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|English Summaryl

Wind Variability Database in Hokkaido District

The 2011 off the Pacific coast of Tohoku Earthquake has necessitated our nation to
implement the use of renewable energy from both global warming and energy policy
perspectives. In this context, this work aims to develop and make available a database
containing assessments of wind variation risks within the Hokkaido area, which is
consistent with the previously built Tohoku-district database. Moreover, variation
characteristics in wind direction, not considered in the previous work, were evaluated
for Hokkaido and Tohoku districts. This 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.

(1) Creation of detailed wind state data of the Hokkaido 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 make 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 Hokkaido 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 spatial range.
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 Hokkaido 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
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into a zooming-style simulation as illustrated in Figure 1. The computational domain and
the time period considered are, areas within services of the Hokkaido Electric Power Co.
and 20 years: 1991~2010, 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 60 cases in parallel per each execution.

o0 iy e
s berdes . A

20 20

Fig. 1 A conceptual illustration of the numerical weather simulation

(2) 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
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from errors in the simulations of annual wind speed were taken into consideration for
analyzing the variation range of annual wind speed.

This year, in order to grasp the wind-direction traits of the Hokkaido region,
frequencies of winds according to directions (16 directions) based on wind speed
classification and all wind speeds, and average speeds were compiled. The wind
direction frequencies based on wind speed classifications were visualized as wind-rose
diagrams. As for data made open to the public, most frequent directions of winds that
exceed 5.5 m/s were collected and the direction was illustrated with an arrow for each
given point (mesh).

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
Hokkdaido district are illustrated in Fig. 2. By creating a database of the Hokkdaido
district, this work clarified the average annual wind speed and its wind variation risks.
Furthermore, frequencies and average wind speeds for 16 directions, as well as most
frequent directions from detailed 20-year simulation results were compiled and

visualized as wind-rose diagrams as illustrated in Fig. 3 and Table 2.

Table 1 Specification summary of the wind-state variation database

20-year average of annual wind speed
[m/s]

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

(simulation errors considered)

Maximum annual wind speed in yearly
annual wind speed [m/s]

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

(simulation errors not considered)

Average annual wind speed over 20 years

Standard deviations of yearly annual
wind speed

Maximum annual wind speed in yearly
annual wind speed

Minimum annual wind speed in yearly
annual wind speed

Frequencies of winds according to 16
directions

Frequencies of winds according to 16
directions over 20 years
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20year Average Wind Speed 20year Variance Of Wind Speed( Sim error Add.)

1 15 2 25 3 35 4 45 5 55 6 65 7 75 B

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.

Table 2 Example of frequencies and average wind speeds for 16 directions, as

well as most frequent direction

most

direction

0.3[m/s] 40[m/s] 60[m/s] 9.0[m/s] 12.0[m/s] 15.0[m/s] .
. . . . - - all wind | average
40[m/s] 6.0[m/s] 9.0[m/s] 12.0[m/s] 15.0[m/s] speeds [
0.75 0.73 0.88 0.44 0.29 0.26 3.34 7.63
0.73 0.68 0.81 0.46 0.2 0.22 3.09 7.41
0.83 0.65 0.79 0.4 0.22 0.24 3.14 7.35
0.81 0.71 0.87 0.44 0.21 0.24 3.29 71.34
0.74 0.69 0.97 0.56 0.29 0.29 3.53 7.85
0.77 0.85 1.08 0.6 0.39 0.48 4.18 8.39
0.9 0.94 1.4 0.98 0.57 0.62 5.41 8.67
1.06 1.14 2.08 1.52 0.9 0.86 7.57 8.96
0.95 1.24 2.27 2.02 1.16 0.93 8.56 9.23
0.94 1.29 2.21 1.79 0.97 0.66 7.86 8.75
1.01 1.33 2.24 2.06 1.08 0.48 8.18 8.61
0.97 1.22 2.83 2.94 1.99 2.5 12.44 10.8
0.9 1.11 2.45 3.31 3.36 4.33 15.45 12.07
0.75 0.85 1.38 1.33 0.97 0.72 6.01 9.36
0.73 0.72 1.04 0.7 0.43 0.35 3.98 8.31
0.77 0.74 1.12 0.6 0.35 0.39 3.97 8.21
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Fig. 3 Example of wind rose

(3) Upgrading of wind-state variation database of the Tohoku region

In the previous year, databse was created for 4 elements such as ‘Average annual wind
speed over 20 years’, ‘Standard deviations of yearly annual wind speed’, ‘Maximum
annual wind speed in yearly annual wind speed’ and ‘Minimum annual wind speed in
yearly annual wind speed’. This year, as done in the Hokkaido region, frequencies of
winds and average wind speeds for 16 directions were added to the Tohoku region
database to aid in better understanding of the wind direction traits. The frequencies of
winds direction-wise according to speed classifications and all winds, and average wind
speeds were compiled. Again, most frequent directions based on speed classification
were 1llustrated by wind-rose diagrams. As for publicly opened data, most frequent
directions of winds that exceed 5.5 m/s were collected and the direction was illustrated

with an arrow for each given point (mesh).

(4) 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
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atlases in a geometric sense. Average wind speeds and variations (standard deviations,

max/min speeds) and frequencies of winds according to 16 directions were added to the

database.
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0.94 1.29 2.21 1.79 0.97 0.66 7.86 8.75
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# 25 RBEEED 20 F M O EGE [m/s]
E /ERBIFR A FInR g HIIE& RE = SEISA] IE

1991 4.5 3.7 4.9 3.4 4.1 4.7 4.4 4.7
1992 4.5 3.6 4.8 3.3 4.8 4.5 4.2 4.4
1993 4.5 3.7 5 3.7 5.3 4.9 4.7 4.6
1994 4.7 3.8 5 3.7 5.6 4.7 4.7 4.8
1995 44 3.6 4.7 3.5 5.4 4.5 4.1 4.4
1996 4.4 3.8 5 3.5 5.3 4.8 4.5 4.7
1997 4.5 3.7 4.8 3.6 5.2 4.5 4.1 4.5
1998 4.6 3.7 5.1 3.6 5.6 4.6 4.3 4.6
1999 4.6 3.8 5.1 3.7 5.4 4.6 4.5 4.7
2000 4.3 3.6 4.8 4.1 5.3 4.6 4.4 4.7
2001 4.7 4.3 5.2 5 5.2 4.6 4.4 4.8
2002 4.5 42 4.9 5.1 5.4 4.6 42 4.6
2003 4.4 4.1 4.9 4.7 5 4.3 4.2 4.2
2004 4.9 4.5 5.2 5.1 5.5 4.8 4.4 4.7
2005 4.7 4.1 4.9 5 5.3 4.7 4.5 4.8
2006 44 4.2 5 5.1 5.4 4.7 4.6 4.6
2007 4.3 4.2 5 4.9 5.1 4.4 4.2 4.6
2008 4.2 4.1 5 4.9 5.1 44 4.1 4.4
2009 4.4 4.3 5 5.1 5.5 4.5 4.3 4.5
2010 44 44 5.4 5 5.2 4.5 4.3 4.6

¥ RBE, BISEFTOBE, BHEOEE, JgOEE 22k, BT —% 0 Z ORItk
THWE TRWAREMER H D Z L 27T (KREITOR—LN—T X 0), 2O, KT
1. R GEDBEAZFHMIR E LT 5, FiEE0E S iS55 LT 5,

#£ 2:6 IREBEONE L HE O™ S

593807 HE 7E BEELOEE | BEGFOES

| E v E v [m] [m]
A 45 24.9 141 40.7 2.8 23.5
PR 44 21.8 141 42 7.9 214
L] 43 56.7 141 37.9 23.6 16.3
Il & 42 59.1 144 22.6 45 66.1
B=E 43 19.8 145 35.1 25.2 29.2
= 42 18.7 140 58.5 39.9 18.2
bz pal 42 9.7 142 46.6 36.7 17.9
IE 41 52 140 7.4 3.7 19.6
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I alb—a VEREOSHT
vIial—I g 38

AEIILL T O TR D2,

Err. =SIM, - OBS,

OBS, : MMl (REEE)
SIM, 1 EEHmE (3 2 L— = )

vIial—Tgria

R DI YE(R 2

3" (Err—Erm)’

SRal—iariRE T

n

R

_ D.(SIM,;-O0BS))
Err=-

n

n 205 SHRDEFEHEAEDENEH LT ILE

R R ITFERE - 2 b—3 a3 VEE HITK
ETRIRIE L TV D,

X
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I alb—3 g URERESHTRER

PITIC, #Eiti L7e ¥ R 2 b= a VBEGT ORRZ -1, afrofRfGonirIal
=T a VIREOHERE (o, . . we :64%) E¥Ial—va rAKROEERE
Ousrms i CMRT 22 8T FEBY A7 (U Ialb—a VREELMKLZF
PR O R ) &R LTz,

P al—a UEEOTEEME (0 :-0.11[%]
VI alb—ya UEEDOEEERE (o) @ 6.4[%]
KR a b—va VGRS 2 #EOEIE %] TR,

30%
25%
20% /\
15% .
0 GRES
e 1E $5 53 T BR AR

10%

) K

0% - T T T T

-26 -22 -18 -14 -10 -6 -2 2 6 10 14 18 22 26
REFE%]

B 2-17 ¥ 2 bL—3 3 UEFEHEEEN
REfIZ S R 2 L— 3 URAER[%] RAZEIm/s] & ) R [m/s] CHIMAL L) &R L,
e B (%) A T, BRITEE L2 I 2 b —y g VEREOEER L O ERED S
LY U7 BB AR AR 2 o 3,
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2.2.3. 20 R O JEGE DFRHTHE R

RV I a2l —va LV EH L 1991 4£~2010 40 20 FER]OREHRT —4 (500m
Ay« M EE 80m) (ZH-DE FEhi U 7o A M OENTRE R A X 2-18~[X 2-221T7R
¥

2-181zdLifEiE = Y 7 AR D 20 FEE OFE T EGEE KR LT,

2-19121%, 20 FRMOF B EGEICHK S B L2 F R RS OFELE Y X o

(G gy, ) BRURLIZ, ZOFEE ) R 7 1E, 20 EHOEFHREICHESESHT L
Yalb—va rBROFELEEE (0, . o ppay) LT TRV Iab—a ViR
EOBERE (0, Lo ime ) EMRLIZETHD, —F, K 2-20i01F, I alb—
Ta VBEEMEL TWVWARWY T 2 L— g BIROFELENE (O-yizv~:/ay¢%®1rbg) 2
SRR Uiz, E£72, 20 FH QPR R O R AR ff R L OE/MEE 22 2-21 -
2-221Z[X 7R L7z,
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20 [ O HFH JRGE

20year Average Wind speed

2-18 20 4Ef OH- 4 ali [m/s]
JEGE 5.5m/s LA ED A v 2 DBEEY Uiz,
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o EEHRADELT Y A2 (O ppgyy <y )

20year Variance of Wind speed(Sim error Add.)

1T 1.5 2 25 3 35 4 45 5 565 b BES VY V5 B

219 AFLEE Y 27 [%]
U2 b=y a VRO 20 FHOFE T REDOEERAIC Y I 2 L— o L REEORIER
R, & A v o= TR RS, 20 4R O AR PH i T HFRL,
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® Izl —vg ELEE (O-O/ill/—*‘/a‘/ﬂiﬁ ﬁ'ﬁg)

20year Variance of Wind speed(Sim error NOT Add.)

1T 1.5 2 25 3 35 4 45 5 55 B BS 7 75 B

2-20 ¥ o L—3 3 SMAREEENE[%]
VI 2 b—a v ERO 20 4 OF ) EGE OFE MR 2,
KA T2 lTB) DIEERAEL . 20 FH O JEGE THIEL,
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20 AF[R] D AR -2 IR O e KAl

Maximum Wind speed

2-21 20 4E[ OHFH) EGEE O e Kl [m/s]
JEGE 5.56m/s LLED A v 2 DBEERY L,
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20 AF[R] O AR -2 IR O f /)M

Minimum Wind speed

2-22 20 M OHEH G O fe /Ml [m/s]
JEOE 5.5m/s L ED A w2 2 DBREE Y Lz,
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224, dbigE#M S OEHEN P LY FOBE

SR Ial—ra Al LD EH L 1991 4£~2010 £ 20 EM O RN T —% (500m
Awa - M EE 80m) (ICHESX, TOEVHEEOEY MLy RICBET5ELE 2 %ML
7=

JeiEE = U 7 R R DL E D KO RELB R DL N BET L0 v ab—
a g e LicduifEE— ) 72kk (M 2-18ICMUR L7-fElk) OFFHREOEH h Lo K
Tz, X 2-238 LU 2-7I12 1991 £~2010 0 20 FERIOILiFET U 7 2 T
U 72 AR G DO AEAE B A T,

EREER & L TiE, i 20 FERICB WO TIEZIEFITESRVRIEDORM b L v B
BRRAFE TR 725 LU R) BB EVWZ LM, ZORIFBEHROMEEIZIZIE 0 1IT5L
<V HAZEZR P L2 FIZA SR, AFEZEENTOWTIE, 1991 4EH 5 2003 4F £ Tl 20 £
BB D = 3%FRE DB TH 5 DITHE L, 2004 FELIFEITRE S EFB L TWD Z &8 00
272 (2004 1% 20 T JEE D + 6% AL, 2008 41T 20 4 14 JEGE O — 4% 55 FEEL) .

B 2-24~[% 2-43(T 1991 ~2010 FFEDOHARGEOFEFLFEHIT 6 L, 20 4 [H 15 JEH D>
B OB RE DR BT 2 A0 & R T2, 2 bH ORI G| Hilkiz K-> TR
MUY RRERZS>TWDZ R g0oTz, FIZIEL 1998 FICONWTHD &, = U 7 2k 72
A L LTI 20 BRI D RK L RS Th 7= LWV 2 528 (M 2-23%8 ) | 20 4/ D FHy
JEEE D DIRZED DA (K 2-26808) 45 & KENMER & U TRFERE - Ah—
I TITADRAETH Y AR CIXEDRAETH 722 LR nhoT,
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JeHgiE T U 7 A A G D AR ZEA L

FLE (%)

108%

—— TR (%]
106%

104% A y= 0.2?33):]5(;]‘.18442
SR A I\ -
1/ \\ /N \\ / \/\ /

"

100% = f N\ v A

96%

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

2-23 dbiFE T U 7 A RGE O 422 K[ %]
JEGEIT 20 4R o dbiEE = U 7 e S EE THME LT,

F£ 2-7 AtipiE T ) 7 AR JROR
R EEIm/s] (2 51H) BRO
20 LR O JOE O T E THMRAE L2 fE[%] B FIH) zRd,

F FEEHEER[m/s] | FFHEGR%]
1991 7.67 100%
1992 7.52 98%
1993 7.74 101%
1994 7.98 104%
1995 7.64 99%
1996 1.75 101%
1997 7.79 101%
1998 7.74 101%
1999 7.92 103%
2000 7.53 98%
2001 7.71 100%
2002 7.70 100%
2003 7.48 97%
2004 8.17 106%
2005 7.74 101%
2006 7.81 102%
2007 7.51 98%
2008 7.45 97%
2009 7.86 102%
2010 7.82 102%
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1991 Wind Speed Variance from Average

-10-8-8-7F-6-5—-4-3-2-10 1 2 2 4 5 & 7 & 910

2-24 1991 F\Z BT D EFLEGERED 20 F L RGE D B DR 72 [%]
20 M o dbEE = U 7 AN EGE THIA& L LT
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1992 Wind Speed Variance from Average

-10-8-8-7F-6-5—-4-3-2-10 1 2 2 4 5 & 7 & 910

2-25 1992 F BT DEFHEIED 20 I EGE D S OIR 7 [%]
20 M oAbimE = V) 7 ARG TR LT,
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1993 Wind Speed Variance from Average

-10-8-8-7F-6-5—-4-3-2-10 1 2 2 4 5 & 7 & 910

2-26 1993 FZ BT DAEFHJRGED 20 AT EGEHE D> B O 72 [%]
20 AER OALHEE = U 7 ST EGE T L=,
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1994 Wind Speed Variance from Average

-10-8-8-7F-6-5—-4-3-2-10 1 2 2 4 5 & 7 & 910

2-27 1994 FZH T HAEFHREGED 20 4B D> B O 72 %]
20 AER OALHEE = U 7 SO EGE THAL L=,
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1995 Wind Speed Variance from Average

D"MW

-10-8-8-7F-6-5—-4-3-2-10 1 2 2 4 5 & 7 & 910

2-28 1995 FE 21T DR JEGE D 20 4L EE D> & O 72 [%]
20 M oAbimE = V) 7 ARG TR LT,
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1996 Wind Speed Variance from Average

-10-8-8-7F-6-5—-4-3-2-10 1 2 2 4 5 & 7 & 910

2-29 1996 FIZ BT DB D 20 I EGE D S OIR 7 [%]
20 M o dbEE = U 7 AR EGE THIS L LT,
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1997 Wind Speed Variance from Average

-10-8-8-7F-6-5—-4-3-2-10 1 2 2 4 5 & 7 & 910

2-30 1997 FIZ BT DEFH B D 20 I EGE D S OIRZE[%]
20 M o dbEE = U 7 AR EGE THIS L LT,
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1998 Wind Speed Variance from Average

-10-8-8-7F-6-5—-4-3-2-10 1 2 2 4 5 & 7 & 910

2-31 1998 |\ F 1T B EHJEGE D 20 F Y EGE D> B DR 72 [%]
20 M o dbEE = U 7 AR EGE THIS L LT,
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1999 Wind Speed Variance from Average

-10-8-8-7F-6-5—-4-3-2-10 1 2 2 4 5 & 7 & 910

2-32 1999 FZ BT DAEFHJREGED 20 4B D> B O 72 %]
20 AER OALHEE = U 7 SO EGE THAL L=,
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2000 Wind Speed Variance from Average

-10-8-8-7F-6-5—-4-3-2-10 1 2 2 4 5 & 7 & 910

2-33 2000 FIZ BT DEFH B D 20 I EGE D S OIRZE[%]
20 M oAbimE = V) 7 ARG TR LT,
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2001 Wind Speed Variance from Average

-10-8-8-7F-6-5—-4-3-2-10 1 2 2 4 5 & 7 & 910

2-34 2001 FIZBT DEFE B D 20 - EGE D S OIRZE[%]
20 M o dbEE = U 7 AR EGE THIS L LT,
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2002 Wind Speed Variance from Average

-10-8-8-7F-6-5—-4-3-2-10 1 2 2 4 5 & 7 & 910

2-35 2002 F\Z I 1T DGR D 20 F L EGE D B DR 722 [%]
20 M o dbEE = U 7 AR EGE THIS L LT,
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2003 Wind Speed Variance from Average

-10-8-8-7F-6-5—-4-3-2-10 1 2 2 4 5 & 7 & 910

2-36 2003 FIZ BT DEFH B D 20 W EGE D S OIRZE[%]
20 M oAbimE = V) 7 ARG TR LT,
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2004 Wind Speed Variance from Average

-10-8-8-7F-6-5—-4-3-2-10 1 2 2 4 5 & 7 & 910

2-37 2004 FIZBIT DEF B D 20 FIFHEGE D S OIRZE[%]
20 M oAbimE = V) 7 ARG TR LT,
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2005 Wind Speed Variance from Average

-10-8-8-7F-6-5—-4-3-2-10 1 2 2 4 5 & 7 & 910

2-38 2005 F\Z I T DAL EGERE D 20 F L EGE D B DR 72 (%]
20 M o dbEE = U 7 AR EGE THIS L LT,
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2006 Wind Speed Variance from Average

-10-8-8-7F-6-5—-4-3-2-10 1 2 2 4 5 & 7 & 910

2-39 2006 FEZFB 1T DAL EGED 20 4 B D> S O 72 [%]
20 M oAbimE = V) 7 ARG TR LT,
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2007 Wind Speed Variance from Average

-10-8-8-7F-6-5—-4-3-2-10 1 2 2 4 5 & 7 & 910

2-40 2007 FIZ BT DEF B D 20 I EGE D S DR [%]
20 M oAbimE = V) 7 ARG TR LT,
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2008 Wind Speed Variance from Average

-10-8-8-7F-6-5—-4-3-2-10 1 2 2 4 5 & 7 & 910

2-41 2008 FIZ BT DB D 20 W EGE D S OIRZE[%]
20 M oAbimE = V) 7 ARG TR LT,
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2009 Wind Speed Variance from Average

-1n-9-5-7-6-5-4-3-2-101 2 2 4 &5 6 7 & 010

2-42 2009 FIZ BT DEFHE B D 20 I EGE D S OIRZE[%]
20 M o dbEE = U 7 AN EGE THIAS L LT,
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2010 Wind Speed Variance from Average

-10-8-8-7F-6-5—-4-3-2-10 1 2 2 4 5 & 7 & 910

2-43 2010 EIZB T DAEFYEGED 20 4B EGE D B O R [ %]
20 AERIOAbHEE = U 7 ST EGE THAL L=,
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® RIS R
2-443 LUK 2-451Z A RINCEERT L7cdtimE — U 7 4l 20 4R # o0 14 JE 35 L
O OFHEREEZRT, ZNOHDORMNEL, A7 (11 H~3 A) [TEEAKEVENS
KRN D Z L hoTe,
EJN 2-46~[X 2-57\Z 1991 4E~2010 EDOKAED A FHJEE DK R %2 H Bl
AT, THHOMMNG G, AFFRENKELS LD ENW) ZENRGhoT,

A)  H B 20 [ EGE
G [%]1% 20 AEM o dbEE = U 7 AR5 EGE TS L7,

160%
it P} B T R (%]
140%
120%
4)\./4\‘\‘ ~
F 100%
B 80% Vo~ >
60%
40% T
1 2 3 4 5 6 7 8 9 10 11 12
A

2-44 51| 20 A JEGH %]
JEGHIT 20 4R o dbiEE — U 7 e S EE TR E LT,

B) I 20 PR R DT (R 2

24%
e BT 1 BRR AR (%]

22% ‘(/\
o \ m ‘/‘
6 — N—

18%

BRIEEEF (%

16%

14%

2-45  J Il 20 V-85 JEOE O HE(R 22 %]
JEGH % 20 R D ALiEE = U 77 e JEOE THUR AL LTz,
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C HHBELES S Z 7
160%
1A T 7 FHRE%]
140% A
120% > VA'\ — ‘,A\V -« !/
£ 100% AN/ e \/
" hd
B g0y
y=5.72E-04x
0% R?=1.16E-02
40%

&

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

2-46 1 A dedgiE= U 7 JEGHE[%]

JEGH % 20 R D ALiEE = U 77 A JEOE THUR AL LTz,

160%
——2 A T T FREE (%)
140% R
Lo /\ A
_ ~ 4 \ N A A [ N~
E oow \_»~ NN\ / ] e
it ¥ N \/ V= 5.47E-04x
o] R2=-2.30E-03
80% ¥
60%
40% , , . . . . . . , , , , , , . . . . .
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
&=
2-47 2 A AefgE =Y 7R R %]
R 20 AFR O dbiE = U 7 o) EEE TR E LTz,
160%
——3 AT T EHEE%]
140%
A /’/\ —t
120% N o ‘\Y,v T —— A N\ VA
A NN ' "/
1 y = 5.70E-04x \/
® R? = 1.85E-02
80%
60%
40%

3

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

2-48 3 H dviEiE= U 7 R JEGHE[%]

JEGH % 20 R D ALiEE = U 77 e JEOE THUR AL LTz,
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160%

140%

—o—4 AT T EHREE%]

y=5.41E-04x
120% R?=-1.71E-02
— 4!=::!:==—.t:i::—:::2:&i;:?———;;/‘\<:::7Af:::::!!=~"==.-.—==Q::::!==~‘<:————————:;r‘::::?
% 100% o \ 4 w
m 80%
60%
40% T 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
&
2-49 4 A AciE— U 7 R %)
R T 20 AR O AbiEE = U 7 el EaE THREME L7,
160%
-5 A T T FHRE %]
140% y = 5.00E-04x
120% a R?=8.27E-03
g 100% /\ A AA
e ‘0\/ ~ \/\/ v
m 80% v
60%
40% T 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
&
2-50 5 A AT U 7 PR %)
JEGE T 20 AER O AbiEE = U 7 el R THREME LT,
160%
——6 A T T FHREE %]
140%
120%
— y= 3.98E-04x
S R?=-1.54E-03
> 100%
(&

80%

60%

40%

i N

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

3

2-51 6 H dvigiE= U 7 R JEGHE[%]
JEGHIT 20 4R o dbiEE = U 7 e S EE TR E LT,
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160%

140%

——7 AT T FHRE %]

120%
— y=3.71E-04x
S R?=-2.15E-02
o 100%
[ii 80% o
° N o — VAR — —
vv V Wv —— ) 4 v‘
60%
40% T 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
2-52 7 AuigiE Y 7V R %]
JEGE 13 20 £EfE] D AbHEIE T Y 77 A TR IR THEIRS AL L7z,
160%
—o—8 AT T FHREE%]
140%
120%
— y=3.75E-04x
= R?=5.67E-03
—  100%
s
o W‘
60%
40% T 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
2-53 8 7 AtifpiE = Y 7V R [ %]
JRGE 13 20 £EfR] D AbHEIE T Y 77 A TR RO THEIRS AL L7z,
160%
—o—9 AT T FHREE%]
140%
y=4.41E-04x
120% R2 = :!_1/II: 02
=
o 100% p
e Q‘QW' — 7 N e

80%

60%

40%

\ 4 Vv v

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

3

2-54 9 A Hdb— U 7 EGE %]
JEUE I 20 FER o B b= U 7 Al EE THIAS (L LT,
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160%

140%

—o—10A T 7 FHREE...

y=5.13E-04x
120% R2=1.01E-03
oo B /\‘ N e A e .\
;TN T~ N
80%
60%
40% — . ; — ; ; ; — ‘ ‘ ‘ — ‘ ‘
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
£
2-55 10 A duifgiE =Y 7 %]
JEGE T 20 AR O dbiEE = U 7 el EaE THREME L7,
160%
——11AT)7FHRE...
140% /
120% y \ /\ A A
_ o T — Y N—+ —
3
& 100% y= 5.87E-04x
- R? =-1.90E-02
60%
40% — . ; — ; ; ; — ‘ ‘ ‘ — ‘ ‘
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£
2-56 11 A dyRE = U 7 FE)EGE (%]
JEGE T 20 AER O dbiEE = U 7 el EaE THREME L7,
160%
——=12ATYT7EHEE...
140%
120% 'A o A A /\ ,\64
T T~ ~N—
= 100% \/
i y= 5.87E-04x
o} R? = 1.89E-05

80%

60%

40%
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3

2-57 12 A dbifgE = ) 7RG %]
JEGEIT 20 4R o AbiEE = U 7 e S EE TR E LT,
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D) & ARG RE~ v 7
® 1 J]ITHBIT D 20 F MO R

Jan Average Wind Speed

2-58 1 HIZBIT 5 20 F M0 EuE [m/s]
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2 HICBIT 5 20 4F[H 0 1) JEE

Feb Average Wind Speed

2-59 2 AIZBIT 5 20 FM 0 EuE [m/s]
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3 FIZBIT 5 20 EHE D1 JEE

Mar Average Wind Speed

2-60 3 HIZEIT D 20 FM D1 EEE [m/s]
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4 2B 5 20 F [ 01 EaE

Apr Average Wind Speed

2-61 4 HIZBIT 5 20 HM -1 EE [m/s]

-62-



® 5 HITBITAH 20 FEf D R E

May Average Wind Speed

2-62 5 HIZRIT S 20 HM D1 EE [m/s]

-63-



6 HIZHRIT % 20 4 H O JEH

Jun Average Wind Speed

2-63 6 HIZHIT 5 20 M D F5) E i [m/s]

-64-



T HIZBIT 5 20 HF MO EH

Jul Average Wind Speed

2-64 7 HIZHBIT A 20 M O FL EHE [m/s]

-65-



8 HIZHRIT % 20 4 H D14 JEH

Aug Average Wind Speed

2-65 8 HIZHIT % 20 A D) i [m/s]

-66-



® 9 HITBIT D 20 FEH D15 JEH

Sep Average Wind Speed

2-66 9 HIZHBIT 5 20 A D) E i [m/s]

-67-



® 10 BT 5 20 GBI EE

Oct Average Wind Speed

2-67 10 AlZBITF B 20 FE o FHJRE [m/s]

-68-



11 HIZBIT 5 20 [ 015 J5H

Nov Average Wind Speed

2-68 11 AlZFBT % 20 4R DX EE [m/s]

-69-



12 HI2B1T 5 20 4[] OS2 EHE

Dec Average Wind Speed

2-69 12 AITBIT B 20 FEfH D J8GHE [m/s]
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2.3. RAc# G ORNEET — Z OEAE

Rk 23 AR FE AL T 2B D IR EE) T — X N— A MER S Clid R db T o B A B T
— X L LTHR 28DHEELT —H X—2 L7,

= 2-8 PRk 23 RIS B BN A EN T — # N— A ERFEICB W TR LT
— A R_R—2ADEFHE L NE

AR S15 JER O S fiE 2 O M DAV EGE O -4 E [m/s]
(a2 lb—a UEEA YT

AR SA5) JROR DR HE(R 72 2 O M O EUR O HE(R 722 [%]
(3 2 b—3 3 VRER )

AP SP-14) JRGER 0D B Al 2 O [H DA G O fie KA [m/s]
(V=2 b—a VEER KT

RN )i RPN 2 O [ DA JIGH O f /)M [m /s ]
(=2 b—a VEER KT

ARHEETIE, £ 2-8DERITIN A, HALMITIZI 1T 2 BH OFp 2 #3572 o1, Am
(16 5Ar) RBilod R KB D7 — & 28I L 72,

2.3.1. JAm (16 FAL) Bl B H B DfighT

FALHTT I D 20 4EFIC T2 2 A (16 500) B0 RE HBBHEIZ SV T,
Fk 23 LR EE AL IZ 3515 D MR AE) T — & R — AERFE TEA SN ARE A v & =12
BT D 20 F4ORHIO BT — % (20 4[#] X 365 A X 24 Fffi]=175,200 R§fi1 5 DT —¥)
ZRIH L. EUAES - EGERESR AN 24T 5 = L TR L7, X 2-70lC B AL o B 1)
LA (16 FA0) BIOEGEHBSEE T — 2B 7 v —Z o7, fifri$2.2.1.38icR L2k
MEEHIT 2T DA (16 AL BIOREHHMLET — 2 Fl 7 v — L [A—D7 1 —T3%
s 2%,
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B /@ (1675 £i2) A

AEHBRBED ' Hi#5 D
L B (1645 60) B
Fitw B D BLE H RS R
BRAAYY 2 T—4 _ AyaT—4

20%° X 365H X 24851 20ERID AR (16754 B
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