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ALIETHXE A D& TEILTER AR T 1999 -0 5 RSB Z 1T > TV B, 2018 4F K T 20 4 DS
F—=RELDE LD, BEICK > TEAIMRROKE L ERZIT 21268, 2004 £ 9 AMSTHED 5 A,
2018 4F 9 HLLRE, [B/KEZR R EEOBIMNI W Uiz, WSRO RKHNE, iR, KRKED
BZENZTN 126 MIm™>d', 7.4°C, 9.4hPa TH oz, JAHEDELE 2.8 ms'. REMNIFHFRTH - 7z,
/KR IE 2007 SED 5 2018 £EF TOHIER/KERIT 1246 mm TH - 7z,

F—U—F I ERHME, XU, AKGEKUE. RKE, JaE, e, AL SIS St

1. IILHI

AL T B KE o [ D& SEIL SRR IC . ko gk
RN - T &AE 2 F R B & U T AL AR M S
Bz 308 U, BRI E Nz 41 m O 7)) 2 IR
S 2 T — il & U@z 1999 45 5 H s 53
MU Tz, T ORBRHIEFEAEOBEINZ 1T > TV 28 % v
k7 — %2 D FLUXNET (http://www.fluxnet.ornl.gov/) 38 X T
AsiaFlux (http://www.asiaflux.net/; SiteCode: SAP) DY 1 k
ELTHEHREINTVZED. TORBMZZUHRKES
WFEAT=F 7 aimkid, BHEAAREEIE Ry h T —2 T
& % JaLTER (http://www.jalter.org/) DUEH 1 = [ 4 7|
ELTEREINTWVS, BIEHEIICIE, SO LK
Y -« RIS E 7 M TIRERN T Th 2R ER
LEENTV D,

KGN Z O BINEGES TIrbn 5 DD —K%INTH
% (KBIT 1998) D, ML T B M&E, & 5IcHk
MAERBRICGEET ZREEKE L TOXEDOEHRIFEE
TH 27, BRGNS 2008 4% TO 10 D F
KGR (KU, HEE BOKESE ) OBIARSG RN AR E
NTWD (5 2014), ARG TRERD QT — 221
FET 2 L EBITHTIZIC 10 Frz2En L. BlHED» S
2018 FE X TOKI 20 FEMICDNT E D K LTz,

2. )5k

2.1 BRI DI E

FLIEAR RIS BR M (Photo 1) (&, ALIE I 2B &4 1 i
9% BRMFS O IFFEAT LT SZATHORY 150 ha O 7 L3
BRIAAIC . BB 72 FItT > TV 28l 2 7 — (Photo
) ZHLE LT ELTREENTVS, 7t
FERFRD EDE AR, s K CETEHDED > T 5
(Fig. 1; M2 K& PR [5E &2 A )L FE UE i [X] https:/maps.gsi.

FREZA R4 4E 6 F1 2 L BREZEE AR 4 4E 7 11 28
1) AR AT LR 7
2) ¢ PR A HIZET Lttt

X R RIEEERA L (BE0E) 25
AN AN B NN . https://maps.gsi.go.jp/development/ichiran.html

Fig. 1. ALBES MGG 1 2 KB 27—, Wits
B KUY I Ty T ofiE
Location of the observation towers, rain gauge, and
backup sensors at the Sapporo forest meteorology site
TRREDNE o L RERRR, RN O TH SN T
W D LR M A S B R EE N TV
TEIEILTERIAR, SSBIING Towerl THfio
Red frame shows the Hitsujigaoka experimental
forest. Green area in the Hitsujigaoka experimental
forest, where the Sapporo forest meteorology research
site is set, is covered with deciduous broadleaf trees.
Meteorological observation was conducted at Towerl.

* MRS J0MET T 062-8516 FLIRTTE X ES [T 7, E-mail: pop128@affre.go.jp
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(a)

Photo 1. X 3B 2 7 — Towerl H 5 Tower2 O J5 7] 7 fiit
W U T AL < Gt O k% 1

View of the Sapporo forest meteorology research
site toward Tower2 from Tower1

B H © (a) 2003 4E 5 A 20 H [2004 D5 R #E
A1 1.(b) 2006 45 H 24 H [ BEBEHED 2 4 1. (c)
2018 4F 5 A 28 H [ BEMEED 14 F5% |

Dates of filming: (a) May 20, 2003 [before the typhoon
damage in 2004], (b) May 24, 2006 [two years after the
typhoon damage], and (c) May 28, 2018 [14 years after
the typhoon damage]

TR O RILITI TS 55 21 % 4 2, 2023 |

go.jp/development/ichiran.html % fi ff] ), =F 7 FFZERFRIC
E. 1974 IR G I ZE AT E S T O RS TH %
FRSERRBR G RS S35 2 o Bl U 7z BRIC iR & 1
TeBFEER « JAZER O N TARLIAHC, 19 AR DEE DL
KEBITHOL Uy T 2N A F DI LT
TR S N5 B XMW T 2 ( MR A 2RI
HE ST 1998) & O RMNICHRE L 728 2 7 —
2EDS B, KNI D 2 T — (Towerl) TIT- 7z
(JbHE 42059.2' BT 141°23.1', f30 182 m), X U — &3
DOREIEE TR 20m, MERICIEZTF = PY, IAPTN
PIRL TV B, KBNS Y BEMTSH - 720 (Photo
la), 2004 49 A 8 HIC il L/z&m 18 F1C & - TJaEfF
WEEZFZHOF v v THEKE N7z (Photo 1b), B
TEIEIR A ITHEA IR L TV S ERBS T (Photo 1c). X7 —Jd
ADFMOIRIE T D 20 FRITRKELEL LT (W5
2021),

2004 FDORE 18 FIT KB BPEAFOHHEIC K D, &
SBIANE 2005 45 HX THMW L7z, 7z, 201849 A
5 HARBICER U7z B8 21 B K D F R BHE H O 93
2Tzl FNE TEHINZTT > TWiz Towerl DR
170m FABTIONC & % Tower2 (1IN s 2 B8 & B 72 H3,
ARG CRBH SRS O T — X ZHD bz h o Tz,

2288

B 2T — 5% D199 FEENSIEX L VY &
Towerl (LARE, 27— &FR9 ) ICHUD T, @l 7Z s
L7z (Table 1), & RHHHEZHE T 22K HFFH CM-06F
(Kipp & Zonen, Delft, Netherland) (&, FifE~7 7 I &%= %
T —ix FERICED 1 T SUltds & ORI 2 I E S
HimimERHE, Kz BRI NI “HOE RS
A TS T 7 IO T SN is@EEE O HICEL D £
2T — DR MICERE LTz, i3 201349 3 H
IZ HMP45D (Vaisala Oxj, Helsinki, Finnland) 5 HMP155
(Vaisala Oxj, Helsinki, Finnland) ICZ5 8 U7z, JAGHRT . H]
AELHE WM-30P (tHHETEREERT , AT, 2006 4F 5 H

Photo 2. 55481 2 7 — : Tower1
Meteorological observation tower: Towerl
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19 HA510d 05103 (R.M.Young, Michigan, USA), 2013 4E 9
H 6 A 51& WMT52 (Vaisala Oxj, Helsinki, Finnland) 7% &
T —OFEHICH 2 m 781 T8RO H U Tz e 5L o 140
7z (Photo 3)e TN DHEEDFIEKICH W 2T — X100/ —
W, HIERRRAYWIIE CADAC2 (TLEES, HEl) T, 7—
2O =78V AN K> THIE U, 10 R R THlE.
10 PR A)S—Y FIVaA V¥ a— RIS ER LTz, 2
HEREC 7 ay E—F 4 A7 2N L TTF— &Lz,
201349 H3 H& D F— &1 4 —7% CRI1000 (Campbell
Scientific, USA) ICZE8E L. 10 R THlE. 5 70 FH
filiZe AT VICRER, 2 BBEICA > Z—%y MEETT—
2[RI U fzo

i, # U —x EEICEE L R HIRA O E mEko
RPN Z o Tetesh, 3 ot & i MR ET DAG0O (71
AVa—=vVZw 7 \WYZv T 15 o BHEL
feo =T OO MFIEET—HEICK 2 m/SA T %
DUl D £ e, S E— T34 4] TR-61C
Wz, BIRMEE% 2005 FEOBHIFEBI LI X TR-61A
LTz,

Rk X 2006 4F 11 HIC XU —h 5] 2km BN 722
OFHZEE (b 42°59.7', HEE 141°23.4' B, K5 147 m)
Table 1. JIIZ3 I

History of the instruments

(Photo 4. Fig.1) IZJABAH(T & DIR/KA MR EF B-071 (A
AR, R0 ZaE LOE R Uz, 77— 21—
1%, Hobo H07-002-04 (Onset, Massachusetts, USA) =\ 7z,

MNOFITHIE, 1999 £ 5 2004 4 F TIEEFEROR
EREF MetSD-1800 (A7 A #E FFHl. ALY . 2006 47
5 E RO F R SR50 (Campbell Scientific, Utah,
USA). 2014 4 12 A » 5 & SR50A (Campbell Scientific,

Photo 3. JEEST WMTS52 (Vaisala)
Anemometer: WMT52 (Vaisala)

Instrument Measurement
Element Manufacturer Model Setting jpiciation date Logger Comment
height
Global solar  Kipp & Zonen, CM-06F 413m  1999-05-13 with a fan
radiation Nethreland
Air temperature e 12 CADAC2Y (Eto Denki, removed date: installed in a
& vapor Vaisala, Finnland HMP45D 29.6 m 1999-05-13 Japan), 2013-09-03  radiation shield
pressure HMP155 2013-09-03 with a fan
R1000? 11
Ikeda Keiki, Japan WM-30P 19990521 © SC?;%ﬁ(C%“S‘%e removed date: 2006-07-01
Wind velocity  R. M. Young, USA 05103 29.6m  2006-05-19 removed date: 2013-09-02
Vaisala, Finnland WMT52 2013-09-06
DA600: TR-61C 1999-07-09 DRM3% (TEAC, Japan), removed date: 2004-09-08
Wind direction Kaijo Sonic, Japan ] 28.5m CR3000% (Campbell
DA600: TR-61A 2005-05-20 Scientific, USA)
with a wind shield,
N Yokogawa Denshikiki, Hobo H07-002-04  location: open space,
Precipitation Japan B-071 2.0m - 2006-11-30 (Onset, USA) approximately 2 km away from
the tower in the northeast
Meteo Denshikeisoku,  yroany 1800 on the ground ~ 1999-10-25  CR10” (Campbell  1opoved date: 2004-09-08
Snow denth Japan Scientific, USA),
P Campbell. USA SR50 25m 2006-01-26 CR1000? (Campbell removed date: 2014-01-14
poet SR50A : 2014-12-09  Scientific, USA)

1) 77— ZEASHIFR : 10 %), 7— 2 {R17 - 10 70 P, MMM - 1999 4E 5 7 13 H~2013 29 H 2 H

2) 7— ZHUSHIFE : 10 B, 7— 2 LR{F : 5 01, [AIIM - 201348 9 H 3 H~2018 £ 9 6 H

3) 7T ZHUGHINE : 0.2 Fb, T — R LRAF : 0.2 FHEBHRE ., (EAIMIR - 1999 487 H 9 H~ 2013429 3 H

4) 7— ZHUSHIFE : 0.1 B, 77— ZLR(7 - 0.1 FOEBRRE, AR - 2013 429 3 H~2018 9 H 4 H

5) 7— ZHUGHINE : 60 Fb, T — R LR{F 10 70V, (EAMIR - 1999 485 H 13 H~ 2013 4£ 9 5 H

1) Sampling interval: 10 seconds, data storage: 10-minutes average, and operation period: from May 13, 1999, to September 2, 2013
2) Sampling interval: 10 seconds, data storage: 5-minutes average, and operation period: from September 3, 2013, to September 6,

2018

3) Sampling interval: 0.2 seconds, data storage: 0.2 seconds instant value, and operation period: from July 09, 1999, to September 3,

2013

4) Sampling interval: 0.1 seconds, data storage: 0.1 seconds instant value, and operation period: from September 03, 2013, to

September 4, 2018

5) Sampling interval: 60 seconds, data storage: 10-minutes average, and operation period: from May 13, 1999, to September 5, 2013
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Utah, USA) 2 27— 5 30 m m il OMRNIC 3 E U 7z
(Photo 5)o 7— X T —13 2013 fE & F Tld CR10 (Campbell
Scientific, Utah, USA) 7 Fi\ >, 60 #PRIBE THIE. 10 731
SEEMEZ NI A BV IR R L, 2 BEEIC/ =Y L
YEa—2ENLTT—XZRI L, 2013 FREAE X
EI%@K IR E & [A k. CR1000 (Campbell Scientific, USA)

ICZSHE L, 10 FORRE THIE. 5 77 B FEAMEE X € VIS ER,

2B A B2 =20y FRRETT— 2 2RI LTz,

Photo 4. ﬂiﬁn‘l’% E LU TV 25 BINER Y, & AR Bl 2
T35

Meteorological observation open field where a rain

gauge is located and a distant view of the tower

GBI ERY 250 5 R D 75 %2 st

Southern view from above the meteorological

observation open field

Photo 5. FEF {5 SR50A (Campbell Scientific)
Snow depth sensor: SR50A (Campbell Scientific)

TR O RILITI TS 55 21 % 4 2, 2023 |

thEF e

23 F—RhE

BT — 2%, Bk IE 30 ) REEE., %huﬂum
IFEEICEIE Uz, Z 0%, HHE. &, KEK
DRMEBT . WD T — 2 5 NHF, %%w@ﬂﬂ@
KGR T — 2ROV THIM Ulze BILEASRT— X
OBLAMET & FRILEE D ESENENT %2 Table 2 IC/RT, HA
M7 T 1 BB (TR 5 2014) L ABRIC, JHEBFR O
RPTRAIENE, ERFBOXRACE ISR T—2 &
LR R Sk Bt D 7 — 2 DR R R 7z | TREF
Lto%mguﬂbﬁﬂ$ DR OFFKEET MC-2100 (O
MBS T, Wal) OF =2 ZHWTHIM U (0.1
T 2015), (EERFPHEEEEOBBIC X 5 B XZ
BT B 728, 2011 4F 9 ALIRE, HHE B XUXUR - k&K
FEDHIBIIC SNy 77w ey 7%, et

Table 2. 7— 2 Hililil /5 ik
Gap-filling methods

Reference data

Element Interpolation? 5 3 4
Global solar 2 hours backup HARC, Sapporo,
radiation sensor? NARO?» JMA®Y
Air 2 hours backup open HARC, Sapporo,
temperature sensor? field® NARO® JMAY
Vapor pressure 2 hours different backup open HARC,

heights® sensor? field® NARO?
Wind velocity - - - - -
Wind direction - - - - -
L open
Precipitation - field® - - -
Snow depth - - - -
1) RAAIAHY 2 IFFEILAP O L;tf'iﬂﬁ/lj\]ﬁ

2) b#E 42°059.8' . HAE 141°23.4' . K& 143 m: AR A

FeATHEE AT AR

3) JUHE 43°00.4' . HRFE 141°24.7' . K2 73 m: PR SESLRERE

JeiEE S v 2 —
4) Atk 43°03.6' . HIFE 141°19.7' . FEE 17 m: SSUTALIREK

FEXLKKRE

5) dbkf 42°059.7' . AR 141°23.3' . KEE 150 m: FRAER S
JeiTAtigE iFﬁi’fﬁ%fﬁﬁM;&%&ﬁ?ﬂﬂwéiH

6) bk 42059.2' . HIRE 141°23.1' . AW 182 m: ALIRARMAA
Skt AR BIA 2 T — - P& 28.5 my 33.5m, 25.8
m

1) Linear interpolation when missing period is less than 2 hours
2)42°59.8'N, 141°23.4' E, 143 m above sea level: on the rooftop
of the Hokkaido Research Center building, Forestry and Forest
Production Research Institute (FFPRI)

3) 43°00.4' N, 141°24.7' E, 73 m above sea level: Hokkaido
Agricultural Research Center, National Agriculture and Food
Research Organization

4) 43°03.6' N, 141°19.7' E, 17 m above sea level: Sapporo
Regional Headquarters, Japan Meteorological Agency

5) 42°59.7' N, 141°23.3' E, 150 m above sea level:
Meteorological observation open field, Hitsujigaoka
experimental forest, FFPRI

6) 42°59.2' N, 141°23.1' E, 182 m above sea level: on the tower
at the Sapporo forest meteorological research site, measurement
heights; 28.5 m, 33.5 m and 25.8 m
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.

temperature
sensor with
a radiation
shield

Photo 6. 73y 777w TN L TV 2 HYEHE GV T —
¥aviy—)V R TiEst
Pyranometer and temperature sensor covered with
a radiation shield for data backup
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Fig. 2. UL DFHIZL
Seasonal variations of meteorological elements
(a) RRKHASRB X UKURD A M, (b) ARKE
BRUH K AS . BKEZFRS 5 —/N—
3EH OHFEEOEER 2, BKEDOT T —/3—
1& 2007 4~ 2018 FED HRR/K RO A Z KT,
(a) Monthly mean global solar radiation and air
temperature, (b) monthly precipitation and mean vapor
pressure. The standard deviation of daily data is shown
by the error bars in radiation, temperature, and vapor
pressure for each month. Precipitation error bars depict
the standard deviation of monthly data for each month
from 2007 to 2018.

MBSO ARE YR FICERE U7z (Fig.1. Photo 6) T &M
5. NI Ty TR yFICE B TR EHEORDDS
IBF— 2B Lk,

BB, 2 U aE 5 ATDFRN T IE 7 R 5 G E
MEEL <. MRREYHIcEDN TV B 720, BEEBA,
BYHOHHNIEE LV, Fz, 2006 SELBFICHN TN

TR0 T, BEHOHILIIEN /A ANZL
TORMMNZ 7257z, EEHIENTERWARNZ
Mol ehb, BEME U THERFEBREORCH LU,
Lizh> T, mEHEEORERMOELROMEX D FEN
BWC EICHEET 2080 H 5,

3E R
ERHSE, SR KESUE, Bka, mE, BEH
D 1999 £ 5 2018 FEDEEM T — X DAEHE M % Table 3
(BUET— % Table S1) . KURDFEHIFFEZ Table 4 (£
fili7— % Table S2). BIHIARIHH O H#EEHEZ Table 5
(%7 — % Table S3). BB EZER < BREDKEH#iat
fili7 Table 6 ( 5% 7 — & Table S4) IZ/" 9, FND Index
F. RKlTF—2DEEGB L UCHMBOAE#Z/RT, Table 4
DOKIRMEIE 30 7 FEEN BFENTZEDTHD, 1573
HOBRED SRDENTVEKRTDT—Z (KBT
1998) L3N EC BT LICHETINENDH D, Tt
ERASE, K. KESEDOA e AHOHT—
2 DOIEHERZE, FEKE D H T & A Bk O EHE (R 2=
% Fig2 1. EWRHIO® - 72 1999 4. 2004 4E, 2005 4F
BXU 2018 F2Fr< 16 FFER O BHAE A 7276 & Fig.3 1.
Atg, Hp - RO R\ 7276 % Figd IdRd, T HIC,

WV>6ms! mmm WV<=3ms' ==

WV <= 6ms! WV <= 2ms™ mmmm
WV <= 5ms-! WV <= 1ms! ===
WV <= 4ms”
N
NW / - NE
\ A\ S AN
N / .

sw ' SE

Fig. 3. JEGERIE B8 5 A1
Frequency distribution in wind direction according to
wind velocity
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Fig. 4. H « 1R8I0 0 7% ) D Ja B o3 Aii

Monthly frequency distribution in wind direction divided into daytime and nighttime
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RINART R D4 K H & & <UR. 7KZESUTE. Bk E O H 7 —
R 7x BTl E R} Table S5 1R,

3.1 £XHS=
S AR DY H S & 12.6 MI m™ d” (Table 3). H¥
HHSHERZ 6 AICHEKT 194 MIm™>d' 12 HIZR/NT 5.2
MJ m” d' TH -7z (Fig.2a, Table 5), XFGHAM TR H S
EVRAKTH -7 2014 13,4 HOHFEDIEHICZ >
c—J7. HFEEEDMOAE & FEA THIC D0 A DV
/n > 7z (Table 3. Table 6), 2014 Ei&dbiEE A T & R E
R SEFISHT THBREIAZh > e LRGN
THD (KRBT 2015), YAt CLRFHOMR L K> Tz,
FER HBHEDYERZIND 2009 4R, H IO FEE% RE 2 H
M8MHEEMD 3D 27% 587, K7 HOHS&
W ELHAR R O A FEEOR 4 770D 3 DET, RIMEZ
8T B I EIEHICTD R o 72 (Table 3. Table 6), 2009

Table 3. 1999 £/ 5 2018 4F & TOAER Hifl
Annual meteorological data from 1999 to 2018

343

I RLEAY BRI DI NS & D REIIC EFFO KR
NEDRE ENTOBH (KBRT 2010), Yl T & [H
BICRERAIC HB RN DIV E L 5 T,

32 [BHBLUKERE

SRR DO KT 7.4°C, KA SEZ 9.4 hPa
ThHolz. REFETFEKIRIE 2010 FD 8.0°C, HIKFEN
BRI 2001 4ED 6.6°C, KASLE S . &IKZENZ
NIE CEICHRR L. ZNFN 103 hPa, 8.8 hPa TH oz
(Table 3), A FHRIRB X OKEKTEDOEEIZS HTEFN
Z120.4°C, 20.0 hPa, FfKix 1 H®D -5.0°C, 3.2 hPa TH -
7z (Fig.2, Table 5), 2010 fFi3Z < OH THiR. 2B TH -
727 (Table 6). REMRMENTEH > 7 (KRBT 2011),
2001 R ILHA TR EZBROTRIEOHIICH D (K%
JT 2002), ik ¢ & FICZ < O A THIOF X D KR
T& > 7z (Table 6) i XU K U RAK AR D K

G:gia;ﬁs(())rllar Air temperature Vapor pressure  Precipitation Wind velocity (irll;g}\?;
YVEAR MJ m?d! °'C N hPa mm ms’! cm
index maximum Mminimum ;,, jey index index . index .
mean mean of daily  of daily mean sum mean  maximum maximum
mean mean

1999 NA 9 NA NA NA 9 NA 9 NA 9 NA NA 9 NA
2000 12.1 1 7.3 27.7 -124 1 98 1 NA 9 2.8 11.0 6 137
2001 128 1 6.6 23.0 -13.0 2 88 2 NA 9 2.8 11.6 5 114
2002 125 1 7.2 22.3 -109 1 9.0 1 NA 9 2.9 125 5 83
2003 128 1 7.1 214 -123 1 88 1 NA 9 2.8 125 6 98
2004 122 2 7.9 26.2 9.5 2 93 2 NA 9 NA NA 9 113

2005 127 2 7.1 24.8 -103 2 9.1 2 NA 9 NA NA 9 NA

2006 129 1 7.3 24.9 -10.6 1 9.1 1 NA 9 29 11.8 5 NA
2007 129 1 7.6 26.9 71 1 9.6 1 11125 0 2.5 112 5 118
2008 129 1 7.7 23.7 9.7 1 9.1 1 776.5 0 2.7 11.0 5 131
2009 120 1 7.5 22.8 -84 1 93 1 11555 0 2.7 11.6 5 117

2010 120 1 8.0 26.2 -129 1 103 1 12585 0 2.6 147 5 NA
2011 124 1 7.5 26.2 -10.7 1 95 1 12325 0 2.7 1.1 5 89
2012 128 1 7.5 25.8 -10.6 1 98 2 13650 0 2.7 109 5 100
2013 123 1 7.4 24.4 -104 1 10.1 1 1426.0 1 2.8 112 5 166
2014 132 0 7.4 24.5 -10.6 1 92 1 1291.0 0 29 11.0 5 121
2015 126 0 8.0 25.4 8.6 1 94 1 1268.5 2 2.9 124 5 129
2016 127 1 7.3 24.1 93 1 93 1 13655 1 29 16.1 5 141
2017 129 1 7.3 253 -109 1 9.0 1 1257.0 0 2.8 1.1 5 126

2018 123 2 7.7 254 -10.7 2 94 2 1447.0 0 NA NA 9 NA
Average 12.6 7.4 9.4 1246.3 2.8 119
Maximum 13.2 8.0 27.7 -7.1 10.3 1447.0 29 16.1 166
Minimum 12.0 6.6 21.4 -13.0 8.8 776.5 2.5 10.9 83

KA ERDENRME, FHFIRMEZRT
* FETRII RN Z ST TS E 1,

Index 3R & Z DROWIT 572790 0: RWMEL, 10 KA 10% A0 « RPAGEIZMMDOBIET — 2 SHf, 2 @ Kl
10% LA L « RPEIZ OB T — 2 S, 5 0 RS %A - FHEEEL, 6 @ R 5% DAL 109% Ad - fHEEEL, 7
R 10% LA L 15 % A « il Ly 9: Rifll 85% DAL - Ml Lo

The bold and ifalic letters represent the maximum and minimum values in each element, respectively.

* Snow depth is provided for reference because it includes missing data.

Indexes show the missing rate and data treatment methods. 0: no missing data, 1: missing rate less than 10% (missing data is filled
with other data), 2: missing rate 10% or higher (missing data is filled with other data), 5: missing rate less than 5% (missing data is not
filled), 6: missing rate 5 % or higher but less than 10% (missing data is not filled), 7: missing rate 10 % or higher but less than 15%
(missing data is not filled), 9: missing rate 15 % or higher (missing data is not filled)
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iz 2001 FFICFEERL THBH ., HAHOHHBLREZ TH S
7% & (Table 4), FE7Zi0 U TEKIEDEWETH > T2,
33BKESLURESE

2007 fEH 5 2018 FE F T D 12 £ D E KR I
1447.0 mm (Table 3). A FHFEKEIE 9 HMERZ T 164.5
mm, /NI 4 HD 66.7 mm TH - =z (Fig.2b. Table 5).
B EERKBEDDIEN -T2 2008 £, 5 HEBRWTEH
DOXNZRIAM O ATFEEZ TREO, 2055 5 0 Hid &N
HBEKE 72508k U T, B HRKE 2508k U7z 2018 4RI,
8 HIZEHATHRS ORI X 2 EN (KT 2019). 10 H
WIREAUEI X % Kl CRRKEDIERICZ H > 72 (Table
3. Table 6),
HWEMNTEEDREBESF 2013 EN RG> 2
(Table 3), T DFEF, HIRKEEXASEETEHEOZ
WETH - 7z (KT R — LX— https://www.data.jma.
go.jp/obd/stats/etrn/index.php)o

34 ARBLUER
JEE re B~ A g P & AL AE P O A A BB U, e R B
~mZA D E 5 m s DL EORBEOBEE N EH 5 7z (Fig.3)s

Hrp bR ceEBEIEEZ 0, Bk 10 AN S 4 AT
O OREMNFEBL Tz (Fig.d)o

Table 5. 1999 4EH 5 2018 4EF TO H MO -1

Mean of monthly meteorological data from 1999 to
2018

Glob'al §olar Air Vapor Precipitation Winfi
MONTH radiation temperature pressure velocity

MJ m?d! °C hPa mm ms’!
Jan 6.3 -5.0 3.2 86.4 2.6
Feb 9.2 -4.6 33 78.4 2.8
Mar 12.8 -0.6 42 81.6 3.0
Apr 16.1 5.4 5.9 66.7 33
May 18.6 11.2 9.3 72.7 3.1
Jun 19.4 15.3 13.7 88.8 2.7
Jul 17.8 19.1 18.6 104.1 2.6
Aug 16.3 20.4 20.0 142.9 2.6
Sep 133 16.6 15.0 164.5 2.6
Oct 9.6 10.2 9.3 124.6 2.8
Nov 6.2 3.6 5.9 119.7 2.7
Dec 5.2 -2.8 3.8 114.1 2.5

KPS ERDEARME, #F3RMEZRT
The bold and italic letters represent the maximum and minimum
values in each element, respectively.

Table 4. XM DM KT H - FEH - 2H - FZHOHE

Annual extreme air temperature values include the number of summer, hot summer, winter, and cold

winter days

Air temperature

YEAR . °C number of days '

daily mean . .. . . index

- — maximum minimum  summer day hot summer day winter day cold winter day

maximum  minimum

1999 NA NA NA NA NA NA NA NA 9
2000 10.5 42 33.1 -13.5 29 2 146 92 1
2001 10.1 34 27.0 -18.5 14 0 138 94 2
2002 10.5 42 27.6 -12.4 9 0 132 66 1
2003 10.4 3.8 27.0 -15.7 3 0 134 71 1
2004 11.6 43 30.2 -12.9 23 2 135 68 2
2005 10.6 3.7 29.7 -16.2 24 0 150 82 2
2006 10.4 43 30.4 -14.7 19 1 140 72 1
2007 10.8 45 31.6 9.9 24 4 148 66 1
2008 11.1 4.5 27.3 -13.8 11 0 123 76 1
2009 10.7 4.5 28.2 -11.0 16 0 133 60 1
2010 11.2 5.0 29.6 -14.4 41 0 135 75 1
2011 10.8 4.4 30.2 -12.5 27 1 137 79 1
2012 10.6 4.5 30.3 -14.1 34 1 143 89 1
2013 10.5 4.5 29.3 -13.2 23 0 131 75 1
2014 10.8 42 30.2 -13.2 21 2 139 81 1
2015 11.2 5.0 30.5 -11.3 19 1 127 48 1
2016 10.4 42 27.7 -12.1 20 0 144 83 1
2017 10.5 4.1 30.6 -13.5 20 2 139 79 1
2018 11.0 4.6 29.9 -14.1 19 0 128 76 2

Average 10.7 4.3 29.5 -13.5 20.8 0.8 136.9 75.4

Maximum 11.6 5.0 33.1 -9.9 41 4 150 94

Minimum 10.1 3.4 27.0 -18.5 3 0 123 48

HH, HEH, AXHBHESXENATNZN, 25°CLLE 30°CKIil, 30CLAE, OCLAFDOH, £HIEHK

RAGRAY O°CLL R D H,

Index & Table 3 & [AlkE. KRR & ZD%OUEL k72 IR,

Summer, hot summer, and cold winter days indicate that the daily maximum temperature was between 25°C and 30°C,

higher than 30°C, and lower than 0°C, respectively. The daily minimum temperature was lower than 0°C on a winter day.

Indexes show the missing rate and data treatment method, such as in Table 3.
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Table 6. 1999 £ 5 2018 4E % TORAEH #iiHit
Monthly meteorological data for each year from 1999 to 2018

Global solar radiation Air temperature Vapor pressure Precipitation Wind velocity
MJm?d! °C hPa mm ms’!
YEAR MONTH index maxim_um minimum index index index . index
mean mean of daily of daily mean sum mean  maximum
mean mean
1999 Jan NA 9 NA NA NA 9 NA 9 NA 9 NA NA 9
1999 Feb NA 9 NA NA NA 9 NA 9 NA 9 NA NA 9
1999 Mar NA 9 NA NA NA 9 NA 9 NA 9 NA NA 9
1999 Apr NA 9 NA NA NA 9 NA 9 N 9 NA NA 9
1999 May NA 9 NA NA NA 9 NA 9 N 9 NA NA 9
1999 Jun 19.8 1 16.0 21.2 11.0 1 133 2 N4 9 3.0 9.0 6
1999 Jul 16.1 1 20.2 26.3 133 1 20.4 1 N 9 2.6 7.3 5
1999 Aug 17.2 1 22.6 27.3 17.7 1 22.7 1 N 9 2.7 7.1 5
1999 Sep 13.9 0 17.6 222 10.5 1 15.8 0 N 9 2.9 11.8 5
1999 Oct 9.5 1 10.2 14.5 0.9 1 9.4 1 N 9 3.0 9.6 5
1999 Nov 6.1 2 4.0 11.5 -5.7 2 53 2 N4 9 2.6 8.4 7
1999 Dec 5.5 0 -2.5 2.8 -8.1 1 3.8 0 NA 9 2.5 113 5
2000 Jan 6.3 0 -4.5 0.8 -12.4 0 35 0 N4 9 2.3 9.6 5
2000 Feb 9.7 1 -5.6 -2.4 -8.5 1 3.0 1 N 9 2.0 8.5 5
2000 Mar 12.9 1 -1.5 6.1 -6.6 1 3.8 1 N 9 32 9.3 5
2000 Apr 14.5 0 43 8.4 -0.0 1 6.1 0 N 9 3.4 9.5 5
2000 May 16.1 1 12.3 18.6 7.5 1 10.9 1 N 9 3.0 8.2 5
2000 Jun 18.7 0 14.9 20.7 9.3 1 13.8 0 N 9 2.7 9.3 5
2000 Jul 16.3 0 20.3 27.3 16.9 0 20.3 0 N 9 2.9 8.4 5
2000 Aug 17.9 1 21.8 277 18.6 1 21.2 1 N4 9 2.8 7.6 5
2000 Sep 10.5 0 16.7 21.5 13.2 1 15.9 0 N4 9 2.7 6.9 5
2000 Oct 10.1 0 9.9 15.6 39 1 8.7 1 N 9 2.8 10.2 5
2000 Nov 6.4 2 2.4 10.7 -4.6 2 5.8 2 N4 9 NA NA 9
2000 Dec 5.5 2 -4.1 2.0 -9.5 2 4.0 2 NA 9 NA NA 9
2001 Jan 6.9 0 -7.3 -1.1 -12.8 1 2.6 0 N4 9 2.5 9.8 5
2001 Feb 9.4 1 -7.3 1.0 -13.0 1 2.5 1 N4 9 2.8 9.6 5
2001 Mar 13.5 0 -1.8 6.5 -10.6 2 3.7 2 N4 9 3.1 9.2 5
2001 Apr 17.5 0 6.5 15.3 -0.4 2 5.8 2 N4 9 35 11.3 5
2001 May 19.1 1 11.6 19.9 4.6 1 9.1 1 N 9 2.8 8.6 5
2001 Jun 20.2 0 14.9 21.9 9.5 1 12.9 2 N 9 2.6 7.9 5
2001 Jul 15.9 0 18.8 23.0 14.8 0 18.7 0 N 9 2.8 9.4 5
2001 Aug 18.1 0 18.8 21.8 15.3 0 18.0 0 N 9 29 8.2 5
2001 Sep 13.1 1 15.1 20.7 8.6 1 13.8 1 NA 9 2.7 8.4 5
2001 Oct 8.6 0 10.4 135 6.3 1 9.5 0 N4 9 2.8 9.4 5
2001 Nov 6.0 1 3.8 11.0 -5.7 1 5.6 1 NA 9 2.7 7.7 5
2001 Dec 5.4 1 -5.2 -0.7 -8.0 1 3.0 1 NA 9 2.6 11.6 5
2002 Jan 6.3 0 -4.0 33 273 0 3.4 0 N 9 2.5 9.0 5
2002 Feb 10.0 0 -2.0 4.0 -8.0 1 3.8 0 NA 9 2.7 10.9 5
2002 Mar 12.2 0 0.7 5.8 -6.1 1 43 0 NA 9 3.1 10.6 5
2002 Apr 16.8 1 7.5 12.5 3.7 1 6.7 1 NA 9 3.6 12.5 5
2002 May 20.5 2 11.7 15.7 8.5 2 8.9 2 N4 9 2.9 10.1 7
2002 Jun 20.6 1 13.7 19.6 9.2 1 12.3 2 N4 9 3.0 7.8 5
2002 Jul 15.8 0 18.7 21.8 13.7 1 18.9 1 NA 9 2.9 7.5 5
2002 Aug 12.4 0 18.1 223 14.4 0 183 0 N4 9 3.0 8.0 5
2002 Sep 14.1 1 15.5 22.1 11.0 1 13.7 1 NA 9 2.7 8.3 5
2002 Oct 9.8 0 10.2 18.6 2.3 1 9.4 0 N4 9 2.9 10.8 5
2002 Nov 5.6 1 1.1 7.3 -3.8 1 5.1 1 NA 9 2.8 10.1 5
2002 Dec 5.4 0 -4.8 4.7 -10.9 1 3.1 0 NA 9 2.5 8.8 5
2003 Jan 6.4 0 -52 1.1 -12.3 0 32 0 N 9 2.7 114 5
2003 Feb 9.1 0 -5.1 0.9 -8.3 0 33 0 N 9 22 9.6 5
2003 Mar 13.4 0 -0.9 7.0 -8.5 0 4.0 0 N 9 3.0 11.2 5
2003 Apr 14.9 0 6.5 11.3 -0.1 1 6.4 0 N 9 3.1 9.2 5
2003 May 20.0 0 11.1 17.6 49 1 8.9 0 N 9 33 9.2 5
2003 Jun 20.0 0 15.3 20.1 11.5 1 13.5 0 N 9 3.0 11.5 5
2003 Jul 19.7 1 154 18.3 12.8 1 14.1 1 N 9 3.1 9.4 6
2003 Aug 15.7 0 18.6 214 16.2 1 18.2 0 N 9 2.6 7.6 5
2003 Sep 13.0 0 15.6 20.1 11.7 0 14.3 0 N 9 2.6 12.5 5
2003 Oct 9.7 0 9.9 14.0 6.0 0 9.2 0 N 9 2.6 8.7 5
2003 Nov 6.3 1 4.6 14.7 -2.8 1 6.4 1 N4 9 2.5 9.1 5
2003 Dec 5.1 2 -1.6 2.5 -6.1 2 4.0 2 NA 9 NA NA 9

RAGHBORBEREDRAKM, AATRIMAZZE T, Index (& Table 3 & [FlkE. KHIFH & ZDHROUWI L2 /RT
The bold and izalic letters represent the maximum and minimum values, respectively, during the observation period in each month for
each element.Indexes show the missing rate and data treatment method, such as in Table 3.
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Table 6. 1999 4E7 5 2018 4E F TOKAEHMGHI (DD %)
Monthly meteorological data for each year from 1999 to 2018 (Continued)

Global solar radiation Air temperature Vapor pressure Precipitation Wind velocity
MJ m? d! °C hPa mm ms’!
YEAR MONTH index maximum minimum index index index ) index
mean mean of daily  of daily mean sum mean  maximum
mean mean
2004 Jan 59 2 -4.2 -0.1 -7.9 2 3.4 2 N 9 NA NA 9
2004 Feb 8.7 0 2.9 1.3 -6.5 0 3.8 0 N 9 NA NA 9
2004 Mar 12.7 1 -1.1 52 <79 1 4.1 1 N 9 2.4 9.8 5
2004 Apr 15.9 0 4.6 11.3 -2.3 1 5.1 0 N 9 NA NA 9
2004 May 17.0 0 12.1 18.9 6.0 0 9.7 0 N 9 NA NA 9
2004 Jun 19.9 2 16.6 20.5 12.4 2 13.5 2 N 9 NA NA 9
2004 Jul 17.4 2 19.5 26.2 13.8 2 18.9 2 N4 9 NA NA 9
2004 Aug 15.6 0 19.7 25.7 15.2 0 18.4 0 N 9 NA NA 9
2004 Sep 12.6 2 16.3 21.1 13.6 2 14.2 2 N4 9 NA NA 9
2004 Oct 9.6 2 10.8 17.1 1.2 2 9.5 2 N4 9 NA NA 9
2004 Nov 6.3 2 5.8 14.9 -4.0 2 7.1 2 N 9 NA NA 9
2004 Dec 4.8 2 -2.5 5.3 -9.5 2 3.9 2 NA 9 NA NA 9
2005 Jan 6.3 2 -5.3 2.7 -10.3 2 3.1 2 N 9 NA NA 9
2005 Feb 9.4 2 -5.8 -0.6 9.2 2 2.9 2 N 9 NA NA 9
2005 Mar 13.0 2 -1.5 3.9 -8.0 2 3.8 2 N 9 NA NA 9
2005 Apr 14.5 2 43 10.7 -1.1 2 5.8 2 N 9 NA NA 9
2005 May 17.6 2 9.0 16.4 33 2 8.0 2 N 9 NA NA 9
2005 Jun 20.3 1 16.7 23.7 11.1 1 14.1 1 N 9 2.9 8.2 5
2005 Jul 16.9 0 18.1 235 12.9 0 17.2 0 N 9 2.5 8.4 5
2005 Aug 17.8 0 21.4 24.8 17.7 0 20.5 0 N4 9 2.8 7.8 5
2005 Sep 13.0 0 16.8 22.0 13.1 1 14.6 0 N4 9 2.6 83 5
2005 Oct 10.4 0 11.5 16.5 53 0 9.5 0 N4 9 2.7 8.8 5
2005 Nov 6.7 1 4.0 12.8 -0.5 1 6.0 1 N4 9 2.8 9.5 5
2005 Dec 5.9 0 -4.3 -0.4 -1.5 0 3.1 0 NA 9 2.6 9.2 5
2006 Jan 6.2 0 -5.8 -1.4 -10.6 0 3.0 0 N4 9 2.8 83 5
2006 Feb 8.6 0 -4.4 3.1 -10.4 0 33 0 N 9 3.0 11.8 5
2006 Mar 12.6 0 -0.6 3.1 -6.9 0 42 0 N 9 3.6 10.3 5
2006 Apr 14.7 0 3.1 9.3 -1.1 0 5.4 0 N 9 33 9.1 5
2006 May 19.3 0 11.2 16.6 3.0 1 7.9 0 NA 9 3.2 9.2 5
2006 Jun 17.1 0 13.6 17.8 9.5 0 12.8 0 NA 9 2.9 7.6 5
2006 Jul 20.6 1 18.4 22.8 15.2 1 16.5 1 NA 9 2.6 6.8 5
2006 Aug 18.8 0 22.0 249 17.7 0 21.8 0 NA 9 2.8 7.1 5
2006 Sep 14.4 0 16.2 20.3 12.6 0 14.2 0 N4 9 2.6 9.0 5
2006 Oct 10.4 0 10.0 16.2 2.5 0 9.0 0 N4 9 2.8 9.2 5
2006 Nov 5.7 1 4.6 13.1 -2.3 1 6.5 1 NA 9 2.7 10.0 5
2006 Dec 5.5 0 -2.0 3.4 -5.5 0 42 0 91.0 0 22 6.9 5
2007 Jan 5.8 1 -34 1.4 -7.1 1 4.0 1 114.0 0 2.4 11.2 5
2007 Feb 8.5 0 -3.1 1.4 -6.8 0 4.1 0 94.0 0 2.8 9.8 5
2007 Mar 12.6 1 -1.0 6.6 -5.8 1 4.6 1 86.5 0 2.8 9.0 5
2007 Apr 16.8 0 42 10.1 -0.1 0 6.2 0 55.0 0 2.7 8.2 5
2007 May 17.9 0 10.7 17.1 7.1 0 10.1 0 1355 0 2.8 8.7 5
2007 Jun 22.4 0 16.8 21.1 12.0 0 15.9 0 64.0 0 2.4 7.9 5
2007 Jul 21.4 0 17.2 222 13.5 0 15.9 0 57.5 0 2.8 7.4 5
2007 Aug 15.8 0 21.4 26.9 16.8 0 20.4 0 64.5 0 2.2 7.6 5
2007 Sep 11.5 0 17.0 23.6 11.6 0 16.0 0 213.5 0 2.3 7.2 5
2007 Oct 10.0 0 9.9 14.8 5.1 0 9.1 0 81.0 0 2.5 7.5 5
2007 Nov 6.7 1 2.6 10.5 -5.7 1 5.1 1 67.0 0 2.5 8.9 5
2007 Dec 5.4 0 2.4 2.1 -6.0 0 3.8 0 80.0 0 2.1 6.5 5
2008 Jan 6.5 0 -6.2 -2.4 -9.7 0 2.8 0 65.5 0 2.3 7.9 5
2008 Feb 9.4 0 -5.1 1.7 9.2 0 3.1 0 90.5 0 3.0 10.3 5
2008 Mar 13.1 0 1.8 6.6 -3.8 0 4.8 0 25.5 0 2.5 7.9 5
2008 Apr 16.7 0 7.7 14.0 1.1 1 6.1 0 9.5 0 3.0 9.9 5
2008 May 18.1 0 10.3 18.1 3.1 0 9.3 0 106.0 0 3.1 83 5
2008 Jun 20.0 0 15.1 18.9 7.8 0 13.1 0 53.5 0 22 7.1 5
2008 Jul 17.3 0 19.2 23.7 16.5 0 18.6 0 55.5 0 2.7 6.9 5
2008 Aug 16.7 0 18.9 22.4 14.1 0 17.3 0 76.0 0 2.5 6.3 5
2008 Sep 154 0 17.0 215 8.7 0 14.3 0 24.0 0 2.6 8.1 5
2008 Oct 9.2 0 11.1 16.1 39 0 9.3 0 123.5 0 2.7 8.1 5
2008 Nov 71 1 3.0 12.2 -53 1 5.4 1 84.5 0 2.6 8.9 5
2008 Dec 4.7 0 -0.8 6.7 -8.2 1 4.7 0 62.5 0 2.7 11.0 5

KA HBOBRERORKM, FIFIRIMEZZ T, Index X Table 3 LAk, KR L Z DBOUNIHTE7Z2/RT,
The bold and italic letters represent the maximum and minimum values, respectively, during the observation period in each month for
each element.Indexes show the missing rate and data treatment method, such as in Table 3.

TRMR BB ATHFSE A 55 21 % 4 %2, 2023 ]



ALIRARR S S BRI D &5 (1999 ~ 2018 4F) 347

Table 6. 1999 £ 5 2018 4 X TORAEH#EHA (DD %)
Monthly meteorological data for each year from 1999 to 2018 (Continued)

Global solar radiation Air temperature Vapor pressure Precipitation Wind velocity
MJ m?d! °C hPa mm ms’!
YEAR MONTH index maximum minimpm index index index . index
mean mean of daily  of daily mean sum mean  maximum
mean mean
2009 Jan 6.1 0 -3.0 2.5 -1.4 0 3.8 0 98.5 0 2.5 10.4 5
2009 Feb 7.8 0 -4.0 35 -8.4 0 35 0 129.0 0 3.0 10.9 5
2009 Mar 12.1 0 -0.3 5.1 -5.4 0 4.4 0 69.5 0 3.1 10.3 5
2009 Apr 18.1 0 5.6 15.1 0.3 0 5.6 0 58.0 0 3.0 9.3 5
2009 May 19.9 0 12.0 18.2 6.0 0 9.1 0 40.5 0 3.1 11.6 5
2009 Jun 17.0 1 15.2 21.0 10.7 1 14.2 1 72.5 0 2.7 7.0 5
2009 Jul 13.5 0 17.7 20.9 14.6 0 18.2 0 211.0 0 2.0 6.9 5
2009 Aug 15.8 0 19.3 228 15.8 0 18.8 0 56.0 0 23 7.0 5
2009 Sep 14.5 0 15.6 18.3 11.0 1 13.7 0 49.5 0 2.6 6.8 5
2009 Oct 8.8 0 10.5 15.9 23 0 9.4 0 123.5 0 2.8 8.0 5
2009 Nov 52 2 3.4 12.5 -1.4 2 6.3 2 132.0 0 2.4 8.8 7
2009 Dec 5.4 0 -2.5 3.4 -6.9 0 3.9 0 115.5 0 2.5 9.1 5
2010 Jan 5.7 0 -3.8 1.1 9.1 0 3.6 0 84.0 0 2.6 10.2 5
2010 Feb 9.4 0 -5.0 4.6 -12.9 0 33 0 475 0 2.8 9.9 5
2010 Mar 12.6 0 -2.0 3.7 -6.1 0 3.9 0 71.0 0 2.9 14.7 5
2010 Apr 13.9 0 35 7.3 0.0 0 5.6 0 112.5 0 33 11.8 5
2010 May 18.7 0 10.4 15.9 5.6 0 9.0 0 47.0 0 3.0 9.8 5
2010 Jun 21.0 0 17.5 24.4 9.9 0 16.4 0 58.0 0 2.1 7.2 5
2010 Jul 13.7 0 20.4 24.5 16.3 0 21.6 0 121.0 0 2.1 8.2 5
2010 Aug 15.1 0 22.7 26.2 20.6 0 23.0 0 156.5 0 22 7.0 5
2010 Sep 14.6 0 17.6 24.6 9.3 0 15.9 0 107.0 0 2.6 9.0 5
2010 Oct 9.4 0 10.4 15.6 1.6 0 10.0 0 117.5 0 2.6 8.6 5
2010 Nov 5.7 1 43 11.0 -4.1 1 6.4 1 199.5 0 2.7 9.1 5
2010 Dec 4.2 1 -1.2 9.6 -8.3 1 4.5 1 137.0 0 2.7 134 5
2011 Jan 7.1 0 -5.6 -2.0 -10.7 0 2.9 0 71.5 0 2.6 8.9 5
2011 Feb 9.8 0 -2.6 3.8 -6.8 0 3.7 0 60.5 0 2.8 8.0 5
2011 Mar 13.8 0 -1.4 42 -6.3 0 3.7 0 62.5 0 2.8 7.7 5
2011 Apr 15.7 0 5.1 11.3 -1.5 0 5.9 0 85.5 0 32 11.1 5
2011 May 16.1 0 9.3 14.8 32 0 8.9 0 61.5 0 2.9 8.9 5
2011 Jun 18.1 0 15.4 21.8 9.6 0 13.9 0 39.5 0 2.6 6.8 5
2011 Jul 18.6 0 19.9 23.0 16.3 0 19.4 0 1345 0 2.3 7.8 5
2011 Aug 17.5 0 21.2 26.2 17.7 0 19.9 0 96.5 0 2.4 6.0 5
2011 Sep 10.7 0 17.1 23.1 11.6 0 16.1 0 285.0 0 2.6 7.8 5
2011 Oct 9.2 0 10.5 15.2 5.1 1 9.4 1 156.5 0 2.8 8.6 5
2011 Nov 6.6 1 4.6 11.9 -4.8 1 6.2 1 72.5 0 2.7 10.1 5
2011 Dec 5.5 0 -3.8 1.4 -7.6 0 35 0 106.5 0 2.7 9.2 5
2012 Jan 7.0 0 -6.3 -1.0 -10.2 0 2.8 0 62.5 0 2.7 7.8 5
2012 Feb 9.6 0 -6.2 -0.7 -10.6 0 2.8 0 455 0 2.8 9.3 5
2012 Mar 12.6 0 -1.7 7.6 -6.8 0 3.9 2 41.0 0 2.7 9.4 5
2012 Apr 15.8 0 5.1 14.5 -3.2 1 6.1 0 48.5 0 32 10.9 5
2012 May 19.4 0 11.1 16.0 4.6 0 9.7 2 105.0 0 29 10.1 5
2012 Jun 21.2 1 15.4 20.5 10.9 1 12.8 2 43.0 0 2.4 7.4 5
2012 Jul 19.9 0 19.6 24.8 14.8 0 18.4 2 72.5 0 2.4 6.6 5
2012 Aug 15.1 0 21.3 25.8 17.9 1 20.9 2 104.5 0 2.4 6.3 5
2012 Sep 13.1 2 20.1 24.1 13.9 2 19.1 2 275.5 0 2.5 5.8 7
2012 Oct 9.7 0 11.1 16.0 6.3 0 10.1 1 1325 0 2.8 83 5
2012 Nov 5.2 1 3.8 9.6 -2.5 1 6.7 1 228.0 0 2.6 10.7 5
2012 Dec 5.0 1 -3.8 4.1 -10.1 1 3.6 1 206.5 0 2.7 10.6 5
2013 Jan 6.7 0 -6.4 -1.9 -10.4 1 3.0 0 88.0 1 2.7 8.7 5
2013 Feb 9.6 0 -5.5 0.4 -8.8 0 32 0 88.5 2 2.7 10.2 5
2013 Mar 1.7 0 -1.4 3.6 <72 0 42 0 111.5 0 33 11.2 5
2013 Apr 14.3 0 4.4 9.6 1.2 0 6.0 0 134.5 0 33 10.4 5
2013 May 15.5 0 9.4 19.2 2.5 0 9.5 0 66.5 0 3.1 8.4 5
2013 Jun 224 0 15.7 18.9 10.9 0 14.9 0 99.0 0 25 6.9 5
2013 Jul 19.8 0 20.1 24.1 16.2 0 20.3 0 75.5 0 2.6 7.7 5
2013 Aug 14.7 0 20.9 24.4 17.0 0 23.2 0 192.0 0 2.6 6.7 5
2013 Sep 12.2 1 16.5 213 10.4 2 15.5 2 211.0 0 NA NA 9
2013 Oct 9.0 1 11.0 17.5 4.1 1 10.4 1 134.5 0 2.7 9.4 0
2013 Nov 6.5 0 4.6 11.3 -2.0 0 6.1 0 119.5 0 2.7 9.6 0
2013 Dec 5.0 0 -1.1 5.8 -5.7 1 4.3 1 105.5 0 2.5 9.6 0

KAFABORBEEDRAM, FIAIRIMEZZT . Index X Table 3 LAk, KRR & Z OBOUIHSTEZERT,
The bold and italic letters represent the maximum and minimum values, respectively, during the observation period in each month for
each element.Indexes show the missing rate and data treatment method, such as in Table 3.
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Table 6. 1999 4E7 5 2018 4E F TOHKAEAMGHH (DD &)
Monthly meteorological data for each year from 1999 to 2018 (Continued)

Global solar radiation Air temperature Vapor pressure Precipitation Wind velocity
MJ m?d! °C hPa mm ms’!
YEAR MONTH index maximum minimpm index index index . index
mean mean of daily  of daily mean sum mean  maximum
mean mean
2014 Jan 6.2 0 -5.8 0.3 -9.9 0 3.0 0 100.0 0 2.9 9.0 0
2014 Feb 9.9 0 -5.3 1.6 -10.6 0 3.1 0 85.0 0 3.1 9.2 0
2014 Mar 13.2 0 -1.2 7.1 -8.1 1 4.0 1 74.0 0 29 9.3 5
2014 Apr 19.8 0 5.4 16.1 -0.6 0 4.9 0 32.0 0 3.4 9.9 0
2014 May 18.9 0 12.0 19.5 5.2 0 9.8 0 72.0 0 3.2 9.0 0
2014 Jun 19.0 0 16.4 232 12.8 0 14.9 0 94.5 0 2.7 7.4 0
2014 Jul 19.8 0 20.2 243 174 0 18.6 0 68.0 0 2.7 8.8 0
2014 Aug 15.8 0 20.0 24.5 15.1 0 19.3 0 246.0 0 2.6 8.5 0
2014 Sep 14.8 0 15.7 20.8 10.8 1 13.8 0 199.0 0 29 7.5 0
2014 Oct 9.5 0 9.4 15.2 2.7 0 8.4 0 116.0 0 29 8.5 0
2014 Nov 6.1 0 4.4 13.0 -2.1 1 6.0 1 76.0 0 29 11.0 5
2014 Dec 5.1 0 -3.3 6.9 -8.5 0 3.6 0 128.5 0 2.8 8.5 5
2015 Jan 6.5 0 -3.4 -0.2 -7.4 0 3.7 0 149.0 0 3.1 124 0
2015 Feb 8.4 0 -2.9 2.5 -8.6 0 3.7 0 80.5 0 34 11.0 5
2015 Mar 12.0 0 2.0 9.1 -2.1 1 5.0 1 145.0 0 3.0 9.7 5
2015 Apr 17.2 0 6.6 17.2 -0.4 0 6.3 0 91.5 0 3.4 114 0
2015 May 21.1 0 12.2 17.9 6.4 0 8.7 0 45.0 0 35 10.0 0
2015 Jun 17.6 0 14.4 18.5 8.3 0 13.4 0 61.0 0 2.7 7.2 0
2015 Jul 17.7 0 19.1 23.7 133 0 18.6 0 57.0 0 2.4 7.3 0
2015 Aug 16.2 0 19.9 254 16.2 1 19.7 0 105.5 0 2.4 6.7 0
2015 Sep 12.8 0 16.0 20.7 10.3 0 14.7 0 206.0 0 2.5 7.8 0
2015 Oct 9.8 0 8.9 13.2 1.7 1 7.9 1 113.5 0 34 11.5 0
2015 Nov 6.5 0 35 12.5 =32 1 5.9 1 131.0 2 24 7.2 0
2015 Dec 5.3 0 -0.8 5.9 -8.6 0 4.3 0 83.5 2 2.5 8.7 0
2016 Jan 6.5 0 -5.5 0.0 9.3 1 29 1 36.0 2 2.3 7.5 5
2016 Feb 8.9 0 -4.2 3.7 9.2 0 3.4 0 126.0 0 2.9 8.9 0
2016 Mar 12.9 1 0.2 7.7 -5.5 1 43 1 70.5 0 32 16.1 0
2016 Apr 15.4 2 5.6 12.1 -0.1 2 5.8 2 62.0 0 35 113 0
2016 May 20.2 1 12.9 19.5 4.4 1 9.4 1 64.5 0 34 11.1 5
2016 Jun 16.8 0 14.0 19.5 8.4 0 133 0 144.0 0 3.1 8.2 5
2016 Jul 19.6 0 18.3 229 13.7 0 18.0 0 131.5 0 32 7.3 0
2016 Aug 18.0 0 21.5 24.1 17.6 0 21.4 0 258.0 0 2.6 10.5 0
2016 Sep 13.4 0 17.0 232 12.2 0 16.1 0 95.5 0 2.5 6.4 0
2016 Oct 9.7 0 8.7 17.0 0.7 0 7.8 0 61.0 0 3.1 9.4 0
2016 Nov 5.6 0 0.4 8.8 -7.1 0 4.7 0 108.5 0 2.7 9.1 5
2016 Dec 4.9 0 -2.5 6.3 -8.2 0 3.9 0 208.0 0 2.5 10.0 6
2017 Jan 5.8 0 -5.4 -0.2 -10.9 0 3.1 0 80.0 0 2.1 9.7 0
2017 Feb 8.9 0 -3.8 1.2 -9.9 0 3.4 0 53.0 0 3.1 8.9 0
2017 Mar 14.3 0 -0.4 3.1 -4.2 0 4.1 0 84.0 0 3.0 9.2 0
2017 Apr 16.7 0 5.9 12.3 -0.8 0 5.9 0 73.0 0 35 9.0 0
2017 May 19.0 0 12.6 18.2 7.1 0 9.7 0 64.5 0 2.9 8.6 0
2017 Jun 18.0 0 13.9 20.6 6.9 0 12.6 0 188.5 0 2.6 7.3 0
2017 Jul 18.9 0 20.8 253 16.2 0 19.7 0 70.0 0 2.4 7.0 0
2017 Aug 17.3 0 19.2 22.8 14.7 0 17.8 0 95.0 0 2.7 6.9 0
2017 Sep 14.1 0 15.5 18.8 10.0 0 134 0 235.0 0 2.7 8.1 0
2017 Oct 93 0 9.3 15.4 3.6 0 8.5 0 93.5 0 2.9 9.8 0
2017 Nov 6.2 0 2.8 12.5 -5.7 0 5.6 0 138.5 0 3.0 9.9 0
2017 Dec 5.7 2 -3.6 2.3 -8.2 2 35 2 82.0 0 2.4 11.1 5
2018 Jan 6.3 2 -4.3 1.3 -9.6 2 33 2 87.5 0 2.6 9.3 5
2018 Feb 10.0 0 -5.8 0.1 -10.7 0 2.8 0 41.0 0 2.5 83 0
2018 Mar 12.8 0 0.8 9.6 -6.5 0 4.5 0 138.0 0 3.4 9.9 5
2018 Apr 15.9 0 6.4 15.7 -0.2 0 5.9 0 38.5 0 3.0 8.2 5
2018 May 18.6 0 11.6 18.2 6.3 0 9.4 0 64.0 0 2.7 8.1 0
2018 Jun 17.6 0 14.6 21.6 7.5 0 13.1 0 147.5 0 3.1 83 0
2018 Jul 17.5 0 19.5 25.4 11.8 0 19.8 0 195.0 0 2.4 8.0 0
2018 Aug 13.6 2 19.1 24.0 13.8 2 18.5 2 264.0 0 2.5 7.0 0
2018 Sep 13.9 2 16.4 22.1 12.5 2 14.5 2 73.0 0 NA NA 9
2018 Oct 9.8 2 11.1 15.7 4.8 2 10.6 2 242.5 0 NA NA 9
2018 Nov 6.7 2 4.8 12.0 -3.0 2 6.3 2 79.0 0 NA NA 9
2018 Dec 2 -2.3 8.4 -8.7 2 2 77.0 0 NA NA 9

4.8 3.9
KEFHBOBRERORKMA, AH3RIMEZ LT, Index 1& Table 3 LK, KR & ZDHONIHEZ R,
The bold and italic letters represent the maximum and minimum values, respectively, during the observation period in each month for
each element.Indexes show the missing rate and data treatment method, such as in Table 3.
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Table S1. 1999 47 5 2018 4F & TOEHiGH (Table 3 D%
T —2774)
Annual meteorological data from 1999 to 2018
(numerical file of Table 3)

Table S2. ‘A DM KU HEH - HEH - 2H - H%
HD %L (Table 4 DBUHT— 2T 7 () )
Annual extreme air temperature values include the
number of summer, hot summer, winter and cold
winter days (numerical file of Table 4)

Table S3. 1999 £/ 5 2018 41 F TO H#ia Mifid ¥ (Table
5 DT —2T 7 AI)
Mean of monthly meteorological data from 1999 to
2018 (numerical file of Table 5)

Table S4. 1999 4EH 5 2018 4 & TODSAEH il (Table 6
DPET—RT 7 A4IV)
Monthly meteorological data for each year from
1999 to 2018 (numerical file of Table 6)

Table S5 HAKHSEL, HEFEAUR. HEFEAZRSER &
U HFKE
Daily global solar radiation,daily mean air
temperature, daily mean vapor pressure and daily
precipitation
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Meteorological observations from 1999 to 2018
at the Sapporo forest meteorology research site, Hokkaido, Japan

Yasuko MIZOGUCHI"" and Katsumi YAMANOI"

Abstract

Since 1999, we have conducted meteorological observations in a deciduous broadleaf forest in Sapporo, Japan. In
this article, we present observation results for a 20-year period between 1999 and 2018. The observation was halted
between September, 2004 and May 2005, and again from September, 2018 onward due to typhoon damage to the
facilities. The mean global radiation, air temperature, and vapor pressure were 12.6 MJI m~>d™', 7.4°C, and 9.4 hPa,
respectively. The maximum frequency of wind direction was south—southwest, with a mean wind velocity was 2.8
ms~'. The mean annual precipitation from 2007 to 2018 was1246 mm.

Key words : global solar radiation, air temperature, vapor pressure, precipitation, wind velocity, wind direction,
Sapporo forest meteorological research site
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