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IEnglish Summaryi

Annual Wind Variability Database in Tohoku District

The 2011 off the Pacific coast of Tohoku Earthquake has led to acceleration in the use
of renewable energy. In this context, this work aims to develop and make available a
database containing assessments of wind variation risks within the Tohoku area. The
database is intended to aid those considering wind power generation in the area. This
report describes the work concerning creation of the database and discusses the

assessment results obtained.

(4) Creation of detailed wind state data of the Tohoku district over the past 20 years

Understanding of long-term annual wind variation is an important factor in wind
power generation business because 15-20 year time span is usually considered for
carrying on this type of business. Although meteorological stations across the country
continuously record observation data necessary to carry out such long-term wind
variation assessments, there exist problems. First, the number of these meteorological
stations is far from sufficient. Furthermore, various changes are made in, for example
locations of the offices and observation apparatus, which makes understanding of
long-term annual wind trends difficult. Therefore, essential long-term annual wind
data is still lacking and is posing the industry a great risk in judging startup and
continuance of wind power generation business.

In order to overcome such difficulties and to grasp the trends in long term wind
states, numerical weather simulations over the past 20 years in the Tohoku region
were carried out in this study. The implementation of numerical weather simulations
allows for reproduction of the climate states over the past 20 years in any range of
spatial area. The numerical simulations implemented in this study are based on the
patented  technologies developed collaboratively between the ITOCHU
Techno-Solutions Corporation (CTC) and the Tohoku Electric Power Co., Inc. (patent no.
3226031). High-resolution numerical simulations, 1 hour and 500m in time and spatial
mesh respectively, of the Tohoku district were carried out, and detailed wind states for the
region over the past 20 years were reproduced and created. A CTC-original software
LOCALS, incorporating numerical weather prediction (NWP) model, was implemented into
a zooming-style simulation as illustrated in figure 1. The computational domain and the
time period considered are, 7 prefectures within the Tohoku Electric Power Co. service area:

Aomori, Akita, Iwata, Yamagata, Miyagi, Fukushima and Niigata, and 20 years: 1991~2010,
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respectively. Since execution of thousands of cases must be completed within a given time
frame, the simulations reported in this work were carried out in distributed computing

style, specifically 48 cases in parallel per each execution.

). S
£

Fig. 1 A conceptual illustration of the numerical weather simulation

(5) Creation of wind-state variation database

Usually, wind energy developers, lenders and investors estimate the expected annual
gross power of electricity to be generated to evaluate the continuance of the wind
energy businesses. Since the gross annual power generation is an important factor, its
variation risks must be evaluated adequately, which require information on variation
of annual wind speed.

In order to grasp such variations, wind speeds were computed over the past 20 years
using wind data created from high-resolution state-of-the-art numerical weather
simulations involving 1 hour and 500m mesh in time and space, respectively. Using the
computed average wind speed of the past 20 years, analyses were carried out to
determine the variation range and long-term trends. The assessments were made
based on wind speeds at 80m above ground assuming the hub-height of 2MW-class
wind turbines.

The range of variations in the wind states were evaluated using indices based on
standard deviations. Currently, internationally implemented wind power generation
risk assessments assume distributions of the variations concerning individual risk
factors, for example yearly fluctuations and simulation errors, to be normal. These
assessments superpose the standard deviations from each risk factor to evaluate total
risks in wind power generation. In this investigation, wind variation risks resulting
from errors in the simulations of annual wind speed were taken into consideration for

analyzing the variation range of annual wind speed.
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In this report, the analysis results were summarized as shown in Table 1. The
averaged annual wind speed of the past 20 years and standard deviations of the
Tohoku district is illustrated in Fig. 2. By creating a database of the Tohoku district,

this work clarified the average annual wind speed and its wind variation risks.

Table 1 Specification summary of the wind-state variation database

database component content

20-year average of annual wind speed
Average annual wind speed over 20 years | [m/s]

(simulation errors not considered)
Standard deviations of yearly annual
wind speed over 20 years[%]

(simulation errors considered)

Standard deviations of yearly annual
wind speed

Maximum annual wind speed in yearly
annual wind speed [m/s]
(simulation errors not considered)

Maximum annual wind speed in yearly
annual wind speed

Minimum annual wind speed in yearly
annual wind speed [m/s]
(simulation errors not considered)

Minimum annual wind speed in yearly
annual wind speed

20year Average Wind Speed 20year Variance Of Wind Speed( Sim error Add.)

EEETE T
5.5 [ 6.5 7 7.5 ] 8.5 ] 1T 15 2 25 3 35 4 45 5 55 6 65 7 7.5 &

Fig. 2 Average annual wind speeds over the past 20 years in the
Tohoku district[m/s] (left) , Standard deviations[%](right)
Calculated based on yearly averaged wind speeds at 80m above ground over the past
20 years. Simulation errors were taken into consideration for calculating the standard

deviations.
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(6) Creation of public database

Since all data in the wind database carry geographical information, this makes
visualization on maps and atlases possible. In this work, Google Earth, a freeware open
to public, was chosen for this purpose. Through the creation of such data, wind energy
developers, lenders and investors can visually associate wind data with maps and

atlases in a geometric sense.

FEHELE n/s]
[1-55ms - '
M55ms - 60mds Hit
60ms - 65m/s
[65mSs - T0m's
[170md= - Thm/s
[175m/= - 80m/s
a0mss - 85m/s
MEEmSs - 90m/s
B0 -

Fig. 3 Image of viewing data
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1992| 3.3 4.4 4.2 4.3 4
1993| 338 45 4.4 46 4.2
1994 4.2 43 43 4.3 4.1
1995 39 4.4 4.2 4.3 438
1996] 4.1 4.4 4.2 4.3 49
1997 4.1 4.2 4.2 4.2 49
1998| 4 43 4.1 4.3 4.7
1999 4.1 4.4 43 44 5
2000 4 45 4.1 45 5.3
2001] 4.1 4.4 4 45 5
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2003] 39 4.2 3.7 4.3 48
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2005 4.2 4.6 4.2 45 5.5
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2008| 46 4.3 4.2 4.1 49
2009] 48 4.2 43 41 48
2010 47 4.2 4 4.1 49
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2.25. FAL#MG ORPAL h L FDOELE

KBTI alb—ra LY EHLEZ 1991 £~2010 40 20 FEHOEMT—4 (500m
Ay o - #i B 80m) I[ZHSE, TOFEFHIEORM ML NICET 28R 2 FE ML
7=

22518 TIEY I ab—ra UGl Lo gk U 74k (K 2-201CX7R L7-fElk) <
R LT ARG O R b L RE 0T LT,

2.2.5. 26 CIX L=V 7 Z¥fEkeds X OV H AR R O & KB 3 12300 T 2 e
N ) 7O LI RO B L RE4Hr Lz,

2251 Wib= VU 7 &Y

FAL= U 7RG ED X D e EIN D L0 EBET HeDIC v Ialb—Ta
g E LiHAb = U 7 Atk (K 2-2012 KR L7z Eik) OFE Y RGEO RS ML REi#
ARz, X 2408 LOVFE 2-612 1991 4~2010 40> 20 O HAL= U 7 24 TF¥ L4
T RGO B AR T,

EREEE & L TiE, % 20 FERIICB WL TIEIERT :ﬁé%ﬁ%&é@mﬂ FLY R (-
BREDBETTL 72D R L R) Db EVWZ DN, ZOEIFEMROM XX 0 IZ%L
<. BHER R LY RIZASAR, FEEHNCHOVLTIE, 1991 £ 5 2003 Ei@ I 20
BIEGED 5 = 2%FEE D LB T D DITKE L, 2004 FELIRIT R E S LT L TV D Z &0 0h
o7z (2004 1T 20 RO +4%FREE, 2008 1T 20 AR R O — 5% FREL) .

B 2-41~[% 2-60(T 1991 4-~2010 FEDBARAFEOFEF YRR 6 L, 20 4 14 J80H 7>
B OB RE DR BT 2 A0 a2 KR T 5, 2D ORI G HUIZ K > TR
RNy RBERSTHND Z ENghotz, BlZIE 1998 2N THD &, = U 72l
JEDL & LTl 20 4RO EEEGE & RS TH o722 02 508 (K 2-40518) | 20 4ERI D)
JEGEE D DIRZED DA (K 2-485 ) & A5 & KENefn & U CHALHT A F2E

TITADRETH D HARWBHI CTIZIEDIRETH 722 ENDho T,
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FAb= U 7 R P G D 4L

106%
—— R %)

104%
y=-0.0003x +1.5173

R?=0.0052

\ I\ N
e LN AN A A AN [
Rl VN N/
\_/

94%
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

-

102%

FLE (%)

2-40 AT U 7 AR R D F2E %]
JEGHE 20 £EfE] D HALT Y 7 e JROE TR AL L7z,

# 2-6 AL U 7 AR R R
R Im/s] (2 51H) BIO
20 AR [H] DAR I RO O I E THIMSAL L7 fE[%] (3%1H) Z/R"d,

F F ) RE[m/s] T 2 14 JR5E %]
1991 6.42 99%
1992 6.45 99%
1993 6.64 102%
1994 6.46 99%
1995 6.61 102%
1996 6.46 99%
1997 6.55 101%
1998 6.50 100%
1999 6.61 102%
2000 6.37 98%
2001 6.49 100%
2002 6.51 100%
2003 6.38 98%
2004 6.73 104%
2005 6.65 102%
2006 6.50 100%
2007 6.23 96%
2008 6.19 95%
2009 6.64 102%
2010 6.60 101%
15 6.50 100%
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1991 Wind Speed Variance from Average

-1-9-5-7V-6—-%&—-4-3-2-10 1 2 3 4 5 86 7 8 89 10

2-41 1991 FIZ BT DA EE D 20 4 EE D D OfR7E[%]
20 AEM O FEALT V) 7 A B CHAR (L L7
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1992 Wind Speed Variance from Average

L

-1-9-5-7-6—-%5—-4-3-2-10 1 2 3 4 5 &6 7 & 8 10

2-42 1992 BT DA EGE D 20 4R EGE D D ORZE[%]
20 O HIr= U 7 2hl S R aE TR LT,
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-1-9-5-7-6—-%5—-4-3-2-10 1 2 3 4 5 &6 7 & 8 10

2-43 1993 FZH T DY EGED 20 F-FHEE D S DR 7 (%]
20 FER O H AL U 7 At JRGE TR L L7z,
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1994 Wind Speed Variance from Average

-1-9-5-7-6—-%5—-4-3-2-10 1 2 3 4 5 &6 7 & 8 10

2-44 1994 BT DA EGE D 20 4 EGE D D ORZE[%]
20 FER O H AL U 7 At JRGE TR L L7z,
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1995 Wind Speed Variance from Average

i i

-1-9-5-7-6—-%5—-4-3-2-10 1 2 3 4 5 &6 7 & 8 10

2-45 1995 FZ BT DAY EGED 20 F-FHEE D S DR 7 [%]
20 FER O H AL U 7 At JRGE TR L L7z,
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1996 Wind Speed Variance from Average

F%

-1-9-5-7-6—-%5—-4-3-2-10 1 2 3 4 5 &6 7 & 8 10

2-46 1996 BT DA EGE D 20 4 EGE D D ORFE[%]
20 O HIr= U 7 2hl S R aE TR LT,
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1997 Wind Speed Variance from Average

i

-1-9-5-7-6—-%5—-4-3-2-10 1 2 3 4 5 &6 7 & 8 10

2-47 1997 HIZ BT DA EGE D 20 £ EGE D D ORFE[%]
20 FEM O FIL T U 7 el E EE TR LT,
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1998 Wind Speed Variance from Average

Nz

-1-9-5-7-6—-%5—-4-3-2-10 1 2 3 4 5 &6 7 & 8 10

2-48 1998 T BT DA EGE D 20 4R EGE D D ORFE[%]
20 FER O H AL U 7 At JRGE TR L L7z,
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1999 Wind Speed Variance from Average

i

-1-9-5-7-6—-%5—-4-3-2-10 1 2 3 4 5 &6 7 & 8 10

2-49 1999 HIZ BT DA EGE D 20 4R EGE D D ORFE[%]
20 O HIr= U 7 2hl S R aE TR LT,
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2000 Wind Speed Variance from Average

-1-9-5-7-6—-%5—-4-3-2-10 1 2 3 4 5 &6 7 & 8 10

2-50 2000 FZH 1T DAY EGED 20 F-FHEGE D S DR 7 [%]
20 FER O H AL U 7 At JRGE TR L L7z,

-52-



2001 Wind Speed Variance from Average

"

-1-9-5-7-6—-%5—-4-3-2-10 1 2 3 4 5 &6 7 & 8 10

2-51 2001 BT DAEFH B D 20 4 EHE D D OfR7E[%]
20 FER O H AL U 7 At JRGE TR L L7z,

-58-



2002 Wind Speed Variance from Average

Nz

-1-9-5-7-6—-%5—-4-3-2-10 1 2 3 4 5 &6 7 & 8 10

2-52 2002 BT DA EE D 20 £ EGE D D ORZE[%]
20 O HIr= U 7 2hl S R aE TR LT,
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2003 Wind Speed Variance from Average
o

-1-9-5-7-6—-%5—-4-3-2-10 1 2 3 4 5 &6 7 & 8 10

2-53 2003 FZB T DAY EGED 20 F-FHEE D S DR 7 [%]
20 FER O H AL U 7 At JRGE TR L L7z,
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2004 Wind Speed Variance from Average

-1-9-5-7-6—-%5—-4-3-2-10 1 2 3 4 5 &6 7 & 8 10

2-54 2004 FZB T DY EGED 20 FFHEGE D S DR 7 [%]
20 FER O H AL U 7 At JRGE TR L L7z,
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2005 Wind Speed Variance from Average

-1-9-5-7-6—-%5—-4-3-2-10 1 2 3 4 5 &6 7 & 8 10

2-55 2005 FZH 1T DAY EGED 20 F-FHEGE D S DR 7 [%]
20 FER O H AL U 7 At JRGE TR L L7z,
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2006 Wind Speed Variance from Average

S

-1-9-5-7-6—-%5—-4-3-2-10 1 2 3 4 5 &6 7 & 8 10

2-56 2006 FZH5 1T DA JEGE D 20 AT EGE D S O 72 [ %]
20 O HIL= U 7 2hl S R aE TR LT,
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-1-9-5-7-6—-%5—-4-3-2-10 1 2 3 4 5 &6 7 & 8 10

2-57 2007 FZB T DY EGED 20 FFHEE D S DR ZE[%]
20 FER O H AL U 7 At JRGE TR L L7z,
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2008 Wind Speed Variance from Average

-1-9-5-7-6—-%5—-4-3-2-10 1 2 3 4 5 &6 7 & 8 10

2-58 2008 F\ZH 1T DAY EGE D 20 H- I EGE D B DR 7 (%]
20 FER O H AL U 7 At JRGE TR L L7z,
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2009 Wind Speed Variance from Average

2

-1-9-5-7-6—-%5—-4-3-2-10 1 2 3 4 5 &6 7 & 8 10

2-59 2009 BT DA B D 20 4 EE D D OfRFE[%]
20 O HIr= U 7 2hl S R aE TR LT,
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2010 Wind Speed Variance from Average

T

X
o

-1-9-5-7-6—-%5—-4-3-2-10 1 2 3 4 5 &6 7 & 8 10

2-60 2010 4FITIBIT D EFEEED 20 FRFEHE EGED S DR F[%]
20 FER O H AL U 7 A JEGE TR L L7z,
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A)

B) 1 20 4R JaGH O R VE(R 72

H A28 R
2-613 LUK 2-621Z HHNCEEEF L= b= U 7 2likod 20 ] O PR JEH I LY
ZOIEERAEZ TS, ZNUHORNG, 4% (11 H~4 H) IFREAKRE < 2 DOLEH)
g (EEYERZE) b REVFER S D Z Lol
EJN 2-63~[X] 2-74(Z 1991 4£~2010 EDKAED H FHEGE OB R 2 H Bl
R, ZHHDRMNE S AFRITEEOFELEH N RKE K EORME S KEWZ L2350

7:»
—o

H Bl 20 4R JEGEH

JEUH [%6]13 20 AERE D AL U 7 R leP A EGE TR L7z,

EE(%]

160%

140%

120%

100%

80%

60%

40%

—o— ARITHRE %]

2-61 H R 20 F 3 JEE [ %)
R 20 FERI O B b= U 7 A JEGE CHS L LT,

RIERERE(%]
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2-62 A Bl 20 H= -3 JEGH O FE R 72 [ %]

JEGH T 20 RO HAL = U 7 R EUE TR L LT,
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C) #HAMELE S F 7

JLE (%)

160%

140%

100% ¥

y =-0.00009 x + 1.39464
R?=0.00003

80%

60%
—t=1 8T 7 FHRIE[%]

40% T T T T T T T T T T T T T T T T T |
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

-3

2-63 1 H Hdbx— U 7 EGE %]
T 20 AER O AL U 7 A RUE THIAS L L7,

FLIE[%)

160%
140% A
4
120% -
100% ¥ \/
80% y=-0.0057x +12.6574
R?=0.0677
60%
——2 AT 7 Y EE[%)
40%

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
F

2-64 2 A FAb=— Y 7 EGE [%]
R 20 FERI O B b= U 7 A JEGE CHAE L LT,

L [%

160%

140%

120% At Av —, A—,H
‘W_D(—’/‘v( \ /
100% < W
y=0.007x-13.46
R?=0.175

80%

60%
=3 AT )77 15 EIE %)

1991 1992 1993 1994 1995 1986 1997 1998 1899 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
&

2-65 3 b= U 7RG [%]
I 20 FERI O BAE = U 7 AR JRGE CES L LT,
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160%

140%
120%
T 100% v
@ 80%
= o y = 0.0002 x + 0.7069
son R? = 0.0002
——4 AT T R EE%]
40% T T T T T
1991 1992 1993 1994 1995 1996 1997 1998 1899 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
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2-66 4 H HAb= Y 7R EEH[%]
JRGH T 20 RO HAL = U 7 2 RGE TR E LT,
160%
140%
120%
‘A—A ——
T 100% ’/\. .\ A -
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B 80% y=0.001x-2.506
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——5 AT FIEIE (%)
40% T T T T T T T T T T !
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2-67 5 H HAL— U 7y EGE %]
JRGH T 20 RO HAL = U 7 2 8 RGE TR E LT,
160%
140%
—— 6 AT 7 FEHER %]
120%
y=-0.002x +5.678
£ 100% R?=0.051
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80% - A-/\k A e A\
o V’ \/ M - ~N— 7 \

60%

40% T
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2-68 6 f b= U 7y [%]
I 20 FERI O BAE = U 7 AR JRGE CES L LT,
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160%

140%
——7HIUT EHRLR%)
120%
= y=-0.0002x +1.1832
1% 100% R? = 0.0005
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60%
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F
2-69 7H FAb= U 7R EGEH %]
JEGE I 20 4R o Bk = U 7 e JRGE TR L LT,
160%
140%
——38 AT) 77 F IR IHE[%)
120%
_ y=-0.001x + 2.898
R R2=0.010
ﬁﬂ 100%
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v v \/ L/ v
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40% T T T 1
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S
2-70 8 A HAb=— U 7y EE (%]
R T 20 AER O AL U 7 A JRGE RS L=,
160%
140%
=9 A T!) 77 F 15 EIE[%)
120%
_ y=-0.004x+9.334
1% 100% R2=0.153
& S0 — — A
N '\/ N7
60%
40%
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2-71 9 A b= U 7y EGE %]
I 20 FERI O BAE = U 7 AR JRGE CES L LT,

-66-




160%

—— 10 AT 7 FHELR%)

140%
y=-0.0004x + 1.6860
120% R?=0.0010
g 100% W
M 9
IE 80% ¥
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2-72 10 A #Ab= U 7R EE %)
JEGH T 20 AERE O AL U 7 I JEGE CHIAS L L=,
140%
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P Y
q \ / VA\ 2 A h A 'AWA
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W
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R?=0.025
60%
—— 11 AT 7 EHELE%)
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2-73 11 A HAb= U 7 R [ %)
JEGH T 20 AR O AL U 7 A JEGE CHIAR (L L=,
160%
140%
120% ,""‘\;/\\ ~— ,#«-._\//.\a/\ /
g Lo p V v l/
i
B sou y=0.001x-1.217
R?=0.005

60%

40%

——12 BT 7 R E[%)
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2-74 12 A At U 7 EGE %]
R 20 FERI O B AL U 7 A JEGE CHAS L LT,
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D) & AR~~~
® 1 HITHBITH 20 M Dy mE

Jan Average Wind Speed

2-75 1 HITH1F 5 20 /o1 @ [m/s]
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® 2 HITHBITSH 20 M Dy R

Feb Average Wind Speed

2-76 2 HIzHITF 5 20 AR D F2) a3 [m/s]
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3 HIZBIT 5 20 H[M O R

Mar Average Wind Speed

5.5 & 6.5 7 7.h 2 8.5 2

2-77 3 HIzHITF 5 20 [ D F2) a3 [m/s]
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® 4 HITHBIT D 20 M Dy R

Apr Average Wind Speed

2-78 4 HIZBIT 5 20 HERM D E i [m/s]
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® 5 HITKITD 20 FH O EH

May Average Wind Speed

2-79 5 AIZBIT 5 20 ERM DR [m/s]
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6 HIZHk1T 5 20 4E# P EuH

Jun Average Wind Speed

~p

5.5 & 6.5 7 7.h 2 8.5 2

2-80 6 HIZHITF 5 20 AR D2 a3 [m/s]
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® 7 HITKITD 20 FH O EH

Jul Average Wind Speed
[

5.5 & 6.5 7 7.h 2 8.5 2

2-81 7 AIZBIT 5 20 HERM DR [m/s]
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® 3 HITKIT D 20 FH D P EH

Aug Average Wind Speed

T

2-82 8 HIZHITF % 20 A D2 a4 [m/s]
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B % 20 FEH O JRGH

® 9HIZ

d Speed

Sep Average Win

8.5

7.h

6.5

5.5

BT 5 20 FM 0 E#E [m/s]

-
[

2-83 9 Hl
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® 10 HIZkKIT 5 20 FEF O EE

Oct Average Wind Speed

2-84 10 AIZFBIT 5 20 4[] 01 R [m/s]
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11 HIZBIT 5 20 E [ D15 JEGE

Nov Average Wind Speed

A

2-85 11 HIZBIT % 20 FE o F15 Emd [m/s]
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® 12 HIZBIT A 20 F-H DI EHE

Dec Average Wind Speed

5.5 & 6.5 7 7.h 2 8.5 2

2-86 12 AIZFT 5 20 R 0 & & E [m/s]
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2.25.2. [UER GBI Y 7

WAL ORWIEN b Lo ROBEIZHTZ > T, DT ORISR % - BRI, S 5ICHE -
B2z oW TS BAMEM & REERNZ S TR N Ly RO 21T > 7=,

XAZ DWW T, @ (1933) *O B RORBEX EZSBIZ LK 2-87TI0RT & 9 125
L7z, @t (1933) ORUMEX ML, KX #HilskicX53) & LTH RO EHKIRIC K 55
., PROWERE BB ED T 10 MK ) & LCiE, ARBKRFEEANC L 5088 %
HIZRBEREZX S LT O TH D,

X 2-87 EMI MLy OO HOIZT I o b—3 3 UREKICHE A L= SEX 45y
FENT TG DRI 2 « FEX 4y L. 20 B AU « KEPEICE HIZX4 L,

* BEICHR
1) fEHIE—HER (1933) HARORMEX (55 2#). HELFTH, 9 (1), 1-19; (2), 109 - 127; (3),
195—219 ; (4), 271—300.
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A)

RN

2-88 « # 27+ # 2-8ICHRMEXSHID 20 FEfOEEHE R Z RS, i,
7 CIE 20 4E[E U CRUEN R E K U 7 TS/ NS W Z ERN S ote, £, T
V7 Y 7T WFTIUCONT S, AR AR TREE O BEEAFR T TRE N &0
Ly Tz,

2-89 + & 29 - & 2-10ICKBEX 53R 20 D A BPEB R Z 7R3, 2t DORE
DD KRR RN T b AT V) 7 RO M) & FERICATRICREA R E < EFIT/hEN
RN HDHZ LNy hoTz, —H, X 2-90 « £ 2-11 « £ 2-12ITKMEX 3B 20 RO
HRBPEREGR OIEER A2 RS, ZNDDORKRERD & KEX BN Z OZEB) O 7 75 5
2o TWDZ ENgmote, Bz, 5 A 6 A TIXZOEEMEM DZENKE < | FFIZ H AW
YT TIX, 5 A 6 ADEHERZED 10~11%FEE & K&\ GRIE= U 7 4t P o3
RARE CTh-oT2) ZEnmmolz,

R 20 2 [H O & 128 H)

JL 3 %]

110% W

——AKFEETYTEH(%]
100% ‘_—/\N\W —— BT T FH[%|

—— BERBTUT7EH[%]
90% -f o[- KTEFRIT) 7 F15(%]

- T T (%]
——E-BFRHET) 7 FH(%|

60% -+ . . . . .
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

F3

2-88  GUEXAYRID 20 4 DR JEGE [ %)
BAESE B IE 20 RO BT = U 7 At ) RO TR L=,
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F£ 27 WEX3D 20 o Fx Y 7 PR %]
JEGH % 20 FEfH] oD AL DT = U 77 Ao R THIRS AL LT,

i BXif AFEHF
1991 109% 105% 117%
1992 110% 105% 118%
1993 112% 107% 122%
1994 109% 105% 117%
1993 112% 107% 120%
1996 109% 105% 117%
1997 111% 107% 119%
1998 111% 106% 119%
1999 112% 108% 119%
2000 108% 103% 117%
2001 110% 107% 116%
2002 111% 108% 117%
2003 108% 102% 118%
2004 114% 109% 123%
2005 113% 109% 119%
2006 111% 106% 119%
2007 106% 100% 115%
2008 105% 101% 113%
2009 113% 109% 120%
2010 113% 109% 120%

#£ 2-8 [EXAD 20 EROET Y 7 EGHE %]
JEGHIT 20 4R O AL G = U 7 A EGE THR AL L7z,

=3 E-BXia B A
1991 78% 74% 81%
1992 79% 74% 83%
1993 82% 8% 85%
1994 78% 75% 81%
1993 81% 7% 85%
1996 79% 75% 83%
1997 80% 76% 83%
1998 78% 75% 81%
1999 79% 75% 82%
2000 78% 74% 81%
2001 78% 74% 81%
2002 78% 75% 81%
2003 T7% 73% 81%
2004 81% 7% 85%
2005 80% 7% 83%
2006 79% 74% 82%
2007 76% 2% 80%
2008 79% % 78%
2009 79% 75% 82%
2010 78% 74% 81%
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b. A BIFEEIEGEH D 20 FH

180%

160%

LI (%]

40%

20%

——KEFTYTEH%]
—— BT T (%)
| - BARBIYTES
PE- R FR T 7 E (%]
- [E T 7 (%)
—— - BB T 7 (%)

2-89  &UEX 4y 20 A > A BISEEIJERGHE %]
BAEE) EGRIE 20 £ O B = U 7 At ) Es TR L2,

# 2-9 WMEXS D AR 20 U 7 JEGE %]

JEHE 20 £EFHI oD HALH T = U 77 e 8 JEOE THIRS K LT,

o EES KEFX
18 133% 129% 140%
2R 130% 126% 136%
3H 128% 124% 136%
4H 123% 118% 132%
5H 110% 103% 121%
6H 87% 81% 99%
7H 89% 84% 97%
8H 82% 78% 90%
9H 91% 87% 100%
10H 104% 100% 110%
114 120% 117% 124%
128 129% 126% 135%
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