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Artificial Forest of Ceder (Cryptomeria japonica) in Hitoyoshi, Kumamoto Prefecture.
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Forty-year meteorological statistics of the Hitsujigaoka Experimental Forest
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#2sd  (Review)

REAFMOEEICIE. RELANIVOIERHNEEE
HNF Y ADREDHE

= T

w5

SURZE ORI EVZERIEIR S, MO N 2 DAFHA Bk &, RMOBENCHTd 23O & %
D&%, RiuMOpEth 7z RIPH THRMRICEITTT 2 LV S BHEEHENRESN TS, i TO
BHMEEEREE, REICDODEODITONTEED, MEROFRMEEEBNEX. R K O N TG
ARZHKT 5 EHERDNEHRIN KRBT D SO >T, TOXD HRBZHE Z .04
DHMZ & DEB OB Lo HHFIHZE G FAT =T LN )V TOWRD A [
BT MrbNaX5icx>Tc, LT, RMICORD SN EI L HNF 2 ZADUGE D%
MMERI SN TWS, LA LADSENEER EEOZ Tk, AN, BHERFE. FEEN R ER
TWEOEKZE, RMBIEERANOWHLIE, WELE TR TEERY, TOXS5XT D, mBEHO
ARMRBUETTIE AN TV ADUEZ T HRMBRERANOWUDNZENT VL ETHDN 5D BN
T &, X KEBARMETTHEICIS T 5 e DI GG E 217 5 DIXBICHTNE Z L2,

59 %,

F—7— USRI, SR, RREETT, A3 Y 2

1. ELC®HIC

SURZB ORI, EMZERME. MDA 4 DG
e, BRPRIZITHRENCHTZ2HGFOEE D 2%
. KEFEOmMEL LR HMEzE S5 &N
SEIELGEEHEL LTREEN TS (Menz et al.
2013, Lamb 2014, Murcia et al. 2015), T D78, TS
LLEHL LI & ENZGEATITHIARZ AL S 2 M
BRENMEMT 22D TFHING, SHBEMEIND
BMEEEEEZRINESE 21, BEORBRN LER
(Chokkalingam et al. 2005) & & &1, HME &G HE
DNENSH BB O (Sayer et al. 2013), & 5L
WO AN F > XD (Guaringuata and Brancalion
2014) WAETH %,

B, & ICBEMORZ L TV BEEHIZDONTO
ERERICDI0FETREL L L, ZDESD
FD—Dlk, KUIREZFIEMEK L LT REDD+ (FER L
[ D FRMIKAD -+ HIICHKT 2 L REDFEH O H
W, RO E - FRRCATRE R MR - MR EZBR D
1) DEERBON R LR > & THb, REDD+
XD, HRMEFIIHRM - MEL T Z—2 B 2B
EERTOWOHAHONGE x> 7, % L T REDD+ D
RIS HT ZEREZE LT, BRI KREOREZ R
LTWaRITTHELS, ZRAEYROERE LT,
X FEORMICES T ALDEGFERELT, &
EARBREERZLTVE T LICDVTORBIDED &
LB, MMAGEENRE, EENnNDODH% (7
Yty 7 =—)V2012), =L T REDD+ D3

JERRRZAS © P27 R 11 H 4 H JRERAZEE P27 12 A 17 H
1) B T TZEATARARA E D ZE A

WK Tzakamic BT, RN EHZEHN E %
WEDIWOMADZ N LIC LR EREATY
% (Seymour and Angelsen 2009),

COEIBERZHEEZAARB TR, FITHMEE
ZEOELSROEDOEBMNZE & LT2014FE9HD
EESREY Iy b THRIRE N THRMKICET S22
—d—2JEHE. AEEDEHOITEES | (UN Climate
Summit 2014) & % Z T SN HRMRBEE CHES
BT 3, DX, BEICBIGbNIHREBERE
OB e, RARO—D L LTOH/MRRBETLIH
JISHVE I D WTEIIAT %5, X BRMIBEHEZ KD
WCHEL Jedlc i, BMEZOILHERANF Y ZAD
WEIC DWW TR D, BRI, BETRER LEOBK
Mo, KEBEOMMBHEH ZHEICER L RN K S TR
ZiEd,

2. BT B a—a—2ES
201449 HIC = 2 — 3 — 7 CHIME & N7z FEE# & %
Iy hbIBWT, IERICETZ2 =2 —3—VEHF
(New York Declaration on Forest) | D RIRE N7z (H Lk
2014), COEFIEEHT, MHRIEANBEORERICHER
AIRDOGFHTH B LETERT D, DEIC, MHRPTHAE
BEINTZ—)VOBMRREDONTNE T LICERT
%, TLT, MAOHEMBDOB X ZH01E. K.
Yoo, R, ML mmAEBNO RIS (82
., AEMHE) ICERT B EhNB, ZD—T5, FHFM
FHRELED, HEMWICEMBLEZY, Bl T3

* MR A ISR E T2 T 305-8687 IR D < IXHHARDH 1
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X, BENE. ERANK. Lok, BRZE2R
b, SUEZENC T B8, EMERERER LI,
HIKTZE%L9%, COEFE. ROERBIFLEXT
20 DHEFESR (M7 ) B DERIRL TV 5, MEE T X
—ZBA T E O LNV DOBIERKIIR TH 5, X240 D
HEBRAI R, 16 DAFERTIV—T, 49 DOIEBUFAHRK
(NGO) B LU RAAEMK (CS0) & &, EERBERICH
BT BT S NI T H 5,
FRARIR A 0D = 7 BRI i i A P H Y D FRARER L T
52k, TNETELEZLDOMENSELTNS (f
ZIE, A= 52007, HA 2010, ZLT, TOHE
RIS IS S 2 7edic, FEEL K CHEETOBERK
R mEY O FERSEG 1S B4 B R EMN S U e xt
WHRDENT VS (/NNF 25 2015), TDXKIKERT
EMS BUTE RS BRI REENS Z2ER%E 5 T,
A PE BN O BRI D DO E R EINTH S
RS, AN flADRELE RN R Iz &,
SRR 5 b 525 T ENTE S,

.HELIERBBXUHMDECICHET S
ES|ER

HBHRICE TR 22 —a—F7ES T, N20200FF T
KIS TFANIZ— VoL LB IUHMkE
BeEE s, 0%, HLEEZ KIS 1 2030 %
TR 2EANT Z—)VEEITTEE S, ] &0 HENEBT
5N T3 (UN Climate Summit 2014), D% D 2030 4
EXTOHFT. 35 THNT Z—)LOHL L i
RBEMEE LT EZCEZHBLT WS, 35T
NT 2 =)V DETTHEH O TITHARDEE NS T
CEIRNTEA S M. REIBIRREATE B AV EH ] - Sl X
nNsevEIN%,

CDIERZE /MG C BT ORE . 2010 FFIC
iR THME S NI EM 2RSS 10 B ES
## (CBD-COPI10) TEEINLEEMHEZED, {#AHZ
15 12020 F X Tlc, HILLTZAEERD DR EE 15
%A LD L BB ERRROBRE L ECZE L, ELE
FROEITREN R U B LR R O BB X T 2 Y 2 £k
HOEBMDSRIES N, ZRDNKEEZB OB & EIS K
CWEALH U EIRT 5.1 I, MINT 58D TH %,
2011 £ 9 HICIE RAY DRy CHBROZRME cE BB
TG TRy - Fr L2V BRI N, 2020 4FF T
WHFRF T 1425000 TNT 2 —)VOBEMZIE LT S
COHEERE L, RY - F¥ LI IUCN BH
Bl & d 5 R RMRBIE L/ S— FF—2 v 7 (Global
Partnership on Forest Landscape Restoration) O 7 &) % 5§
JBXE5E£EDTH5 (IUCN 2011),

HBHRICE TR 2 —T—VES TO/RMETHIE
. Ry - Fr LI HENMZ 2030 £ F T
L. ¥HEREE 2 8N7 Z2—)ViBMT 58D TH
5, Za2a—I—UXMEYIvFCBNT, TFFE

7 (2200 FANZ Z—) V), T IRFHLME (800
TJR—=JV) UHVE Q50 AN RZR—=)V), TT T
T (120 TNTZ Z =)L) E, 4 7y EHIC X B 3400 TNY
RZ— )V OHMETCHER S S TzIcRHE Nz, 2L T
2015 4 HICHMEEINLERY - Fy LUV 2mBEE
T, BRICHT A2 —TF—VEETRESNTE
M 7E BN R S Nz, £72 20 Fon EOHLD H A
DEFED 6000 TANT Z—)JVITE LT ENHETH
7z (WRI 2015),

COEIICKRELREBHENREENS C LITE.
ARG TTIT N 9 % E 5G] O 33 0 h 7R HRE S HEm O B
Rz % E VS RN H B (Lamb 2014), 727210, K
AR PR DN AR CRP M - SEfES M B C ki, HY
T EENMEH S NI TTD NS, R EAR
HENEED IO zDITKBIE NG, R
Bz e R B ARG AR & B I Bz (A i bR 1 &
EZAONEMERUENMET T 5, KEBEMKIC K 57K
FHE OB MAO MK DRI 2 BL T8 5, AR
MWREAE LTH#HT S, REDVRIHBEH S (Lamb
2014), RKEREOBME TZHNE T EHEEDN, LD
XOBARMBZE 25T RV DEEN RO ENT
Wa,

4. B & BBl

BN KON EMZzEUCHRKE T 2D OIEH
. ERK OB ITDONTER, MDD Ko7
LANCHEMZER L KD LT H2HERX, FEAEDY
B BAROWEZ ZEEHELTEAT N, TLT
reforestation ( FFHEAK ), forest rehabilitation ( FRIAIEIE ).
forest restoration ( AxAkEITE., HMMIEIH) K E DN
T L T&E, COXIHRFEICE, HixZHiEz Ml
SIEHADDNTNTE, HIUREHAAENZE AL
CtEDsdNE., ACHETTFEINTVWTEEESH
HWEEINAEZEDEDEH S,

It HE2E S (SER 2004) (. rehabilitation (818 ) &
FEERMSKDNTZ DAL LD Lickkae > ERESN
ZEHEIWKRE S &9 51EH). restoration (1€IT) &id4E
RER O BERERAEPEIICIN A TR EMEE TR
L lHBDICTBHRILZAEET AHEEIE. WHEDE
WEEHELTWVS, EELULAMBEEBEEOLME LT
W 5 1 % rehabilitation & restoration A, T D X 9 I
ERICW > THHBICK P ENTE R TIEEY, MK
BEIGEI OFICIX, Kb N Tz KO R E S
ZIGIKRT T EZHMNELTWS Z b, HHET
HHEMNEDF SN EDND S, £ldiic, HKE
TLEVIBHTEBINTOTE, FREDO—FERD
KICARDOERTOEILEH L IRZEETVERED
T %, £, HRMEZHZESE (MFE= 2001) TR,
rehabilitation (& &1 [FRFKD] ], restoration (& [[HITE.
BIH] EIRENTWDB, UL, BN THESNZHK

PR ST B S 55 14 % 4 5, 2015 ]
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PRBIHE HH 4412 B W T rehabilitation & restoration 35
XUZNEDOHAFERICOVT, HEINAEICIECZH
FHOMNT TR RSN TR,

ARTE. DOTHEMTH > DA, HH, #
iz Clicifid Nz T MIcHEMRZRE S22 TOIT
A RRBE LR, DX O ARMARE. Kf#E, £
st b BRE#REN AR ERARENE, BTrBX U
HARDHARL., (FABROREZ ST ) Mk, RIATEH O
B, 77T LA R EDRGELZFEEZED.
BEX G2 RRICRZ 5 L3 21EH O 4T 2R lE
18 & H759 (Chokkalingam et al. 2005), AKFaTlI X 7=,
HMEEEH ZERETS Loz, Ao REs
HFIHOMABDLEN B 2B RBESAZECL K
5 &9 %1E81% . Dudley et al. (2005) IZ L72h5 > TR
B8 T (Forest Landscape Restoration) & PES,

AR REETE. TR b bHELzD L
TERBOERZHNELTOZIMORE L AL DERZE
T BELZHNE T2 —HOFEN LELKIND
(Dudley et al. 2005), CTDEHZICWVD MHEBYENE L X
D] &k, HHERERNLZOHIBICTHEET 2 BREY
HMOR T GAEFEC 0 EREZ R LT3R
Mz4sd. £l TNADER] . @ENENE. F
ML BEER. 208, NP AEBRRERE. ANBEEOHR
WM %79 (Dudley et al. 2005), FRMmEEE LTI,
MIEETES) & U TRIARZ RS 2 PRSI 720 Tldx
<V BHREHO XS ICHEM TR AWV A Z &9
e R E LTS, K. ARBIETIE AR
PRI EEENRDFEFOWZHIETEOT, =E
DETHHS NHETEE ORE 2 PR LA MEZE T L
£2LTBEDTIEEV, T LAFMHER2DHMMN
ENeHLVRBIOAIZHBELTWS LA 5T
NEWiEA9,

5. PER O AR 2 D R A

BMZEOEDE L BHANZOBAN b &
CAHAERNRET B, HMBEEREIRTHETE <
MHEITObNTER, LMLENDL, EROBMIEESR
DL, HME LIBEANEbN IS ZTIC
REMZZ LV HEBIEENCT T, HomE LI
SEEBRBICK D > TER (BHIZIE, Chokkalingam et
al. 2005, Mansourian et al. 2005), #ERDBHEMIEEFED
FEAEDEMICK D TERBBEELT, XDXD
BIEDROBRLEMEINTWVS, YoM=K
MNEMELTHERAINTY S0, BIARZERTHE R
THIAR DM S0, fERICHAERESHRME I N
Vo AN RBICHE R EINREE - XEMGREIATYL
T, HHDOBRBICE LN DbM S RN, k%
D& BRIEDE AN IRV FAD Tz D5 E IS Fe
ENBZM, MAHOMHFERODDERIREME TN
BTz DR TN TLUE S5, BHIFIFRD MK L,

|Bulletin of FFPRI, Vol.14, No.4, 2015

Z DT OO U T2 R RIS 2 /L R & n
TWiaWWzd, A UERIRIIC & b WFRMID R %,

Le et al. (2012) (&, EITHA DK ED b RHKIEE H
¥OREDOFIMCHNSNTWBIHEZ, R, o
. BRBE (REZEMEE, REZREME. ERERBEAE ). tL
ERBEL VI ADORINIEZEE LT IV—T{k L. K
IS8 5 2 2 BNz, HAi - BRF 2N E
R, 2R ENER, HIE - BCR - BHERN, HEO
w0 4D0ORNERE UTEML, HAEMGRE
RIS ZE R Uz (Fig. 1) Le et al. (2012) 13 % 7z,
HMEBEFEXLOFMICET Z2REMRTOL 1, FHE
HIHHORZERNRE L TWVWE T L, KGZERDIZERIC
I 2MaBh AR+ THs, LS MEEERML .
Z LT, MRENTBARDES., KEL. KAL K
PR & 75 % W [ BB 72 08 o 7o WG I 7 5Tl & KA IS B
b2 HOBEREMGT S &M, PROFEEFE D
WEICHETH S LIRM LT (Le et al. 2012), [FIBRIC,
YTV TIYHOEERE SOy b
D531 7 I T 7% > 72 Murcia et al. (2015) (&, (F &AL
O7uY 7 MR, HEEEBCRI O ES 2 B IR
WYIRE= 2 Ul UhElzmwe e, Ta
Vxl FEHMICHISLEEEMBEOE= 2 Y THRED
WHETH BT &R L Tzo Murcia et al. (2015) 13 F 7z,
au Y7 EEUHEKEEICB O TAERRE LT 0
VI hOEMTBICHIo TR, 7T VIVEHILERD
BRINTZ T, R & THETR L)L T 0 BURF A B o #iE
Hmomd#, REMSZE, JEEFIEE, Toesim,. =
OIRHMRE L DI INHEE TN EZRE LRF L,

Leetal. 2014) &, 74V ¥V, LATETHEBE
N4 DKM IO Y = 7 F2HE L. RINERK &
BEORE ORI OVWTERMN N ZiATZ, T
DFEFTIC & O BT CRRIC A PEPED @ o re et
FEDIEM ), tEREE BT (RO, F]
WA HERG ). ARMIRGE R - = XL (RS, MR, B
FRBXUEE T 2EDOMIT ). FftEEH (771
Tx LAY —, JERMMEY., KMEFEZHA LT
VAT L), BREOZHEILENR—FF—v T
(Mo 2=7 . BUF. FAEE. NGO E E Dl
TIBR ). FAR S8R (HRFESHE. BIRLEIN, BRMEFEO
AT RINA ), AT FTANTIF v —DBF
GEEROBEE ) 75 & OBERMN, B 7 & I o F A
DREINCTIRILE K KRN E B2 & DHEINTH % LRk
EN7z (Le et al. 2014), T D &K 5 ITEERIME KN E
BBICE, BIAZHKRT 220 TRERATD T, HHO
WA T R 72 T 5 & 5 M O 2% AT L
BZBEHRETH B,

6. AR EHBIE C & IS I A
BRICET 22 —T—TEENRIT LI, FHbk
NRKEOREZZZEBL TS L, 2L 0EWHEOT
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B EZRSTNB T L, RKMBXUIEARMKEY D H
WMONLXDOBEEREFFERTHZEND, BEIQ
TeHMIC & 2 IREFFEE, EMZRMERE, O£
mECHRTZHEIEE> TS, LhLAENLIN
5 DO E 72 [EREIC SR 72 9 AR D3 BCE T 7RV,
— RIS ARG RER D SRARICES £ T, BEVERE XL
BET 2, MMADPKEL, KEORZEZEMLIZD
EMEREEEE EOERBRT—ECAZRHLEZD T
E5X5IKEBICiE, BTHESLIEENL EOKHE
MRETHB, TO—F., BLEORMKMBTES T
AR, ARDEL LZRT3I0DINAZRHEELT
Bz, RO K S ICHBRBEIE TINERTRE & 7% 2 %F
EDBBEORNKRZHET 5, KN TOREZ
FLEIT B H D, REFBE., EWEHERE,
WMoEGFm L vy Bz diciE. BN
MOIRBR I A - FMEEFTEICED T, %
NZNDOHMICH LT % M2 HANCEK S % =Bl L
NIVOW O AN EE LT 5,

1990 AR FE Tld. M HEREZEHRNT 5 NED
2, BEITIRAMORELEH ZEHL, 41t
LMz d s EZERL T VWENE, L
MUGED S, KEMDOBADDNEEEH U TR AERER
MHEKRT BlcDN. %< O T, ZRIKDBEEE & HEHF
TRHICWEEET 2 RAMOBEE L EHEZT TEAT
T HIELIEHRMOESLCHBRETH S ERBIND X
5127 5 7z (Dudley et al. 2005), Z L T HiPHOKFE
O THIFHASHEEZRENETORNRETEDTIEE
. BHFOITHFIHZECRBEZNSR LT 5 HMRE
HIEHENE, B A & N7z (Dudley et al. 2005), A RE
HIL T, BIARZHERT 2HOHIFEA TR AR, B
EHD K 5 ISR T WV L HIF 72 & 6 7z Hiusl & 5
RELITB, 2O EICKD, HIfOLHITHT 5 Rk
DR ERZ & DORA GRZEEBREDOSEZIEKT
ZOWAEL KD, TOROHEMBEBIET TR, TL
BMTHo Lo TIic, BAZREBLES &idL
TV, REERTEENC NI o T, ETICHEMORE T, £
CIWCRBETHODOD, FEHRDE - & BRI DT
T, EDXSIBEHBMBREBICIDONZRET
% (Dudley et al. 2005), R IARMEBIE TICITERMZ
WL b, HEHEBORTPLNEEMDZLEL
W06 U T EMEFHE OE IE & v 58 & 9 5 NE s iy S # 72 |if
8 & L TV % (Mansourian et al. 2005),

REILVO LHERMNESG THEHA I NmD o
1990 AR T, ZDOFHEDORGICET 2 MO K1
FAARI IR DI -> TE O AMEHOH I
T et R AW IE R 5 N7z 8 DT H S (Sayer et al.
2013), Sayer et al. (2013) &, SEIL )L TO T HIEH
KBNT, EELREO ML —FL 7RSS0
CRHERFEIE, ZNE OB HITHERTA RS
A URTFHEZBEEDF TR, TNHEDOFEANZ, #

BOFEBRBZRENNDZEMNT, FAREHEESEWHIL I E
5CLEZEHBLTVS, ZLTHONULBHRELKH
BEICET 2D Tlda <, EhEfEZzdCCTHBE TS
FOBEZBORTIEISHE RO BB 2R L TV
% (Sayer et al. 2013), X BRB L)L O HEMIE LA
DL Rer e 2 AEFFEME T 256 & LT, RERY
—EAREMEZERED M FICx 3 5 EHXIROE W
B ORE. BT D DI B Fifli it & iRt L
NIVOHIRZRBIL NIV R T =)V T v 7T 2% FiED
REEE, BT L CWVWABIGEN E i, s L BHIGOW
NBEXTHEHBE Ry hT—7 s EtEEROHT
R RIS DV T O FE 2 U 7o R A D R
KOFITAREMOMFE(EENZ Ll ENBITFENT
W% (Menz et al. 2013),

RELAN)VOTHIFIHEHTID KVERRE FIF3
DI, ThETRHEFLE->TERELZ Z—HID
fEMOFHBZRK O, 7 2—MOMHAIERZ g
U, X437 - 8892 HIEEIC DWW TR W28 Uik
Tl EDNETH % (Sayer and Cassman 2013),
Kissinger (2015) (&, =B R A IR L E D HR A
POFERTHZIL L, TNHOETEZHEIND E
B d REDD+ HEfHTEENIC N 9 5 EEEB K D &
EZMCRENT L 2GR LI, TOk, REMB
SO RE UIC & D HHRIEAD DR & Ffery A & RE B
ICEH BT & % (Kissinger 2015), EEFR MO HFH & 2
oERIc KD, EREGMKE D ZFIZI I L
I BEMFZEBICHIS L., ZHREEREZ LD TR
HEFA I 5525 2BIEMNNRE L 2% (Sayer and
Cassman 2013)s C D X S ICHEMEEZ ZHHRMRBE
2RI EE2IE, HRHRBCE L BEBEROHE O &
I BB EERTOBRYIENLETH %,

7. HNF U ADUE

Guaringuata and Brancalion (2014) (&, H K, 7 7
U, 77 TORBNS. HRMFEBIE ORI
DRIBERDIEZNT, AT —INVERIEWEHNFVAD
RENRIE L ENDBTH B efafiiLic, TUTHBI
BICREDZEM AT — VIR K Z KT TH O LN
W D DL YE LR, M ORI O R/IME
WRR ST NEHRKGRETH S & Lz, ERBUFTIE
BV R, izt b0 TFEES D,
FRELHFHHS LS RERBEANT VADBEELEHAED
B2RWETIEDN, ThLoDOREDOH.LTH B, C
DIz, IRVHEHOFEEGRE, ENFE 7%
—Z R CBUR, BB LNIVOBKEREZ &L, A
FixHINF 2 ZAOHENLHETH % (Guaringuata and
Brancalion 2014),

B2 BOIRH R HNF V ZADBEFIT DV T,
REDD+ I B9 2 [HEE LT L DR D 522 5T ENT
T, BAET - TV )by (2012) iF. RN
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FUAOYEE, NEOFGRICHEITE S XS HHES
Zifbd s LEHEL. BN, FHEMZ RS
BL., i ThVWERARERREZZH. NS
B HMIHCEZEDBMRTES T AL DOHER & 4FHC
BB L ER VKD BT HBERTFiEZ ML
5EDEFAL, ¥AET - TV 2IVEY (2012)
FE, EFOXOARBEERD S 2R MEES X T
ZOMOBERSGEEE & LT, LA OB L, R
WY B O IE, BB IERME T, HRREET
— 2 OFAFREME M L. HIENRESI DM L2 H . T
MR EBERWE] L L THRE LTV,

8. byl

SURZERER. LR S, MO AR Lk
ENOEBRICHT 2 HEN S, BARZAEKT 2 IEED
BWmdsL7THEINS, HEKRDKREZBEIC K B X%
LZEEMZ2EHTS%56, RO THICKEDNE SRR
iR A AWK EL GBBHEZRFR L. EHEMERSET
Z2OMWMBNTH %, EMZEER RO T2DITE. it
SIS PE O & K &K R 2 flE N O AR 2 R EIC
EHlE L THER T 2 0END %, KRZEEA. £
ZRERENFETZ 2 HNOEGE, &M Z XD BV
M, #¥rdT2 M RYICKRB, 20—, HiEHD
ANROAEEIM EE2EHT 555, ECLHMERNSE
ETHAAMDO S INENTEZ LB LT NERS
B, TOXDICRHEIRZEMERRIOM A TAT —)V
MELZZHWNZHDETHlilzdz2dlcid,. ThEFho
HINCIS CliEBiz T 2Bz A abE iy
WAz REed 5 REIE M ZRET S LANE
TH b, Te& ZFEMZRIEDEIEPREDIZDITIE.,
BIFET2HAMEZIRNICER Lz, 5455481t
ZHWIZ0T21E50, Akl rzEET S X
DEFNRNE ENH S (Menz et al. 2013), T DIFE
., HATHARZHEKRLELS LT, ZORDHDE
ERXH N ERET BZHMOMEREHRICHIT S XNET
H5B,

FAO O it 5 2% bk 3 I 75 2015 72 S BE & 9 5 il A
(Sloan and Sayer 2015) IC X% &, LK TR
DI T UM IZEN L TWwadE 0D, B
FERE LE T HERBRD DN TV %, REDD+ % i
EHIRFAO R LD LIBICL Y., REZ LEOHGMKE
R AE 1 ELDDH 2 & DD, HMED BT
BB ERNDOBERX LI WE 7+l TR RN
(Sloan and Sayer 2015), T D Z &, A& E TlE K
M THMREZEICT 27D DEMENE S TVAEY
TEREMT S, FHHMO O KEBEOEEEED -8,
KR I RTS8 2 IR T 2 D Tlda <, EE
HIEDOARDHWNTH % KUEZBIFRF. M2 HRMER
a2, HiE D N &< O LR ER T B 2 DBERUE
EENRIEE SR,

|Bulletin of FFPRI, Vol.14, No.4, 2015

AFOMEICH IO HIEREIBIHIS F 7S HBE (IGES)
DI IAER ., BRAAEE 5 W ZE AR SRR B BRI ZE i K
DEKRFLRN S, BELSZMW 2, il L TEH
LEd,

5 SR

VoY)t y TUYIR-XTZ—)V FTARAEVF
(2012) (#A)II  E—3FR, 2015) REDD+ DAL . R
WMl (§i7R ) REDD+ Z fif##fr 9 % @ 3R & EHRAL,
BEIRZERTZ% & > % — (CIFOR), 31-49.

Chokkalingam, U., Sabogal, C., Almeida, E., Carandang,
A., Gumartini, T., Jong, W., Brienza, S., Lopez, A.,
Murniati, Nawir, A., Wibowo, L., Toma, T., Wollenberg,
E. and Zaizhi, Z. (2005) Local participation, livelihood
needs, and institutional arrangements: three keys to
sustainable rehabilitation of degraded tropical forest
lands. In: Mansourian, S., Vallauri, D. and Dudley,
N. (eds.), “Forest Restoration in Landscapes: Beyond
Planting Trees”. Springer, New York, 405-414.

Dudley, N., Mansourian, S. and Vallauri, D. (2005) Forest
landscape restoration in context. In: Mansourian, S.,
Vallauri, D. and Dudley, N. (eds.), “Forest Restoration
in Landscapes: Beyond Planting Trees”. Springer, New
York, 3-7.

Guaringuata, M. R. and Brancalion P. H. S. (2014) Current

challenges and perspectives for governing forest

restoration. Forests, 2014, 5, 3022-3030.

T (2014) EHESMEY 2 v b#E — Forest
Pavilion IC C &5 R MUK PE R 7% H A REDD & > &
—Z KIS, ARMHS S WEIE T REDD W2 B JE 1 >
Z—7 = 7Y A b https://www.ffpri.affrc.go.jp/redd-
rdc/ja/seminars/reports/2014/09/23/01.html, ( & M
2015-07-30).

IUCN (2011) Leaders define pathway to restoring 150
million hectares of lost forests. http://www.iucn.
org/?uNewsID=8147, (accessed 2015-07-30).

FE

Y=y RNV LIVTaT7IVY =T+
AT TS5V ARA Ty T7UIEK:
JUR— ATz eT¥—Y H—F (2007)

(M M- R oo @HE KBSk Bl
R, 2008) KiFBETEDHD ? IHMEBA & FRbk
FHALic k9 % PEHHIE (REDD) ) 1259 % #%
AR ZE M B DR, E MK ET I > 2 —
(CIFOR), 79pp.

Kissinger, G. (2015) Fiscal incentives for agricultural
commodity production: Options to forge compatibility
with REDD+. UN-REDD Programme Policy Brief
Issue #07.

Lamb, D. (2014) “Large-scale forest restoration”.



198 TOMA, T.

Earthscan, 320pp.

Le, H. D., Smith, C., Herbohn, J. and Harrison, S. (2012)
More than just trees: Assessing reforestation success
in tropical developing countries. Journal of Rural
Studies, 28, 5-19.

Le, H. D., Smith, C. and Herbohn, J. (2014) What drives the
success of reforestation projects in tropical developing
countries? The case of the Philippines. Global
Environmental Change, 24, 334-348.

Mansourian, S., Aldrich, M. and Dudley, N. (2005) A way
forward: working together toward a Vision for restored
forest landscapes. In: Mansourian, S., Vallauri, D. and
Dudley, N. (eds.), “Forest Restoration in Landscapes:
Beyond Planting Trees”. Springer, New York, 415-423.

Menz, M. H. M., Dixon, K. W. and Hobbs, R. J. (2013)
Hurdles and opportunities for landscape-scale
restoration. Science, 339, 526-527.

Murcia, C., Guariguata, M. R., Andrade, A., Andrade, G. 1.,
Aronson, J., Escobar, E. M., Etter, A., Moreno, F. H.,
Ramirez, W. and Montes, E. (2015) Challenges and
Prospects for Scaling-up Ecological Restoration to
Meet International Commitments: Colombia as a Case
Study. Conservation Letters. doi: 10.1111/conl.12199

A HH (2010) BT IC 38U B AR BRI A O i K — ok
e N AN - BN - EBREROBE — HAR
ME 225k | 92, 226-234.

NRFzaN\Tgua TVl VAR FTIVAF
— JURRNT +vz—VT4—)VR FTH)IY
(2012) (&7k  FHHER, 2015) REDD+ & 7 11— N
VRS B EDH S5 ) & BURWGEIRR. B
(BiaN )REDD+ Z fifiHr 9 % @ SR8 & SR, 15 B
MR+ > & — (CIFOR), 51-66.

MREAZ (2001) ARMFHA TGRSR | IR A2 | 637pp.
Sayer, J. and Cassman, K. (2013) Agricultural innovation to
protect the environment. PNAS, 110, 8345-8348.
Sayer, J., Sunderland, T., Ghazoul, J., Pfund, J., L, Sheil,

D., Meijaard, E., Venter, M., Boedhihartono, A.,
K., Day, M., Garcia, C., van Oosten, C. and Buck,
L.,E. (2013) Ten principles for a landscape approach
to reconciling agriculture conservation, and other
competing land uses. PNAS, 110, 8349-8356.

Seymour F and Angelsen A (2009) Summary and
conclusions: REDD wine in old wineskins? In
Angelsen A (ed.) “Realising REDD+ National
strategies and policy options”, CIFOR, 293-303.

AT TIVVAR-T Iy TUNFE
(2012) (FHJIT FL— - BRI WIER, 2015) 2Ky &5
Al &Mk E REDD+. [ W (%7 ) REDD+ %
fiErd 2 R RPN, EEEMAREM S 2 —
(CIFOR), 51-66.

[SER] Society for Ecological Restoration International
Science & Policy Working Group (2004) The SER
International Primer on Ecological Restoration. www.
ser.org & Tucson: Society for Ecological Restoration
International, http://www.ser.org/resources/resources-
detail-view/ser-international-primer-on-ecological-
restoration#3, (accessed 2015-07-30).

Sloan, S. and Sayer, J. (2015) Forest resource assessment of
2015 shows positive global trends but forest loss and
degradation persist in poor tropical countries. Forest
Ecology and Management, 352, 134-145.

UN Climate Summit (2014) FORESTS Action Statements
and Action Plans, http://www.un.org/climatechange/
summit/wp-content/uploads/sites/2/2014/07/New-
York-Declaration-on-Forests_Action-Statement-and-
Action-Plan.pdf, (accessed 2015-07-30).

WRI (2015) World on Track to Meet Ambitious Forest
Restoration Goal by 2020, http://www.wri.org/
news/2015/03/release-world-track-meet-ambitious-
forest-restoration-goal-2020, (accessed 2015-07-30).

BB eI IC IS 55 14 B4 5 2015



Rehabilitating degraded tropical forests requires adaptive management 199
at the landscape level and improved governance

Fig. 1. FAEMORIh %2 39 % 12 OREZTE TV (Le etal. 2012. Fig. 1. % Elsevier DFFA] #15 T HAGEN )
Conceptual model for assessing reforestation success (Translated from Fig. 1 of Le et al. 2012. with
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Rehabilitating degraded tropical forests requires adaptive management
at the landscape level and improved governance

Takeshi TOMAD*

Abstract

The international community has set ambitious targets for restoring degraded landscapes and forests at
the global level following the increased recognition of the various roles of forests. However, the factors driving
deforestation and forest degradation, such as population growth, economic development, and the increased global
demand for raw materials, such as food, fiber and energy, have not been well addressed. Long-term planning
and adaptive management at the landscape level are needed to receive various ecosystem services from restored
forests. Activities to restore forest landscapes will succeed only when the factors driving deforestation and forest
degradation are controlled. Thus, restoring forest landscapes should not be rushed.

Key words : adaptive management, forest rehabilitation, forest landscape restoration, governance
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Stable nitrogen and carbon isotope ratios and related leaf properties
of four tree species at high and low nitrogen-deposition sites
in the Kanto district of Japan

Yoshiyuki INAGAKI"", Masahiro INAGAKI”, Toru HASHIMOTO? and Shinji KANEKO”

Abstract

We compared the leaf properties of four tree species (Japanese cedar, hinoki cypress, and two deciduous
hardwood species) at sites in Tsukuba (a high nitrogen-deposition area) and Katsura (a low nitrogen-deposition area)
in the Kanto district of Japan. Nitrogen concentration in fresh leaves of Japanese cedar did not differ between the
two sites, whereas those for the other three species were higher at Tsukuba than at Katsura. Leaf mass per area of
hinoki cypress and the two deciduous hardwood species was lower at Tsukuba than at Katsura, but the effects on leaf
nitrogen content per area varied among tree species. The nitrogen resorption efficiency of Japanese cedar was lower at
Tsukuba than at Katsura, but there was no clear difference in the other three species. The nitrogen isotope ratio in all
species was higher at Tsukuba than at Katsura, but the carbon isotope ratio did not differ between the two sites. These
results suggested that the effects of nitrogen deposition on leaf properties varied among tree species and that Japanese
cedar at Tsukuba was in a more nitrogen-saturated condition than were the other three species.

Key words : Japanese cedar, hinoki cypress, nitrogen saturation, stable isotopes, leaf traits

1. Introduction

Recently, nitrogen deposition by precipitation or dry
deposition in forest ecosystems has been increasing because
of human activity. When the supply of ammonium and nitrate
exceeds plant and microbial demand, the presence of excess
nitrogen may result in higher soil nitrification rates, soil
acidification, greater nitrogen loss in stream waters, and a
decline in forest productivity. These conditions are considered
to constitute nitrogen saturation, which has been examined in
many studies in Europe and North America (Aber et al. 1989,
Gundersen et al. 2006). In Japan, several studies have reported
high rates of nitrogen loss in the stream waters in forests
along the periphery of the Kanto Plain; this is symptomatic of
nitrogen saturation (Mitchell et al. 1997, Ohrui et al. 1997, Itoh
et al. 2004, Yoshinaga et al. 2012).

The effects of nitrogen deposition on trees differ among
tree species (Gundersen et al. 2006), and the effects need
to be clarified for each of the major tree species in a region.
Nitrogen use by trees can be evaluated by examining leaf
properties. Fresh-leaf nitrogen concentration is used as an index
of photosynthetic ability (Evans 1989). Leaf-litter nitrogen
concentration is used as an index of nitrogen use efficiency
(Vitousek 1982) or nitrogen resorption proficiency (Killingbeck
1996). The natural abundance of nitrogen isotope in leaves
(8"N) reflects soil nitrogen availability (Craine et al. 2009),
nitrogen deposition (Pardo et al. 2006, Fang et al. 2013), and

Received 14 April 2015, Accepted 11 September 2015

the form of nitrogen utilized by plants (Takebayashi et al.
2010). Therefore, leaf nitrogen isotope ratio would be a possible
indicator of nitrogen saturation of trees.

Decline of Japanese cedar trees is sometimes observed
on the Kanto plain (Sakata et al. 1996, Sase et al. 1998). This
decline is likely related to changes in water use associated
with dry deposition or decreasing humidity (Sase et al. 1998).
Nitrogen deposition can also be a factor affecting water use
by trees. In one experiment, nitrogen addition increased
transpiration by Japanese cedar seedlings (Nagakura et al.
2008). Information on tree water use is required to evaluate the
effects of nitrogen deposition in the Kanto district. The carbon
isotope ratio (3"C) is used as an index of water use efficiency,
because the leaf carbon isotope ratio is a function of both the
supply of CO, to sites of carbon fixation and photosynthetic
capacity (i.e. chloroplast demand for CO,) (Farquhar et
al. 1982). A high 8°C in leaves indicates a high water-use
efficiency (i.e. a high ratio of assimilation to conductance).

Here, we compared the leaf properties of tree species in
two areas of Ibaraki Prefecture in central Japan. The Tsukuba
study site receives high levels of nitrogen deposition, whereas
the Katsura study site receives moderate levels of nitrogen
deposition. We compared the leaf properties of four tree species
to determine species-specific response of water and nitrogen

utilization to atmospheric nitrogen deposition.
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2. Materials and methods
2.1 Study sites

The study was conducted in the Tsukuba and Katsura
areas of Ibaraki Prefecture. The Tsukuba site was located in
the Tsukuba Forest Experimental Watershed of the Forestry
and Forest Products Research Institute on the periphery of
the Kanto Plain, about 60 km northeast of Metropolitan
Tokyo (N36°10’, E140°10’, 320 to 390 m in altitude). The
mean annual temperature from 1980 to 2010 is 13.8 °C at
the nearest weather station of Japan Meteorological Agency
(Tsukuba station: N36°3’, E140°8', 25 m in altitude) and the
annual precipitation from 1979 t01990 at the study site was
1430 mm (Kabeya et al. 2014). The Katsura site was located
in the Katsura Headwater Catchment of the Forestry and
Forest Products Research Institute, about 120 km northeast of
Tokyo (N 36°32', E 140°18’, 210 to 270 m in altitude). The
mean annual temperature from 1980 to 2010 is 12.7 °C and
the annual precipitation is 1340 mm at the nearest weather
station of Japan Meteorological Agency (Hitachiomiya station:
N36°36, E140°20’, 95 m in altitude). The soil parent material is
a volcanic ash over biotite gneiss at Tsukuba and over Mesozoic
shale and sandstone at Katsura. The soils in the two areas are
classified as brown forest soils (Forest Soil Division 1976)
and are classified as Fulvudand or Dystrudept, depending on
the influence of the volcanic ash material at the site in US Soil
Taxonomy (Soil Survey Staff 2010).

The two sites receive different nitrogen depositions. Annual
nitrogen input by throughfall in Japanese cedar plantations
is 20.0 kg N ha ' year ' at Tsukuba and 8.8 kg N ha' year ' at
Katsura (Yoshinaga et al. 2012). Nitrogen loss in stream nitrates
from watersheds including Japanese cedar plantation was 11.0
kg N ha™' year ' in the Tsukuba area and 1.9 kg N ha' year'
in the Katsura area (Kobayashi et al. 2011). Rates of nitrogen
deposition and nitrogen loss in the Tsukuba area are relatively
high among Japanese forest ecosystems in Japan (Mitchell et al.
1997) ; the high rate of nitrogen loss indicates that forests in the

area are in a nitrogen-saturated condition.

2.2 Sample collection and analysis

At each site, we selected a Japanese cedar (Cryptomeria
japonica) plantation, a hinoki cypress (Chamaecyparis
obtusa) plantation, and a deciduous broad-leaved forest. In the
deciduous broad-leaved forest, Quercus serrata and Clethra
barbinervis were selected from the canopy and sub-canopy
layers of the forest, respectively. Mean diameters at breast
height (DBH) are given in Table 1. The ages of the trees in the
Japanese cedar and hinoki cypress plantations ranged from 34
to 55 years, but those of the hardwood species were not known
(Table 1). Fresh leaves of each species were collected from five

trees in August 2009. A slingshot was used to collect leaves

Table 1. Mean DBH of trees, and forest age.

Katsura Tsukuba
DBH Age DBH Age

(cm) (yr) (cm) (yr)

Hinoki cypress 21.8 34 18.9 40
Japanese cedar 26.3 43 23.8 55
Quercus serrata 21.1 - 17.6 -
Clethra barbinervis 6.4 - 4.9 -

from the Japanese cedar and hinoki cypress trees, whereas high-
branch scissors were used for Q. serrata and C. barbinervis.
Leaf litter of Japanese cedar and hinoki cypress was collected
by using litter traps (3-8 traps). Litterfall was collected at 1-
to 2- month intervals from July 2009 to June 2010. Collected
samples in each plot were combined into one sample and
divided into leaves and other parts. Leaf samples were analyzed
for nitrogen content. Freshly fallen leaf litter of Q. serrata and
C. barbinervis was collected from the forest floor in November
2009 (n=5).

Leaf area of the collected hinoki cypress, Q. serrata,
and C. barbinervis samples was determined by using LIA32
software (http://www.agr.nagoya-u.ac.jp/~shinkan/LIA32).
Leaf area of Japanese cedar was not determined, as it was
difficult to measure because of the needle shape of the leaf. The
leaf samples were dried at 70 °C for 72 h and weighed. Leaf
mass per area (LMA) was calculated as leaf mass divided by
leaf area. The nitrogen concentration of fresh leaves and leaf
litter was measured with an NC analyzer (NC 22F; Sumika
Analytical Center). The carbon and nitrogen isotope ratios were
measured with an on-line C and N analyzer (NC 2500; CE
Instruments) coupled with an isotope ratio mass spectrometer
(MAT252; Thermo Electron). Results are expressed as 6 values

with %o deviations from standard reference materials, where
8]3C or SISN (%0) = ( Rsample / Rslandard - 1) X 1000

where R="C/"C or "N/"N and appropriate standards were
PeeDee Belemnite (PDB) and atmospheric nitrogen for carbon
and nitrogen, respectively.

We analyzed the differences in these parameters between
the Tsukuba site (high nitrogen deposition) and the Katsura site
(low nitrogen deposition) by using a t-test. Because the litterfall
in Japanese cedar and hinoki cypress was combined into one
sample in each collection, we calculated the weighted mean
for the leaf-litter nitrogen concentration. Nitrogen resorption

efficiency was calculated as
Nitrogen resorption efficiency (%) = ( Ngesn — Niier) / Nregn X 100

where N, and Ny, are the nitrogen concentrations in fresh

leaves and leaf litter, respectively.
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3. Results and Discussion
3.1 Leaf nitrogen concentration and nitrogen resorption

The nitrogen concentration in the fresh leaves of Japanese
cedar did not differ between the two sites (P = 0.17, Table 2),
whereas those in the other three species were higher at Tsukuba
(high nitrogen deposition) than at Katsura (low nitrogen
deposition) (P < 0.05). LMA was not determined for Japanese
cedar but LMA for other three species was lower at Tsukuba
than at Katsura (P < 0.01). The pattern of leaf nitrogen content
per area differed among the three species, namely the leaf
nitrogen content per area at Tsukuba was higher in hinoki
cypress (P < 0.01) and lower in Q. serrata (P < 0.02), whereas
there was no clear difference in the case of C. barbinervis (P =
0.09). The leaf-litter nitrogen concentration of the three species
was higher at Tsukuba than at Katsura (Table 3). The nitrogen
resorption efficiency of Japanese cedar was lower than those
of the other three species. Moreover, the nitrogen resorption
efficiency of Japanese cedar was lower at Tsukuba (5.5%) than
at Katsura (14.7%).

A previous study reported that the mean (range) nitrogen
concentration in fresh leaves of hinoki cypress in Kinki and
Shikoku districts was 10.3 (7.4 to 13.7) mg g’ (Inagaki et
al. 2011a). We found that the nitrogen concentration in fresh
leaves of hinoki cypress was relatively high at Tsukuba (12.7
mg g') and moderate at Katsura (9.4 mg g '). A previous study
reported that the mean nitrogen concentration in leaf litter of
hinoki cypress forests in Kanto, Kinki and Shikoku districts
was 8.1 (5.7 to 10.9) mg g ' (Inagaki et al. 2010). The nitrogen
concentration in the leaf litter of hinoki cypress was moderate at
Tsukuba (9.0 mg g ') and relatively low at Katsura (5.7 mg g ).

A previous study reported that the mean nitrogen resorption

efficiency of hinoki cypress in Kinki and Shikoku districts was
32% (5% to 46%) (Inagaki et al. 2010). Nitrogen resorption
efficiency of hinoki cypress in this study was moderate at
Tsukuba (29%) and relatively high at Katsura (39%). Thus the
rate of nitrogen cycling in hinoki cypress forests was low at
Katsura and moderate at Tsukuba. If the hinoki cypress trees
were nitrogen saturated, then one would expect high nitrogen
concentrations in the leaf litter and low nitrogen resorption
efficiency. However, the leaf-litter nitrogen concentrations and
nitrogen resorption efficiency in the hinoki cypress at Tsukuba
were moderate and not indicative of nitrogen saturation. The
fact that leaf-litter production in the Tsukuba hinoki cypress
forest was very high compared with that in other hinoki cypress
forests in Japan (Inagaki et al. 2012) likely indicated that there
was a high rate of leaf production in response to high levels
of nitrogen deposition. Stem production of hinoki cypress
plantation at Tsukuba was larger than that of Japanese cedar
plantations at Tsukuba and Katsura (Inagaki et al. 2011b, 2012).
These findings suggest that nitrogen deposition promotes
forest growth in hinoki cypress and that the degree of nitrogen
saturation of the hinoki forest was not extreme.

In the case of Japanese cedar, a previous study reported
that the mean nitrogen concentration in fresh leaves was 14.0
mg g ' (Shigenaga et al. 2008). The nitrogen concentrations
in fresh leaves in our study were relatively low (7.5 mg g ' at
Katsura and 8.7 mg g ' at Tsukuba). A previous study reported
that the mean of nitrogen concentration in leaf litter was 8.1 (5.3
to 12.7) mg g (Inagaki et al. 2012). The leaf-litter nitrogen
concentration in Japanese cedar in our study was low at Katsura
(6.4 mg g ") and moderate at Tsukuba (8.2 mg g') compared

with reported values. The nitrogen resorption efficiency of

Table 2. Nitrogen concentrations, nitrogen content per area, and leaf mass per area (LMA) in four tree

species at Katsura and Tsukuba.

Katsura(a) Tsukuba(b)

Mean (SD) Mean (SD) (b)/(a) P (t-test)
Leaf N concentration (mg g™)
Hinoki cypress 9.4 0.7) 12.7 (1.5) 1.36 0.01
Japanese cedar 7.5 (1.4) 8.7 (1.1) 1.16 0.17
Quercus serrata 19.8 0.9) 22.6 (1.9) 1.14 0.03
Clethra barbinervis 16.2 (1.8) 21.7 (1.2) 1.34 0.01
Leaf mass per area (g m”~)
Hinoki cypress 250.9 (11.3) 210.1 17.7) 0.84 0.01
Japanese cedar - -
Quercus serrata 70.7 (5.6) 53.1 4.1 0.75 0.01
Clethra barbinervis 72.0 9.4) 43.9 (5.2) 0.61 0.01
Leaf N content per area (g m”)
Hinoki cypress 2.35 (0.14) 2.65 (0.12) 1.13 0.01
Japanese cedar - -
Quercus serrata 1.40 (0.08) 1.20 (0.11) 0.86 0.02
Clethra barbinervis 1.17 (0.22) 0.95 (0.10) 0.81 0.09
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Table 3. Leaf-litter nitrogen concentration and nitrogen resorption efficiency in four tree species at

Katsura and Tsukuba.

Katsura(a) Tsukuba(b)

Mean (SD) Mean (SD) (b)/(a) P (t-test)
Litter N concentration (mg g
Hinoki cypress 5.7 9.0 1.58
Japanese cedar 6.4 8.2 1.28
Quercus serrata 7.3 0.2) 8.5 0.4) 1.17 0.01
Clethra barbinervis 9.2 (1.3) 13.5 (1.6) 1.47 0.01
N resorption efficiency (NRE) (%)
Hinoki cypress 39.2 29.3 0.75
Japanese cedar 14.7 5.5 0.37
Quercus serrata 63.5 (1.4) 62.2 (3.3) 0.99 0.44
Clethra barbinervis 42.9 9.7 37.2 9.9) 0.87 0.39

Table 4. Stable nitrogen (8'°N) and carbon isotope ratios (8°C) in four tree species at Katsura and Tsukuba.

Katsura(a) Tsukuba(b)

Mean (SD) Mean (SD) (b) — (a) P (ttest)
8" N(%o)
Hinoki cypress -6.4 (0.6) -3.3 0.4) 3.1 0.01
Japanese cedar -4.9 (0.8) -2.4 (0.2) 2.5 0.01
Quercus serrata -5.5 0.5) -3.7 (1.0) 1.8 0.01
Clethra barbinervis -6.6 (1.2) -4.9 (0.6) 1.8 0.03
3"C(%o)
Hinoki cypress -27.0 0.8) -27.1 (1.0) -0.1 0.90
Japanese cedar -30.1 (0.8) -29.6 (0.9) 0.5 0.37
Quercus serrata -29.2 (1.0) -30.2 (0.6) -0.9 0.16
Clethra barbinervis -30.3 2.1 -31.2 (0.6) -0.9 0.41

Japanese cedar at the two sites (5.5 to 14.7%) was lower than
that in the other three species. The mean nitrogen concentrations
in previous studies were 14.0 mg g ' in fresh leaves (Shigenaga
et al. 2008) and 8.1 mg g ' (Inagaki et al. 2012) in leaf litter. The
nitrogen resorption efficiency calculated from these values was
42%. The nitrogen use efficiency of Japanese cedar in our study
was likely lower among Japanese cedar forests. The nitrogen
resorption efficiency of Japanese cedar was lower at Tsukuba
than at Katsura. In contrast to our expectation, the nitrogen
concentration in fresh leaves of Japanese cedar at Tsukuba was
not high. The low nitrogen resorption efficiency at Tsukuba was
caused mainly by the low fresh-leaf nitrogen concentration.
These findings suggest that the increase in nitrogen uptake by
Japanese cedar in response to nitrogen deposition is very small.
A previous study has suggested that stem growth of tall trees in
Japanese cedar forests in the Tsukuba site is inhibited (Inagaki
et al. 2012). These results suggested that trees at Tsukuba did
not show increased growth and nitrogen uptake in response
to nitrogen deposition, indicating that conditions in the cedar
forest were nitrogen saturated.

The nitrogen concentrations in the deciduous hardwood

species in our study were similar to those in previous studies of

Q. serrata (Migita et al. 2007) and C. barbinervis (Nagakura
et al. 2009). Nitrogen concentrations in the fresh leaves were
higher at Tsukuba than at Katsura, but nitrogen content per leaf
area was not higher owing to a decrease in LMA at Tsukuba
(Table 3). The nitrogen use efficiency of the two species did not
differ between the two sites (P > 0.05) (Table 3). These results
suggest that, in these hardwood species, nitrogen deposition
strongly decreases leaf thickness and may not increase nitrogen
uptake as much as in hinoki cypress. The decrease in leaf
thickness may reduce leaf production (on a mass basis) if the
leaf area of a forest remains constant. To evaluate nitrogen
uptake in response to nitrogen deposition, leaf production
should be clarified in a future study.

3.2 Nitrogen isotope

Fresh leaf 8"°N of four tree species ranged from —6.6%o to
—2.4%o (Table 4). This is within the range in previous studies of
Japanese cedar and hinoki cypress (—7.1%o to —2.1%o; Koba et
al. 2003, Tateno et al. 2009, Takebayashi et al. 2010). Leaf §"°N
was higher at Tsukuba than at Katsura for all tree species (P
< 0.05). This result is consistent with the report of Pardo et al.

(2006), which showed a positive correlation between nitrogen
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Table 5. 3"°N (%o) in soil at depths of 0 to 10 cm in a hinoki
cypress plantation. Values are means with SE (n=3).
Data are from the work of Hayashi (2014).

Total N NH," NO;
Katsura 2.4(0.9) 4.4(0.5) -2.0(0.3)
Tsukuba 1.4(0.2) 1.9(0.6) -4.1(1.2)

deposition and leaf 3"°N in a large data set from the United
States and Europe. On the other hand, Fang et al. (2013) reported
very low leaf 8N values in heavily nitrogen-saturated forests in
China. In the Kanto and Chubu districts of Japan, Takebayashi et
al. (2010) found a decreasing trend in leaf 3"°N content in hinoki
cypress with increasing nitrogen deposition. Takebayashi et al.
(2010) also found that leaf 8N in a nitrogen-saturated forest
was close to soil nitrate 3"°N; they suggested preferential uptake
of soil nitrate as a reason for the low leaf 3"°N.

Soil 3"°N has been investigated in the hinoki cypress
forests at Tsukuba and Katsura in another study by Hayashi
(2014) (Table 5). The leaf "N of hinoki cypress at Tsukuba
(—3.3%o) in our study was between the soil ammonium 8"°N
(1.9%0) and nitrate 8'°N (—4.1%o) in the study by Hayashi (2014).
Isotope discrimination during plant uptake is generally very
small when the soil inorganic nitrogen pool in forest ecosystems
is small (Nadelhoffer and Fry 1994). If we assume that there is
no isotope discrimination during plant uptake and that plants
absorb nitrogen from the two above-mentioned sources, the
contribution of each nitrogen source can be calculated as mixing
ratio of the two 8"°N sources (Takebayashi et al. 2010). The
contribution of nitrate to plant nitrogen uptake in hinoki cypress
at Tsukuba is 87% and that of ammonium is 13%. This result
and the findings of Takebayashi et al. (2010) suggest that hinoki
cypress has a strong ability to utilize soil nitrate when nitrogen
deposition rates are high.

Leaf 3"°N of hinoki cypress at Katsura (—6.4%o) in this
study was lower than the soil ammonium 8"°N (4.4%o) or
nitrate 8°N (~2.0%o) in Hayashi (2014). Therefore, leaf 8N
cannot be explained by these two nitrogen sources only.
Nitrogen deposition is a possible factor in low leaf 3"°N, as
suggested by Fang et al. (2013), but its contribution would not
be substantial at Katsura because nitrogen deposition in the
area is low. Another possible nitrogen source at Katsura is the
soil organic horizon. Accumulation of the soil organic horizon
in the hinoki cypress forest at Katsura is very small (Inagaki
Y, personal observation). This suggests that there is very rapid
decomposition and nitrogen release from this horizon. The
organic horizon should have a 5" N close to that of fresh leaves;
efficient uptake of nitrogen from this horizon may maintain the
low 5"N values in the leaves.

Therefore, from these findings, leaf 8"°N in the two sites

cannot be explained only by the 8"°N of ammonium and nitrate,
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but the analysis of soil nitrogen sources revealed the presence of
an unknown nitrogen source. Our results suggest that leaf 8N
is not a simple index of nitrogen saturation but may provide
valuable information about nitrogen sources. The role of nitrogen

from the organic horizon should be clarified in future research.

3.3 Carbon isotope

Leaf 8"C was higher in hinoki cypress than in the other
three species. There was no clear difference in leaf 8"°C between
the two areas (P > 0.05) (Table 4). The lack of increase in leaf
8"C at Tsukuba suggests that reduced transpiration through
stomatal closure did not occur. In contrast, Sakata et al. (1996)
found an increase in leaf 8"°C in Japanese cedar trees on the
Kanto plain that were in decline. They suggested that stomatal
closure caused by water stress was the primary reason for the
decrease in 8"°C in Japanese cedar trees. However, their results
differed from those of our study. There are two interpretations
of this: first, low leaf 8°C at Tsukuba is indicative of lower
water stress at a site, and second, low leaf 8"°C indicates a
lack of response to water stress. It is difficult to distinguish
which is the case from our data. However, because a previous
study showed that stem growth of tall trees was inhibited at
the Tsukuba study area (Inagaki et al. 2012), lack of stomatal
control could be one of the factors negatively affecting tree
growth at the site. Sase et al. (1998) showed that decline in
Japanese cedar is associated with a decrease in leaf wax content
and an increase in transpiration due to dry deposition. Loss of
stomatal control is harmful, because humidity levels in Kanto
district have recently been decreasing (Sase et al. 1998). These
results suggest that factors other than nitrogen deposition can
negatively affect stomatal control. Future research is required
to reveal the combined effects of climate change, nitrogen

deposition, and other substances derived from human activities.

4. Conclusion

Analysis of leaf properties revealed species-specific
responses to nitrogen deposition. For hinoki cypress, nitrogen
deposition increases nitrogen uptake indicated by large nitrogen
content in litterfall, and no symptoms of decline were observed.
Soil 8N analysis suggested that hinoki cypress in the nitrogen-
saturated area had a strong ability to absorb soil nitrate. In the case
of Japanese cedar, nitrogen deposition did not increase nitrogen
uptake and stem growth was reduced among the taller trees. The
lack of change in leaf 5"°C at the nitrogen-saturated site indicated
a lack of stomatal control in response to nitrogen addition or other
factors. In the case of deciduous trees, nitrogen deposition did not
increase leaf nitrogen content per area. These results suggest that
the effects of nitrogen deposition on leaf properties vary among
tree species and that the Japanese cedars at Tsukuba were in more

nitrogen-saturated condition than were the other three species.
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Present state of the observation field in the
Hitsujigaoka Experimental Forest

* RMER AT ILIRE T T 062-8516 JbiEEALIRHT EE K2 o 1 7



210

Table 1. FREDKEEN T AT LOFEIT

Specifications of the current meteorology observation

system
Element Instrument model Measureénme)nt height

Air temperature FT-S 1.7
Relative humidity HT-032 1.7

Wind direction 5.8

KVS-

Wind velocity VS-500

Precipitation RH-5A 1.6

Snow Depth SU-201B 5.0

Data logger MC-2100 -

Wik OGRS L ()
Manufacturer: Koshin Denki Kogyo Co., Ltd.

ZBROTRIE 15 m BifEOBIAR THEN TS (Photo 2),
F 7z, BRI D 5 60 m BRI IZ 2 BT O EERM
BHMNH S TV 5,

BEORSBMN T X7 L3 2008 4£ 9 H 25 HICE A X
Nize ZOBIEH & LEE% Table 1 1R, Z LT
DOFMAAALBEZ TR > T Wnie, BIHIEE &
JIE fBR D F 7% Table 2 1IC7RF s 1973 FEDEIAIBAIED 5
1998 £ 2 HE Tld. XY L a— X DR, & Bl %
AR S TWVB, 1998 FE 4 HLURIZ TV 2V L a—&
EROIEBHBN TN TS, BElBG» STV 2V
I—RICYID b % E T KRR RERIIEN 2 K,
4 W~ 24 WF D 2 WSS R BR o0 B Rl ek B3 g iR
L LTEMEINTVS, EHICARBRIE. ARER
i, HERAKAHEREE, HERAE®EE ZOREOE MmN, Z
NZTNOREEE EBICEHEIN TS, 7YXV L a—
ZICY) D o > TURIZFRRD 7 — 2 D EH BRI # P X
NET77AEEN TV D, BEHEHFIBIEOBIT X
FLNEA XN LEE. 1 H 1 B0 I KL 8%
fTo T\, 207, HAZHLE LTRNMHEZ L
HoNb, BFIEDY AT LHE A E N7z 2008 F4 LU
BEZHNES HIE I Wiz, #@iiT—2hE5h
TWVW5,

Table 2. JIEEER & MERIBE (HAL: 77)

MIZOGUCHLI, Y. and YAMANOI, K.

22 TR

AER T, K. KEKE, BkaE, BEERBX
CHEO R EREZEM Lz, ThbHD5 B, AFEHEA
. HYERESESB XU HRKEZ Appendix 1 ~3 &
LT, BRKRICRT,

AREHER. 1 7 ABOXRBD 10% U EOGZE, K
PN & Uiz, E7z, &S & /KRS DERE M
HOXRMM10% L, LHZ AP EZENZHEBXT 14
MICTRHED 10% L D B85 REWE Uiz, B
H((HEaXKIEMN 25CU E30CRM) 4 H 11 M
10A10H, EEH (HE&aXiEA30CLLE) id6 A1
H»59H30H, E4H (HER&EXIRN0CLLT) &1
HIHMS4HA30HBLXUT 11 HIEMS 12 A31 HE
T OO H & i &R IS R IR D05 5 72 LB 5 &
Lz, 72720, ZNZENORRR O RN 2 HELFD
HBAEICWESEME LT () FETRICHB Uz, i
1AERT D RHA 10% 2L EH 2 & Rk & Uiz,
Rk BT HRNIC RN S 5 5513 T X TRAKV E L
720 ABROETERAPNIENA L LR LT,

355
S, KZRSUE. Bk, BEREB X OEEO 1973
HEH 5 2013 FE DB T — X DESEHER Table 3 1537
F 7z, Table 3 TRl TN TV BEDIAN 5RO IZK IR
IKZESUE I &K CRRKE O A RKRHEZ Table 4 1279,

31 K8

FEMZEE L THORMD 10% LU 12 29 57 D4
SR 7.5°C, FEEKIROREE 9.1°C (1999 4F ),
KX 6.4°C (1981 E) 2o oo T « RIKH FHRIR
BZNZFN288°C (199448 H7H ). — 16.1°C (1985 4E
LH2sH) o7z, EHIEHREZ N 56 H (2013 4), &
313 H (2003 4F) o Fee HEEHIIREZ M 14 H (1994
)T, BEEANRWVER RERTEH -, BEXH
DERZIE 97 HT (1984 ), fid 32 H (1989 4F) 72 -
7z (Table 3),

Measurement elements and sampling intervals (unit: minutes)

Commencement of

Air temperature

Recorder Data storage media . -
measurements momentary value maximum minimum
July 9, 1973 Analog pen recorder Paper 120 1440 1440
December 1,1974 l l ! d l
May 2, 1975 \} \: J ! !
January 1, 1987 l Electrical file (FD) l \: "
April 1, 1998 Degital recorder  Electrical file (HD) 60 2 \!
September 27, 2006 1 (KADEC-U21) l 10 l \}
September 25, 2008 1 (MC-2100) d 1 3 \

. BBXZF1H 1 BIHGIC X SHE
BHIL TOAERWEREIZ NA &R,

*1: visual observation almost once a day
NA indicates “not applicable” .
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H¥H&EE 8 AV RE T 1 ANRIKZE - 1z (Fig. 1,
Table 4), AFHISGEROZHIRIEE 1 AV KEN -7, H
P RIE O RREIX, Table 3 ISR I N TV BETE
—9.0°C (1985 4E 1 H ) (Table 4), KA 10%LL FDOET
DHZMGRE LIGEE, —9.6°C (1978 422 A ) (Fig.1) 72
> o AR OEEEIZ 24.0°C (199448 H) 125 Tz,
Ko, BHEAR P OME X &Y 35.7°C (1994 428 A 7
H). BEKIED —228°C (1978 4 2 A 28 H) (Fig.1).
Table3 ICFLE T N TV B EDH TIE — 22.1°C (1985 4 1
H 25 H ) (Table 4) 725 7z,

32 KEKES KUMKE

FE[E LT H DR 10% LUT7E 5 72 28 £ R DLEF-
PRSI 9.6hPa, B EifE I 10.8hPa (1990 4F ), K
fiEil% 8.2hPa (1976 4 ) 725 7z (Table 3), H FHKAEKIE
¥ 8 AMERAT 20.5hPa 720, EEjiEE 8§ HAKE
- 7z (Fig. 2, Table 4), KR DENETRIIKEKRED KL
SHD 1/5LL T o7z,

TRk & & 25 R O F ¥ 1E 952mm T, & KMH IF
1490mm (1981 4F ), H/ME X 581mm (1984 4F ) 72 > 7z,
Hix ARk 221mm (1981 4E 8 H 23 H ) 725 7z (Table
3)o FEAKEIE 8 ~ 10 AICZ < FEHHFEKEIE 100mm LA
b, RO ARKEOLTIRE REh > T
(Fig. 2, Table 4), ZMNLIF D HEKEIZ 100mm DL A%
<. 6 AMRE Do Tz,

6 UHEIGTHIS (2014) BERITT A XA LIZIEHE
HORZRTIT o TOBERITIE,. HRBKEIZFLBRE XA
REBRUCILEEREN LY Z—DART—2 L13IF
FEPMENC Eh 5, BKEOBIMEIT LR PO
D /NG U TV A ATREED SV 30T - (LB HE (2015)
MR L& 5 lc, ERMHOBKEIZRKkEFTDOL —Z
WK BERBEIENRKENCT ENEZENS, Tz, —&
IR RIE K EFTDOZKODEIR - KEIREKITD
EIEIC K > THIERPKELSZED S (- K1l 2009)
TEMHISNTHED, ERMKEGOHEZEHT 550
CORICERET 28NS 5,

Table 2. FiR—%iE
continued.

33 BER
FERAEEFEIE, 2008F 4 HETIRERICKS 1 H
1 BOBMOIDHERENTENS D, BB 59em ~
150cm OHIFH T, 38 FMDFHE 98em 7257z, FEFHA
M 10 AN SRED 4 AT, 10, 11, 4 AIETZEN
O0cm DA E H - 7z (Fig. 3)0 FORAMEEREZLERT
D2 ANREZ L, RT3 ARz, B O
BRFEEEOMAEE 150ecm 2013 43 H 11 H) o7z,

34 AR

SRS A GE 1, 1987 & 2.5ms” i & 72 o T2 B,
2010 EfRIE 1.5 ms' T TOMBRAICERLTWS,
BOILE T A R XA 0 % 5 A 0 f AR L HE 70m’
(KRBT 1998) Z + MR L TV D, JEAFHOEREIT K E
<Z{ELTW5 (Photo 1, Photo 2) T A5, JEIDBIARD
REDBEOHIEANKRERBERFEZ TVWEEEZD
N5, FEFRORBEOZMDEEITHEL TV E5E. |
& BEROIHEROBIGR (FPH: -« KL 2009) . THZE
DEIR GERE2014) R EXREET S &, BAKRPRIR
TREDHPEMICEDENSTHEL TR EEILNS,
Lo T, JA#EZZCHE LT, 77— ZFHRHCIEE
NBREBEOZELE ZORBIOVWTEHET Z0EDH S,

e

Fr BB EB X CESOKS BN DR - HEIL,
AMIR A TTZE L E S SR 2 I Lo & LT ERO
ZLDBEICE>TIThbN T W5, iz, TTARMEETT
FFTOERATIRE A & FIRIC G T — 2 ERE R
PN Fo> TIHW . JLmERZE Y 2 —< G TV
—TciE. BKBORBENGED T DTG O T — 2 Z2 R
LTHWE, TNSDHRICESIEHOBEZRLET,
Bk B DR ERFEIC AW TZALRE X KRB D T — &
&, BMOKERBEEE T — 2 X—Z (NDB) Zflif L 7z,
AERB LT L0 F eDHDO—ERIE, REAMBRERIER S
BRI R 17 27 B REERBIH O 72 O B8
REZZVVTEeT—2D3y bT—J{b{EEICEET B
Wrge). ey —xy U —2{k e BEIfEMTLIC X 2 ke
BAERBRORAMERATHEEORBILICET 228 I
Ko Tiro 7z,

Relative humidity Precipitation

Snow depth Wind velocity & direction

momentary value minimum integrated value momentary value momentary value maximum
120 1440 60 1440%* NA NA
2 \J l 1440* NA NA
) \ A 1440%* 120 1440
2 \ \ 1440%* \ \J
60 \J l 1440* 60 \
10 \ 10 1440* 10 \
1 ! 1 1 1 \
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Table 3. 1973 /05 2013 4F K TOMEHEHA
Annual meteorological data from 1973 to 2013

Air temperature Precipitation .
. . Hot  Cold  Vapor Maximum gy q
Year Mean l\gag(lmum of Minimum of - Summer summer winter PIeSSUr®  Apnnual  Daily maximum Bnmtz\}/l velocity
aily mean daily mean days davs davs €p
y y
(C) (C) Date (C) Date (hPa)  (mm) (mm) Date (cm) (ms™)

1973 NA NA NA NA NA NA NA NA

1974 71 246 4-Aug -85 6-Dec 26 2 76 8.7 NA NA NA

1975 7.6 266 1-Aug -104 30-Jan 33 1 65 9.1 NA 80 N4

1976 6.8 282 26-Jul -134 2l-Jan 16 4 70 8.2 NA 59 NA

1977 NA NA NA 72 NA NA 90 NA

1978 NA 38 11  NA NA NA 125 N4

1979 NA NA NA NA NA 1020 132 19-Oct 90 N4

1980 NA NA NA NA NA 899 43 9-Jun 98 NA

1981 64 273 2-Aug -11.1 26-Jan 18 3 74  NA 1490 221 23-Aug 100 N4

1982 72 244 10-Jul -135  6-Feb 22 1 65 8.7 904 107 13-Sep 94  NA

1983 6.8 265 6-Aug -10.6 13-Feb 20 3 75 NA 782 46 19-Aug 100 N4

1984 6.8 262 5-Aug -12.7 25-Dec 36 6 97 8.8 581 39 9-Sep 110 NA

1985 7.0 273 9-Aug -16.1 25-Jan 31 10 91 NA 945 110 1-Sep 96 NA

1986 6.5 263 30-Jul -129 2l-Jan 26 4 73 8.9 908 104 4-Sep 87 NA
1987 6.9 237 29-Jul -11.7 31-Dec 24 0 69 8.9 878 102 26-Aug 93 2.5
1988 6.8 248 3-Aug -102 15-Feb 21 2 71 9.6 1005 122 24-Nov 81 22
1989 80 254 22-Jjul -10.1 25-Jan 22 4 32 9.9 891 85 3-Sep 61 2.5
1990 9.1 249 23-Jul -11.1 27-Jan 43 2 34 10.8 911 95  23-Apr 79 2.3
1991 82 245 24-Jul -144 19-Feb 34 0 56 10.0 794 115 21-Aug 128 2.2
1992 7.5 235  19-Jul  -10.1 5-Feb 28 0 47 9.6 947 60  25-Sep 72 22
1993 74 244 26-Aug  -8.7 15-Dec 17 0 49 9.6 920 83 22-Oct 88 2.2
1994 84 288 7-Aug -12.7 29-Jan 50 14 46 10.4 1111 85 16-Sep 109 2.2
1995 82 267 27-Jul  -98  3-Feb 26 2 43 9.3 1018 54 8-Aug 79 2.0
1996 74 251 30-Jul -132  1-Feb 23 1 53 9.7 859 75 4-Oct 123 2.0
1997 80 256 4-Aug 9.1 2l-Jan 34 5 48 9.9 842 99  27-Sep 84 1.8
1998 7.5 243  27-Jul  -11.8 7-Jan 22 0 62 9.6 NA 90 1.9
1999 81 274 8-Aug -114 13-Feb 52 12 63 10.0 NA 104 1.9
2000 NA 47 6 NA NA NA 136 1.8
2001 6.5 233 23 Jul -13.8 14-Jan 34 0 85 9.4 909 121 11-Sep 92 1.8
2002 NA NA NA 60 9.5 NA 79 1.9
2003 NA 13 0 NA 10.2 NA 91 1.9

2004 NA 27) 6 NA NA NA 130 N4
2005 NA NA NA 57 10.1 NA NA 1.6

2006 NA NA NA 49 NA NA 109  NA
2007 NA NA NA (34 N4 NA 97 1.6
2008 7.8 243 6-Jul  -10.2  19-Jan 37 0) 50 NA NA 125 1.6
2009 7.7 232 11-Aug  -83 18-Feb 27 2 44 9.2 1077 62 19-Jul 107 1.7
2010 8.1 263 6-Aug -13.1  3-Feb 54 11 56 10.3 1090 46  10-Nov 97 1.6
2011 7.7 266 11-Aug -10.1 7-Jan 50 5 55 9.8 898 50 2-Sep 87 1.5
2012 7.7 257 30-Aug -102 27-Jan 51 9 71 10.2 936 133 9-Sep 88 1.5
2013 7.7 247 19-Aug  -10.6  17-Jan 56 4 63 10.2 1180 69 7-Apr 150 1.5
Average 7.5 32.1 4.1 61.2 9.6 952 98 1.9
<Countable <29yrs> <Blyrs> <32yrs> <33yrs> (28yrs) <25yrs> <38yrs> <25yrs>

years>
Maximum 9.1 288 7-Aug, 56 14 97 10.8 1490 221  23-Aug, 150 2.5
1994 1981

Minimum 6.4 161 2 13 0 32 82 s8I 59 1.5

RINEAREA 10% 2L E. BB UG H OREEARTD 10% 0L ik NA &R,

H H (Summer day) (& H&
winter day) (& H &z & %0l

=]
L

=
ek

H~4 HOWMIC 2 HLFORMEDNZENS 55,
NA suggests more than 10% data gap of each month through 1 year and 10% data gap of each year.
Summer, hot summer, and cold winter days indicate daily maximum temperature of between 25 °C and 30 °C, higher than 30 °C,
and lower than 0 °C, respectively.Parenthetical values indicate that there are data gaps of one or two days during the periods from

middle April to early October representing a summer day, from June to September representing a hot summer day, and from
November to April representing a cold winter day.

N 25°CLLE 30°CAMG. B H (Hot summer day) (& HE @ &IAAY 30°CLLE. EAH (Cold
MOCLLFDOH, () DfHEix. EHE 4 Hha~10 H A, EEHIZ 6 H~9 H. BEZXHIIZ 11

JeIRg R 5 14 2% 4 B, 2015]
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40 — — e 700 —————————— — 30
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Month Month
Fig. 1. XUROZFHIZ(E Fig. 2. [7km 3 K U7KZESTEDFHIZ b,

FER IS BT/ FP D& H D RIADY 10% Afi D H D TT—3—d, WNRBIBNORAK « /M,

PIMEB KT LT —N\—IF A FEEO R « &K Seasonal variations in precipitation and vapor pressure

i, MEARIGEDAIHRT O = A O a&im. mfRiE The error bars show the ranges for the observation

IR, period.

Seasonal variation in air temperature

Solid line and error bars show the average and
maximum/minimum monthly means of each month.
Monthly data sets with less than 10% data gap were
used for statistics. Dashed and dotted lines show the
maximum and the minimum values for all observation
periods of each month.

200 T T T T T T T T T

-
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o
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s |
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Fig. 3. HiRRMHROFHIZI,
IT—3 =&, NERBIHNORAK « /M,
Seasonal variation in monthly maximum snow depth
The error bars show the ranges for the observation

Monthly maximum snow depth (cm)
S
o
T
.

period.
Table 4. 1973 EA 5 2013 4EF TO HfKAHE
Monthly meteorological data from 1973 to 2013
Air temperature (°C ) Vapor pressure (hPa) Precipitation (mm)
Monthly mean Monthly Monthly mean Montly
Mean Maximum  Minimum Maximum  Minimum Mean Maximum  Minimum Mean Maximum

January 5.4 -3.0 -9.0 8.4 -22.1 3.1 3.9 2.6 55 118
February -4.9 -2.0 -1.7 9.7 -21.0 3.2 4.5 2.6 53 152
March -1.1 1.8 -3.9 14.4 -19.9 4.0 4.9 32 48 122
April 5.6 7.9 3.7 27.5 9.2 6.2 6.9 5.0 59 117
May 11.0 12.9 9.0 29.1 -1.8 9.4 10.5 7.9 54 99
June 15.3 18.0 11.7 31.2 0.4 14.0 16.8 12.2 46 105
July 19.4 21.5 16.4 33.0 6.2 18.9 21.4 15.7 78 206
August 20.8 24.0 18.6 35.7 9.1 20.5 24.7 15.6 140 669
September 16.7 20.3 14.3 31.8 32 15.6 20.4 12.9 145 293
October 10.4 12.4 7.2 25.8 -2.9 9.7 11.5 7.2 123 337
November 34 6.8 -0.1 19.1 9.8 6.0 7.8 4.6 84 176
December -2.5 1.3 -5.6 13.3 -15.9 3.9 5.4 2.9 70 145
Yearly 7.5 24.0 -9.0 35.7 -22.1 9.6 24.7 2.6 80 669

(24.0) (-9.6) (35.7) (-22.8) (24.7) (2.2) (669)

1A D& H DRIDY 10% AKiifids KT 1 EROKMAY 10 %Ki DED T — 2 SR

O DAEIERIMND 10% Kl NTDOHZNR L LIcEORIK « i

Monthly data sets with less than 10% data gap for one year and annual data sets with less than 10% data gap were used for statistics
Parenthetical values indicate then maximum and minimum when monthly data sets with less than 10% data gap were used for statistics.
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Appendix 1. ARG (°C)
Monthly mean air temperature (°C )

Year 1973 1974 1975 1976 1977 1978 1979 1980
January -4.5 -5.0 -5.7 -8.7 -7.3 NA NA
February -4.4 -5.8 -49 -6.9 -9.6 NA NA
March -2.3 -1.3 -1.9 -1.2 -24 NA NA
April 55 6.4 47 43 3.3 NA NA
May 11.7 11.1 11.6 10.8 10.2 NA NA
June 14.7 154 14.1 15.2 16.3 NA NA
July NA 18.8 19.1 19.4 20.8 21.8 NA NA
August 22.5 20.4 21.4 18.6 19.8 22.2 NA NA
September 16.3 16.8 18.0 15.6 NA 17.5 NA NA

October 9.7 9.9 10.1 10.1 NA NA NA NA
November 2.9 2.1 43 1.8 34 NA NA NA
December -2.8 -5.4 -3.8 -2.9 -2.7 NA NA NA
Year 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
January -7.0 -6.0 -4.6 -6.1 -9.0 -14 -5.8 -5.0 -35 -6.2
February -5.0 -6.4 -6.1 -6.9 -4.2 -6.8 -5.0 -6.8 -3.1 -2.0
March -1.7 -1.2 -1.2 -3.9 -1.9 -1.9 -1.7 -1.5 0.9 1.4
April 54 42 7.9 3.7 5.7 55 42 55 6.1 6.3
May 9.0 11.1 10.3 10.7 11.3 10.5 10.8 9.9 10.0 12.1
June 13.6 14.1 11.7 16.8 14.3 15.1 15.9 15.4 13.9 16.6
July 19.6 18.7 16.4 20.8 19.2 171 19.0 17.1 19.5 19.7
August 19.2 20.8 21.3 21.9 23.3 20.9 19.1 21.7 21.6 21.9
September 14.9 15.9 16.2 16.3 15.8 16.5 15.9 16.1 17.0 17.6

October 9.8 10.8 8.3 8.7 10.0 7.2 105 9.3 104 124
November -0.1 4.1 3.7 2.1 2.7 2.2 2.1 1.2 52 6.8
December -1.8 -1.6 -3.8 -4.0 -4.7 -2.6 -34 -1.8 -2.1 1.3
Year 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
January -3.0 -3.8 -3.4 -6.3 -45 =51 -43 =14 -4.4 -4.4
February -55 -3.8 -39 -24 -3.7 -4.6 -3.3 =-5.1 -54 -5.5
March -1.9 -0.2 -0.5 -1.6 -0.4 -0.9 -1.2 0.2 -1.9 -1.1
April 6.5 55 47 5.6 6.0 46 5.6 7.9 5.8 5.1
May 12.9 10.3 10.5 12.2 12.2 104 10.8 12.3 11.0 13.2
June 18.0 15.2 14.2 16.0 14.9 15.7 15.2 14.2 16.5 15.8
July 19.3 19.6 17.6 21.5 21.0 20.1 21.3 18.8 21.0 21.2
August 20.6 19.6 19.6 24.0 20.6 19.9 19.6 194 23.4 22.7
September 17.2 14.3 16.4 18.5 16.2 17.0 15.6 17.7 18.0 174
October 115 10.4 10.6 11.1 12.2 10.5 9.7 11.6 104 NA
November 3.9 3.6 42 43 43 2.9 6.1 1.5 4.1 NA
December -2.1 -1.6 -1.8 -2.7 -1.5 -2.0 -0.5 -2.7 -24 NA
Year 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
January -8.1 -4.7 -59 -4.3 -53 -6.0 -3.1 -6.2 -3.1 -3.8
February -7.7 -25 NA -29 -5.8 -4.5 -3.2 -5.0 -4.1 -5.1
March -1.8 0.5 -0.9 NA -1.5 -0.3 -0.7 1.8 -0.2 -1.8
April 6.4 7.6 6.4 NA 44 3.5 45 7.8 5.7 3.7
May 11.7 11.8 11.3 12.2 9.2 11.2 NA 10.8 12.3 10.7
June 15.1 14.1 15.5 16.6 17.7 NA 17.1 154 15.8 17.7
July 19.2 19.0 16.0 19.5 18.3 NA 17.7 19.7 18.2 20.7
August 19.3 NA 18.8 19.9 21.6 NA NA 19.3 19.6 22.9
September 15.2 15.6 15.6 16.2 NA NA 17.1 174 15.6 17.7
October 10.3 10.0 9.8 NA NA 10.3 9.7 11.0 10.5 104
November 3.3 NA 45 NA 3.7 55 2.3 2.8 3.4 42
December -5.6 -5.4 -1.7 -2.5 -4.5 -0.9 -2.5 -0.8 -2.5 -1.1
Year 2011 2012 2013
January -5.8 -6.4 -6.6
February -2.7 -6.2 -55
March -1.2 -1.4 -1.3
April 52 54 4.7
May 9.6 11.6 10.0
June 15.9 15.5 16.5
July 20.4 20.2 20.8
August 21.6 21.7 21.4
September 17.4 20.3 17.0
October 104 11.1 11.2
November 4.5 3.8 46
December -3.8 -39 -0.9

ORARIAY 10% DA 11 NA R,
NA indicates more than 10% data gap of each month.
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Appendix 2. HY7KZEKE (hPa)
Monthly mean vapor pressure (hPa)

Year 1973 1974 1975 1976 1977 1978 1979 1980
January NA 34 3.1 2.8 22 2.7 NA NA
February NA 34 2.8 3.0 2.7 2.2 NA NA
March NA 3.8 41 3.5 41 3.9 NA NA
April NA 6.1 6.6 5.5 5.7 5.7 NA NA
May NA 8.8 9.1 8.2 94 8.5 NA NA
June NA 129 13.0 12.3 12.8 14.2 NA NA
July NA 16.1 17.7 16.3 18.9 20.0 NA NA
August 21.9 18.5 19.0 15.6 NA 19.6 NA NA
September 14.1 14.1 14.8 13.2 NA 14.7 NA NA

October 9.0 8.6 8.7 8.8 NA NA NA NA
November 5.6 49 5.9 5.0 5.6 NA NA NA
December 3.7 2.9 3.3 3.5 3.6 NA NA NA
Year 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
January NA 3.0 3.0 2.7 24 2.6 29 35 3.6 3.0
February NA 3.0 NA 2.8 NA 2.9 3.0 3.0 34 45
March NA 42 NA 3.2 35 43 34 3.9 49 46
April NA 54 NA 5.0 NA 6.1 53 6.9 6.7 6.7
May NA NA NA 9.2 74 9.3 7.9 95 8.9 10.5
June NA 11.1 11.2 14.6 11.3 12.2 125 15.1 12.7 15.8
July 19.0 16.4 16.1 20.0 18.2 15.7 17.3 16.3 19.7 19.6
August 17.9 19.9 NA 19.1 22.0 21.3 19.3 23.2 21.5 22.9
September 12.6 13.3 15.1 13.0 NA 14.6 155 15.6 16.5 17.2

October 8.5 9.1 7.3 7.2 8.9 7.9 10.0 8.9 10.0 115
November 42 59 6.0 4.6 NA 5.4 54 52 6.6 7.8
December 4.0 3.9 NA 34 NA 3.7 3.7 4.3 4.2 5.4
Year 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
January 3.9 35 3.9 28 35 3.0 35 2.8 34 3.7
February 3.1 3.2 3.6 3.9 35 2.9 3.7 3.3 3.1 3.1
March 3.8 42 42 4.1 43 3.6 40 45 3.7 41
April 6.9 6.6 NA 6.0 6.5 6.0 6.4 6.9 6.3 6.7
May 10.0 9.2 9.7 9.8 10.2 10.1 9.6 9.2 9.0 11.9
June 16.8 13.5 13.7 14.3 13.2 144 14.7 13.0 13.1 14.9
July 18.0 19.2 16.1 21.3 18.5 20.2 20.6 18.8 21.0 21.1
August 20.2 19.7 194 24.7 18.7 19.2 19.7 19.5 23.8 22.8
September 16.1 14.1 154 18.1 12.9 16.0 144 16.8 16.5 17.3
October 10.3 10.2 9.9 9.7 104 10.3 9.5 10.6 9.9 NA
November 6.5 6.3 6.8 6.1 58 58 75 55 6.1 NA
December 4.0 45 4.4 3.7 4.0 4.2 45 41 4.0 NA
Year 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
January 2.6 35 3.2 3.8 3.7 34 42 3.1 3.7 34
February 2.6 3.9 NA 42 34 3.7 42 35 3.3 3.1
March 40 45 NA NA 44 48 47 55 42 3.7
April 6.3 7.2 71 NA 6.7 6.4 6.4 75 5.5 55
May 10.1 9.6 9.9 10.9 9.2 9.6 NA 11.0 9.1 9.1
June 140 13.0 14.7 15.2 16.2 NA NA NA 14.1 16.1
July 19.9 19.8 15.4 20.9 19.4 NA NA NA 18.1 21.4
August 19.0 NA 19.7 20.4 23.2 NA NA NA 18.8 23.2
September 14.6 145 15.6 15.7 NA NA NA NA 13.8 16.3

October 10.1 10.0 10.2 NA NA NA NA 9.7 9.6 10.1
November 6.0 NA 7.1 NA 6.9 8.0 NA 5.6 6.3 6.6
December 3.1 3.1 4.4 4.3 3.6 4.9 4.3 4.6 3.8 4.5
Year 2011 2012 2013
January 2.8 2.8 2.8
February 3.6 2.7 3.0
March 3.6 3.9 41
April 6.1 6.5 6.0
May 9.3 10.4 9.6
June 143 13.7 15.1
July 19.9 19.2 20.2
August 20.8 22.1 22.1
September 171 204 16.2

October 9.9 105 11.1
November 6.5 6.8 6.6
December 3.5 3.6 4.5

ORI 10% DA EIE NA &K1,
NA indicates more than 10% data gap of each month.
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Appendix 3. HFF7KE (mm)
Monthly precipitation (mm)

Year 1973 1974 1975 1976 1977 1978 1979 1980
January NA NA NA NA NA NA 52 46
February NA NA NA NA NA 53 60 75

March NA NA NA NA NA 65 70 33

April NA NA NA NA 137 35 31 7

May NA NA 40 38 80 110 38 35

June NA 141 71 80 10 111 49 92

July NA NA NA 20 47 46 81 80

August 281 159 342 82 209 70 57 145
September 226 131 120 119 117 75 110 37
October 196 120 187 227 16 137 337 121
November NA NA NA NA NA 65 94 22
December NA NA NA NA NA 51 44 145

Year 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
January 72 90 23 45 90 70 60 47 22 61
February 21 34 64 88 61 40 49 49 8 20

March 82 40 30 58 25 54 56 36 20 17

April 90 117 35 26 84 72 32 82 58 115

May 76 36 45 29 20 51 Al 99 45 27

June 61 66 76 37 7 22 16 78 105 34

July 42 41 53 66 123 68 91 27 61 68

August 669 86 124 37 51 52 154 180 164 168
September 158 140 129 68 184 213 68 75 172 133
October 128 142 81 65 170 164 168 94 58 91
November 43 7 86 33 70 47 73 176 99 76
December 51 44 40 33 65 60 43 64 83 104

Year 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
January 118 43 60 34 57 80 32 60 NA 18
February 68 31 63 152 26 49 78 19 NA 28

March 30 27 22 122 44 52 23 31 NA 81

April 78 18 62 34 95 22 11 14 NA 106

May 28 77 44 66 79 98 66 NA 40 91

June 12 28 71 8 47 32 26 NA 11 40

July 82 68 39 40 90 84 85 82 145 178

August 124 165 83 122 181 97 179 119 125 NA
September 65 229 101 293 104 96 154 222 147 264

October 83 120 179 108 91 117 67 26 71 26
November 27 74 94 81 90 87 95 NA 21 76
December 82 70 106 52 117 49 30 84 NA 45

Year 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
January 44 133 63 59 50 57 NA 49 84 76
February 29 50 NA 128 47 41 61 57 109 38

March 62 31 15 NA 69 83 70 18 59 61

April 16 26 10 NA 30 37 51 8 57 111

May 21 26 24 66 46 75 NA 19 38 53

June 34 12 42 46 51 NA 64 14 65 50

July 87 NA 56 53 144 NA 56 33 206 138

August 117 NA 138 NA 75 NA NA 56 67 137
September 238 112 134 60 NA NA 203 NA 31 101
October 92 190 148 NA NA 98 74 113 120 105
November 59 NA 50 NA 151 NA 62 72 130 168
December 112 23 50 NA 50 53 80 110 112 54

Year 2011 2012 2013
January 22 21 34
February 27 17 79

March 23 95 64

April 29 17 108

May 54 95 57

June 28 24 91

July 122 58 68

August 89 80 184
September 266 267 202
October 143 112 123
November 47 170 100
December 50 81 72

ORI 10% DA EI3 NA &R,
NA indicates more than 10% data gap of each month.
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Forty-year meteorological statistics of the Hitsujigaoka
Experimental Forest

Yasuko MIZOGUCHI"" and Katsumi YAMANOI"

Abstract

After the Sapporo branch of the Forest Experiment Station (the present Hokkaido Research Center,
Forestry and Forest Products Research Institute) was moved to Hitsujigaoka, Sapporo, the Hitsujigaoka
Experimental Forest was developed. At almost the same time, meteorological observations were initiated
mainly for nursery management. These observations may not be sufficiently accurate; however, long-
term observations at the wide green area are valuable, considering there are not many observation sites
with no influence of the urbanization. In this article, we report observation results for 1973-2013. Mean
air temperature, vapor pressure, and annual maximum snow depth were 7.5 °C, 9.6 hPa, and 98 cm,
respectively. The mean annual precipitation was 952 mm; however, it was likely that the observations were
underestimated, mainly in winter. Wind velocity had declined with the growth of the planted trees around
the field.

Key words : air temperature, vapor pressure, precipitation, long-term meteorological data, Hitsujigaoka
experimental forest
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