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— XKL TEOEEHIESHEDLOTIEARL, IFLDHIZT
— X EEBOXMICSEIL, TNENOXBIZNRT A —4
B U7 B LB A R E L, & IR LB o A FHER
BIRET IV ERDEIRAT T A o NRENRTFIEE 2o
TWn W, XEECHEREZEYIRIRT 5 2 & T,
EOX 577 =2zt LTHEENAREE ShitTnb,
GAM (2T 2REMIE BB 30k 1209 23R L TUELLW,
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( R”2 f: Multiple R-squared) X° F MEDFERNHRD -
p B (p-value) /RSN TN D,

Component+Residual(Ox)
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2 FLEHABICH TS X REORBEIRATER
B EIRER FRER: TR

Call: [ ZITHIERIFE T L OREITERFR SN TN D,
formula DNEEEOETNVRAERL, THIEE Ox AL
¥ CdH D HEHE (solar_radiation) , &JE (temperature) M
WA (wind speed) THBHL TV 5,

Coefficients: |Z XM EIRA D YIS (Intercept) & 47t

temperature

T 1
25 30

ST, B, BFEEOEET/NIhoT,

2 IR TS b Ox & A E S L DBR%E
A9, MO x #TFHEROME, y #iTA BRI X
% 0x OFRMEZRL TS, Fiz, FHIRSEIEER
WL ALz EREREZ R LIZH O T, FRERIZFIRL
HhR 2T, 2035, PO S HRIRILENFER
B LHERAIFIE B L TE 0, Y TUIE DV BRWFER
Tholz, —HT, BFERLEAFTT—FDOIEL>EN
REL, BRERRONTHFICET MMEERTW o
7=

wind_speed

d:::ke

2B D EFH (Bstimate) W/ SN TR Y, FEHEREE

(Std.Error) ,
WTWs, *T7z,

t fE (t value) XY p f (Pr(>lt])) 2SHITHE
&BINIX p EOEME (Signif. codes)
DiLH (% .,) TREINTWD,

1.2 —fBEMEETILIZE ST
WIZ, AT —2 %AW T GAM 1T K B EIGD FEA R

TAVEARE I TE FR H o GAM %> 7-5HEIZIE, mgev /Sy 77— D gam()

U A b2 FEEBARICET D 0x REO—BALINEE T VRER

t(uto))) |> summary()

Family: gaussian

Link function: identity

Formula:
0x

Parametric coefficients:

(Intercept) 57.1617

Signif. codes: 0 ‘sskk
Approximate significance

edf
s(solar_radiation) 2.210
6. 949

3. 645

s (temperature)
s (wind_speed)

Signif. codes: 0 sk
R-sq. (adj) = 0.743
GCV = 168.19 Scale est.

(m2 <~ gam(formula = Ox ~

s(solar_radiation) + s(temperature) + s(wind_speed)

Estimate Std.

Deviance explained = 76. 3%

s(solar_radiation) + s(temperature) + s(wind_speed), data = na.omi

Error t value Pr(>|t])

0.9612 59.47 <2e-16 *k*

0.001 ‘s’ 0.01 ‘*> 0.05 .7 0.1 °° 1
of smooth terms:
Ref. df F p-value

2.732 1.676 0.227818

8.040 22.072 < 2e-16 sk

4.528 4.979 0.000663 skkx*

0.001 ‘s’ 0.01 ‘% 0.05 ‘.~ 0.1 7 1

= 154. 28 n = 167
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4 FHEFHAEICHETE X EEOXREEREFEA
L 7= GAM FRI#ER
R ERER FRERE:9S%EHEXAAE

BEA WS, E£72, GAM TIZA Y 7 A B G &
BH720IT () B CTHAL S A > TET LR A
T35, TF/MELE GAM OFER m2) 2V A b 2 (TR
T, BIEEE &L E o TV DD, BRI
WOE»%RT coefficients: 1L/XT7 XA MY w7 b
Z A~ VU w7 (Approximate significance of smooth terms:)
W TRRINT WD, Eio, FERITHBE O
(Deviance explained) [%] & —ffb7 o AU F— 3
(Generalized Cross Validation: GCV) FEZENEKFTLIN TN D
AL, BERIROMRORRERZ>TND, ZIT,
HLE OFLAYE (Deviance explained) & 1%, i %% H
WIZEHE L7 BRI E (Null Deviance) & aiBHZE# %
FAWTHE L7ZBEOM%BLE (Residual Deviance) & Dbz
EoTRY, ERKEVIZLEETLOBAETEVEE R
% (33),
= 3 SEAZE B OEE R

solar_radiation

wind_speed temperature

Deviance Explained =

100

( Null Deviance ) (=3)
Residual Deviance

m2 OFERTIE, R EIX 074 THY, HEERELY
LEWHERThH-oT-, T, GHEOFIAMIL 76.3 [%]
ThHY, BRAEMIZIE ml ZVH m2 PRVFEREL-T
Wiz,

Wiz, AR OMEEK 3R, KOBRERIE
SRR, ARESEEIE OSBEERMEZR LT D, T
2L, KiRE 25[°C] , WEIX 2 [m/s] 130T Ox IR E
DEVERES RO, BEEODFIC DN T HAR
TEENTRORER & Bip > Tz,

1.3 EREAZEHOBIREKREMEAICONT

RHAER &E, SRR S OBRENR R S
ZEERL, ZOXREEMAETT VI AL I T TR
ERMETHZENHD, GAM TIEFHAEEORZHIEMH
ZRI SH72 GA2M BNEBZEINTEY, mgev Ny —
UCIEMAEBOR EAER A ERETH] S Z ENTE D 20,
ARETIE, GAM O HAEAOMRITIE & AL OB
FIECOWTHERT 5,

WX Ui, ZAAVEH OO 7 i FHZE B o AH B R 5k
EHMERT D (F3) ., BEMICHBENA LN GE, KA
TERR B lRetEidEmy, R3Ickb L, AR KR
K OSEGE DRI IE—ELL LR D 0, o HHE LR
BOBICRWEENA RSN, ZoXk 5, HZEHM
TERHEMEAPROND ATEEEREWVNZ D, m2 €5
ST RCOEERLORENERZBMLIZET L (m3)
EEHFRLE, m3 OFREY A 3RO 41T7Y, K
HEAZERL TRV m2 T VLN, REER%
EF LT m3 1T R? fE R ONRBLE OFAYEN M LT
D, m3 1T m2 KVHLMNCBWIERE -7z, — 5T
m3 OBHZEHOFITIE m2 LV p MK, FENE
KBHEHEBRAON TV, FECIE ERRFIED LS
WA TOMALBRE OMAEOEIZHEAN L2/
ETOMAE LY ZEESEIHAEZIT 720, Kk, &
HERZRFT 2561, #EARMBROZDIZH, Fai
(B D E OB OM A S DR ZE L, 0 H)
DRI RS SN D MAE O & USRI
LCHEIELIRETHY, ZOXIICTH L
TREUFET VO TRREERN ERHFFTE 519

solar_radiation 1 0. 4575
wind_speed 0. 4575 1
temperature 0.7593 0. 4405 1

0. 7593
0. 4405

2725 EBbh s,

—5T, LRO XD IR ARG EEAFET S
B AR OB 2 ERICHER T 5 2 &
13, BRI R B DH B 2R E IR TH D,
LB ORNFELN RV EE LD L, £
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UA N3 ZAAEHZEBIMNLT- GAM O

(m3 <- gam(formula = Ox ~

Family: gaussian

Link function: identity

Formula:

wind_speed)

Parametric coefficients:

(Intercept) 57.1617 0.7618  75.03

Signif. codes: 0 ‘skk’ 0.001 K’ Q.
Approximate significance of smooth terms:
edf

s(solar_radiation) + s(temperature) + s(wind_speed) +
s(solar_radiation, temperature) + s(temperature, wind_speed) + s(solar_radiatio

n, wind_speed), data = na.omit(uto))) |> summary ()

0x ~ s(solar_radiation) + s(temperature) + s(wind_speed) + s(solar_radiation,

temperature) + s(temperature, wind_speed) + s(solar_radiation,

Estimate Std. Error t value Pr(|t])
{2e—16 ¥k

Ref. df

F p-value

. 585e+00
. 000e+00
. 526e+00
.071e-06
. 279e+01
.951e+01

5. 604
1. 000
6. 630
27.000
27.000
27.000

0.022 0.99994
5.224 0.02401 =*
3.864 0.00121 s*x*
0.000 0.22728
2.800 < 2e-16 #Hkx
2.540 < 2e-16 %k

s (solar_radiation)

s (temperature)

s (wind_speed)
s(solar_radiation, temperature)

s (temperature, wind_speed)

— = = O = Ol

s(solar_radiation, wind_speed)

Signif. codes: 0 ‘skk’ 0.001 K 0.
R-sq. (adj) = 0.839

GCV = 133.12 Scale est.

Deviance explained

= 96. 923 n = 167

= 88.2%

DIz, AT v 7T A RIED L H IS O RS EIN A
HEMET 2 FE LA FIA SN TR Y, FHRRR o EHE L
HLHFFTE S, R @ mgev /Ny 77— T, GAM DX
T T U A RIRITEE SN TR, A CIREMZ
GAM DRIFTAT v 7T A REEFTCERL, SHIEEK
OHBIC L D EBHSRIRO PEEAMRT 2L 95,
7B, AL OBEEEINOHIWHIT BIC J#E2V b LCHE
1Tz (U A b 4 &EESCRIZEHE),

UR N4 OEREHET S &, [RIEKOIGE 2 385K
ELTET AN BIC FEYETHR LY TITED O R WL
ThoHER Lo, —FT, R fERURBLE DA
MaHAEL 325 L, iR, BUEE O H 5 & & BUEDOAZAAE

23

MEZHAEHET5E, m3 LV bEFLOYTITE
DWNBEL o T, ZHUL BIC BHER AT A—FD
B FAEEOE) [T LT AT ¢ WD GBI
KL Tn5d LD, A7 v 7 T4 XEEEAT 28561%
LML T OMHABOBRPUCBIER AL S LERH D, 72
B, R @ step() BHEIZHFEDLILTND AIC HEHETHL
L ZATE, 2 TORRALEROREEREZED D L
B, MOBWYETEEY Lo Tz,

1.4 RERERICLIBEER
FNT, BT VOREERIEICE S FIH SN TV D K
AR (2 AN F— g v) BRAWEREEEITY, R
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VAN FIHFAT T VA XKICE DR ANEAEZEA LT GAM O (FERDOHFEKR)

Family: gaussian

Link function: identity

Formula:

0x = s(temperature) + s(wind_speed)

Parametric coefficients:

Estimate Std. Error t value Pr(>|t])

(Intercept) 57.1617 0.9672 59.1

Skdk’ 0,001 ek

Signif. codes: 0 0.01

Approximate significance of smooth terms:

edf Ref.df F p-value

*

<(2e-16

>

s (temperature) 7.468 8.429 38.812 < 2e-16 *¥x

s (wind_speed)

< 5

Signif. codes: 0 ‘skx’ 0.001 ‘s’ 0.01

R-sq. (adj) = 0.74

GCV = 168.67 Scale est. = 156.21 n = 167

3.870 4.797 5.983 8.29e-05 **kk

5

*

Deviance explained = 75.8%

kkk

0.05 °.°

0.05 °.°

ZERGRE T, PRICHWS T — 2 258 & TR
I, FERT =2 OB EME S THELEZET L TTHAT
— R BT OEEEIT O, —RARAERMREE T,
F—=HE105EIL, 9/10 OF—F ZHANCEIFET L
FEL, &V 1/10 OF— X2 PlT 5, ZOHEEZE
TOMBAEDLE (10 XF—2) X LTITH (10-fold-
cross-validation), ¥7-, 7E¥% k THRL T k-fold-cross-
validation & HFEZIL TV,

YA R 5IZH72IC GAM AR ERGEEEZ E% Lz,
ZOMBERNC, ZZETICHEELEZET L ml,
FOY m3 OFRREETM AT o7, REMGEEDFHGIC
1L R? i }x " RMSE % FV 7=,

B 5 IZASFEMRFREIC K D8 BT DR R A4 BRI TR

m2

T, ZOREY, 3EFAOFTE m3 T R EFRKD
K&<, RMSE VB H/NSWEE Y, ZKEIEREE

HBALTLET VO THREE RS RWFRE2oT,
FT, BEEIFETALO ml 1%, 3EFETFTADOPTRESL T
HREENBEWFER o, ZOL I, REMREEE
AWD & PHRE 2RISR T2 2N TE, Z2FT
ICHESE L 72 ml ~m3 TiX, GAM IIHIEER & v & T3
FEENRREWZ ERR SN,

24

1.5 ETILOEEE

AlEiE CORFHZ LY, FLEHAR 1 ROBHT —%
ZHWIZEFSHT T, BBERRET VLD b GAM OF
BIREER R <, 2o, BUROBBAMERE N2 &R RSN,
Wi HIE, UM OBRT — % 2 AW TEIFET L%
MEEE - LIS LT 720, T CITHE LZET LD ml K&
UCm2 %, WNEROT =% %> TET NV EBMHEL
7= (ml:LM,m2:BASE, U Z b 6), REiLIETITH LW
ml (LM) KT m2 (BASE) # AW C, KK OZ=HBEM%
A L7 GAM & O EIT 9,

728, m3 CHELAEREERAED Y OET MO0
TIE, WEIN ST D T — X DWRTREE 2 5 Z & ThllwE
TINOWFEDOHGEN ENDLZ ENTRENDTZD, Th
P EOBFHIABR TRV L L5, Btk
L DRFFERR L2 SR L TUE LW 2,

2. BRIsIRZEZEE L 1= GAM

AIE T, — R HELRTHD, "MKITOT—F & HWN
72 GAM OREFIZOWTHET L7z, ARENDIE, X5
MO TN IR O HIRFEEARRIE R Ox JEE 1 Wi 2 A
T, WFRI-ZEMAE 4 B L7z GAM ORI OV TG



ERRXERBIRIERFMERNIKR 5 535, 18-44(2023) i X

U A b6 REMGEEDESR

cross_validation <- function(data = NULL,
formula = NULL,
nfold = 10,
rep = 10, ...) {
stopifnot (nfold > 0)
nfold <~ floor(nfold)
num <- seq(l, rep, by = 1)
apply (do. call (cbind, lapply(num, function(n) {
id <~ sample(nrow(data))
fold_list <- split(id, ceiling(seq_along(id) / floor (length(id) / nfold)))
ret <- matrix(NA, nrow = length(id), ncol = 1)
for (fn in fold_list) {

fit_model <- mgcv::gam(formula = formula, data = datal-fn, ], ...)
ret[fn] <- predict(fit_model, newdata = datal[fn, J)
}
return(ret)
1)), 1, mean)

}
RMSE <- function(x = double(),
y = double()) {

round (sqrt (mean ((x — y) ~ 2, na.rm = TRUE)), digits = 2)
1
R2 <- function(obs = double(),

predict = double()) {
round (1 — mean((obs — predict) ~ 2, na.rm = TRUE) / var(obs, na.rm = TRUE), digits = 2)

UA K6 ml (M) KOm2 (BASE) &5 /L DHEHEE
ml <~ lm(formula = Ox = solar_radiation + temperature + wind_speed, data = Kyushu)
m2 <- gam(formula = Ox ~ s(solar_radiation) + s(temperature) + s(wind_speed), data = Kyushu)

URNT RERZNRAEA L7 GAM (md) DREH
m4 <- gam(formula = Ox = s(time, bs = “gp”) + s(date, bs = "gp”)
data = Kyushu)

1 23 e GAM DOHEZEITIE, 5l &HEE mgev Ny 7 —T D gam()

s S v BRI D, mgev Sy o — D THIAEB 24k 5 720

. 2 WX SIS R RIS A BN A LB R H Y, AT

e e e [ XIRBRIRER (date) 128D s(date, bs="gp") , FE7=iX, B

o - & WAEBNERT (0 ~ 23 BF: time) (2 X D s(time, bs = "gp") %

5 FLBHLEDT -2 EAVERERIDACEDE =75 1 BNt A 0ENHS, 2T bs="gp" L%
EEEOHER TIA B Y REF A A SEDFETHY,

TR ERER
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6 FEZIRZRAL- GA (nd) DFER
R AR SRR 9N S ERE
AVA—Ex B3RV Yy HORAZROERSAR SN 550 X REDFIRE [ppbl

U A b8 KiHZhR K O OMGHIZA R Z V72 GAM (mb)  DAf4E

(m5 <- gam(formula = Ox = s(time, bs = “gp”) + s(date, bs = "gp”) + s(solar_radiation) + s(t
emperature) + s(wind_speed),

data = Kyushu)) [> summary ()

Family: gaussian

Link function: identity

Formula:
0x ~ s(time, bs = “gp”) + s(date, bs = “gp”) + s(solar_radiation) +

s (temperature) + s(wind_speed)

Parametric coefficients:
Estimate Std. Error t value Pr(|t])
(Intercept) 57.56980 0. 08307 693 <{2e-16 **xk

Signif. codes: 0 sk’ 0.001 ‘s’ 0.01 ‘%> 0.05 .7 0.1 7 1

Approximate significance of smooth terms:

edf Ref.df F p-value
s (time) 3.230 3.528 902.01 <2e-16 k%
s (date) 4.743 4.959 1939.84 <2e-16 k%
s(solar_radiation) 3.921 4.831 55.97 <2e-16 k%
s (temperature) 5.179 6.363 651.66 <2e—16 *kk
s (wind_speed) 8.552 8.943 87.63 <2e-16 k%
Signif. codes: 0 sk’ 0.001 ‘&’ 0.01 ‘%> 0.05 .7 0.1 7 1

Rank: 37/50
R-sq. (adj) = 0.708 Deviance explained = 70.8%
GCV = 161.4 Scale est. = 161.22 n = 23361
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IOFT v arEOTF LI L TRMEOZERZ RN S E
ENBEoicinn 1,

L OIZ, SAZEBICRFZIROAL THELZET L
(VA BT, K6:m4) IZOWTHRHNT D, 7B, X612,
I E TR plot() BI%IC K DR S (B 7= 138
) wO Ox BEOTRIEIZA X,  vis.gam() BIHUIZ X D,
2 OOMPALKEEOBRE 2 —KIZ L TRLTN 5D,

méd OFERDD, 24 KD 5 HCOx RENR L EL 7
LR 15 WAL, WRRFETIE 3 B ~4 HEfHE
(2019/5/23~5/24) TH Y, X 1 1Z/R LIZRERFIK & —Fd
LRERPE LN,

ZO md T IVOBBILEIC AR, KIELORH A
BMLEETLVOREEZ Y A 8 KO 712777 (m5) ,
m5 T, AHEDN 600 [W/m?] (T CRIKME L 22> T
720 RIRIZ 20[°C] LA ET Ox BFE & OBIREMN IR KIC >
TWe, BEEE2~6[m/s] fHETTIFATHY, Zill
FREA R Ao THRBEITIZELED O R0 o7z,
MEHRE B, KRR OEUEDBR T, AR ERZ <,
S HE < 720 15 KBE~20 BEORT Ox IR E <

27

RHEMAER LT, 72k, BUEIT 15 FE~20 BEORIR
5/3~5/4 fFUEC, 6[m/s] DEND D & X Ox FEINRKK
& 7o TNz,

WIZ, HEE, K[UEROEGE A RIS OR T &£ 3 5F
TINEMET D, ZOHRA, SHBHEHE s(date, bs="gp",
by = temperature) @ £ 7 (ZFRik L C GAM ZH4E9 5 2,
by = temperature 70 NRIRDT — & ZRFRMEROK T &
LTHRYIADBREEZRL WD, AP, HALKOFHE
I 0+ ZAND L, FHAOBECHIMICRESN DY)
FRE AR IE L, &AL (KRfogs, A
S, KUR&LOVEGE) OEEZDIRAREICHID U TH LI
7&5 23)O

A 57 OVRUR A B AR (0 ~ 23 W) , Rl & 3@
HIFMOEBET LV E L TRELZBREZY A 9 KO
IZRT (m6) » ZOORER, HIHALEOBEN m6
T mS IZHARTHMFERICES LTEY, ETABRH
BENTWDLZEBNND, Fh, mb6 OBEBLEDHLH
PEIX 957 [%] T, m5 @ 70.8 [%] \ZH~TREZmE
LTz,
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U9 FRZVEAEZMRALEOKR T L L TEAL GAM (m6) DIEHE

(m6 <- gam(formula = O0x ~ 0 +

Family: gaussian

Link function: identity

Formula:

s(date, bs = “gp”, by = wind_speed)

Parametric coefficients:

Estimate Std. Error t value
solar_radiation —0. 01999 0. 02369 -0.844
0. 83077 0.28834  2.881
25. 72510 3.09354 8.316

temperature
wind_speed

Signif. codes: 0 ‘skx’ 0.001 ‘s’ 0.01
Approximate significance of smooth terms:
edf Ref.df
4. 595
5. 081

5. 220

108
539
1755

solar_radiation 3. 964
4. 496
4. 709

s(time) :
s(time) :
s(date) :

temperature
wind_speed

Signif. codes: 0 sk’ 0.001 ‘#%° 0.01

Rank: 26/39
R-sq. (adj) = 0.696
GCV = 167.99 Scale est.

= 167. 88

solar_radiation + s(time, bs = “gp”, by = solar_radiation) +
temperature + s(time, bs = “gp”, by = temperature) +

wind_speed + s(date, bs = “gp”, by = wind_speed), data

0x ~ 0 + solar_radiation + s(time, bs = “gp”, by = solar_radiation)

temperature + s(time, bs = “gp”, by = temperature) + wind_speed

Pr>lt])
0. 39868
0. 00397 =
< 2e-16 skkx

F p-value

{2e—16 *ik
{2e—16 *ik
{2e—16 *kk

[0

*

Deviance explained = 95. 7%
n = 23361

Kyushu)) |> summary ()

+

+

U EOFRERNG, A ZEE LZET L TIHE mb
NELEBWHER L o772, UKBETIEZ mé6 & TVC @
RFL LTHBEIT,

WRZH, HINEBIRE O X 5 IIEBR3 2 Bl &
%A, GAM OFFT LA TIE bs ="cc" T 52 LT,
AT TAUPERT HERERS 2N TED LIk
50, ZOXICHEETHEIDRVERLRLEAD
HDHIW, WHAT D AT T A R EOBREFELL
RN OETNVERET DLEND D,

3. ERIZNEEEE L 1= GAM
AHTIX, ZERZEETY AT GAM (SVC) OfEs %

28

4= =

79, MEEBROBRE (on) & #E (lat) ZAZEIEM &
L, AT AT 0T =T NVEREL T s(lon, lat,
bs="gp") DEHIZLTETNLEHEEST DL, Z=EMHEE
Y ANTETVNRTE D,

F9, UADN 10 KO 9 ICZEMEOHLTHE LK
GAM OFER (m7) Z7R L, Ox MR & B & a4
%, m7 OFEFE (X9) TIX, X—Y Vi EICRER O
EOMRENESRTORENTVD, Zhuc ks &, mih
B AL TN DR KA RO —H T Ox IBE N E < 72 B8
FICH Y, FlfRORE S Gl Ox JREEMEV MEANIC S
728, LT Ox ODAKIZT 7 ADEENE LN
TWAREIRIE, b &b T —FNHEIELRWETH D72

>77,
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U k10 ZEMzhRE2EA L7 GAM (m7) DOFFLE

m7 <- gam(formula = Ox

”), data = Kyushu)
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U 11 2R A2 LA EZB N L7 GAM (m8) DA%

(m8 <- gam(formula = Ox ~ s(lon, lat, bs = "gp”) + s(solar_radiation) + s(temperature) + s(w

ind_speed), data = Kyushu)) |> summary ()

Family: gaussian

Link function: identity

Formula:
0x ~ s(lon, lat, bs = "gp”) + s(solar radiation) + s(temperature) +

s (wind_speed)

Parametric coefficients:
Estimate Std. Error t value Pr(>|t])
(Intercept) 57.5698 0.1017 565.9 <2e-16 #**xx*

3

Signif. codes: 0 ‘x%k’ 0.001 ‘%> 0.01 ‘%> 0.05 .~ 0.1 °7 1

Approximate significance of smooth terms:

edf Ref. df F p-value
s(lon, lat) 31.702 31.965 60.43 <2e-16 *kx
s(solar_radiation) 8.875 8.995 36.08 <2e-16 ***
s (temperature) 8.833 8.992 1359.28 <2e—16 k%
s (wind_speed) 5.626 6.823 82.29 <2e-16 ¥k
Signif. codes: 0 ‘sekk’ 0.001 ‘“#* 0.01 ‘%> 0.05 .7 0.1 7 1

R-sq. (adj) = 0.562 Deviance explained = 56. 3%
GCV = 242.39 Scale est. = 241.81 n = 23361

BT, m7 ICHHE, KIBROEGELZ AL E LT LT EIT D,
BMUEZREREZY A2 11 EO 10127 T (m8) , m§ T
&, BREE 131 FE~131.5 BEfT S ONEEE 33.5 BELL T 4. BFERBREERE LT G
T, HHEOMSIZERR < Ox IRENE R 5HAICH IS, REICIIREMSREEZEE LZET L (STVO)
ofz, RIBROEBEZRZ, MCEEFBRICERR, KR EHET S, RMZEMMRICEDET LT, (rEEH®
< HGEDEVIEE Ox BENE L RAHENZH - 7, lon O lat (A%, WfITE#R date E7203 time #4CA
F£72, m8 DMBLEDFTAMEIL 563[%] THY, mé6 & EFIE L, s(lon, lat, date, bs = "gp") DX D ITET L&A

P TRIRICIR M & 72 o Tz, E R
Beflc, B, SRR OV A ZE 0 R O IR 7S EPTEREME RO S THELEET LA ML

LTHELEZETLVOMEEZY Ak 12 RO 11 1R T ml0) , ZOfERETy 425 (VAR 1B RO 12) .
(m9) , m9 FEFTIE, m8 DOFERICHATHHEROR B, INFECEHALKICL D OxREOTHIEE 7 2
HWOMBENRLVEENRLOLER>TEY, m8 TRLL v F LTV, REMBIROEREN L2, RO
Nl 7 il I X R S e oo 7z, 728, m9 DI FARMAIZL K 2o TLE S 7, KHiCIE vis.gam() B
EOHBMET 93.1[%] £72>THEH, m7 ° m8 &~ BIZTF TREREERRT D,
TREWERTHH- T,

P EDO#R G, ZHAEBZEELZET L TIE m9
BibRWEREZRD, BT m9 & SVC DfFke
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UA 12 ZERDREBAZEOR & LTEA LK GAM (m9) D4

(m9 <- gam(formula = 0x ~ 0 +
solar_radiation + s(lon, lat, bs = “gp”, by = solar_radiation) +
temperature + s(lon, lat, bs = “gp”, by = temperature) +

wind_speed + s(lon, lat, bs = “gp”, by = wind_speed), data = Kyushu)) |> summar
y ()

Family: gaussian

Link function: identity

Formula:
0x ~ 0 + solar_radiation + s(lon, lat, bs = “gp”, by = solar_radiation) +
temperature + s(lon, lat, bs = “gp”, by = temperature) +

wind_speed + s(lon, lat, bs = “gp”, by = wind_speed)

Parametric coefficients:

Estimate Std. Error t value Pr(|t])
solar_radiation  0.04438 0.09031  0.491 0.623
temperature 16. 20156  10.78568 1.502 0.133
wind_speed —-70.56022  74.90184 —0.942 0. 346

Approximate significance of smooth terms:

edf Ref.df F p-value
s(lon, lat) :solar_radiation 26.60 29.02 8.614 <2e-16 k%
s(lon, lat) : temperature 30.75 31.44 20.808 <2e-16 sk
s(lon, lat) :wind_speed 30.42 31.14 16.827 <2e-16 *kx

Signif. codes: 0 ‘x%k’ 0.001 ‘%> 0.01 ‘%> 0.05 .~ 0.1 °7 1

Rank: 99/102
R-sq. (adj) = 0.514 Deviance explained = 93. 1%
GCV = 270.07 Scale est. = 269.04 n = 23361
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VAN 13 MR AEA LT GAM (m10) O

ml0 <- gam(formula = Ox ~ s(lon, lat, time, bs = “gp”) + s(lon, lat, date, bs = “gp”), data
= Kyushu)
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ml0 DOFERTIE, FFEOZEMAEZEIT m6 (TVC)
KO m9 (SVC) & REEDFER L Ip o TR, ZEMAH)
BT m8 KU m9 THRONZHIRZENIZIZ /2 < 7
D, LR SETEICIT THRA I Ox BEMMKL 70 A8
[T 72> TN,

WIZ mll 2 A&, KIELK QR A RHAE L S LCEB
MUEZETAOEREZY AN 14 12737, mll T, %
HHAZEED p B 0.01 L TYHTUTE VIR o723,
ETNAFEROT B > b (vis.gam() =T —CTHA S

hot-. FO7®H, mll OFTFVOFMITIERT S L
L35,
%Iz, AR, SURKE OVRGE 2 RFZE R0 o K112 5%

ELTHELZETVOMREEZY X K 15 KO 13 127R
4 ml2) , 2B, ml2 TEFay FOBREZNT=D,
R R M2 F 2 By, ZERE A T 2 B2 TRAR LTV
5, ml2 OFRFMZEENL m6 S IFIER UfERE 2o Tz,
T, ZERIEENT m9 LB, ERIRGEEEIZEAL
IRE RO Tz, BREORZEMWREB PR SN
0, ZERIRIT NS oz,

2B, ml2 TFLO R EIT 072, BLE O
X 960 [%] THY, TNETIHELEZETLOFTYH
BWERE72o7,

ZDX I, GAM TITZEMZhE L v REEZh RO EE
DR BN DFER E IR o T,

VAN 14 2R E2FAEEITEM LU GAM (n11) O

(m11 <~ gam(formula = Ox ~ s(lon, lat, date, bs

olar_radiation) + s(temperature) + s(wind_speed),

data = Kyushu)) |> summary ()

Family: gaussian

Link function: identity

Formula:
0x ~

Parametric coefficients:

s(lon, lat, date, bs = “gp”) + s(lon, lat, time, bs = "gp”) +

s(solar_radiation) + s(temperature) + s(wind_speed)

Estimate Std. Error t value Pr(>|t])

(Intercept) 57.56980 0.08764 656.9 <2e-16 sk*x
Signif. codes: 0 ‘s’ 0.001 ‘%> 0.01 ‘%> 0.05 .7 0.1 °7 1
Approximate significance of smooth terms:
edf Ref.df F p-value
s(lon, lat, date) 6.963 6.999 1534.95 <2e-16 *kk
s(lon, lat, time) 2.000 2.000 64.51 <2e-16 #*kk
s(solar_radiation) 8.897 8.997 132.95 <2e-16 k%
s (temperature) 6.849 7.980 1610.95 <2e-16 *kk
s (wind_speed) 7.486 8.441 68.40 <2e-16 ¥k
Signif. codes: 0 ‘skk’ 0.001 ‘“#> 0.01 ‘%> 0.05 .7 0.1 7 1
Rank: 35/131
R-sq. (adj) = 0.675 Deviance explained = 67.6%
GCV = 179.69 Scale est. = 179.45 n = 23361

//gp/) + S(lOl’l, 1at, time, bS - //gp//) + S(S
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YA 15 BZEMREFALEOKR T L L TEA LR GAM (m12) DO

(m12 < gam(formula = 0x ~ 0 +
solar_radiation + s(lon, lat, time, bs = “gp”, by = solar_radiation) +
temperature + s(lon, lat, time, bs = “gp”, by = temperature) +
wind_speed + s(lon, lat, date, bs = “gp”, by = wind_speed), data = Kyushu)) [>

summary ()

Family: gaussian

Link function: identity

Formula:
0x = 0 + solar_radiation + s(lon, lat, time, bs = “gp”, by = solar_radiation) +
temperature + s(lon, lat, time, bs = “gp”, by = temperature) +

wind_speed + s(lon, lat, date, bs = “gp”, by = wind_speed)

Parametric coefficients:
Estimate Std. Error t value Pr(>|t])
solar_radiation 0.8676 1.4072 0.617  0.5375

temperature 9. 8369 4.1690 2.360 0.0183 *
wind_speed 7.7110 0.7122 10.827 <2e-16 **x
Signif. codes: 0 ‘sx%’ 0.001 ‘%> 0.01 %> 0.05 .~ 0.1 °7 1

Approximate significance of smooth terms:

edf Ref.df F p-value
s(lon, lat, time) :solar_radiation 31.042 32.086 25.11 <2e-16 %
s(lon, lat, time) :temperature 13.848 14.336 180.45 <2e-16 *x*
s(lon, lat, date) :wind_speed 7.917 7.924 1307.07 <2e-16 *x*

Signif. codes: 0 ‘sxx’ 0.001 ‘%> 0.01 %> 0.05 .~ 0.1 °7 1

Rank: 58/315
R-sq. (adj) = 0.72 Deviance explained =  96%
GCV = 154.97 Scale est. = 154.61 n = 23361

PLEDOFEREN S, BFZEEE#ZEE L7-T 7 /L Tid ml2 DI,  10-fold-cross-validation TR 7= R? fE kO

DIk b BWER LY, LIBETIE ml2 & TSVC ofRE RMSE fE#=HW5,

L LTHBEITY, BT NOMFHEER 41T8T, ZORERICLD L,
R? {5, RMSE , AIC X% BIC %, m6(TVC) & ml2

5. RERERETILEDER (SVC) DM DEF TR TR W R & 2o T,
CHETHEZE L ml (LM), m2(BASE), m6(TVC), 7o, BLE OFBMEIZ DWW TIE, m2(BASE) 2 bIK<,
m9 (SVC) KL T* ml2 (STVC) 22\ THEMFEZAT 5o ZHLSAD m6(TVC), m9(SVC) KTt ml2(STVC) T

EFLOLEINZIX, R? f, RMSE i, AIC, BIC X VWMl Z R LTz,

OGS DR (Devexp) AV 5, Fi=, THIEE BT, AZFERGEEIC K2 TR EREEDOR R & X 14
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x4 AN DOFRFFEDLLE R2 fiE (R.sq) , AIC, BIC RUERBIEDEAE (Dev. exp)

R. sq AlIC BIC Dev. exp
ml (LM 0.5016 197540. 5 197580. 8 -
m2 (BASE) 0. 5265 196364. 1 196565. 3 0. 5269
m6 (TVC) 0. 6961 185996. 5 186122.3 0. 9566
m9 (SVC) 0.5136 197087.9 197815.3 0. 9307
mi2 (STVC) 0. 7201 184112.0 184554.0 0. 9601
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Model: m1 Model: m2 Model: m6
R.sq: 0.5 R.sq: 0.53 R.sq: 0.7
RMSE: 16.59 RMSE: 16.18 RMSE: 12.94
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X 14 BFZEREIRZEA L1 GAM OFERLEE
B4 BAME (Obs.) RUFHEME (Predicted.) MEMER FEE MIFER
WRT, 2O T, yECBIAME, x fillcs= INLDOREREND, RFERBREZMHAAALT ml2

BRAREDORERZ R L CRY, T— X OHER VS OBEE
A CERTEDLLIBESMTRLTND,

14125 % &, m6(TVC) ¥ ml2(STVC) THEMN
BWRERE 2D, LSO ml (LM), m2(BASE) &
m9 (SVC) &1F R? KLY RMSE fHIZKERENR LN
72o m6 (TVC) KO ml2 (STVC) TiX, T —& OEEMN
RE WA YR ERHIICEE > TEBY, 22, I
MORTVWEZENS, ZRODEFADFREEENE VD
EWRENT, 2B, m6(TVC) & mlI2(STVC) L DT
RS DZET/ N & <, ZEMAB DN RITRFHA B DZhRIC
HERTRNEWZ EDPRENT, L LG, FFhE
72T TIPS T & 2 h o T2 R FEE & 22 R Zh SR 0N -
T GAM BRI TWD LB D729, BRI M
I LEFZERI R ARV AAEET VAR T2 LT
ETNOHAMEREL o TWB L Bbh b,

38

(STVC) DOFEEER Nalff OFAMED, ZhE TR LT
TLOPTRLBWERTHD Z R ENT,

6. BFZERET—2 DFE

ml2 (STVC) %~ TEMRESMOTHEZITH, £2
WWRTEETTFHHEADOT — % 2ERKL, R O
predict.gam() BI% TR E oA O TRFHFE 21T -
(X 15) . FEFIL 2019-05-23 6h ~2019-05-24 23h F TR
MHFICOWVWTRLTWS, 728, ¥ 15 TiX ml2(STVC)
I & D Ox ZE MR E AN TRIEZ K Lica 2 —R e L
THERL, B, WRERRER OALE R OBIE 2 =
A —ZHER TR L,

15725, ml2(STVC) O T HME I TBLHIE 2 AL 2 frE,
TETWDHZ ERRINT, BT, Ox REO THIEIME
AT 72 D 0T WA~ FF 0 IR 0 F RS EE T D0
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EHOICHEFICER LIz OxIBRENRY HF~KMTHIKTF LA
Dro 2RI EHIZ OV T, ml2 (STVC) TiE 57 Tl
TERMoT,

TIN5 TIE R o 2HEE LT LD 2 >DOER
NEZLND, 1OADOERIL, ml2 OFETFT/MTHREIA
ATZIEREIER (date) OEENERED Ox BEDOLE) %
ZENTWR N2 ETHD, mb6b~m9 IZBWT,
date DFIRIL 3~4 HHDREN R bE DL, 2
EoniifE LTET MER STV, BHETH
TUTHAEIR RO D K 51T, Ox IREOHENE I
TWBIETTH DA, GAM LT IBEORETIDOL
IIMFER Lol HHFEE T, THET O HEEIE
BT =20 FENEL MBI TNEIEEE
5L, ZOREOTHREZEIIEZY 5 A & b s,
—J5C, B ERCKIBOZEBNLME A [F U CTIIEWizw, &
MR %E time & L THEEE L7 GAM T, REfEEh O
T TS 2 EE O TR L Vv E B s,

2 OEOERNE, A E LEALZARNE, KJIRK
OEEH TIHFHATE R VWHEENRERICEET Wl LT
HDH, Ox DERICKESEEL WD AFELERIRT,
HOHNHBDOAY OFRFFFFICRE IKTFELTEBY, HO
AV B OERIXBFORENRN LD, Ox OAERE
DO D, HIZ, OXDERSTHD 03 1%, NOIZL
BORTRDTH Z L BHMLN TS ¥, D70, Ox
OENICB T 2ERREITAFHEICRKE S BEZZT T
DESZDN, EATERSNE Ox, Xt Ox DORIBEY)
ERENICHAT G TH LB EE T\ iz
&, BfE, K[UR, BEELE IS O AERGEN LT T
T T 52 R TERWVREOEHZ2R-TI L ERD,
HHTHIUL Ox BENMET LTV S EEREIC Ox IBEN
LRI LAREER S D, AROFESLHM X, &M
IZBLAME C Ox RN & VR R G R %, EH
NHOBBERTRN S > -l fEtEN @V, 2D DHEHOD
FERD 722 FRAT XA ORI E D D&M 2 72 D BN
TNz L LT 58, BERBREHRATLIZENT
X DAL KIIL, ALTFREET VIS LDV I alb—v g
v OFERE O NCES DS OB LT 2 LR T
DT —HIZBONTNS 9, flicd, [EUFORERIH
ERMFHFEFIETH 5 Kriging 2450 T, THREL
T 2 FEORFINMTORTEY 1V, ZOFEEZRDY
AMNTTHBEELZEDD I EHbHERO—DEE XD,

F & 0B
GAM IZ LV EEIND THRBEOEmNET VL, 0O
FEENLZL OIFREED Z LN T, SALSEKL OTH
EHMOBMREZFE LS ERTHENTET, MHEL
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UA 4 BIHFAT v 7T A RIEC K DR BN EZEA L7z GAM OREEE

stepwise_gam <- function(target = character(), ex = character(), int_lev = NULL, FUN = BIC, da

ta) {
FUN <- substitute (FUN)

message_gam <— function (model) {

message (7 ”)

message (“formula: 7, deparse (formula(model)))
message (deparse (FUN), ”: 7, eval (bquote (round (. (FUN) (model), digits = 2))))
message ("R. sq: 7, round(summary (model) $r. sq, digits = 4))

message ("Deviance explained: ”, round(summary (model)$dev. expl * 100, digits = 2), "%”)

message (7 ¥n”)
}
create_formula <- function(target, ex) {
parse (text = paste(target, 7”7, paste(paste0("s(”, ex, ”)”), collapse = 7 + 7)) [[1]] > a
s. formula ()

}

44 calc normal gam
ms <- lapply(ex, function(x) {
mgev: gam(create_formula(target, x), data = data)
)
num <- eval (bquote (which. min Map (. (FUN), ms))))
m <- ms[[num]]
message_gam (m)
for (i in setdiff(seq(l, length(ex), by = 1), num)) {
m2 <- mgcv::gam(create_formula(target, ex[c(num, i)]),
data = data)
message_gam(m2)
if (eval (bquote(. (FUN) (m2))) <= eval (bquote(. (FUN) (m)))) {
num <- c (num, i)
m <- m2
}
rm(m2)

## calc Interactions
if (lis.null(int_lev)) {
pat <- combn(ex, int_lev)
for (i in seq(l, ncol(pat), by = 1)) {
formula <- parse(text = paste(paste(deparse(formula(m)), collapse = ””), paste0(” + s(”
paste (pat[, i], collapse = 7, 7), ”)”)))[[1]] |> as. formula()
m2 <- mgcv: :gam(formula,
data = data)
message_gam (m2)

if (eval (bquote (. (FUN) (m2))) <= eval (bquote (. (FUN) (m)))) {
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num <- c(num, i)
m <{- m2

}

rm (m2)

rm(formula)

message ("Completed. ”)

message (7 ¥n”)

return (m)

stepwise_gam(target = “0x”, ex = c(“solar_radiation”, “temperature”, “wind_speed”), int_lev =
2, data = uto, FUN = BIC) |> summary ()

formula: Ox = s(temperature)
BIC: 1380.16
R. sq: 0.6928

Deviance explained: 70.44%

formula: Ox = s(temperature) + s(solar_radiation)
BIC: 1380. 45
R.sq: 0.7103

Deviance explained: 72.56%

formula: Ox ~ s(temperature) + s(wind_speed)
BIC: 1372.93
R.sq: 0.7397

Deviance explained: 75.75%

formula: Ox = s(temperature) + s(wind_speed) + s(solar_radiation, temperature)
BIC: 1413.78
R.sq: 0.79

Deviance explained: 82.89%

formula: Ox ~ s(temperature) + s(wind_speed) + s(solar_radiation, wind_speed)
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BIC: 1420. 05
R.sq: 0.8161

Deviance explained: 85.82%

formula: Ox = s(temperature) + s(wind_speed) + s(temperature, wind_speed)
BIC: 1381.82
R.sq: 0.7576

Deviance explained: 78.17%

Completed.

Family: gaussian

Link function: identity

Formula:

0x ~ s(temperature) + s(wind_speed)

Parametric coefficients:
Estimate Std. Error t value Pr(|t|)
(Intercept) 57.1617 0.9672 59.1 <2e-16 *kx

Signif. codes: 0 ‘s’ 0.001 ‘%> 0.0l ‘% 0.05 .7 0.1 7 1

Approximate significance of smooth terms:

edf Ref.df F  p-value
s (temperature) 7.468 8.429 38.812 < 2e-16 **x
s(wind_speed) 3.870 4.797 5.983 8.29e-05 ***

Signif. codes: 0 ‘#kk’ 0.001 ‘£ 0.01 ‘¥ 0.05 .7 0.1 °° 1

R-sq. (adj) = 0.74 Deviance explained = 75.8%
GCV = 168.67 Scale est. = 156.21 n = 167

44



