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Geospatial Analysis for the Availability of Natural Energy in Residential Environment
Using WRF Model

EHITRERY: RFEBHE L3RR
TR TP IR
HAPZATFATHa—2

KR TS E 1245066

AR

REHE FRE
AfEEHE %A
RIS SRR

202241 H 19 H



MXEE

WA, IREBERA X OHEHEHEIMC Y, HBREBR AR OEKPMER X ATV S, THEIC
B 20 B LR BHEHBHBICER T2 8, FEHO L ALY —HEZ2 &0 REHMCE
% 2 AU RN EIMERC S D REEMORBICE—EBOZ kb oh s, 25 Lk,
HAZXLF —DIERIC K 2 E T 1L F — OHEEDHIERIRBE (LA DFZHIR & U Thited TEER N
RESbhTWS., KR 7 — 2 EHWEEREICE T 2 BRI AF —FIHIIZ OV TIRRE Y,
NED) & DEEFRFHHR R v 70D OHRTILF —FEHODDRER~ v 7, A0 5
DOHLHIT 2 3R & U 7B RE T OHUIRX 35351 F & 2 23, MBIl T — X DZEMIFHTEIc &
52bD0% L, THIFIHASCHIFIC X 2BEKUBEOHBEPRETH 2 2 WO MERRHS. 25 L7
M Z RIS 272012, BUEFTEZ AW HIBKEOFHERA SN TWS. FHI ZIXEETEA
DG LT D ORI BT 2 B BERLEKLHIE S 50 EREMR e L IRAR
ROBUREER R TFHINZETF o250, BRI AT —OEEMNHZEBNE LEHIXIZE
ARSIV, AR TIIEFRREICBI 28 X L RIEZ, HZroBRT 2L
X —RHATREE OBEI 21T o 72, BH R — L TOHARZAIAF —DOEEMNHKRS D0, 5
WROGRTF— 2 2HEL, 2075 —&%ZHWTosoEml, kikicky, iz r oA
TN —FIHATREMEORE 21T o 72. KREZOBEBIIEBKASRE T L WRFO) ZHWwiz. &
FEBIEEAITZHDLE L7z 30 km X 30 km OFEIKT, 2016 8 AB XU 2015F 1 HDZ N
21 AMOFERITo 7. HAULICKE L TE K-means++ 19 2HWE. FHLEZRRE
FIXWRF X DN, EEMFEEE, EREEHNE, LEEHNE, LHEY
QUIRTH 2. FARERY LT42D 7 72X —DEREIN, 77 2AX—Tr DKRIFHED S H
R FNLX—FIFAREME R IR L 7. BXRELZOMHEBRICED 772X — T DXKRIFH
ZRD X IRR LTz, Z 0L 0 3N REOILE, FRCLfEEIcafm L vz, Lo HHE
R REL, BAAIZHRTE 20, [EMMEL, HEBFHD 2 DIIZEBIRIKDERH <
WY WAED TRPNERT ) 7R EZ NS, iz, HHOREEI/NE L, BREF X
HEVMHFTERONZY 7 THE. 70V 1LIEFFRICEMORENKE <, BREFHIKNICH
FFCE2TY)7Thb. —HTEHOLIR, HHEEE DIhEL, BEAMOERIIHR LTk
PRETH D, 70V 2 I FLHNCBOTRICHFENRZ L, BXFHAIFRTEZ2ZY 7 TH
5. [imbEnizs, HRNEAFHAH, KRGS LIGTE 2. S HIEIICBWTH HHED
KEW®D, KIGHERENYIFHTE, BHSZIZIREVWED, BREFHICHHFTE2. 5
AL 3IFEHICBWTRIRD E K BBE AL Z 50 523, HEE/NX L, BRI
HEOVHFCTERONLY 7 TH S, T/, BHICBOTIEEI/NE L, BAREAHZEHL W
EzoNd. RiCEBAOHELXE (EHiM, MET, &§FEH, WOl 1IcTr 72 2—0%
i, BLXUKKHEREZHBL, HIRZ 0 BRZ XX —FIFHATREME 2 514G L 7=, &I
HclZHS, BREDOF A EEIIEH LS L 3RO Y 7RI AL O L TW. —/AT
BOEHIH, HREEFIH, KEEGEES, KEEHREE, BRRMAICHEBENRFTEZ2 s IX
2D FIFHIBHN ORI E L CPEICHA L TWb Z e RSNz, F/2, mET A
TIEHE, BRROAHSHBIHEL WSV 3D 72 7 2 LHdTW\W3 Z LRI,
FHERMHHEHCIIEET & FkCHS, BRAROHASLEN#ELVWEXNE I3 DY 7
PREEEDTED, DOTITV1, 2D HER SN2, WORTHi#HNE, BYXYXAIH, Hat
BRI, KBBEGAE, KR ESLHARRAANG TE23h3 70201 7HFRHCE
{, DWVWTINLL 3BOMHLTED, SNL0DZY ZIIDH LT RroTz. %7, &,
FEEMTREIICB I 25ESHRNE L, b — 74 7Y FREROMERDPSHERINE. X512,
FHEH, WOHRITIIZLINCB Y 2 JHEI AKX, BARRAGHEHOME S HETH 2 Zebhoi
WRF 2 X 2BEFHEZITS 2 e THIERTFE2E R L AR ERPBEHTE 2. I 5I2Z20ME



Z WA RO K D IR S L o BRI F —FIHATREME 2 a3 2 2 e AT & 7.
AEET ORISR OAIRGREIFIC BT 2 BRI F —DIERTHZRET 2 L CHEMEA
SN T IR L.

i



Abstract

In recent years, the increase in the global environmental burden has become an issue with
the increase in greenhouse gas emissions. Looking at the trends of carbon dioxide emissions
by sector in Japan, those in the private sector, including household energy consumption, have
demonstrated an upward trend, and further efforts are still required to reduce the environmental
burden. Under these circumstances, the promotion of energy conservation utilizing natural
energy is said to be an extremely important measure to mitigate global warming. Previous
studies on the use of natural energy in the living environment using meteorological data include
research on climate maps for architectural design by Takemasa® and Kodama,? research on
meteorological maps for the use of natural energy by Nishikawa, and research on regional

6) et al.. However,

divisions for environmental design targeting the Tohoku region by Matsumoto
many of them are based on meteorological data obtained from the spatial interpolation of fixed
observation point data, and there is a problem that it is difficult to reproduce the microclimate
affected by land use and topography. In order to solve these problems, microclimates are
sometimes reproduced using numerical calculations. For example, there is the research on
the urban environment and climate map of the Osaka region by Takebayashi”) et al., and
research on the current state reproduction and future prediction of the thermal environment
for Nagoya by lizuka® et al.. However, few researches have been found aimed at the advanced
utilization of renewable energy. In this study, the possibility of using renewable energy in
various regions was examined for the purpose of promoting energy conservation in the residential
environment. In order to study the advanced utilization of renewable energy on a city scale,
meteorological data of the target area was reproduced, the area was classified and compared,
and the availability of renewable energy in each area was investigated. The meteorological
elements data were reproduced using the Weather Research and Forecasting (WRF) Model, )
which is mesoscale numerical weather prediction system. The target area is a 30 km X 30 km
area centered on Kochi City, and calculations were performed for one month each in August
2016 and January 2015. The K-means++ method'? was used to classify area using reproduced
meteorological elements data. The meteorological elements used to classify area are the mean
nighttime wind speed in summer, the total amount of solar radiation in summer, the total
amount of solar radiation in winter, and the mean temperature in winter, reproduced by the
WREF. As a result of the classification, four clusters were generated, and the potential for
renewable energy use was interpreted from the meteorological characteristics of each cluster.
Based on the interrelationship of each meteorological element, the meteorological characteristics
of each cluster were interpreted as follows. Label 0 is distributed in the northern part of the
target area, especially in mountainous areas. In the area of label 0, the amount of solar radiation
in winter is rather large, and it can be expected to use daylight harvesting system, but the
temperature is low, and it is thought that it is necessary to adopt a heat storage structure and
appropriate heat insulation devise to use solar heat. In addition, the wind speed in summer is
low, so much use of natural wind harvesting system cannot be expected in this area. In the
area of Label 1, the wind speed in summer is a particularly strong, so it can be expected to
utilize natural wind harvesting system. On the other hand, both temperature and the amount
of solar radiation are low in winter, so appropriate measures are required to reduce the heating
load. Label 2 is an area where the amount of solar radiation is particularly large in winter and
daylight harvesting system can be expected to be used. Also, because the temperature is high, it
can be expected to use solar heat and solar water-heating system. In addition, since the amount
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of solar radiation is large in the summer, solar power generation can be expected, and the wind
speed is also moderately high, so natural wind harvesting system can be expected to be used.
Label 3 is an area where the temperature is high in winter and the heating load is relatively
suppressed, but the amount of solar radiation is small and the use of daylight harvesting system
cannot be expected so much. In addition, the wind speed is low in summer, and it is considered
difficult to use natural wind harvesting system. In the following urbanization promoting areas
(Kochi City, Nankoku City, Kami City, and Ino Town), the availability of natural energy in each
area was evaluated by comparing the characteristics of clusters and meteorological factors in
each area. In the city of Kochi, the area of Label 3 where it is relatively difficult to use sunlight
and natural wind harvesting system was particularly widely distributed. On the other hand, it
was confirmed that the area of Label 2 where daylight harvesting system, solar heat harvesting
system, solar water-heating system, solar power generation system, and natural wind harvesting
system can be relatively expected is distributed in the southern and western parts of the area. In
addition, it was confirmed that the area of Label 3 where it is relatively difficult to use sunlight
and natural wind occupies 70% in the urban area of Nankoku City. As in Nankoku City, the
area of Label 3 where it is relatively difficult to use sunlight and natural wind occupies most
of the city area of Kami City, and the distribution of Labels 1 and 2 was confirmed following
this. In the urban area of Ino Town, there are many areas with label 2 where the utilizations
of daylight harvesting system, solar heat harvesting system, solar water-heating system, solar
power generation system, and natural wind harvesting system can be expected, and Areas of
labels 1 and 3 were distributed following this. Area of Label 0 was not distributed. In Kochi
City and Nankoku City, the temperature in summer was relatively high, and the tendency of
the heat island phenomenon was confirmed. Furthermore, it was found that the wind speed in
Kami City and Ino Town is high in winter, and it is necessary to consider controlling the natural
wind. By performing numerical calculations using WRF, it was able to reproduce meteorological
factors that take topographical factors into consideration. Furthermore, it was able to examine
the availability of renewable energy in each region by categorizing meteorological characteristics
using the results. We hope that the results of this paper will be effectively utilized in deciding
how to utilize natural energy in the future improvement of living environment.
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Table 1: Computational domain and mesh division settings
Domain ~ Number of grid Grid spacing [km]

Domain 01 100 x 100 5
Domain 02 100 x 100 1
Domain 03 150 x 150 0.2
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Fig. 4: Landuse parameters

Table 2: Surface parameters of each landuse

Landuse categoreis | Albedo[%] Surface emission[%] Surface roughness[cm]
Urban 15 88 80
Paddy 18 98.5 10
Wastedland 18 99 14
Forest 13 98 0.01
Water 8 98 0.01
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Table 3: Model options for physical process in the simulation

Surface scheme Land surface scheme Noah LSM
Urban scheme UCM (Domain 02, Domain 03)
PBL scheme Mellor-Yamada-Janjic scheme
Radiation scheme Long wave radiation RRTM scheme
Short wave radiation Dudhia scheme
Surface-layer scheme Monin-Cbukhov (Janjic Eta) similarity scheme
Cumulus scheme Kain-Fritsh-Scheme (Domain 01, Domain 02)
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Fig. 10: Monthly variation of each meteorological element during August in Nankoku
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Fig. 14: Scatter diagram of each meteorological element from observation and simulation during

August in Gomen
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Fig. 15: Scatter diagram of each meteorological element from observation and simulation during
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Fig. 16: Scatter diagram of each meteorological element from observation and simulation during
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Fig. 18: Frequency distribution of wind direction from observation and simulation
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2.3.2 HBEFHmECER

THEEICBEL T, SAREZILIERBIUEZE 2T 3. Sk ME2m) 2oV T
WHHAHIIC LSRG LTWa. 2hreh—i8, R, HHOMEZLZFHRTE TORWEFS 152
Fensh, BERMICRWEERZLY S X5, BEMIETD O v #E L Ts, RMSE 231 CHitkk,
EERBETHS. EE k10 m) BFEIRL X2 CHAEE OIS0 KELZ-T
W5, Rz WT, BEEX Do RELFHIEIATWS. BFICOVWTEEHMEHRE, %
REBHFTCIIMR X K HHIN TV S, SHTHASRAICTRRZDOREN S > TWnWD. Z
UL, K[ ELEY, BARFEOHMYNHEE R EZITRT W 2 icxf LT, FHIOBEROENT
MFIEICIRSE (X200 m X v > 2) D3I eAREREZELEZ oh, THFHOAERIZED
FEODEVNVHEHEATHWS EEZLNS. RICHFREICOVWTIRAEAKE, BWHELS2%. -
72U, FICEIIICBWTHHEOREF B OMSEIBRIE L Lk L Tl KFHticd 2 2 223
MBEN 3. Zhid WRF O HHEFHEICE T 25 ELHREDFE LMK S 19 gt
WX, RELLETOT — A THEMEIEHNEZ @ KKICHEE T 2HASHREINTED, K
MR OEEETEICB W TH AROHEALI BN b DI E I 5 5.

2.4 HERNOSRERSH

DUED I Tl TR L SR ERZ P eB LOEAE L THEMS 5. Fig. 19 Fig. 20 328
ZHNREBICHE T 2B, 2D 1, AMICE T 2 PR, FoE=E, BEEHSEODMHX
TH5.
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Fig. 19: Distribution of predicted monthly average of temperature, average of wind speed, and
accumulated solar radiation in August
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SURICDOWTIFE M, ZHHICEENC X 2B MmN TWB Z e 2ibhr 5. HHlZ
BEHT 2y, HHHMCBWTHBENZOAEZRLTED, HTEREBCEROERIEATHS L
EZEZohs. FEEIZOWTERHICALEMII O [LEERIC B W TE L, SAPEEFTICEWTHEE > T
3. i, KHICBOWTRERE ERECEATW S, HEREZEHICOWTRESO &L
TR, FHHTELBEATWS., KBV TR KGEES T30, MR TRIC
L, EEOEWINE S N AL 725 2 Vo EAR ATV S,
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3 SRFHHOFEEL

AFETIX WRF ICX D HRXIN-ARESZ 2 H LICHEBINTZ ORISR W= 21T 5.
FEANCPR L Tl K-means++ EEHAWS. 560727 72X T L ICTERREZDFICOWTE
KL, ZOHBICKHELL7-BR AV X —IGHAH 2R T 5.

3.1 BAIXILF—FAFTEERSOLODRARER

TIT, LRI o COHBEZEIM Y 2. AL HIVIZ, MEBADRKQRERIC
OV HARZINVFX —HHAREORFTH 5. T FT WRFIZX D BEZROHBTHOA
7oy, BRI I NAF —DOH AR 2B 2 7 DICBREROMENZIBRBNETH 5. 2D
DEFSNARER A > 7y LD EREFESE, HEANTORRERDZ 7 AR »
ZRITV, 77 AR DARERDOINCHEERZ b & ICHUIRFE O X2 BRT 2L ¥ —
MAATREMERRET 21T 5. Table 4 IZBART X LF —IEHEHA & 2 O E 2 AURER 772 6 FITHED
L7 dRTHD. BEEREELZNRE LARZ ALY —FHAREEZMRE T 21257
b, RETEHANEREEEOR A K542 10 ONERBEET 2. ABICBI227 72K
Y IRERIZZ OXMICBRE S LI, BRSNS LT 5.

Table 4: Relationship between renewable energy utilization technologies and meteorological
factors
SN | ERPENT | RYBEEO LI
HARBEDHIA - il JEB: RS K EWNEY, BAROMAHRTEMEDL LR 5.
JAE] BFAIES EFXIF AT %25, HREIFEEICE L
LR BHEOEWA Y, FOGBOBRICERES %5 2
£T, BREZAEMTEILS 5.

PNy H &5 HEfENAREWEY, KEEHEBIC L2 HEERIIKNE
{723,
BYEHIF H & HEfEAREWIEY, KFZYED B O REBHA 23T HE.
H S D A H] H 4 & XFCBIT 2 HFEIRE L, [iRAEWEYE, B
Sl ADOMAAREMIEE L & 5.
INZES S H4 & HHNEPKE L, LHNcBIaximsiml, BE -
EEARZE AR AR Sl FENIDLVIZY, KERFHOATELEEE RS,

V=S —YRT L | BE - SR

DI, Table 4 IZEDOWTONZHED 303, KGR E, BRZESERAXY —F7 -2 X T 412
BT 25 BERFO—2TH 3, BE - BMERICOWVTIEINREBICBWTEHEIE #EN D
o, T3,

3.2 $EEMLFE
3.2.1 K-means++ EOHEE

ABFZETIE K-means++ 7 19 ZHWEEAREED 2 52X Y 7 %475, K-means 1% 19 T
&, FEOUHBBIC TS v X7 72Xy bas REFREL, ANEL OFERiORIE L 20
FERfIcE OV Z AKXy b FOBEIOEDIRLICED, RIENIZT ARV ADPEE)
LB 2 ETHEXE5. MEEE LT, Y haAf FOWHMED S > X A TH 20875 L
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PEYIAEIICR D, BRI FELRDDICKRD R, [NRICZL OREEZET 2 Z203H 5.
K-means++ {EIZFIHOE > a4 R EWICHN A BICRRET 5 2 & TIERFE (K-means
5 X ORI O—EHEO D 2FERIMFFTE 5. FITI1E Python Ver. 3.6.13, 74 77V
1 scikit-learn Ver. 0.24.1 & 7=,

3.2.2 ANITBZRREZRaINIE
DR T 212D, HHTLIXRRERIRDEBITH 5.
o ZHNTB 2R [°C] (EFF © Jan. Temp.)
o HHAKM (19~% 6 IK) 2B 2 K [m/s] (BEFF © Aug. Night-Wsp.)
o ZHNCBY ZHEAEHSE [MJ/m? (BEFF : Jan. SR)
o HHlICB I 2EEHSE [MJ/m?] (BEFF : Aug. SR)

BB LTk, BREFAZEWE § 2720, FICEBIZAKOE D ARZITW2WE R
OB EFEHT 2. 72, WRFIZXDEtEINZE#H I E 10m Db DOTHD, —KEE
DIFE L LTRRE . 2070, —RikZ 2 BEEFOE (M F6.5m) OEEICERT 3.
ZHUIEEDNZRA D IC L diotz. £, ZHICHAT2ERESE Z (m) ROXNEE
oo Z AARBPEEEMIIRE T 2 REHEX S 18 2 WRF OFEICH W EHIAIHX S (Fig.
4) IO T GIS T— &L L= D& L=, Table 5 1%, HABEREZAOHRHEIHEX S &
WRF OFIEICHW = THIRIAX 7 & D5 ERLIZRTH 5.

Table 5: Correspondence between ground surface roughness classification and parameters
Surface roughness category ‘ Landuse category ‘ Z;(m) ‘ «

I Water 250 | 0.10
I Paddy 350 | 0.15
Grassland
Wastedland
I Urban 450 | 0.20
Forest
v - 550 | 0.27
A% - 650 | 0.35
ATMETH U TR RITV, XL Lzd DR AW, F72, MBI LTl e e

DERBZT—ReRBID, RAX VT R{Tholz. X512, EEICK2KURDER S MR XN
5728, FEE 150 m DU F ozl U, 98w, RIFZEDOXR T H 2 @ F A E i
RIBIC B 2EEDRAMED 146 m TH S Z 2 ERLUTEHE L7z, MHICITEBXIEHR O
EfEEE TV (5 m grids) 2T T34 X (~ 200 m grids) \CVH A4 X L7=dbDEHNE.
U 72 it st REEI 2 Fig. 21 1ITRT
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Fig. 21: Target area

3.2.3 SRRV IHR

K TIZ T SRZ—E 47 5 AR —IZHRE L. FREICIE Silhouette 7047 19 & W=,
Silhouette 73t %, R 27 7 AR —IZJET 2 AJMEMDFERED/NE L, HlDZ 7 AKX —IZET
ZANEEOHEHARKENI L EZRWIZ SRR I THLHEREL, Iz TRMNFHES 3
FEFZ ¥ L T Silhouette fRE D LLEIC X DI 7 5 2 2 —KEE Y BT HoHTH 5. AHFETIX
7 5 AR =R AR 3~14 7 5 A Z —TC Silhouette M 21TV, EEIR 7 52X LT
427522 —%EDH L. Fig. 22134 27 5 A X —IZ&E L 7B Silhouette DM DFERTH
5. KHERZET —XHIZOWTYZ 5 AKX —Z 2O Silhouette I MM E 2S5 7 & L CHiiE
L72bDTHD, KAEZERSOH (Principal Component Analysis, PCA) 19 %W T A S
T — ZDITTEMEEITY, 3KITEMICBWT Y J AR —DO0HhEHlE LD TH 5. ERIC
EHT2b, 7, REOERI4 7 7 2 Z—0DF Silhouette RETH D, T4, 3~14 D
I3 AR —DHET030dbodbEmy (Fig. 23BMR) . £/, K772 & —Z 2 iR
7 — R 1Y Silhouette R ZHBI TV e oI 7 SRR L T4 7 5 AKX —%
BE L. Fig 2313, 7R LEERYZ I R&Z—HDFY Silhouette (RO TH 3.
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The silhouette plot for the various clusters The visualization of the clustered data

3

3rd feature

Cluster label
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Fig. 22: Silhouette analysis for KMeans ++ clustering on sample data with 4 clusters
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Fig. 23: Variation of silhouette coefficient with number of clusters

Fig. 24 1, 77 A& ) U FEREHKILLZDDTHS. T2, Fig. 25 1%, 77 RXE> b
04 FOFDEEERLIZSDTHS. AJMEZ L DEBICEHT S8 T, £ 7 AXDAN]
ES bbb RARERORHEADRIRENS.
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Fig. 24: Clustering results geocoded in the target region
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Fig. 25: Coordinate value of the cluster centroid
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3.3 HEROER

AREITIE K-means++ B X DEOLNZT TRE) U IWERE 31HTHIF-, Tabled 23
ISR EITS. Fig. 24, Fig. 25 ICEH T2 &, £3, 7L 0 IXNREROILES, Kz LREs
WKHMHLTW5., LHOHFEIFPPKRE L, BXAMAICIIFTE 228, KRS, HETE
FIH D 7= DICIZEBIADIFRHARLHEYI 2 IEAED TRARNERL L EZ 6N S, T2, B0
AN, BRERMAICEZD X O HIFFTE RV, S0V 1 IZFHCE O EE TR <, HRJEF]H
WRWICHARFTE 2. — A T&Ho&KE, HEEE bIia/ha <, BEAR OB L THED
WBETH S, 7002 3BV TRICHE &2 E L, BYXEFICHIfFcx 5. £/, S
L, HEEFH, KBEHMEHECHFTE2. X5IEHIBVWTHHHENE L, KBLEF
BICHHAGTZ 2. £/, MEDZZ 2@, BREAMAICHARFTZ S, 701 3134
BOTRIEDE K BEARIIIZ 53, HEEINVNX L, BXAFICIES E HHIFFT
xRV, F, B e Ty EE/NE L, BREFHAZELVWEEZONS.

Table 6: Characteristics of each cluster for renewable energy use
Label ‘ Characteristics
0 | BOCFAIC3IGTE 2208, HRBAMHD DX TRBIBERZ L E X
b, Fie, BRBEAMAICITERLY, BRFTER0.
1| BRREMAIC KRNI TE 2. —75 CHlE A ORI LTS

RETH 5.
2 | BOEAIA, HEEFIH, KGEARE, KEERECOHFTES. X,

HAEAMMAICS HOBEHFTES.
3 HEt, BAREDOFMALLENHEL <, NRPDETH 2.
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4 BAIXILF—FATEEDRE

AFFIFE T EE R 7 — L TORREZ R W HRT 2L X —FIHATEEEOME 2175 2 &
FHINE LTW3., ZD7DAFHCIINREBRAICE ) 2 LXK L Tzh2hiE 3 FEIC X
DRD BN T AR DKRRNFRERME 42 DRREZD i VT Z ORREME 2 i 5.
HEHEXBIEAHEIERIC L b Tl E R L Tw 2 XiE L 0B B T 10 FUANICESL
IO HEIINC T L K2 R E X Y EHRSN S, AN REBC ST, EET, &
JIEBNDOHT, FEMCBWTHELREIREINTED, ZhENRICHN, iHiiziED 2 2
L35, B, MECXKEEE T BEEROS TR -2 X OB LFERLZ. s 4o
OIS L HIRI R 72 ¥ 0 BIRIVSRME, SGEMEREDEEIRT, HEEBOEL D 2 icBl
ZHETH O— (KM & B AR E TR HE X IBICHEE X T WS, i > TYTHTHNI S KA E 72 T
HHEREIT o TW 28, F-AEcBWTRBIFRAERBEOEERS —ERkdDoh 3 b
5, HHEIEE S S b BRI F —OF MR EMREI T2 ZE CERDPDH L EZ 5.
Fig. 26 ICARE TS MELRBO 0% RS

Kochi
B Nankoku
B34 Kami
B Ino

Fig. 26: Urbanized area in the target area
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4.1 NREWAOHECERICE T SRE

Nankoku

i

Fig. 27: Spatial distribution of clusters by area
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Fig. 28: Cluster aggregation by area

iz, B D7 5 2% ¥ 7R, [REZOEVEKT 2. MR 2 2KRERIEY
KZilzhzh, AMEEHSE, AFESXE, ABMEERE, ARMEIEETH 5. Fig. 29,
Fig. 30 1327 2 A&V Y ZDASMAIINZA T, MOKRRERZHIB I, 77X XZ—-5)L Tt
W LZHOUTRITSH 5. 77 7 IR T ROOFERMIMNTSREIRN (Fig. 21) B 3%
KREZDOEGMETH 5. MA T, Fig. 33~Fig. 38 121%, WiHDERREZDHIE T & D22
Pt R U7z, ARETIE, DR, MBS I8 9 28— 702 BIT 2 [RR#E LR L,
ZOFRD» HEZ b2 BRT AVF —FIHGHATREEICOVWTE LD 5.
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Fig. 29: Comparison of aggregate results for each meteorological element by cluster label among
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4.1.1 St

EATHHEE TR ZORFEEZ T2, 35ED, JLERICTI L0, 5RD D F 0L LIZEFTHY
WKHRAELTWS. Hif, BB DOHMMEREHE Ly Z v 3 23RHC S AT AL O HUsIS oAfi L
T\, —J/5 TR, HREEFM, KRGS, KEOEIEE, BREFAN BT
5L END 7L 2IFHBADREES X ORI LTV, k2L, armiffEticsi 2
S[ERHME LT, 7002, 30T M b ICEHIICBWTH KR E <, AHREL
DHMAER S NS, W7 ~0Le BICHRBOHMDIEA, HEHER, HAKIC L 2ESZE DX
R, LRPBETDH 5.
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Fig. 31: Spatial distribution of each meteorological element in the urban area of Kochi City in
August

29



350

345

340

335

330

Day-Wsp Night-Wsp

Fig. 32: Spatial distribution of each meteorological element in the urban area of Kochi City in
January
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4.1.2 FEEHHER

METHE I HE, BHABROF HLENEH Lo ~L 3257 &% 5 TE b EEETdEH
IR HE LT WA, FOMD T VERATNCSEL TWS. mEHEIESHHICRNTE
ORI D LI EWMEFNC 5 2 728, @RI i R s E AR ORI T CEE S %
DD B .
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Fig. 33: Spatial distribution of each meteorological element in the urban area of Nankoku City
in August
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Fig. 34: Spatial distribution of each meteorological element in the urban area of Nankoku City

in January
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4.1.3 EHEHHiH

HEMHEMCIIMEET & FRICHS, BREOFANIHRVH#H L W 2d, T 30K
FrEEDTED, DOWTINIL]L, 2839HLTWS. IL0EEENRW. 220, FEMN
MHEHIOKRFHEE LT, 7013 0TI, EHEMOEEIKE L, T2 DFESE
M OEHEE FAEE L o TWa, 207, ERMTEHCIZEIICE T 2 BAEFHI
HAEEHFHTEZ2LLE o TRV, —HTRHNCBWT EEN K Z L R A EABEETHEH
DEWTHRIND 72D, AR EICLI2BREAFMOBAPBERINE Z s, FEORENE
REZ TR T 5 £ e b2, BRARGIHOFHE, AMEO T RPN ETHIEZONS.
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Fig. 35: Spatial distribution of each meteorological element in the urban area of Kami City in

August
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Fig. 36: Spatial distribution of each meteorological element in the urban area of Kami City in

January
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4.1.4 LVOHETH#H

RERIOWONTX, BYXCAIAH, HREFA, KEEWGES, KR ESBREMAICHFTE S
LENDINRL2HBRICEL, DVWTINRNL]L, 3BOHLTED, FRL0EFEFRV. 1277
L, WORTHHOGSREHE LT, BBV TIERTHZ 200, BWREARIKE LR
2R ENG =, BARBEOFHDIED,, HEHER, WA X2BEBREORE, TN
WETHD. iz, ZINCBY 2 MENIFETTHEIZROTREZNZ LS, RAZREITES
R A OB REIN, FEOKEMREL T7ICHERT 2 2 e b, BARARG@E O, 4t
BWOTRPPBETHEEZILND.
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Fig. 37: Spatial distribution of each meteorological element in the urban area of Ino Town in
August
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