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A Generalized Model to Estimate Flowering for Cherry Tree (Prunus yedoensis)
Considering both Processes of Endodormancy Completion and Development

Yasuyuki Aono and Chiaki Mor1ya*

<Laboratory of Atmospheric Environment, Graduate School of Agriculture and Biological Science,>
Osaka Prefecture University, Sakai, 599-8531 Japan

Abstract

The generalization of model to estimate flowering dates for cherry trees (Prunus yedoensis) is
attempted, considering processes both of endodormancy completion and development. As the basis
of estimation, an accumulation model using an exponential function of daily mean temperature,
called DTS (the number of days transformed to standard temperature) method, is used for
expressing development of flower buds. The flowering date is estimated as the date on which the
DTS, accumulated since a suitable starting date, reaches a predetermined DTS value.

In this study, three models with different procedures to determine suitable starting date and DTS
accumulations for flowering are constructed and verified, using data from meteorological stations in
the warm region of Japan. The model A requires the complex procedure with analysis of previous
temperature and phenological data to determine suitable starting date and DTS accumulations in
each station, although this model gives accurate estimations. The generalized model B, without
consideration of endodormancy completion process, includes the simplified procedure for determina-
tion of starting date and the constant DTS accumulations for flowering for all stations in Japan.
However, in the warm region of Japan, interannual variation in advancement of the endodormancy
completion process, which was influenced by winter temperature conditions, causes the change in the
DTS accumulation required until the actual flowering date, and is attributed to the reduction in
accuracy of estimations from models A and B.

In generalized model C with consideration of endodormancy completion process, the suitable
starting date is determined for each station, applying the equation, which includes some climatic and
topographic factors, and the DTS accumulations for flowering are deduced as a function of the
chill-unit accumulations, which represents the degree of endodormancy completion advancement in
each year. On Hachijojima island, near the warm-side boundary for growing, model C reduced
RMSE of estimates to 3.1 days from 6.4 days of that from model A. In the model verification using
data from the warm region, the averages of RMSE:s in estimations from models A, B and C were 2.7,
3.0 and 2.8 days, respectively. It means that the consideration of endodormancy completion process
in model C compensated the decrease in model accuracy, which is attributed to introducing some
simplified procedures into the model.
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Fig. 1. Map showing meteorological stations used in this study. The numbers and letters indicated in this
figure correspond to those in Tables 2 and 4, respectively.
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Table 1. Conversion of selected temperature to
chill-units (Richardson et al., 1974).

Temperature ('C) Chill-unit contributed

-1.4 0.0
1.5-2.4 0.5
2.5-9.1 1.0
9.2-12.4 0.5

12:5=15.9 0.0
16.0-18.0 =0i5
18.0- —1.0
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Fig. 2. Root mean square errors of the flowering dates estimated by use of models A and B.
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Fig. 3. Yearly variation of actual and estimated
flowering dates of Prunus yedoensis. Estimated
flowering dates deduced by the use of models A,
B and C are shown.
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Fig. 4. RMSE averages over 55 stations, which
were obtained from estimation with constant
DTS accumulated value. The starting date at
each station was determined as a corresponding
value to each of the constant DTS
accumulations, referring to the data set of the
outputs from analysis for model A.
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Fig. 5. Comparison of actual (D,,) with estimated
(Dme) value of starting dates for DTS
accumulation in model B. The starting date D
was calculated by use of eq. (2).
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M, /LB, T, @i, R0 THiETH-1, T
THIFRORT, (RIRFREREICKE CBEFRT 5 11~1 A
D 3 1 A ONHEKUR OFAEE 7.5°C & bk - 72
A, AP TH D IS BEOAE (& bEOiti)
LEFRL, 11~1 APEIKIROFEE (Table 2 0 T.)
P 7.5C % kAl % 25 s (Fig. 1 ORI TR L 72 HiE)
%, (RIRMFBREEOBESLEL (00 EF NV C %l
d~&E) HiEeE LTk T &ic L,
3.3.2 Fiaz=y b& DTS HEEE DORIE
AE TR 7., IRIRAEBREBRE D BB TEFTR IS LI EE
ZteHE, BB E THISICSWT, E70 A DEERE
HDAIHEFCCHEELLETLoF v =y MEFEME
CU; &, R H D » oFEBROBIER TIcEE SN
T &0 DTS OfE%E DTS & ORf% %k (Fig.
6)o Frs BHIAICEIT BEAH BICb b 6T, CUy
D18 1 BAER IS IE EBITEE TICE < © DTS S
WL 15 BB I N . T ORRAE ST L kg
2=, woX 3) BELNTs,
DTS;=58.56—4.467X107*CU.+1.43X107°CU.?
(R=0.863) 3
29 LiiiEmB onmRkoBEiiE, HuwieEFro
HEEHEFEICL > TELSERBV EILh b, XFEOK
T, RIRERROEHEICHEE L, BAERSKIED
5619 ARHHMEN S, 7oL AE Sugiura and Honjo
(1997) DfT- ek S IRIRDSE T L 7o B % KR &
PHEFATHEEL, ThLBROKERBEREEE 7V
IO THEEROBER 2HEE T 28541013, KIRET
D OEEE F TICKWE L 5 2 EEOFIREZ I B R S
NV, AFFEOEF L TEIIAE L ORBEHEZFICH
PHOLTEZ I SDEEHWVS I, BB
KEFERIEZTLRIICKE T2 DTS OfEbBEEE N5
&M, RHNTE, Fig. 6 X 575 DTS »sHEind 2
BEMBE LN EEZ ONB, —F, EDEL CUNE
(=78, LbiF CUsHH 1,500 DIEICE L 7235
BITWE DTS MR EAEELL TV LI ITRZ %,
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Table 2. The suitable values of starting date (D) and DTS accumulations (DTS;) for model A, and
other starting dates of D,. for model B and of D. for model C. The normals of averaged

temperature over November-January 7, are also shown.

Station numbers correspond to those in

Fig. 1.
Station D, DIS. Dp T, De. Station D, DTS, Dn oT 2 De.
(DOY) (d) (DOY) (C) (DOY) (DOY) (d) (DOY) (C) (DOY)

1. Aomori 22 27.1 42 1.8 — 29. Owase 47 22.4 43 8.8 41
2. Hachinohe 17 28.7 45 2.2 — 30. Yokohama 38 23.7 37 8.4 39
3. Akita 3 31.1 40 32 = 31. Hachijojima 55 30.4 64 13.4 53
4. Morioka 3 29.0 36 1:2 — 32. Saigo 38 23.8 37 7.2 —
5. Miyako 21 273 38 35 == 33. Yonago 38 24.0 38 T2 =
6. Sakata 33 25.2 39 4.7 = 34. Tottori 35 24.6 37 7.1 =
7. Yamagata 14 26.5 29 2.7 — 35. Toyooka 45 21.0 34 6.0 —
8. Onahama 34 25.8 41 6.4 = 36. Hamada 40 235 39 8.7 40
9. Wajima 39 23.7 38 6.1 == 37. Kyoto 38 243 39 7.3 —
10. Aikawa 34 26.8 44 6.5 — 38. Hikone 45 20.4 33 6.5 =
11. Niigata 20 29.1 41 5.6 — 39. Shimonoseki 42 24.2 42 9:9 41
12. Toyama 35 24.5 38 5.8 — 40. Hiroshima 41 23.0 37 7.8 —
13. Nagano 23 25.1 30 2.6 == 4]1. Okayama 38 23.4 36 7.8 36
14. Takada 37 22.8 32 5.5 — 42. Osaka 38 25.9 43 8.8 38
15. Utsunomiya 40 21.2 29 49 = 43. Sumoto 39 22.7 35 8.2 39
16. Fukui 32 25.1 37 6.2 — 44. Wakayama 41 23.8 41 8.8 38
17.  Matsumoto 9 27.4 27 2.5 — 45. Nara 37 23.0 34 6.6 —
18. Maebashi 39 21.6 31 6.2 = 46. Fukuoka 43 24.3 44 9.0 45
19. Mito 39 22.6 34 5.7 = 47. Saga 43 22.7 40 8.2 38
20. Tsuruga 40 24.8 42 7.5 42 48. Oita 43 22.6 40 8.6 40
21. Gifu 34 24.5 36 72 — 49. Nagasaki 43 24.1 43 9.6 42
22. Nagoya 37 22.7 33 7.1 — 50. Kumamoto 46 21,7 40 8.1 33
23. Kofu 39 21.5 30 5.3 = 51. Miyazaki 63 16.2 49 9.8 41
24.  Choshi 40 26.0 45 93 39 52. Matsuyama 43 22.5 39 8.6 38
25. Tsu 40 23.8 40 7.8 39 53. Takamatsu 42 22.6 38 8.0 36
26. Hamamatsu 43 23.1 41 8.8 37 54. Kochi 49 19.7 39 8.8 35
27. Shizuoka 44 24.3 45 9.3 42 55. Tokushima 44 22.4 41 8.7 40

28. Tokyo 41 23.2 39 8.6 38

F72 3) Rid CUs P 1,560 Di5E 11T DTS O #/ME
23.7HA5% %%, TOfEIZEFNB O DTS, DfE,
T 23.8 HITITV, £ T TAPFETIR, 72 & ZIKIRE
fRREER LI-EF L CTH->Td, T (3) ® DTSy
Ot MEESZ 5 CUy (1,560) LI EOEAE SN 4E
IZ2W\WTld, DTS: & L THivME®D 23.7 HEZH L < O
e Liclizs

3.3.3 EEHAD.OREICDNT

3.3. 2 JHOMFIc W 72 7T IS DA oBEh % & 9 13
25HiEicowT, K (3) @ CUs & DTS DBFRICH
bIEWWHOEEEE bS5 TiEH% D & LT
TkvsIlicli EEHAIHETOF V2= +D
BEEICESVWT, BHOERA » SEEORMIEHE T
ICE$ % DTS B2 3) 2{f- TET &ICHEE
L, BfEHOFTEICHWS & W5 FlE%, &H 1~70 H
D1 BERCTEEIZZEARA ST NTOERTHED
KL, 1962~1990 F£ o 29 HFHDHEEFTEH © RMSE

DRNE R BREHZEAL, £ L TINEKRIREERE
LicBAicEnEEd D. L LTHWA T Lt L,
HHEHE D IR ED > L EHITEE 27 H, KbEH -
72/\LETIREH S2HTH - 1h, BEAEDHIST
HH 35~45 HOfE -1, EF VA OREHR D, &
Higd 3L, BLE->TWAHIEAZ WD, 25 Hik
th, 18 HiSId 1~6 HIREORZ nIct &3, MM
ICRERB -1, 6> T, HBEH D IEEH D, &[F
BRiC, (RIREAR & Zz 0% oEEHE & OBEROEE%E B
BLERMLIZbDEEZ SND,

EFNE—RLT BHIcE, BEHE 1 >OLIFER
TRALFEBEICRDONE LI L TBLSLELH
%o BEHIE L THIO K - 72 25 Hilico W B S5z D,
oW, & Q) 2R L x LEEOFIETERRS
rzEfT-7. ZOER, UToxX @) »Eohls

D..=3.913T,—1.33L —34.64S +20.10S*+19.95
(R*=0.78) 4)
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T D 3EEH D. O#fEE GEH), Twid, 12 A,
1 A, 2 AoFESKEDEFEE (°C), L difRED SO
B (km), S @EAS AL L 31km MUA (B3
BB =X E A v 2 T31 A v ¥alUh) i
B AEEO LD AEETHE, X 4) TR T ITOW
TRIEDFE, LIic>oWTREDERE Sii>o\wWTid™
IRDOIFE TEB LA, ThIZEEH DM, Bhuip
B, L bEEkPLEEId o153 & BN B EREH
HBETEERMLELS ELT EiTkB, 255D D,
& D.. & DRAFETEDD 12558, RMSE 3 2.5 HTH »
e En D, HERIFEICEER A2 @) ok -> TEE
TELLDEHMWI L, X (4 D oFtE L &HioER
HD.Dffiid Table 2 IR L-EBDTH B, 5B, &
MRTIEEREH D & Z0HBICR bFS L cKURDE
K& LT 12~2 AOFEEKURTEFEEEZA 123, <O
RO TREZREH D. OBEHICES T &25@EY»IT
DVWTRELRBEEEZET 5,

3.3.4 EFICICLZBTER#EERESR
Plhiziinrz &5, X @) itk > TRD SN lEE
HD.&, D BIHE TOBFEOF VL= FMEEE
(CUELTEET), £LTTDCUHHR (3) %fdi-
TRkOIBEETCICESTAIFE LD DTS HEHE
(DTS £529) 2HOVT, BEHICH 7 2HLS OBITER @
HeExHA, InFTbNA 2 ODDEFIVIC L BHEER
B HEEREE LR L, 320EF MK BEERHD
fE#E=E (RMSE) % Table 3 iTRd, 24MIci3
&, 25 HisSEH D RMSE 3 €7V A OAITE 2.7
H, ChicLTEFVBTIR30HELED, EFLD
— BRIk > THEEEZ 3N L 7o B U—Mbs iz

60

(d)

50 °

40

30

20

DTS accumulations DTSg;

500 1000 1500 2000

Chill-unit accumulations CUg;

Fig. 6. Relationship between DTSy and CUs.
Solid line means the relation of eq. (3) and
broken line means 23.7d of DTS accumulations.

EFNTHRIRBIREREEZZELCETVC TN
28 HERYD, EFNVO—bick BEEDHINES
W EBMA I EVWS T EMNTE B,

KIRMEBR D & & DERDFE D, FAEH OHETERE
KR bHEL, EF/VBTRMSE» 6.7 HEHZAL
-\ XLETE, EF)VCoOEHICLY RMSE »
J1HZFETRD L, Cofiotisicd, RETRERET
JVBIZxtLTEF I C TRMSE 25 0.5 Hisibd 372
E, 25HIE D S blEFEHO 14 IS TE TV BN
C © RMSE #%iR) L7c. Fig. 3 OHEEREHE ORI
B4 5/ LEBYEBOME=RTS, EFV AP BT
WHETEUD > L KRELEFEESFEORERIC, EF
) C OHETEBER DL DIESWT WS T EMbh b,
InooiE TR, KIREOEFTHMhOKRIZ T TR
B2 3 EDTELWKIRMEBROERDFEIC & 5K
OREHDORELEFHICOVWTHEFTNVC TIEALON
felEmS, EFNVO—BLIC K ZRTER OHEERHE O
WOEMA T ENTEREVZ B,

—7, ®FNVCOMEMIck->TEF VB XYBHTER
DOHETEREZED S R & BN L 7S 38k (RMSE

Table 3. Root mean square error (RMSE) in
estimation of flowering dates in the warm
region of Japan, applying models A, B and C.

Root mean square error (d)

Station
Model A Model B Model C
20. Tsuruga 2.0 22 21
24. Choshi 3.1 3.1 4.3
25. Tsu 2.9 3.0 2.9
26. Hamamatsu 2.4 2:6 3.1
27. Shizuoka 2.2 22 2.0
28. Tokyo 2.5 2.5 2.1
29. Owase 2.5 2.7 2.6
30. Yokohama 2.0 2.0 2.1
31. Hachijo-jima 6.4 6.7 5.1
36. Hamada 2.3 2.4 2.6
39. Shimonoseki 2.7 2.7 2.8
41. Okayama 2.1 2.3 2.9
42. Osaka 2.4 2.5 34
43. Sumoto 2.6 2.7 3.4
44, Wakayama 24 2.4 2.4
46. Fukuoka 3:1 3.2 33
47. Saga 2.5 2.9 2.8
48. Oita 2l 29 3.0
49. Nagasaki 3.1 3.1 2.6
50. Kumamoto 2.5 2.8 2.6
51. Miyazaki 2.8 3.1 34
52. Matsuyama 2.2 2:5 2.4
53. Takamatsu 2.3 23 2.4
54. Kochi 2.6 29 32
55. Tokushima 25 2.7 2.4
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o#mE 1.2 H), KBk (BL< 0.9 H), #A& (EUL<
0.7H) TH-1 TOERE, X @ itk 5EER
D DFEBEEITERT 2 bDTH -7, Fig. 3 D8k
BT AHTERERERS &, 70 Clc &k AHEERTE
HAESMRICEWT Ebn b0, ThiEl (4) Ick 5
BHD.MEDICHEEESNLI EiIck B, $kFTiR, B
£0F— 5 EFEITIICHW TR /2 D AEH 43 HT
HHDITHL, R 4) 1Tk BHEME D 138@H 39 H &
4 Ho#EENMEN, $LARTOHHEOZE R4 H, M
ATESHERDVFAEKEL, EFVCICHVS
NEEEH D OFEEENBIEHOHERE TS5 2 5
BEELr SO VWTHNTAH S E, BFTI13
H, ABKT1.2H, #HAT0.8 HO RMSE Oz b
oLt Enbhot, ThoDHETDEFIVC
Wk BEERE DR EofcbdIcld, EEH D AKD B
rHOR @) IT20VT, BEYFRSTICHY 2 EIAE R &
ZEOIHRFITAMEDH B EMEZ LN S,

3.3.5 EFINCOE

INFEFTEFNVOIERICHWT X st ic >\ T
b, STFNEHTREN 2N S HNT, 3.3.118
Tl IR E L ToRME (11~1 H O PHERIROFAE
fiEiAs 7.5CLIE) 124 TIRE % 6 HSOKREE (Fig.
1tho A~F) Z&RL, v A4 3 v/ OBTEH OHEE
CEEFVEREA L CREEKT S 2 Lt L,
Table 412, T oD 6HliFIco>VT, KEFIVICH
W7EEEH LBfEE offEiR 2% (RMSE) 2739, €5
v A OFI{EH ® RMSE $5/holtiEc 2.9 H (@D,
RROHIE T 6.9 H (1B Th-7lco —F, —fb
BOEFIN B TIRETFIVADEEIENT, WD
His5 <4 RMSE (2800 L 3.0~10.2 H O HipH & 72 -
tzo KIRfEBRAZZE LTV C 2B LA,
6 s D 5 B 4 Higi© RMSE 23 7 v B O& It
T 0.4~1.1 Hifb Ut FrcmlioEir e, —ibs
BRIOEFIVA LV RMSE #0150, (RIRAER:

EI_I{I

Table 4. Results of the verification for models
from six stations in the warm region of Japan.
for models A and B, and 1962-90 for model C.

BEIRAERE L1 T &I X ABIEH O ERES M2 K
B3N, LELBALIIS 6HIED S B, KbIEE
BEFETEEF IV C OEHIC & »> TH#IZ RMSE »
EFNBOGZAICHKANTI2 HEML, 132HEE-
Tts

TFU B, ClckBEHOHEEEROF % Fig. 7
ITRT, T TICBI RO 45 Tl’R, £FoKRD
A4 BIRIRIEROEN - #A &, 2 A FTaLEOSIR
DB HEBOER WHOFEICLZEOCOFEEKR
XL ZFBH0T, IR E K EET 2 HEEICH B,
RIRfESEEEZZE L T L E 7L B OHftERER
12, EFELA DG 3HERMERORER i
EWAESZ WA, G5 LoD 1974 5, 1985
i, FED 1974 4, 1989 4F, 1990 4, KED 1966
L 1989 FFs &, FHTBEEMRE (&AL L FEIcid
HEEEFEAS 10 HERIc B 28 b Ront, ik, &
FETREROBTEH I THEEREH 0Z &2 13 5
MTNE L, EFIVBTRIEEAEHIEAOHEENA
ARED & S ITRA B,

—J, EFNCITXAHEERIEHOHEZRTA S
LHETFBEUAIC>VTE, hiolfxkFEii>LTidiEE
WOz 12y, EBEORTEH OB ICHII Do Wi,
P2 W T IR FERROBTE B OHER i< LR L 2
Ny — v OREEREH DR AE oz b oD, 2ffr
ICHEEBATEH O S s 15 BFER & 12 720 BIIETIEAN
tck 91T, Fig. 3 OBkTofT3EEH D OFFREMEL
EEOREH D £ 4 HREL Bl titk-T, %
F Click AHEERIEANEREI D EBICY 7 b L1,
O TEOHIEYICE TV CIc X BHEEREH R
NBAHMICY 7 FLTVBT EMS, ShFE e
H D. DFFEEAEL ot T Eick B EEX, %
BLTENEMEPOLIE L, LELEMNS, BTE
OEAGICBEFVCIRBLUTREEHZWS SBEHICHE
FELTH RMSE 28 13 HZ T2 C &b - T,

A, B and C using temperature and flowering dates
RMSEs were calculated over the periods of 1961-90

Model A Model B Model C
Station D, RMSE Do RMSE D.. RMSE

(DOY) (d) (DOY) (d) (DOY) (d)
A. Oh-shima 45 2.6 43 3.1 40 2.6
B. Shionomisaki 47 3.2 51 3.3 45 2.3
C. Nobeoka 45 3.7 44 4.2 40 4.2
D. Tanega-shima 46 6.9 70 10.2 58 13:2,
E. Fukue 48 3.0 47 3.0 45 2.8
F. Uwajima 47 3.0 42 3.7 39 3.0
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Flowering date estimated by model B

""" = Flowering date estimated by model C

Fig. 7. Yearly variation of actual and estimated flowering dates at the station, which was selected from
the warm region of Japan for the purpose of verification for models.

fit-> T, MTFEOLEGERHOFHRRELA OB H
SETER OHEERBENE N LIcEEZ SN B,
AWFED EFWAERTHO I 55 IS0 5 5, Kbk
BREALEOLE (12~2 A) o FEKERTEET
1LICTH 5, BFrEOEAICEEALD bELIC
ICER, VA4 3y ORIRZESET &4 5 KRS &
LTEDPEORFRICEVSDEEZ 5N B, HEERHHR
O TEI VRURES T Ic@E 56, KIRSE TITHE
KIS EB ORI DI -7, F1, FEiSaH
HTERD LN LV bIEHICE VKRS T T b RIE
SETHEEZZEMLEELIEFRESNTVS (LEx il
Perry and Wang, 1960; Balandier et al., 1993). W
ZTkRB I, KIRICHZ KRR (Fra=y 1)
EHEFICKER DTS OfoBfFRE, K 3) 28 D
WS o d aTHAD S/ LB TIEA AR £ 5
Kb B, ETFED XS ISR O S TAEGFRIR
ERON B &S SRS TRIESHE TR, ficz0 7
wroX Q) THESNS1EEE L O DTS BERICIE
MHEBWT EHTHEIND, KUEDRBE(LATEER DL
BILEDLHICEET I VLT THT 31ES, Hic
AAERABRHE T O (RARI: O R O LA RIB ¢ 5 C
EHEHEENDITHA D,

Slal, (KIRREPROBHDIEE L LTHOWcFra =y
k%, Richardsonetal (1974) 75% € O{KERAERR I
THRKEREMEE S LIRELALLbDTH B, TOF L2

= Db LTI 5 T RIRAFRR I B B BRI (v A
13V /DbDEEDLSHVWEAHETRIEL, £F
W CATHLAIA AT o HEAFRAPRITHR D CTHlt WL % & o
feEi ko, (KIRho v 2 14 3 ¥ 7 ORGREFFED
SEFVEF VL= b Db &I B RERE TV
P, PRIRFh O BURREICHIRZE DS 6 2 s, & O I IRIRS
I HIEZE D < T HIRIRESRICHIEZE A3 H 2 ic> 0
T, SOIBEETLZHEZVWEVL B,

4 £ & &

IhE CORBAR AL (DTS #) T, BEEK
FEOFEBOBIEE JIRD 7 — & Ot 2 %3 & L1,
AT, KUEEOFHEIC bISHTESL51KT 5
BT, MERMESOBIEH KR 7 — & O
BMTbY 24 3y / OFfEHOHEENAIFEICE S k512
—LE FVOIER AR A 1o, FrichEHi T, BAfERIE
O SEIEEDFIC ) 1T T % 3 (KIREMEFEZ €
FLO—RLIcED L S ITEEEH B ITOVT biRE
Lo CCTER LIz EF 03, BITERTEMELIE, B
TEERT £ TORBIER S A B onEEHAAREE 73
35DTH B,

Zo—bEF L EERIGERT 354, £9 11~1
H O RIRTAEEDS 7.5°C LI OB & 5 b2 5E
T35, BHITROLEHES hISIcO VWTIE, EED
g S OERE 1~3 A OFERURFEEMD 5 ZTEA
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G Q) ZfE-> TROIALEH Dpe &, —BITED -
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Zo—bEFVTE, KIREREREEEESNIZL
7, By oduEk:, JBEOZ  oHifiTid, co—
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EWHEENTIRESS T E Db - 1o
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12~2 H ORI FEE &, M O OiEEE, #EEE
Lo CHIERT» 5 (4) itk vk 3, i) EHE
DRI AR EEA LR T F L=y b OTEEEE L
TOREHRBIHE TIcoLWTKD B, i) % DHEDETE
FClcHBELRAENSG DTS EHES, fFiioFira
=y MEEE?» 5 B) - TRk B, iv) BHDOH
SR AS - TEHHE L2 DTS 2B » SR L
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ERERE T3, EVOFNEEREZ LT b,

BEED €7, (RIRMERRETEEZRE L B H o —i%
ke &, KIEESREERE LS OEIPIAD I »D—
i be 7o 3 A, DR &I L giiEico v
WH L, (KIRZZE L7 &ick AHEERR - BE~O
SR D OWTHEE L 7co BFED & 7L T IRHEERZEHIE
Hio it Sk TS L < RMSE © 2.7 H, CHuc
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BEHET L7ce —H DIRIRIEREIEEEE L fc—ile
FUTEIND 28 HERD, —RfbicfESHfEERED
Winaz/bno & bRbEsEt, VAL a3y s OEFRE
e LTRIEFEEI» L/ CLETR, EEOBIEADOK
LA, (KIREERE L —(bEe 7o & AHEER
EANEILIEA B ENTE, BFEOETFLVDEELD
b 3 HLIE, RMSE #b&E8 5 E0TE T,

L LEhs, EABETH - Th, KIREREE
Bl e T VOBEHICE 5T, MR - CTEENRE
L 7S R S i, EBzEEmolFKE L<id, DTS
OEREHOHBERES ST LBV ENEFEZLS
Ntzo MAT, SlEHVIZF v =y b ABEHNIC BT
rexRTOMED Yy Af IV IcEDEEHALTEL
e - KRGO G RO PG b KETH 5, I
sk & & RIRIIR T o BGRFFEoEWE R v e h
£, INEEFVICHAIADL C & TE SICHEERE O
x5, BHHO EFT VO LTE - o i
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