9_length=0.
x_Length=0.
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enddo
return
end
c
subroutine Taylor test_q(x99,x9,x,nx,lev,my, afa)
real x{nx*lev*my*&4+nx*my), XF(nx* Lev*my*&+nx*my }
>, XFH Nt Lev*my™d+ructmy )
idx_i=nx*Lev*my* 3+nx*my
%99 _x9_lLength=0.
x_length=0,
do k=1,1ev
do fdx= fdr_i#1, nx*my*k+idx_i
x99 _x9 I.ength—x?? ¥9_length+(x99( idx) - xP(idx))**2
%_length=x_length+{afa*x{idx))**2
enddo
tay_test=sqrt(x99_x?_length)/(sqrt{x_lLength))
write(26,10) afa,k,tay_test
10 format(1x, afa= !, £12.70,4x, 'k= 1,i2,3x
‘Q comp. Taylor test= f,f20.13)
x99 X9_length=0,
X length-O
enddo
return
end
[ .
subroutine Taylor_test_ps(x99,x%,x,nx, lev,my,afa)
real x(nx*levmy*4+nx*my), x9(nx* LevFmy*4+nx*my)
>, XPPnx* Lev*my*4+nx*my)
x?9_x9_length=0.
x_tength=0,
do idemre Levfmy*3+1, nx¥my* Lev*3+nx*my
*x99_x9_length=x99_ x9 _length+ (x99 idu)-x9(idx}y**2
x_Length=x_length (afa*x(idx))**2
enddo
tay_test=sqrt{x?%_x%_length)/({sqrt{x_length})
write(26,10) afa,tay test
10 fprmat(u,'afa ; ($12.10,4x, 'Ps comp. Taylor test= /,f20.13)
return
: end
[
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subroutine cons

c
c****************************t******************************************

c
c
c
c
€
c
c

0

this subroutine defines several important constants and arrays
used by the spectral forecast model. they include physical

parameters, model vertical structure, matrix operators used in
the semi-implicit algorthm, and pelynomial arrays used in the

spherical harmonic transforms.
ShE R TR e s R R e s e T T e T e T R T T R s T TR

include ’../include/param.h’
include *..finclude/const.hr
include f../include/fftcom.h’

dimension pp(19})

character*60 ifout,namlsts,crdate,cntrl,rfile, randat,
tvorout, rdivout, ocards, momt lmtmp, mast Lmtmp,

1 momad j tmp, masad] tmp

data pp/1000.,987.5,970,,950.,927.5,900, ,867.5,825.,767.5
1, 692.5,595.,480.,365.,265.,185.,125.,80.,42.5,0.01/

new add DEC/26/96 at NCAR

data tmean9/ 229.25 , 209.14, 198.15, 199.12, 214.95,

1 217.82 , 227.33 236.96, 247.70, 258.23, 266.92,
2 273.94 , 21979 283.%4, 2B7.66, 290,40, 291,83,
3 .292.08/

data =ig/0.000000,0.015947,0.039867,0.071761,0.111628, 0. 159468,
1 0.215282,0.279070,0.350831,0.435382,0.527741,0.622923,
2 0.715947,0.801827,0.875581,0,932226,0,966777,0.989349,
3 1.000000/

data cp/1004.24/, rad/6.371eb/, omega/7.292e-5/, grav/9.80616/
*, taui/f999.0/, taue/120.0/, tauo/6.0/7, dt/900.0/, tfilts0.02/
*, -ptop/0.1/, ptmeans%/600.Q/, tmeans/lev*300./, ksgeo/0/
*, hfilt/1.5e15/, ckis1./, ckas0.025/, cks/0.25/, sigh/0.7/
*, ptmean$/1000./,hday/1./

data lsimpl/.true./, lzadv/.true./, vesdia/.true./
*, hdiff/.true./, rstrt/.false./

data namlsts/’../namlsts’ /
data cntrl/!../cntrl” /
data rfile/’../rfile’ /
data ocards/’..focards’/

character*é0 rvortimout,rdivtimout, rvoradjout, rdivadjout
data rvortlmout/’../data/rvortim.dat’/
data rdivtlmout/!../data/rdivtim.dat’/
data rvoradjout/’. . /data/rvarad].dat’/
data rdivadjout/’../data/rdivad].dat’/

character*60 rvorout?, rdivout®
data rvorout9/*../data/rvor9.dat!/
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(23

aonnonoonoDooODaOM/O00

data rdivout%/’../datasrdiv9.dat’/

namelist /modlst/ ksgeo,ptop,tfilt,dt,taui, taue
, tauo,tauo_tmp, lsimpl, lzadv, yesdia, hdif,hday
2 , ckf,cka,cks,sigh, tmpf_need

namel ist /filst/ ifout, namlsts,crdate,cntrk,rfile,randat,
rvortimout, rdivtlmout, rvoradjout, rdivadjout,
1 momt {mtmp, mast L mtep , momad j tmp, masad j tnp

namel ist /perlist/ addperturb

sig(1)=0,
siglleve1)=9.
do 20 k=1, lev
dsig(k)=1./lev
@0 continue
do 100 k =1, lev-1
siglk+1)= sig(k)+dsig(k)
print *, k= k+1,sig(k+1),dsig(k+1)
100 continue

CLOSE FOR REAL DATA TEST at HCAR

do 90 k=1, lev+1
sig{lev-k+2)=(pp(k)-ptop)/(ptmean-ptop)
print *,sig{lev-k+2)
90  continue
da 100 k = lev,1,-1
dsig(ky= sig{k+1y - sig(k}
100 continue

capa= 1.0/3.5
rgasz capa¥cp
pi = 4.0%tan(1.0)
radsg= rad*rad
open (unit=12,file='../filist’
1, form=* formatted’ }
read (12,filst,end=110)
110 continue
print filst
read pamelist for medel parameters
open (unit=1,file=namlsts, form='formatted’}
read (1,modlst,end=120)
120 continue
open( 19, fite=’..fperlst’, form='formatted’}

read( 19, perlist,end=111)
111 continue
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open (unit=2,file=crdate, forms’ formatted’)

read (2,%900) idtg
900 format(iB)

c
ckf=ckf /86400,
cka=cka/B6400.
cks=cks/86400.
hfilt=1.0/(24.*3600%hday*({ jtrun*( jtrun+1})/radsq)**2)
¢

print modtst
c read fite of cutput directives specifying desired output
c fields.
¢
open {unit=4,file=ocards,forn='formatted’)
c
do 80 k=1,1000
mumaut= k
read (4,800,7ostat=io} outdir{numcut)
800 format (al2)
if (io.ne.0) go to 85
if (outdir(numout).eq.’nomedata’l go to 85
80 continue
85 numout= numout-1
print *,7 cons outdir(1)=’,outdir(1},’ numout= /, numout

[
¢ build peinter arrays for locating zonal and total wavenumber
t values in the one-dimensional spherical harmonic arrays.
c
call sortml {jtrun,mimax,msort,lsort,mlsort)
c
do 150 ml = 1, mimax
rl = lsart(ml)
rm & msort{ml)-1
rla= ri-1.4
if (msort{mt).eq.1) rm= 0.0
if {lsort(mi}.eq.1) rim= 0.0
epsi{ml)= rl*rim/radsq
cim({ml}= rm
150 continue
c
c. gaussian quadrature weights and latitudes
[
one = 1.9
onems -one
call gausl3 (my,onem,one, weight,sinl)
c
my2= my/2
cdir$ ivdep
do 180 J = 1, my2
sint{my+t-j) = ~sinl(])
weight{my+1-j)= weight(j)
onccos( ) = 1.0/(1.0-sinl{jY*sinl¢j))
onocos{my+1-j}= onccos(j)
caosl{]} = 1.0/sqrt{onocos{j))
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0ooGon (3] [t +] OO0 noo

n

cosl¢my+1-]} = cost(])
180 continue

define coriolis parameter for each latitude

do 190 j=1,my
cor{]))= 2.0%omega*sint(j)
190 continue

initialize ifax and trigs for rfftmlt routine
call fftfax (nx,ifax,trigs)
define associated legendre polynomials and their derivatives

call Egndr (my2, jtrun,mlimax,mlsort,sinl,poly,dpoly)

open outfile(input) file

lenout={mlmax*2* lev*3)*B
open(11,file=ifout, forn="unformatted’ ,access='direct’,
1 recl=lenout ,status="unknown’)

lenspec=lspec*8
open(41,file=rfile,form='unformatted’ ,access='direct’,
i recl=Lenspec, status=/unknown’ )
open(42, file=entrl,status='unknown’)
if(taui.eq.0.)then .

itauistaui+0.001

writed42,(218)/ Yitaul

rstrt=, false,
else

read(42,f¢{218)*)itaui

rstrt=.true,

taui=float{itaui)

Pl‘il'lt * rxkhhkk regtart taui:',taui,' ek hok s
endif

nx Levmy8=rx* L ev*my*8
rlevary8_2=nx*1evimy*5*2
nxleviny8_3=nx*Lev*my* 8% 2+rx*my*8

cpen{&7, file=randat, form='unformatted’ ,access='direct/,

1 recl=nxlevmyB, status="unkrawn’}

open{22, file=rvortimout, form="unformatted’, access=’direct’,
> recl=nxlevmy8, status«’ unknown’)

apen{23, file=rdivtimout, form="unfarmatted’  access='direct!,
> recl=nxlevmy8, status="unknoun’)

open{32, file=rvoradjout, ferm=’unformatted’, access='direct’,
> recl=ritlevmy8, status=’ unknoun’ )

open{33, file=rdivadjout, form=/unformatted? access=*direct’,
> recl=nxlevmy8, status=’ unknoun’)

open{24, file=rvorout?, form='unformatted’,access="direct’,
> recl=nxlevmy8, status="unkncwWn'}



[ —
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open(25, file=rdiveut9, form='unformatted’ access='direct’,

> recl=nxlevmy8, status='unknown’)
open{26,file=’../data/timcheck.dat’, form=! farmatted’,
> status=’unknown’}

open(51, file=’..sdatasmomt lmtmp’ , forn='unformatted’
>, access='direct’,recl=nxlevmyd_2,status="unknown’)
open(52, file=’../data/mastmtmp’ , forn=’unformatted’
R access='direct’  reclanxlevmy8_3,status='unkncwn’)
open(&1,file=’../data/momadjtmp’, forn=’ unformatted’
>, access='direct’,recl=nxleviny8_2,status=‘unknown’)
open(62,file=’ .. sdata/masadjtmp’ ,fori=’ unformatted’
> access="direct’,recl=nxlevmy8_3,status='unknoun’)

>

open(53,file=!,  /datafmomtmp®’ , form=/unformatted’
>, access=’direct’ ,recl=nxlevimy8_2,status=‘unknown’)
open(54,file=’'../data/mastmp%®’ , form=’unfermatted’

> access='direct’,recl=nxleviy8_3,status='unknoun’)

CLOSED on DEC 19%6 at NCAR

set REAL data filefs name

open(55,file=’/tmp/chtseng/datal01600/sigful .dmsdat’,
> form='unfarmatted’ status=‘old*)

DUTPUT data file’'s name

open(61, file='ftmp/chtseng/dytst/data/divgout.ggdat’,
> formzfunformatted’ status=’unknown’}

open(62, files’ ftmp/chtseng/dytstsdata/dragout.ggdat’,
> form=*unformatted’  status='unknown’)

open{é3, file=! ftp/chtseng/dytst/data/geopout .ggdat’,
> form=/unformatted’  status=/unknown’)

open{&4,file=’ ftmp/chtseng/dytst/data/out24.ggdat’,
> farm=funformatted! ,statuss’unknown’)

open(65,file=! /tmp/chtseng/dytst/data/out2d.ggdat’,
> farm="unformatted’ , status='unknown’}

open(66, file=’/tmp/chtseng/dytst/data/outsigso.ggdat?,
> form=/unformatted’,status=‘unknoun’}

open(é7,file=’/tmp/chtseng/dytst/data/shumout.ggdat’,
> form=funformatted’ status=‘'unknown’)

open(63; fle=* stapschtseng/dytst/datassigfulo.godat” |
> form=funformatted’ ,status=’unknown'}

open(69,file=!/tmp/chtseng/dytst/data/surfout . ggdat’,
> form=‘unformatted’ ,statuss/unknown’}

open( 70, file=*/tmp/chtseng/dytst/data/ tempout . ggdat’,
> form='unfarmatted’ ,status='unknown’)

opent 71, file=s’ /tmp/chtseng/dytst/datasvortout ggdat’,
> form=*unformatted’ ,status="unknokn’)

open{72,file='/tmp/chtseng/dytst/data/windout.ggdat’,
> form#/unformatted’ ,status='unknown?)

return
end
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subroutine gausl3 (n,xa,xb,wt,ab}

¢
¢ weights and abscissas for nth order gaussian quadrature on (xa,xb).
¢ input arguments
c
c n -the order desired
c xa -the left endpoint of the interval of integration
t xb -the right endpoint of the interval of integration
¢ output arguments
¢ ab -the n calculated abscissas
¢ wt -the n calculated weights
c
implicit double precision (a-h,o-z)
c
real ab(n) ,wt{n), xa xb
c
¢ machine dependent constants---
¢ tol - convergence criterion for double precision iteration
¢ pi - given to 15 significant digits
ccl - 1/8 these are coefficients in mcmahon's
c c2 - -317(2%3*B*R2) expansions of the kth zero of the
c 3 - I779/(2FTR5ARFRT bessel function jo(x) (cf. abramowitz,
c chd - =5277237/(3*5*7*8**5}  handbook of mathematical functions).
c u - (1-{2/pi)**2)/4
c

data tol/1.d-14/,pi/3.14159265358979/,u/ . 148678816357662/
data cf,c2,c3,c4/.125, - .0B0729166666667, .246028645833333,
1 =1.82443BT6720609 /

c

¢ maximum number of iterations before giving up on convergence
data maxit /5/

[

¢ arithmetic statement function for converting integer to double
dblif{i) = dble(float(i))
ddif = .5d0*{dble(xb}-dble(xa))

deum = _5d0%(cble(xby+dblecxa))
if (n .gt. 1) go to 101

ab(1) = 0.
we(1} = 2.*ddif
go to 107

101 continue
nnpl = me(n+)
cond = 1./sqre((.5+float(n) y**2+u)

lim = n/2
¢

dao 105 k=1, lim

(float(k)~ 25)*p1
blsq t./(b*

c
¢ rootbf approximates the kth zero of the bessel function jO(X)
¢

rootbf = b*{1.+bisg*{ci+bisg*(c2+bisq*(c3+bisqtcd))))
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c initial guess for kth root of legendre poly p-sub-n{x}

L]

dzero = cos(rootbf*cond}
do 103 i=1,maxit

¢
dpn2 = t.d0
dpml = dzero
c
[ recursion relation for legendre polynomials
£
do 102 nn=2,n
dp = (dbl1(2*nn 1y*dzero*dpm! ~dbl i {nn-1)*dpm2) fdbl § (nn)
dpm2 = dpm
dpil = dp
102 continue
dtmp = 1,d0/(1.d0-dzero*dzerc)
dppr = dbli(n)*{dpm2-dzero*dp)*dtmp
dp2pri = (2.d0*dzero*dppr-dbl i (nnp1)*dp)*dtep
drat = dp/dppr .
c
c cubically-convergent iterative improvement of root
¢

dzeri = dzero-drat*(1.d0+drat*dp2pri/(2.d0%*dppr})
ddun= dabs(dzeri-dzero)
if {ddum .le. tol) go to 104
dzero = dzeri
103 continue
print 504
504 format{1x,’ in gausl3, convergence failed’)
104 cont jnue

ddifx = ddif*dzero
ab(k) = dsum-ddifx
wtik) : %.dﬂ*ﬂ.dO-dzero*dzero){(dbli(n)*dme)**Z*ddif
i= meke
ab{i) = dsumddifx
wtli) = wtik)
105 continue

c
if {mod(n,2) .eq. 0) go to 107
ab(lim#1} = dsum

nmi = n-1
dprod = n
do 106 k=1,nmt,2

dprod = dbh(nm‘l k¥y*dpred/dbli(n-k)
106 contirue
wt(lime1) = 2.d0/dprod**2*ddif

107 return
end
c
c
subroutine Lgrdr (my2,jtrun,mlmax,mlsort,sinl,poly,dpoly)
c

¢ generate legendre polynomials and their derivatives on the
¢ gaussian latitudes

R UK
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c
¢ my2: nurber of gaussian latitudes from south pole and equator
¢ jtrun: zonal wavenurber truncation limit
¢ mimax: total number of trlangular truncation spherical harmonics
¢ mlsort: pointer array of 1-d indexs at functions of zonal and
¢ total wavenumbers
¢ sinl: sin of gaussian latitudes
[
c ***OutPUt***
[~
¢ poly: assoctated legendre coefficients
c dpoty: d(poly)/d{sinl)
g e e e e e e Yo 7 9 A o e sk et e e e o ok ke e e ek e e e e e ook e Aol e s e et e e Ak ok e
[~
¢ refs belousov, s. L., 1962= tables of normalized associated
=3 legendre polyncmials. pergamen press, new york
c
dimension poly(mlmax,my2},dpoly(mlmax,my2),sTnl{my2)
*, mlsort(jtrun, jtrun)
¢
parameter {jtrunx=s 100)
dimension pnm¢ jtrunx+1, jtrunx) donm( jtrunx+1, ferunx)
[+
c sinl is sin(latitude) = cos{cotatitude)
¢ pm(np,mp) is legendre polynomial p(n,m) with np=n+1, mp=m+1
¢ prm{mp,pp+t) is x derivative of p{n,m} with np=n+1, np—m+1
=

jtrupps jtruntl
do 1001 j=1,my2
xx= sinl(j)
sn= sqre(1.0-xx*xx)
sn2i = 1.0/(1.0 = xx*xx)
rt2= sqref2.0)
cl = rt2

prm{1,1) = 1.0/rt2
theta=- atan(xxlsqrt(? 0-xx*xx))+2.0%atan({1.0}

do 20 n=1,jtrun
np=n+1

fn=n
fn2 = fn '+ fn
fn2s = fr2*fn2

¢ eq 22

el= ¢l*sgrt(1.0-1.0/fn2s)

c3= cl/sqre(fn*(fn+1.0))
ang = fn*theta

s1 = 0.0
s2 = D.D
c4 = 1.0
cS = fn
a=-1.0
b =0.0

do 27 kp=1,np,2
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k=kp -1

§2= s2+c5*sin(ang)*cs

if (k.eq.n) c4 = D.5%chk

51= s1+cé*cos(ang)
a=a+2.0
b=b+1.0

fk=k
ang = theta*(fn - fk - 2.0}

= (a*(fn - b + 1.0)/(b*(fn2 - a)})*c4
c5 =c5 - 2.0
27 continue

pnmtnp, 1} = si*cl

pnm(np,2} = s2*c3
20 centinue

do 4 mp=3,jtrunp
=mp - 1
fm= m
fmi = fm - 1.0
fm2 = fm - 2.0
fm3 = fm - 3.0
cé+ sqrifi.0+1.0/{fm+fm))

¢ eq 23

prm{mp,mp) = cé*sn*pnm{m,m}
if (mp - jtrunp) 3,4,4
3 continue
nps = mp + 1

do 41 np=nps, jtrunp

n=np-1
fre n
fn2 = fn + fn

= (fn2z + 1.0)/(fn2 - 1.0)

= (fmi + fn)/¢{fm + fn)*(fm2 + fn))
c= sqrt((fn2+1 0)*c8*(fm3+fn)/(fn2-3.0))
d= -sqri(c7*c8*(fn-fmi))
e= sqrt(c?*(fn-fm)/{frfm))

ceql?

prm{np,mp} = c*prm{np-2,mp-23
+ xu* (d*prminp-1,mp-2) + e*prm(np - 1,mp))
41 continue
4 continue

do 50 mps=1,jtrun
= mp=-1.0

fins = fm*fm
do 50 np=mp, jtrun
fnp= np

fnp2 = fnp + frp

= (fnp*fnp - fms)*(frp2 - 1.0/ {frp2 + 1.03

cf= sgqre(cf)

c der

dprm{np,mp) = =sn2i*(cf*prm{np+1,mp) - fnp*xax*printnp,mpl}
50 continue
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nv and column dimension n. on output, v
contains the inverse of a.
if a is entered twice in the paraweter
list, replacing v, then on output the
array a will contain the inverse matrix,
and the original a will be destroyed.

c
do 71 m=1, jtrun
do 71 Ll=m, jtrun
mi= mlsort(m,l)
poly(ml, j)= prm(L,m}
dpoly{ml, j)=dprm(i,m)

71 continue

c
¢
c
c
c
[
c
dpoly(t, = 0.0 c d
101 centinue c a real variable which on output contains the
return c determinant of a.
end c
[ c ier
[ t an integer error flag.
subroutine invmtx (a,na,v,nv,n,d,ip,ier} ¢ = 33 if the matrix a is singular.
c [ = 0 otherwise,
[ [
¢ dimension of alna,n), vinv,n), ip(2*n) ¢ entry points invimtx
€ arguments c
c ¢ common blocks none
c ¢
¢ purpose invmtx calculates the inverse of the input c i/o if the
c matrix a using gaussian elimination with full c matrix a has a zero pivot element (i.e., a is
c pivoting. [ singular), the message
c c *matrix singular in Tnvmtx*
c c is printed.
C usage call invmtx {a,na,v,nv,n,d,ip,ler) c
c c precision single
c arguments c
c c language fartran
¢ on input a c
c a two-dimensional variable with row dimension ¢
[4 na and column dimension n. on input, a c
c contains the elements of the matrix to be implicit real (a-h,o-z)
c inverted. c
c c
[ na real alpa,n) Lvinv,nl .d
c an integer input variable set equal to the dimensicn ip{1)
c roW dimension of a as declared in the c
[ dimension statement of the calling program. jer = O
c [
c nv c store a in v
[ an integer input variable set equal to the c
[ row dimension of v as declared in the do 102 j=1,n
c dimension statement of the calling program. tp (j) = 0
[ do t91 i=1,n
c n v(i,jy = a(i, B
c an integer input variable set equat to the 101 tontinue
c colunn dimension of a. 102 continue
c . d=1.
c ip do 111 m=1,n
c an integer array used internally for working vmex = 0.
c storage. it must have dimension at least do 107 j=1,n
c 2*n, if {(ip{])) 107,103,107
c ¢
¢ on output v c find maximum pivet element
c a two-dimensicnal variable with row dimension c
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o

111

o

103
104
105

106
107

108

109
110
m

do 106 i=1,n
if (ip(i))y 106,104,106
vh = abs{v{i, )}
if (vmax-vh} 105,104,105
vmax =
k=1
L=
continue
continue

ip(ly = k

iprtm) =

d = d*v(k, L)

pvt = vik, L}

if (pvt .eq. 0.) go to 114

vik, Ly = 1,

do 108 j=1,n
hotd = v(k,])
vk, ) = vl 1)
wil,j) = hold/pvt

continue

if (i .eq. 1) go to 110
held = v{i,l}
v(i, 1) = 0.
do 109 J=1,
vii, ]2 = v(i, j)-v{L, jy*hold
continue
cont inue
continue

permute final inverse matrix

113
114
88

=]

do 113 j=1,n
m & n-j+t
L = ip{nwrm)
k= iptl)

continue

return

ier = 33

print 888

format(1x,’matrix singualr in invmtx’}
return

end

subroutine mtxmlp (a,b,c,lm)

matrix multiply routine

User gfs11@cray2e Apr 26 04:05 1997 gfslib.f Page 8

0000000000000

oocoononoonNnoooO0oO0On0nNDOo0OD 0 o

o

ok L ke

a: first array in matrix product
b: second array in matrix product
im: order of matrices

FARGUEPUL R

c: matrix product

oo de e devede dedede e e dede oo vy o vedede e ke v v e e ke e e sk e e ek oAk ol ol Mok R ek ek R R R R AR K Rk

dimension a{km, lm),b¢im, lm),cClm, lm)
call zilch(c,tm*im}

do i k=1,lm

do 1 j=1,lm

do 1 i=1,lm

c(f, [i= cdi, Jy+ali k)*bk, )

return

end

-

subreutine sertml (]trun,mimax,msort, lsort,mlsort)

sortml builds pointer arrays for functional dependency between
t-d spectral index and zonal and total wavenumber indices. this
subroutine reflects the coefficient storage strategy used in the
mode L

***input***

jerun:  zonal and totat wavenumber limit
mimax: total number of 1-d spectral index for triangular trunc

wkkautputhRE

msort: zohal wavenumber as function of 1-d spectral index

lsort: total wavenusber as function of 1-d spectral index

mlsort: total wavenumber index as functien of zonal and total
wavenumber

ook e sk sk ok ek e WA A KR R R R R R ek ek ke e e e e e e e ek ARk ARk A ek ok ke ke ke kok

dimension msort(mtmax}, {sort(mlmax},misort{jtrun, jtrun)
mlx= (jtrun/2)*({jtrunt1)/2)
=0

mL=

do 1 k=1, ]trun-1,2
do 1 m=1, jtrun-k
ml= ml+1

mlp= ml+mlx
mlsort(m, erk)= mip
mlsort(m,mtk-1)= ml
msort{ml)=m
Lsort{ml)= m+k-1
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00

N Oo0NOoGOoON0D000D0000N 000000000000

msort{mlp}= m
lsort(mlp)= mek
continue

—

ml= mlp

da 2 m=2,jtrun,2
ml= ml+1

mlsort{m, jtrun}= mt
msort{ml}= m
lsert{mld= Jtrun
continue

return

end

[H¢]

subroutine trandv (jtrun,mlmax, o, my, L1 ut, vt W cim
*, onocos,poly,dpoly,vor,div)

subrautine to do grid point velocities to spectral vorticity
and divergence

dke ke const Ak

jtrun: zonal wavenumber truncation limit

mlmax: total number of spectral coefficients (horizontal field)
nx: e-w dimension no.

my: n-w dimension no,

Ll: number of vertical levels to be transformed

W: gaussian quadrature weights

cim: zonal wavenurber array

cnocos: 1.o0/{cos(lat)**2)
paly: legendre polynomials
dpoly: d(poly)/d{sin{lat))

*** {nput variables ***

ut: e-w velocity component

vt: n-s velocity component

*** output variables ***

vor: spectral vorticity
div: spectral divergence

Fede vededeok s e de A Ao vt e e de e ke e e o ek v et e ok ok e e e de e ke ok ek

dimensicn poly{mimax,my/2},dpoly{mimax,my/2),cim{mlmax}
*, onocos(my) ,w(my),ut{nx, LL,my), vt{rg, LL,my),ver(mlmax,2, 1)
*, div(mimax, 2,11}

include *,./include/fftcom.h’

esn include 7, . /include/paramt.h’ .. change im, jm,mlm to nx,my,mimax

dimension cc{nx+3 my),dd(nx+3, my3}
dimension work(nx*my,2),cfac{mlmax},dfac{mimax)

mlx= (jtrun/2)*({itrun+13/2)
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c
do 30 k=1,11
do 23 j=1,my
cdird ivdep
do 23 i=f1,nx
cc(i, j)= ut(i,k, )
dd(i, )= vt(i,k, )
23 cantinue
c

call rfftmlt{cc,work,trigs,ifax,1,nx+3, nx,my,-1)
call rfftmit{dd, work,trigs,ifax,1,nx+3,nx,my,-1)

c
¢ to begin quadrature integral we compute contribution without
¢ adding to an existing sum

¢
cdird ivdep
do 82 ml=1,mimax
cfac{ml)= w(1i*dpoly(ml,1)
dfac(ml )= w{1)Y*anocos{1)}*cim{ml }*poly{ml, 1}
82 continue

ml= 0
do 62 L=jtrun-1,1,-2
cdird jvdep
doé63m=1, L
mm= 2*m- 1
mp= mm+1
ml= m+m1
mk= ml+mlx
vor{ml,1,k)= cfac{mty*(ccim,1)
* -ee(mme, ny) ) -dfactml Y* (ddGmp, 12+ddimp, my))

vor(mk,1,k)= cfac(mk}*{cc{mm,1)
* +ce(mm, my) ) ~dfac{mk)*(dd(mp, 1) -dd{mp,my3 )

vor(ml,2,k)s cfac{ml)*(cc(mp, 1)
* ~cc{mp,my) y+dfac{ml y*{dd(mm, T }+dd{mm,my))

vor(mk,2,k)= cfac(mk)*(ccimp, 1}
* +ec{mp,my} y+dfac(mk Y*{dd{mm, 1} -dd{sm,my))

diviml,1, k)=~ cfac(mly*{dd(rm, 1}
* ~dd{mm, my) } ~dfaciml Y*{ccimp, 1)+cci{mp, myd )

div(mk,1,k)=- cfac{mk)*{dd(mm,1}
* +dd(mm, my} }-dfac(mk)*{ccimp, 1)-cclmp, my))

diviml,2,k)=- efac{mli*¢(dd(mp,1)
* -dd{mp, my)})+dfac{ml)*(cc{mm, 13+cc{mm,my}}

div{mk,2,k)=- cfac(mk)*(dd{mp,1)
* +dd{mp, ny) )+dfac(mk)*(ce(mm, 1) -cclmm, my}

63 contirnue
ml= mi+l
62 continue
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ml= mlx*2
cdird ivdep
do &4 m=2, jtrun,2
mt=ml+1
m= 2*m-1

1
vor{ml,1,k)= cfae{mly*(cc{mm,1)

* -cotmm, my) ) -dfac(ml y*(dd{mp, 1 }+dd{mp, my) 3
c
vor{ml,2,k)= cfac{mt)*{cc{mp,1)
* =cc{mp,my} Hdfac{ml Y*{dd(rm, 1)+dd{mm,my)}
c
div(ml ,1,%¥=- cfac{ml)*(dd¢{mm,1)
* -dd(mm,my} }-dfactml)*(cclmp, 1)+ec{mp,my))
c
div(ml,2,k)=- cfac(ml)*(ddtmp, 1)
* ~dd{mp, my) y+dfac{ml Y*(cclmm, 12+cc{mm,my))
64 continue
c
¢ noW do rest of guassian latitudes by adding te accumulating
¢ sum
c

do 70 j=2,my/2

c
cdirg ivdep
do 84 mi=1,mlmax
cfactmly= w{jy*dpoly(ml, 1)
dfac(ml)= w{J)*onocos{j)*cim(ml y*poly(ml, ]}
84 continue

Pi= my-j+1

mi= 0

do 72 L=jtrun-1,1,-2

cdird ivdep
do7@3m=1, |
mE 2*n-1
mp= mmt1
rl= mm1
mk= ml+mlx
vor(ml,1,k)= vor(mt,1,k)+cfac(ml)*(cclmm, j}
* -cefmn, jj))-dfac(ml)y*(ddtmp, ] y+dd¢mp, j1))

vor{mk, 1, k= vor(mk, t, k) +cfac(mk)y*{cc(mm, J>
* +ee{mn, j§))-dfactmky*(dd(mp, })-dd{mp, jj))

c
vorfml,2,ky= vor(ml,2, k)+cfac(mty*{cclimp, J)
* =ee{mp, j j))y+dfac(ml y*(dd(mm, j )+dd{mm, j j))
¢
vor{mk,2,k)= vor(mk,2,ky+cfac{mk)*(cctmp, )
* +eclmp, | j ) y+dfac(mi)* (dd(mm, j)-dd{mm, ji))
[~

diviml,1,k¥= divi{ml,T,ky-cfac(ml)*{dd(mm, )
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divimk, 1, k)= divimk,1,k¥-cfac(mk)*(dd{mm, j}
* +dd{mm, j ))-dfac{mk)*(ccmp, j)-ectmp, jj))

c
diviml,2,kd= diviml,2,k}-cfactmty*(dd{mp, |}
o -dd{mp, | j))+dfac{ml)*(ccimm, j)+cctmm, jj))
c
divimk,2,k)= divimk,2, k)-cfac(mk)*(dd{mp, j)
* +dd(mp, J J) y+dfac{mk)*(cclmm, jy-cc{mm, 1))
¢
73 continue
ml= mi+l
72 continue
(4
ml= mlx*2
cdira ivdep
do &5 m=2,jtrun,2
mi=mi+1
mi= 2*m-1
mp= mm+1
vor(ml,t,k)= vor{ml, 1, kd+cfac{mly*Ccc(mm, §)
* ~ce(mm, ] §))-dfac(ml Y*¢dd{mp, ] +dd(mp, j))
c
var(ml,2,k)= vor(mt 2, ky+cfac{ml)*(ec(mp, j)
* ~cc(mp, § j}y+dfac(ml y*(ddCmm, j y+dd(nm, j j})
c
divinl, 1,k)= divimt, 1, k)y-cfac{mly*(dd(mm, 1)
* -dd(mm, j j3}-dfac{mly*{cctmp, j)+ccimp, 113}
¢
diviml,2, k3= diviml, 2, k)-cfac{ml)*{dd({mp, j)
* ~dd(mp, ] ) y+dfac(ml y*{cclmm, j)+eclmm, j )}
c
65 continue
70 contimde
30 continue
[
return
end
c
[
subroutine adtrandv {jtrun,mimax,nx,my, LL,ut, vt w,cim
*, onocos, paly,dpoly, vor,div)
[+
¢ adjoint of trandv.f
¢ subroutine to do grid point velocities to spectral vorticity
c and divergence
2 ke ke const ki
[~
¢ jtrun: zonal wavenumber truncation Limit
¢ mlmax: total number of spectral coefficients (horizental field)
¢ nx: e-w dimension no.
c my: n-Ww dimensicn no.
¢ il: number of vertical levels to be transformed
c w: gaussian cquadrature weights
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poly: [egendre potynomials

dpoly: dipely)/d{sin{lat}}

**% autput varjables ¥w#

ut: e-u velocity component
vt: n-s velocity compenent

kK input *kk

vor: spectral vorticity
div: spectral divergence

ek el e e ol ok sk e sk e e sl she vk sk s e ok ks ol e ek ok sl e o e e kol v ok o ol sk sk

OO0 DOoO0D0O00000

dimension poly(mimax,my/2},dpoly{mimax, my/2),cim{mlmax)
*, onoces(my), Wimyd ,ut{nx, L, my), ve{nx, L1 my),vor(almax,2, 1)
¥, divimimax,2,1L1)

include f../include/fftcom.h!
csun  include 7,./include/paramt.h’ .. change im, jm,mlm to nx,my,mimax
dimension cc(nx+3,my),dd(nx+3,my),RECIP{NX} .
dimension work({nx*my,2),cfac{mimax},dfac{mlmax)
=4
c Define coefficient of adjoint rfftmtt
c
RECIP(1)=1.E0/float(NX}
RECIP(2)=RECIP(1)
po 1009 1=3,NX
RECIP(1)=1.E0/float{2*NX)
1009 CONTINUE
c

mlx= (jtrun/2)*{jtrunt1)/2)

Begin adjoint code

. hoonan

do 30 k=1,11
do j=1,my
do i=1,nx+3
ce(§, J)=0.
dd(i, j>=0.
enddo

enddo

row do rest of guassian latitudes by adding te accumulating
sum

Tooon

do 70 j=2,my/2
cdird ivdep
do 84 ml=1,mlmax
cfac{ml)= W(jY*dpoly(ml, i}
dfac{ml)= W(j)*onocos{j)*cim(ml)*poly(ml, )
B84 continue
ii= my-J+1
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ml=mix*2

cdir@d ivdep
do 65 =2, jtrun,2
mi=ml+1

vor(ml ,1,k)= vor(ml,1,k)+cfac{ml)*{cc(m, )
c * ~ec(mm, j j3)-dfac(ml Y*(ddtmp, j y+dd(mp, ]j})
ce{mm, J)=cfac(ml)*vor{ml,1, k) +cci{mm, j}
ce{mm, ] jy=-ctac(ml y*vor{ml ,1,k)+cemm, ji)
mp, ] )=-dfac(ml y*vor{ml,1,k)+dd{mp, )
dd(mp, j j)=-dfac(ml)*vor{ml,1,k)+dd{mp, j 1)

[y}

c vor{ml,2,k}= vor{ml,2, k)+cfac{ml y*(cc{mp, j)

c * -ce(mp, jjy)+dfac(ml )* (dd{mn, } }+ckd(mm, j i3}
cclmp, j J=cfac{mt y*vor(ml,2, ki+cc(mp, 1)
celmp, j jy=-efac(mly*vor(ml, 2, k)+ce(wp, i)
dd(mm, Jy=dfac{ml Y*vor{ml, k2, k}+dd(mn, |}
dd¢mm, j j)=dfactml Y*vor¢ml,2,k)+dd¢mm, jj}

c

c div(ml,1,k)= div(ml, 1, k}y-cfac{mly*(dd(mm, j)

c * -dd{mm, j]))-dfac(mt y*{cc(mp, Jd+cc{mp, i
dd{mm, j)=-cfactml)*div¢ml,1,k)+dd(mm, j)
dd¢mm, j jy=cfac{ml)y*diviml, 1, k) +dd(mm, J )
cc{mp, j)=-dfac{ml)*div{mt 1, k)+cc{mp, |}
ce(mp, j j)=-dfacCml)*diviml,1,K)+cclmp, J])

c

c div(ml,2,k)= diviml,2,%X)-cfaetml )*{dd(mp, i)

c * -dd(mp, j i} +dfac{ml y*(cci{mm, ] J+cclmm, ji))
dd(mp, ] )=-cfac(ml )*div{m!,2, k)+dd{mp, j}
dd{mg, j Jy=cfac(ml )*divi{ml ,2,k)+dd{mp, jj)
cc(mm, ] yzdfac{ml)*div{mt,2, k)+eclm, j)
cc{mm, ] J>=dfac(ml)*div(ml,2,k)+cc(mm, jj)

t

65 continue

m= 0
do 72 l=jtrun-1,1,-2
cdird ivdep
do@Bm=1, 1
m= 2%m-1
mp= -]
mi= mml
mk= mi+mlx
vor{mt,1,k)= vor{mt,1, ki+cfac{ml)*{ccimn, j)
~eedmm, [ ))-dfac(ml Y*{dd(mp, j >+dd{mp, ] j )}
ce{mm, ji=cfactmly*var{mi, 1, k)+cemm, ji
ce{mm, j j)=-cfactmly*vor{ml, 1, k)}+cc{mm, ] j)
dd¢mp, j)=-dfac(ml y*vor{mt,1,ky+dd¢mp, |}
dd(mp, | jy=-dfactml y*vor(ml, 1,k}+dd¢mp, )

o0

O

[ vor(mk, 1, k)= vor(mk, 1, k}+cfac(mk)*(cc(mm, j)
c * +ec{mm, jj))-dfac{mky*(dd(mp, j)-dd(mp, j j))
cc(mn, j y=cfac(mk)*vor{mk, 1,k)+cci{mm, j)
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O

[z +]

(2]

o

on

[£]

cetmm, jj)=efac{mk ) vor{mk, 1, k)+ectmm, jj}
dd(mp, )-—dfac(mk)*vor(mk 1 k)-rdd(rrp i
dd(mp, jj)=dfac{mk)*vor{mk,1,k)+dd(mp, jj}

vor{ml,2,ky= vor(ml,2, k)tcfactml y*{ccimp, J)
-cc(mp,jJ))+dfac(ml)*(dd(m,1 ytdd(mm, 1j3}
cctmp, jy=cfac(ml)y*vor(il, 2, K)+cei{mp, J)
ce{mp, ji)=-cfac{ml)*vor(ml,2, k)+ectmp, i}
dd¢mm, jy=dfac(ml)*vor(ml,2, k)+dd(n'm n
dd{mm, j)=dfac(ml)*vur(ml,2,k)+dd(mn,jj)

vor{mk,2,k)= vor{mk,2, k)+cfac(mk)*(cc{mp, j)
+co{mp, j J))+dfac(mk)*(dd(rrm jy-dd¢mm, jj3)
cclmp, ) =efac{mk)*vor(mk, 2, k}+cci{mp, j)

cclmp, }j)y= cfac{mk)*vor(mk,2,k)+cc(mp, i)

dd(mm, jy=dfac{mk)*vor{mk,2, k)+dd<mn i}
dd(m,u>—-dfac(mk)*vor(mk 12, ky+ddgm, 3

diviml,1,k)= div(ml,1,k)-cfac(ml)*(cdd(mm, |}
~dd(mm, JJ)) dfac(ml)*(cc(rnp J+ee(mp, jiN)
dd{mm, J)--cfac(ml)*dlv(ml 1,k)+dd(m, j}
dd¢mm, jj y=efacimt y*diviml,1,k)+dd(em, | )
ccémp, jis-dfac{ml Y*div(mL,1 k)+cc(le,J)
cedmp, j1)=-dfac(mt Y*diviml,1,k)+cc(mp, i)

divimk,1,k3= div(mk,1,k)-cfac{mk)*{dd(mm, )
+gd{mm, j 1)) dfac{mk)*(ccmp.l) cc(mp, )}
ddma, )"—cfac(mk)*dw(mk Lk)+dd(mm, j)
ddmm, ] ] y=-cfac(mk)*divimk, 1 ky+dd¢mm, j] )
ceimp, )--dfac(mk)*dw(mk 1 k)+cc(np,1)
cedmp, j j)=dfactm)*divimk, 1, ky+cclmp, i3

diviml, 2, k)= diviml,2,k)-cfac(ml)*(dd(mp, )
-dd(mp JJ))"‘dfac(ml)*(CC(ﬂTﬂ,J)*CC(ﬂTﬂ i
dd¢mp, j¥=-cfac{ml y*div(ml, 2, ky+dd{mp, j)
dd(mp, jj3=cfaciml Y*div(ml ,2, k)+ddmp, j i)
y=dfactmly*div(ml, 2, k)+ec{mm, j}
cotmm, ] j y=dfactml y*diviml 2, k)+cc(mm, ] 1)

o
o
—~
3

divtmk,2,k)= divimk,2,k)-cfac{mk)*(dd(mp, I3
+dd(mp, Jj))+dfac(mk)*(cc(mn,:) cctmm, ] J))
ddimp, 1)=-cfacimky*divimk,2, k)+dd(m,1)
ddtmp, Jj)=-cfac{mk y*dd{mp, JJ)+dd(rrp,JJ)
ec(mm, jy=dfac{mk)*div{mk,2,k)+cc(mm, j)
cclmm, j j)=-dfac(mky*div(mk,2, k)+cc(mm, J§)

continue
ml= mi+l

72 continue

70 continue

Redefine const

do 82 ml=1,mlmax
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cfactml)= w{1y*dpoly(mi, 1}
dfac(ml)= w(1)*enccos{1)*cim(mly*poly(ml, 1)
82 continue

to begin

OO0 00

quadrature integral we compute contribution without
adding to an existing sum

ml= mlx*2

cdird ivdep

do 64 m=2,jtrun,2
ml=ml+1
m= 2*m-1

1

=} vor(ml,1, k)« cfac(ml y*({cc{mn, 1)

[ -cedmm,my) y-dfac{ml 3*(ddCmp, 1)+dd(mp, my) )
cedmm, 1 y=cfac(mly*vor(ml, 1, k)+ce(mm, 1)
cc{mm, my)--cfac(ml)*vor(ml 1, k)+ee(mm, my)
dd(ﬂp,1)— -dfac(mt)*vor{mL, i k)+dd(mp,1)
dd(mg, my)= dfac(ml)*vor(ml Sky+dd(mp, ay)

c

c vor¢{ml,2,k)= cfac{mt)*(cc(mp,t)

¢ * -cc(mp,my})+dfac(ml)*(dd(rrm 1)+dd(mm, my))
cc(mp, 1)=cfactml Y*vor(ml,2 k)+cc(mp 1)
cclmp, my)-cfac(ml)*vor(mk KI+cclmp, my)
dd(n'm,1)=dfac(m1)*vo|-(ml,2,k)+dd(mm,‘|)
dd(¢mm, myy=dfac{ml }*vor{ml, 2, k)+dd(mm,my}

¢

c divimt,1,ky=- cfac(ml)*(dd{mm,1}

c * =dd(mm, my} )-dfac(mb y*{cei{mp, 1) +cc{mp,my})
dd¢mm, 1)=-cfac(ml Y*div(ml, 1,k)+dd{mm, 1)
ddtmm, myY=cfac(ml)*div(ml,1,k)+dd(mm, my}
cclmp, 1)s-dfac(ml Y*div(ml, 1,k)+cci{mp, 13
ceémp, my)=-dfac{ml Y*div(ml, 1, k}+cci{mp, my)

c

5 diviml,2,k)=- cfac{ml)*{dd(mp, 1)

c * -dd{mp, my))+dfac(ml)*(cc(:rm 1)+ce{mm, my})
dd¢mp, 13=-cfac{ml y*div(ml 2, k)+dd(mp, 1}
dd(up,my)-cfac(ml)*dw(ml 2, ky+dd{mp, my}
cc(mm, 1)=dfac{ml)*div(ml,2 k)ﬂ:n:(mm,1 )
cc(mm,my)=dfac(ml Y*div{ml 2, k}+cc{mm,my}

c

&4 continue
c
mi= 0
de 62 l=jtrun-1,1,-2
cdird ivdep
dos3m=1,°L
mn= 2*m-1
mp= mor+1
ml= mrm1
mk= ml+mlx
¢ vor(mt,1,k)= cfac(mt)*(cc{m,1)
c * -cc({mm, mv)) dfac{mi y*(dd{mp, 1) +dd{mp, my})

cc{mm, ‘l)-cfac(ml)*vor(ml 1, kydec{mm, 1)
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ce{mm, my)=-cfac{ml y*vor{ml,1,k)+cc{mm,my}
dd{mp, 1)=-dfac{mt Y*vor(ml,1,k}+dd{mp, 1)
dd{mp ,my)=-dfac{mt Y*vor(ml,1,k}+dd{mp,my)

L3

[4 vor{mk,1,%)= cfac(mk)*¢cc(mm,1)

c * +cc{mm,my) )-dfac(mk)*{dd({mp, 1)-dd(mp, my))
ce{mm, 1)=cfac{mk}*vor(mk, 1, ky+cc{mm, 1)
cc(mm, my)=cfaclmk y*vor(mk, 1,%)+cc{mm,my)
dd(mp, 1)=-dfac{mky*vor(mk, 1, k)+dd{mp, 1}
dd(mp,myy=dfac{mk y*vor(mk, 1, k)+dd(mp, my)

vor{ml,2,k)= cfac(ml)*Ccclmp,i)

c * -cc(mp,my) y+dfac(ml )*{dd(mm, 1) +dd(mm, my))
cc(mp, 1)=cfac{ml y*vor{ml,2,k)+cc(mp, 1}
ce{mp, my)y=-cfac(mt }*vor{ml 2, k)+celmp, my)
dd{mm, 1)=dfac{ml)*vor{mi,2,k)+dd{mm, 1}
dd{mm, my)=dfac{mt y*vor{m!\, 2, k)+dd(mm, my)

a0

L+

c vor(mk, 2, k)= cfac{mk)*(cc(mp,1)

c * +co{mp, myd+dfac(mk)* (dd(mm, 1)-dd{mm, my)2
ce{mp, 1)=cfac{mk)}*vor{mk, 2, k)+cc(mp, 1)
celmp, my)=cfac{mk Y*vor{mk, 2, k}+cc{mp, my)
dd(mm, 1)=dfac{mk)*vor{mk,2,k)+dd{mm, 1)
dd¢mm,my y=-dfac(mk)*vor(mk, 2, k)+dd(mm, my)

[ divimt, 1,kd)=- cfac(ml)*(dd{mm,1}

c * -dd¢{mm, my})-dfac{ml)*(cc(mp, 1)+ce(mp, my))
ddtmm, 13=-cfactml y*div(ml, 1, ki+dd(mn,1)
dd{mm, my)=cfac(ml )*div{ml 1, k)+dd{mmn,my)
ce{mp, 1)=-dfac(ml )*diviml, 1, k)+cc(mp, 1)
cedmp, my)=-dfac(ml y*div(ml,1,k)+cc(mp, iy

o

c div(mk,1,k)=- cfac{mk)*(dd(mm,1}

c * +dd(tm, iy ))-dfac{mk)*{cc(mp, 1) -cc(mp,my) )
dd{mm, 1)=-cfac(mk)*div(mk,1, k)+dd(mm, 1)
dd¢mm, myd=-¢fac(mki*divimk, 1, kd>+dd(mm,my)
ce{mp, 1)=-dfac(mky*divimk, 1, k)+ec(mp, 1)
cel{mp, my)=dfactmk)*divimk,1, k)+cc(mp,my}

o0

div(ml,2, k)=~ cfacmly*{dd(mp,1)

c * -dd(mp,my) J+dfac(mid*(cclmm, T}+cc(mm, my)}
ddimp, 1)=-cfac(ml y*div(ml, 2, k)+dd(mp, 1)
dd(mp,my)=cfaci{ml Y*div({ml,2, k)+dd{mp, my).
ccl{mm, 1)=dfac{mlY*div(ml,2,k)+cc(mm, 1)
ce{mm,myY=dfac{ml Y*div(ml 2, ky+cc(mm, my}

div{mk,2,k}=- cfac(mk)*{dd{mp,1)

€ * +dd(mp, my) Ydfac(mk}* (ce¢mm, 1} -cc{mm, my) )
dd¢mp, 1)=-cfac{mky*div(mk, 2, k}+dd{mp, 1)
dd(mp,myy=-cfactmky*divimk,2, k)+dd{mp, my)
cc(mm, 1)=dfacCmk)y*div{mk, 2, k)+eedmm, 1)
cc(mm, my}=-dfac{mk)*div{mk,2,k)+cc{mm,my)

1]

63 continue
ml= mi+l
62 continue
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¢
c adjoint of the RFFTMLT (negative)

[+
CHORK{NX*MY , 2)

DO 1=1,NX*MY
WORK(I,1)=0.
WORK(I,23=0.

ENDDO

DO Jd=1,MY
DO [=1,NX
CC(I,J)=CCCL, J)*RECIP(I)
ENDDO
ENDDO
call rfftmlt(ce,work, trigs,ifax,1,ne3, nx,my, 1)

DO 1=1,NX*MY
WORK(T, 1)=0.
WORK(1,2)=0.

ENDDO

po J=1,MY
DO I=1,NX
DOET,Jy=DD(I, dY*RECIPLI)
ENDDO
ENDDO
call rfftmlt{dd,work,trigs,ifax,1,nx+3,nx,my,1}

do 23 j=1,my
cdird ivdep
do 23 i=1,nx
ut(i,k, j)=ce(d, jysut(i, k, b
vi(i,k, 1)=dd(i, jyeve(i Kk, 2
23 continue

30 continue

return
end

0

subroutine tranrs ¢Jtrun,mimax,nx,my,ll,poly,u,r,s)

subroutine to transform a scalar grid point field to spectral
coefficients

*nk const *RK

jtrun: zonal wavenumber truncation limit

mlmax; total mumber of spherical harmonic coeff (horizantal field)
nxt e-w dimension no.

my: n-s dimension no.

L¢; number of wertical levels to transform

poly: legendre polynomials

W: gaussian quadrature weights

oo oO000D0n0D
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c

Le B B eI T B T e I I v ]

**% jnput variable ***

r: 3-dim input grid pt. field to be transformed
#xk gutput variables *%%

st spectral coefficient fields

e e vk dr e e ode e sl ke e e e e s s e e e ok ek o e ek s dhe drokeode

dimension poly(mimax,my/2),s{mimax,2,l1),r{nx, LL,my),uCmy
include ’../include/fftcom.h’

esun include f..finclude/paramt.h’ .. change im,jm to nx,my

o0

(e R 2N > B e ]

dimension cc(nx+3,my),work{rx*my,2)
mbx= (Jtrun/2)*¢Cjtrumt13/2)
do 30 k=1, Ll
put grid peint fields into two dimensional horizonmtal array
do 23 j=1,my
do 23 i=1,rx
celi,I}= r{i,k, [
23 continue
fft for each guassian latitude of 2-d field
calt rfftmlt(ce,work,trigs,ifax, 1, nx+3, g, my,-1)

to start quadrature integral we compute contribution without
adding te existing sum

ml= &
do 62 l=jtrun-1,1,-2

cdira ivdep

c

doé3m=1, |
mE 2*m-1
mp= mm#1
ml= mml
mk= ml+mlx
s{mt,1,k)
stml,2,k)
s(nk, 1,k)
s(mk,2,k)
63 continue
mt= ml+l
62 continue

w(1)*poly(mi, 1¥*(cc(mm, 1)+cc(mm, my))
Wl 1y*poly¢mt, 1 ¥*{cc(mp, 1)+ec(mp,my))
W1 *poly{mk, 1)*(ee(mn, 1) -colmm, my})
W{1Y*poly(mk, 1)*(cclmp, 1)-cel{mp,my))

wmonn

ml= mlx*2

cdird ivdep

do 64 m=2, jtrun,2
mi=ml+1
mm= 2*m-1

mp= 1
s(ml,1,k¥= w(1)*poly(ml, 13*(cc{mm, 1)+cclom, my))

User gfsT1@cray2e Apr 26 04:05 1997 gfslib.f¥ Page 20

DoOoon

s(ml,2, k)= w(1)*poly{ml, 13*(cc{mp,1)+ce{mp, my})
64 continue

for rest of quadrature integral we add contribution to
existing sum

do 70 j=2,my/2

jj= my-j+1

mi= 0

da 72 t=jtrun-1,1,-2

cdira ivdep

do73m=1, |
mm= 2%m-]

mp= mmt1

mi= m+ml

mk= mi+mix

s{ml, 1,k = s{mi, 1, k)+u(jy*polydml, [)*Ccc(mm, j)+ce(m, J13)

= s{ml, 2, k)+u(jd*polylml, [ )*{ce(mp, ] +ec(mp, ]}
simk, 1,k) = s{mk, 1, k)+w(j)*polylmk, j)*(cclmm, })-cclrm, jj3)
s(mk,2,k) = stmk,2,k)+w(])*poly(mk, j¥*(cc(mp, j)-ectmp, 1)}

s{ml,2,k)

3 continue
mi= ml+k
72 continue

ml= mlx*2

cdird ivdep

L3

Dono0DNOoONNOONDOOND0O00

do &5 m=2,jtrun,2
ml=ml+1
mn= 2*m-1
mp= mmt+1
stmt, 1,k)= s(ml, 1, k}+w(jd*paly(ml, [ )*(celmm, [ +ee(mm, j})
s{ml,2,k)= s{mt, 2, k)+w( ]y poly(ml, J)*Ceci{mp, j+cctmp, jj))
65 continue
70 continue
30 continue

return
end

subroutine adtranrs {jtrun,mimax,r, my, LL,poly,w,r,s)

adjoint of tranrs.f
subroutine to transform a spectral coefficient field to
grid peint form

kX {nput const *¥%

jtrun: zonal wavenumber resolution limit

mimax: number of spectral coefficients (horizental fieid)
nx: e-w dimension no.

my: n-s dimension no.

Ll: number of levels to transform

poly: legendre polynomials

w: Gaussian quadrature weight
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c *** [nput variable %%¥ c sémk,1,k) = s{mk,1,k)+u( )*polymik, ] )*(ccCmm, ])-ce(mm, jj))
c c s{mk,2,k) = s{mk,2,k)+u{]y*polylmk, ] )*(cclmp, j}-cclmp, j 1))
¢ s: spectral coefficient array to transform cedmm, ] y=u(j)*poly(ml, j)*s{ml,1,ky+ccCmm, j)
c cel{mm, j j)=w{y*poly(ml, j¥*s(ml 1, kK)>+cc(mm, jj)
¢ *** output variables *** cc{mp, ] }=w{j)*poly(ml, [)*s(ml 2, k)+cc{mp, })
c celmp, jj)=w(ji*polyml, j3*s(ml, 2, ky+eclmp, ff3
¢ ri 3-d output grid point fields cc{mm, j }=w{]¥*poly(mk, 1)*s(mk, 1, k}+cc(mm, |}
c - ce(mm, jj)=-1.%w(jy*poly{mk, j)*s{mk, 1, k)vec(mm, jj)
R L e e T celnp, j )=H(j)*pOlY(mk,J')*S(ITR,Z,k)*-CC(mp,j)
c cc{mp, j)7-1. 4w j)*poly(mk, [y*s(mk,2,k)+ec(mp, jj)
dimension pely{mlmax,my/2),s(mlmax,2, LU, r(nx, L1, my}, wimy) 73 continue
dimension RECIP(NX) ml= ml+l
include !../include/fftcom.h’ 72 continue
csun  include f../include/paramt.h’ .. change im,Jm to nx,my 70 continue
dimension ce(nx+3,my), work(nx*my,2) ¢
c ml= mix*2
mix= {Ftrun/2X*%((itrun+1)/2) cdird ivdep
c do 64 m=2,jtrun,2
do 30 k=1,11 ml=m(+1
do j=1,my m= 2*m-1
do i=1,nx+3 mp= w1
ce(i,j)=0. c s(ml,1,k)= w(1)y*poly{ml, 1¥*{cc(mm, 1)+cc(mm, my} )
enddo c s(ml,2,k)= w(1y*poly{ml, 1¥*(ccimp, 1)+cctmp, my))
enddo co(mm, 1)=w{13*paly{ml 1)*s(ml 1, k}Hceimm, 1)
c cc(mm, my)=w(1)*paly{ml, 1)*s(aml, 1,Kd)+cc(mm,my)
¢ for rest of quadrature integral we add contribution to cc(mp,1)=w(1)*paly(ml, t2*s(ml ,2,k)»ccimp, 1)
e existing sum celmp, my)=w{1)*poly{ml, 1¥*s(ml,2,K)+cc(mp,my)
c 64 continue
do 70 j=2,my/2 c
al= mlx*2 ¢ to start guadrature integral we compute contribution without
jj= my=j+1 ¢ adding to exaisting sum
ml= 0 c
do 63 m=2,jtrun,2 mi= 0
ml=ml+1 do 62 l=jtrun-1,1,-2
= 2*m-1 cdirg ivdep
mp= mnr1 doé3m=1,1
c s(mt,1,k)= s(ml,1,k)y+w(j)*poly(ml, j¥*{cc{mm,]j)+cc{mm, jj)) men= 2*m-1
¢ stmt,2,ky= s¢ml,2,k)+w(j)*poly(ml, ] Y*¢cclmp, ] )+cclmp, j 1)) np= 1
cclmm, j¥=w{jy*palyiml, jy*s{ml, 1, ky+ce{mm,j) mi= mtml
ce(mm, j jy=ul jy*poly{ml, j¥*s{ml,1,k)+ccimm, jj} mk= ml+mlx
cclmp, j y=wl Y*poly¢ml, j ¥*s{ml,2, k)+cclmp, ) c s(ml, 1,k) = w(1¥*palytml, 1)*{cclmm, 1)+ce{m,my})
cc(mp, j j y=w ja*poly(mt, J¥¥*s(mt 2,k +eedmp, Jj) c s(ml,2,k) = w(1)*poly(ml, 1)*¢cc{mp, 1)+ce(mp, my})
. &5 eontinue " [+ s(mk,1,k) = w(1Y*poly(mk,1)*{cc(mm,1)-cc{mm,my})
¢ c simk,2,k) = w(1)y*poly{mk,1)*(cc(mp, 1)-cclmp,my))
ml= mlx*2 eefmm, 1= 13*poly(ml, 12*s{ml , f, k)+cclmm, 1)
Jj= my-j+1 cc(mm, my)=w{1)*poly(ml, 1)*s{ml, 1, k)+cc{mm,my}
m= ¢ cc(mp, 1)=w{1)*poly{ml, 1)*s{ml,2, k}+tccimp, 1}
do 72 l=jtrun-1,1,-2 co{mp, my)=w(1)*poly{ml, 1)*s{ml, 2, k)+cc{mp,my)
c cel{mm, 1)=w{1)*palylmk, 1¥*s¢mk, 1,k +cedmm, 1}
doBm=1,1 co{mm, myY=-1.*w(1)*poly(mk, 1)*s{mk, 1, k)+cc(mm,ay)
m= 2%m-1 cclmp, 1)=w{1)*paly{mk, 1)*s(mk,2,k)+cc(mp, 1)
mp= mm+1 cc{mp,my)=-1.%uw(1y*poly(mk, t¥*s{mk, 2, k)+cc(mp,my)
ml= mHmi 63 continue
mk= mi+mlx ml= mi+l
[ s{ml,1,k) = s(ml, 1, k¥+{ ] *poly(ml, J3*(cc(mm, j +cc(mm, jj)) 62 continue
c s{ml,2,k) = s{ml,2,%3+R(j)*pely(ml, jY*(ce(mp, j}+ce(mp, ji)) c
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program test_ad]
c
¢ Global ForeCaST Dry(x) adjoint Model

include /../include/param.h!
include f../include/const.h’
inctude ¢../inelude/gridtim.h?
include ‘,.fincludesgridtim®.h’
include ‘../include/spec.h’
include ‘../7include/spec?.h?

character*1 bas_tmpf_need

dimension uti{nx, lev,my),vt(nx, lev,my), tt(nx, lev,my}

>, pt{nx,my),qtiox, Lev,my}

d1menswn ut9(nx, lev,my), vt9(nx lev,my), tt9¢{nx, Lev, my)

>, pt9(nx,my) qt¥(nx, lev,rny)

t " dimensi on vurnou{mlmax 2, lev) divnow(mlmax, 2, lev)
c >, temnow{mlmax, 2, Lev), gqnow(mlmax,2, lev)

c plrow(mlmax, 2)
real coeff{mlmax*2* | ev*4+mlmax*2)

dimension xx{nx*lev*my*é+nx*my) , axx(nx* L ev*my*4+rc*my)

c >, yy(mlmax*Z*lev*Mmlmax*Z)
>, YYnX* Lev > &+nx*my )
yy(leve2)

real tbar(lev) (qbar{lev)

o

logical ie units:
1: input namelist file = ‘pamlsts’

3;  speetrum ¢oeff output file=bspt??f
12:  filist

get medel constants

oo OO0 n 0

call cons

set up Basic state

Dnoonn

call grossby(nx,my,[ev sink, tmean®?, ut9, vtd, t19,qt?, pte
*, sig,ptop,pk?, pk29 plt‘? tref9 capa,cosl)

o

¢ set up perturb field
[

call perturb(roc,my, lev,sinl, tmean?, tmean

*, " 'pt®,pk9,pk2?, t19

* ut,vt, tt,qt,pt,sig,ptop

*, pk,pke,plt, tref,capa,cosl)
<

print * ffinished setting initial field’
¢ o j=1,my

read in initial data and prepare for initialization/forecast
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aNoOONAAONDN0O0O0N00

oDoO6000

oooOnNoOoaOOoD000

do i=1,nx
ut{i, k,j>=0.
vt{i, k,jy=0.
ttdi,k, j>=0.
qt{i,k, jr=1.
ptéi, jy=0.
enddo

enddo

enddo

Inner product test

call trans(1,ut,vt,tt,pt,qt,nx,my, lev,xx,idx)

do i=1,idx
axx(1)=xx(i)

enddo

n3d=nx*1ev*my

n=0

do j=1,my

do k=1,lev

do i=1,nx

h=n+1

axx{n)=ut(i, k,j)

axx({ntn3d)=vt(i,k,])

axx{m2*n3d)=te (i, k, 1)

axx(rt3 n3dy=qt (i, k, J)

enddo

enddo

enddo

n=0

do j=1,my

do i=1,nx

n=n+1

axx(n+4*n3d)=pt(i,j)

enddo

enddo

time integration
INPUT: ut,ve,tt,pt, qt
OUTPUT: ut,vt,tt, pt,qt

bas_tmpf_heed='y!
call Mintart(ut?,vt9,tt9,pt?,qt9, bas_tmpf_need)
call Lintgrt{ut,vt, tt Pt.qt,coeff)

call trans(1,ut,vt,tt,pt,qt,nx,my, lev,yy(1),idx}
n=0

do =1, my

do k=1,lev

do i=1,nx

rent

yy(ny=ut(i Kk, j}
yy(n+n3dd=vt (i, k,j)
yy(n+2*n3d)=tt(ik, j)
yy(n3*n3d)=qgt{i, k, i)
enddo
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dimension vorten{mtmax,2, lev), divien{mlmax,2,lev) yyCidy_ut)=ut(i,k,j)
>, temteni{mimax, 2, lev),gten{mlmax,2, lev) yy(ldy vt)= vt(1,k,j)
>, pkten{mlmax,2) yyCidy_tt)=tt({i, k,j)
real yy(mlmax®*2* | ev*4+mlmax*2) yyCidy qti=qt{i, k., j)
[ yy(idy_ptlspt(i, 3)

print ¥ ‘vorten{10,1,5y= * vorten{10,1,5) enddo

idy=mlmax*2* lev*4+mimax*2 enddo
mlmax2=mimax*2 enddo

do k=1, lev return

do i=1,mlmax2 end

idy_vor=i+{k-11*mlmax2
idy divei+{k-1*mimax2+mlmax2*tey
idy_tem=i+{k-1)*mlmax2+mimax2* Lev*2 subroutine trhv2x{ut,vt,tt, pt,qt,nx, lev,my,x)

00

idy_qte=i+(k-1)*mlmax2+mlmax2* lev*3 [
idy_plt=i+mlmax2*lev*4 c Transfer variables to vector form
yy({idy_vor)=vorten(i,1,k) c V1, v2,¥3uii0. mmmmmuas > (w1, v2,v3....a)
yy{idy_div)=divten(i,1,k) '
yy{idy_tem)=temten{i,1,k) ¢ INPUT: ut,vt,tt,pt,qt
yy{idy_qte)=qten(i,1,k} c OUTPUT: % {Vector Form)
yy{idy_plt)=plten(i,1) c )
enddo dimension ut(nx, lev,my),ve{nx, lev,my), tt{nx, lev,my)
endda >, qt{nx, iev,my), pt(mc,my
return real x(nx*lev*my*4+nx"‘my)
end do k=1, lev
c do j=1,my
c do i=1,nx
subroutine trnv2x_out_g2(tbar,gbar,lev,yy,idy) idx_ut=i+(j-1)*nx+(k-1)*nx
dimension tbar(lev),gbar(lev) Tdx_vt=i+(]-1y*nxe(k=10* e Levimy
real yy(lev*2) Tdx_tt=i+(]- 1 nx+(k= 1) *nxnx® Levimy*2
[ ds_pt=i+{]- 1 ucnx* Lev¥my*3
idy=lev*2 Tdx_qt=i+{] - 10%nx+(k-13*nx+nx® LevFmy*3+nx*my
do k=1,1lev x{idx_ut)=ut{i,k, )
idy_tharsk x(idx__vt)=vt(i,k,j)
idy_cbar=k+lev x{idn_tty=tt(i Kk, i)
yr(idy_tbar)=tbar(k) *idx_pti=pt(i, )
yy{idy_gbar)=gbar(k) x{idx_gt)=qt(i,k, )
enddo enddo
return endde
end erdddo
c return
c end
subroutine trnv2x_out{ut,vt, tt,pt,qt,nx, my, lev,yy, idy} [
[ c

d]mEﬂS!Dﬂ utinx, lev,my), vi(nx, lev, myd, ptinx,my)
ttinx, lev,ay) qt(nx, tev, my)
real yy(nx*[ev*my*4+nx*my)

idy=nx* | ev*my*4+r*my

do j=1,my

do k=1, lev

do i=1,mx

fdy_ut=i+(k=1)*nx+{ J=1>*nx
idy_ve=i+(k-1Y*nx+( j- 1)*nx+nx* Levimy
Tey_tt=i+{k- 1%+ { J= 1 3*ruennt Levimy*2
idy_gt=i+{k-1)*roce( j-1)*nxsnx* L evemy*3
idy_pt=i+( - 12*nx+nx*Levmy*4




