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The Function of Forest for the Sound-proof

Kazuo Tanaka, Shigeru Ikepa,™ Ryuiti Kimura, **

and Kazuyuki Simazawa. ***

(Laboratory of Erosion Control Faculty
of Agriculture Tottori University)

Summary

This review discusses the function of forests for sound-proof. The means
of investigation stands were as follows  Japanese black pine planted forest
in the coastal sand-dune. Japanese cedar planted forest in the Chizu Dis-
trict. Beech forest in the Daisen National Forest. Japanese red pine planted
forest in the Daisen District. The source of noise used for this investigation
was the reproduced sound of white noise recorded by the Forest Influences
Division of the Forest Experiment Station. The measurement of the sound
level was done by a sound level meter of Rion-NA-09type.

The essential results obtained are as follows :

1. This conclusion has been compared to those of other studies approximately
similar,

2. The efficiency of tree forsets for noise attenuation was greater in the
following forest types : higher stand density, lower mean clear length, more mixed
subordinate tree and lower growth, larger quantity of leaves close stand ete.
3. It seems that about 30 meter tree belt is needed for absorbing more effe-
ctively the noise, because, the quantity of noise attenuation increases strongly
at a point about 30 meter distance from the forest edge.

4. In the deciduous broad leave tree forest, the effect of noise attenuation
is remarkably more effective before winter defoliation than after.

5. Between different tree species, I could hardly find any difference in the
quantity of noise attenuation. ‘

6. For the estimated formula to express the quantity of noise attenuation by
forest trees, the following exponential function formula seems to suit with

actual data. (Y = ab]OgX)

7. For the estimated formula of quantity of noise attenuation of forest including
natural attenuation, the following logarithmic function formula seems to suit

with actual data. (Y = a + blo&)

¥ BREKEZLEHR 5 Tottori University Emeritus Prof.
% M ERTEE © Saitama Prefecture.
sown RBIURITEIE  Tottori Prefecture.
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bBo —MROEFRE TR E 5 2B ICL, B, THERE, T2 056 HABRENH 205,
Chnid, TNTNORRBEZ & b, 122 OEHEND & OREEO BSOS DI & DR
PASEE T ICHRIT > T B 2,

COLSBREDERF NG LOBERANEC Lid, SEOFHETIITDOT, AOMS2HEH LI,
HEME LW DI, BEORHVELDOLNET, &2 BEBEEIch-T, 194204 bp=x
FVF =DBFTNTELL, [RNFEREEHE 2 3 OBWROBEEL LY, »ABEDOTELE LT 2L
X IS > TN BT TH 3%

RBCOECMBEOEEIX [MEESHESR] V42 (RION)K.K. SF-04, THRHEEREE
Fid, 20~20000Hz THhAPFEE LI F—SLa—8— DR EEMEIZ50~10,000Hz Th 3,

BELAVE, EEEOWEET - 713 -4 - ( SONY-CF-1,300 ) DEBREKICUIIES,
5mBENIZHF T8 0k (phon) (A) T, CHIIEHERDERETORS LA VE[ABRETH

BOTHEMOBREL Ve UTIRENSTH 2" > % B L ~contid, BETOE0OXS 30

b, SHICTNENBEERUIESEDN TS, ChE [BREL <) S, B (phon)(®)
Th -T, ZOMEDI DI SN 8 BEtTH 2
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BEOEEICOE, K, BE, BE, AT 3, fIAEREICEL TIRE, WEREPE-
TOBBERREOI VAL O b FRISSEEHE TEET 2 VR LNT NS, Ciud, K
K[OBEGER, BEAHEINS N EHBELFRE L -> T3, ERKRIEE TP EDERRRED
B¢, BFME, BERE DR EPEET 2 2 0bh T " S EEEOF » 0 — 2 5 v KT
- 2SR D> & 1TREIC & A B LANTIIBEE AR ZRZ R S sk - 12,

RE1.5~20m/sD&XORTEREDEI 1~45> (A)Th »12, COMMEE FIFEHDHA
ThbCEDDE, Bpid s HEBENSOERE (AERIROBRE LML TITFET 5 TNT
D, BEEY, NEERSHE L BEESHEOENL 0+ (A) KHOBETNTEHLL ) SHAL
THREDI DI TRESERICHIE T X0y, B 0.5 m/s B O MEORICHE 217 >12
FERICIIT 5 KEIRGUE Tablel DL TH 5,
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Table 1. Meteorological condition in the measuring time

Stand Wi“fj Temperature Humidity
Measurement date Weather velocity 5 note
No. m/s C %
1 Aug.21 1976 Fine 0.3 320 84.0
2 do.27 do do 0.5 295 8 7.0
3 Sep. 4 do do 0.1 290 710
4 do. 26 do Cloud 1.0 2 8.0 8 3.0
5 Oct.15 do do 0.6 10.0 770
6 Feb. 5 1973 do 70 10.2 86.0
7 3% do. 7 do Fine 0.9 5.4 3 5.0
8 Dec. 1 1976 Cloud 0.2 7.0 8 8.0
9 do. 1 do do 0.2 7.0 8 8.0
10 do. 1 do Rain 0.2 7.0 8 8.0
11 Aug.28 do Fine 1.0 2170 8 3.0
Nov.26 do do 0.5 17.0 7 4.5 D.S
12 Sep. 2 do do 0.5 29.0 8 0.0
Nov.26 do do 0.5 170 74.5 D.S
13 Oct.15  do Cloud 0.6 10.0 7 7.0
Nov.28 do do 0.4 5.5 8 7.0 D.S
14 Oct.22  do Fine 0.4 155 7 3.0
Nov.28 do Cloud 0.4 5.5 8 7.0 D.S
15 Oct.22 do Fine 0.4 15.5 7 3.0
Nov.28 do Cloud 0.4 5.5 8 7.0 D.S
1) N6k, 7 x@PRNREILGES, MRIHE, WAKTE | THADBEHLAR (F) 1 ilvols,

2)

3) No 13, 14, 15 OEERICIE 10~15mDFEE

No6,1973.9.1 & H2|H (Quoted from literature citedNo 4, 5)
D.S: Defoliatin season D%

(In defoliation season . Snow cover 10~15cm)
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BTN, 7 0= VRGBT h v Y8R5 7T, 2FPRS o, EEELIERIM 5 S FRDEF 13 sk
THEDNTIT » 120 T NN BICHIRR 23 E LRIBROME 1 m b T3 2 niET, E340~60m
ORI s T, IAREE, BE, WEER, FEEEORR KOS RKOHKGH & DAL E %l
FEL, [FIRFHCHETRIE 21T - 1=,

Fig(2~13), 3P BN EMR DO EEXKZRUIZEDTH 2, T2, HAEFHEZS & i1dTable
20—ERICELDTRLTH %,

ZERICTHENENRD DML R E DIERFICBIRT 2O THHEMTH 5 C & EE LS, HEHihsd
B BETFOEFSD > 1o BCKRKILD T FHTIZ 9~ 12°D LB/ TH - 12,
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Fig.2 :Profile of measurement stand, No.1
(Koyama Experiment Forest)
For symbols of species see Table2.
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Fig.3:Profile of measurement stand, No.2
(Koyama Experiment Forest)
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Fig.4:Profile of measurement stand, No.3
(Hamamura Sand-dune fixation forest)
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Fig.5:Profile of measurement stand, No4
(Hushino Sand - dune fixation forest)
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Fig.6:Profile of measurement stand, No5
(Daisen, Japanese red pine forest)
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Fig.7:Profile of measurement stand, No8
(Chizu, Japanese cedar forest)
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Fig.8:Profile of measurement stand, No.9
(Chizu, Japanesc cedar forest)
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Fig.9: Profile of measurement stand, Noll
(Koyama Experiment Forest)
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Fig,10:Profile of measurement stand, No12
(Koyama Experiment Forest)
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Figl11:Profile of measurement stand, No13
(Daisen, National forest)
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Fig.12: Profile of measurement stand, No14
(Daisen, National forest)
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Fig.13:Profile of measurement stand,No15
(Daisen, National forest)
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Table 2. Quantity of noise attenuation by forest tree itself and Composition of the Vegeta-

Measurement| Stand Stand Mean Mean clear| Mean Total of
Tree Species density height length d.b.h |basal area
stand No (No/ha (m) (m) (cm) (m2/ha)
1 KUROMATU 2900 7.2 4.5 8.4 161
NISEAKASIA 1,000 5.2 1.5 5.9 2.7
. 5 d 2550 7.8 5.0 8.9 159
2 0 700 3.5 1.0 3.0 2.0
S 3 d L900 9.1 7.0 132 2 6.0
o 0 2,600 2.5 1.2 2.4 1.3
=
e 4 KUROMATU 3500 6.7 4.0 9.3 23.8
AKAMATU
5 KARAMATU 3000 10.0 6.5 13.7 44.2
6% | SUGI 4750 6.0 1.7 9.1 31.1
. 7% | SUGI 3400 6.5 2.6 8.9 21.7
» © | HINOKI 1,288 4.0 6.0
°
= 8 SUGI 3920 7.9 4.0 121 451
B
2 9 do 4670 7.3 3.5 10.4 397
10 do 4,800 7.7 3.5 10.8 383
11 OOBAYASIYABUSI 3000 10.9 5.0 13.3 35.6
4 NISEAKASIA 300 4.0 2.0 4.0 0.4
®
£ 12 OOBAYASIYABUSI 2600 9.1 5.0 11.3 26.1
b NISEAKASIA 1,400 3.3 2.0 3.8 1.6
= 13 | BUNA, KUROMOGI 1800 11.6 7.5 17.4 128
- B RIYOUBU etc 4300 2.3 1.0 2.1 1.5
[
g 5 .4 | BUNA, MIZUNARA | 1500 16.9 11.0 204 49.0
78 ® ITAYAKAEDE etc 300 5.0 2.5 5.3 0.7
8 E s | BUNA, MIZUNARA 2500 16.0 10.5 185 672
YAMABOSH, RI'YOUBU 500 3.2 1.5 3.6 0.5

D (P BB S BRI 271 Parallel I U 12858 (O): Oblique K LT #34
2) Stand No 6, 7 13U - ARLHE - MAK I 2 [MAOESHLDRE] (il CHIZAN
3) Stand Nol13~ 15:Defoliation season— Snow cover - 10 ~15¢m
Species I Pt I KUROMATU-(Pinus thunbergii) R:NISEAKSIA-(Ronbinia spp) Pd: AKAMATU-
Ci: SUGI - (Cryptomeria japonica) Co:HINOKI-{(Chamaecyparis obtusa) A:OOBA-
Lu: KUROMOGI-(Lindera umbellata) Chb:RIYOUBU- (Clethra barbinervis) Q:MI-
L : KARAMATU-(Larix leptolepis)

I HBREIUEER

1. MAZFICK 2 BERER

it

RENZH OMBDIRE & MR I 2 REWFEDOERIE % 5507 ETable2 DI TH %,
1) = UkitonT
No 1 #A57, IZMBEMWIIM T o o v ERKRE =7 H L 7ORBEMKT, EEBE 7.2 m, HS 25,
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tion on each stand.

3
Under  growth Quantity of noise attenuation(phon A) ‘
Mean Distanse from forest edge (m) note
Species height Density
(m) 10120(30|40(50|60]70
ENISIDA 1.0 | Thinly 1] ol—1| 4| 7} 5 (P)
HAMAGO 0.1 | do 14 1§ 2| 24 3 (P)
TUYUKUSA
SEITAKAAWADATISO 0.5 | do S| 3| 6] 519 (P)
B L o 1| 1| 3| 5 (P)
2| 1| 3] 5] s ©)
SIDA, INUTUGE,KII .
TIGO 0.3 | Thinly 0 0 1 1 5 (@)}
B N 1-1] 2] 5| 4 P)
1| 21 4| 6] 8 ©)
. 1] 3] 3| 5| 6 (P)
SASA : 1.5 | Density balb 6l 721 9 ©)
SASA, SIDA, KOKE 0.3 | Medium 21 4} 5 61 9} 9|10 ©)
do 0.2 | do 2| 4| 7 ©)
3| 4| 7] 7 (P)
do 0.2 do 4 4 7 9 (O)
TUTA, KUZU, KUSAT . 1 3 6 8 9 (' ):Defoliation
~TIGO 0.3 | Density | )| (1| @] 0] @ season
4| 3| 71 910
KUZU, NOIBARA 0.5 | do ol O @ @l © do
BUNA, KUROMOGI 051 d 3 1 5 5 7 d
RIYOUBU, SIDA ~ 0 B @w| ™ e e °
BUNA, KUROMOGI 0.6 | d 2 4 3 4 6 d
SASA, INUGAYA ' ° @] @ @W| © © ©
BUNA, KUROMOGI 0.7 | 4 3 2 5 5 8 d
SIDA, INUGAYA : ° @ e 6| 6] 0 °

Vol.18. No6 1973) L b5 (Quoted from literature cited No 4, 5)

(Pinus densiflora) L:KARAMATU- (Larix leptolepis)
YASIYABUSI- (Alnus sieboldiana) F:BUNA- (Faqus crenata)
ZUNARA- (Quercus crispula) Ap:ITAYAKAEDE-(Acer pictum)

26 FEEDMATH 2, BIEFKFEIZ, HMEH»S 410 n MISL VEBIOEEENKEL LTS, C
Nit, Ko 30n Gl 0 FBATHS, =7 H v 7HRXL, BEICAXLEFEL TS
bDEEIONG, TEMBPL30nHhmTL AL (A)YEMUTWADS, THIIHARY S DR E
HILL 28 DTRTN P EZALNS,

No. 2 #F013No. 1 #4543 & R U K MBERB AT, ZIZRI UM E S TH 3, BIERR S IZIZHURK
THHBMEL D 40mBL 05 0nth ATEHCPBEENDL L >TWNE, ZNEHTEARTHS,
=7 1Y 75N 1 KT L TDVR D TIRISVH EE L BN B,
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No.3 ANCI T, D= v MhE W ERSERMITK E 2> T BH, Zhud, FFERT
BBt THYTHREMCE L, Ve Ui L,900 A, halc LT, =7 #7713 2,6004 ha
ENLARBREDMBONo 1, No2 5 & L TAE K B TV ARD TRV EEBEA LN D,

No 4 bE5id 2 o v D BHIK Td o BURE SR (0) DITHHT (P L HEEESKE L, C
OFERIZFIZIZFITE BRIz h, HHIDZ S > TQVENIDTHS S0

No.5 #5312, Nol M DOLEBARTH 5 7 v = & I2IFR UALARERE (No 1 #5312 29004 ha, No.
5 5K5113 3,000 4 ha) TH 555, MEEEEATTHIN. S MDD DN 1 MBDHKI 2. 7 TH BITH
b 5T, BERIEN. 1 HMOOBBERINTK SV, Chid, N s MDREEFEEV I (s L
WTWT, BFESEWCE, FTBARB/SNC EPFRLTWE D EBbND,

2) AFHITONT

No 6, No7 BAAM 3B ILFEIAISIZH> DR (4), (5) X OBEL UTEIA LI, Wit & § MRDT
DEPITE DIHBBEIAE . N6 HSDEITT, 20n HIHT 1A (AYEMUTWAR Iy
MWD& CATEHRIZE DT, AL SDRHFEICL 56 DTIFEV»LEbN S,

No7 MM id 2 ¥, b/ FOIABEREEdNUE, 46884 hak/sh, No6 M) (475074 ha)
EIRFALIC/S B0, MoRick ARERIE, N7 MO DFHBNo6 BRI L b, T, FIRKE B IR &L
oTWh, CDT EDSH, RUSABETHIIL, —FHEL Y EBROLBBERIIRS (/55
EDSDh B,

No.8, 9, 105 (BEITAERDZXFH)IILEBNT, BERIIABEORSVIRICKE(2->T
Wa,

No.8 #5437, No 10 KT BT, M & I I A FHIIZADD L, N8 DHMKR SV, HEAL
FAUTHhs, L LUBERIIN S DHMW/NINT e b b, MERIE, WENmESL b6, LARE
&L DN EBDD S, FIAEREEEESE TESREU THIIE, BROASNEDRIE
HIadh, BRONIVEORZEEBLUNTPHERIIAELZLELWVHITETHAS,

3) BEILERMICONT

Nol1l, 12MCBNTIK, BEDHRTE ANy o ¥ 7V OERMTEBRIC) IREICES
DNTBH, ThPBEBIKFS LI DEEALNGD, FICHEEN & EER TIE, BRI LM
BEPKED, NI DVE (7 XDOERPEL ) PHEICKESFELTOA T EBDM 5,

No13, 14, 15DHAITHNTIZ, Nol11, 12 & MTEEBDHHWMERIK X {72 - TOBH,
CAIUFRGEBFRDSKIIT, HEROWEDE SFHEN 10~15md - T, FIRNINIZOTIEZWN
WEBICEE, FTERPKED -T2 E B BFORNEZRELLTWAEEEALNAC L, KTE
DIERIEL (1om ), HEMCBOWTOBBEIENSGE VEFS LTV &, I & EER
THIEMESDUE > T2 & (EEEBKEWICHREMESD UiE-> T BE V< vsE -
T )BERL TS EDEEL LN,

No 11, 12 TigNo 11 OFF B LEEROTABELS A &L, HEIMCBNTIE, BEEE, N1 20%
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BRED, THEN 128N 11 LD, HTFBROIARBESKI VD EEZZ 6N, L LIEE
BTIENo 11 DN 12 & DIFERDBAE > T0 3, DT L3N 11 D EBARDA 3y v
TYDINREEPRE N EVEEGL TR EBbRE, CDCEdb, BELTLES &, TEA
D=7 7 DMBEEPHENNINC ELEELT, FERKOFBIIDHE Hish >1cDOTId
Wit EZBN G,

b, BEHOT, TEROEE, BETL LHIBEOIABESLNE, BHEDRICITTE
BiIPISNbDEEALND, H, TEROYABELSEDMNHIUIEEL T BHEDRVED SN
BMEEEDT — 20 53T S 2h -1,

No12, 15 DEERNTHNTIE, LEARDIIAREEIL, 13EET (N 1213 26004 ha, No 15/t
25004 /ha) TH A3, No15 I3BEABKEVDITE Db 5T, Nol12 DHBHEENA XL,
AN 1 5 TR FTEBERICENC L, FTEAB SN LI 2 DEELIOND, Fiz
Nol2 DFEBIRITIE Y XPBICB N TN ERBLBDEELZLNS, No13, 14, 151TBIF A%
ZHOHFEDOBICIES 10~15mhd b, CDHEL TEIED FTHE DRBIENIEDS I O FEE
Roniz, COEEIZL DD SROBESEEFICNINE Db bh> 6L,

2. PRI & B BRE I O IR O E

(1) MAick 2BER (Y) EHRNEBEO NEIE logX & 20075 7 %R L Fig(14~
17)DMLTH 3,

. eA; No. | No.3
2 12 124
2 o o} X
g Ye0.1(10.4)°9% ] v=0.6(4.4°9 .
° 84 8
4 64 * 6- [
e ] . 4 .
- 4 44
° 4 [) L ]
> 21 24
= E 1
c & n + < } + + 1.
3 o 5 20 34050 o 626 36 4050
Distance from forest edge (m)
No.2 No.4
21 121 v-0.2(68/°%%
0 v0.2(4.9)09% or Y+ 03x16% 72.0/°9%
8 8
61 61 °
4 al (/'
-4 * -
2] .__/ 21 o
) >- 2
° : . oy o -
16 20 304050 H 0 20 304050
—-— oblique
== paraliel

Fig.14 . Estimated formula of Quantity of noise attenuation by forest tree itself.
(No.1 ~No. 4 : measurment stand) unit:Phon (A)
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o ity
2 AWl N
= 05 No.7
3 127 let Y = 0.6xI6%215)09%
@
- - -4 - -
£ 197 v-03u0(1004.7)09% 9] w/=o.9x|o'(n.7)'°gxs,{7
+ 8_..
g ° 4
Q
8 64 6t o/
- . /
5 4q ' a4 o,
> *
E 27 ,/ 2t
§ .
3 © e w0 ; —t-—t—}
10 20 304050 10 20 304050
Distance from forest edge (m)
No.6 No.8
21 v=0.4x16Y22 7)°9% —.— oblige 127y .0.3(68)0%
10+ 104
° ¥=0.1(8.9)109X — parallel 0 o L
8+ 8+ //
6+ 6+ /4,
44 44 s
21 2 o
O- 1 " i Y O 1 L 1 1 i
16 2 304050 [0 20 304050

Fig.15: Estimated formula of Quantity of noise attenuation by forest tree itself.
(Conj. No6, No7 —-Quoted, see Table.1)
(No.5 ~No.8 : measurement stand)

h 4
c No.9 No. Il
2 (Ié) 12
' 7 y=1.5xG13.3)°9% T Y = 0.4%10126 0119
c L 4= -
£ 19 10 y=02x10tIa g9
A - 84
'] E A3
R / 61
c 7’
- 47 ,/ 4+
° 7~
> 2+ - o4
‘5‘ 0 + + " — 0 :-’ " It —t e
3 10 20 304050 10 20 304050

Distance from forest edge. (m) ot) befure defoliaticn
---- after defoliation
No. 10 No.i2

27 ¥ =09(4,00°9% 121 Y =0 6(48) 00X ~

ot - e
v=0.6(4.7)l09% \\\ o Y=04x16{80.0'°9% e
8+ 81t

61 64 \x
4+ 4+ .
L ] X,
2t 2t
< L
o + i 3 " i O X " 1 1 +
10 20 30 4050 10 20 304050

Fig.16 :Estimated formula of Quantity of noise attenuation by forest tree itself.
(No.9 ~No.12 . measurement stand)




HHopEHEICDNT (89)

c o Noi3 No.I5
g 12+ 124
o 4
3

: - fogX
g ¥+0.4(5.0)°% ' 9T va190.1°%
° 81 * 8t logX .
® 8 Y=0‘6(4.8)|°gx\ x,,x’ . T  v-04(52"9 x
B ’ 4 o’
g ° 6 N4
3 47 u-"/‘ ¢ ,.-—,/;/
£ 2 2+ x”" e
: 1 e L
& 10 20 30 4050 10 20 304050

Distance from forest edge (m)

No.l14

1 Y = 0.6(35)/09%

+4 X
8 Y= 1.4(2.4)°9% .
6+ _xeh

-
L
4 X .- %
[

16 20 304080

Fig.17: Estimated formula of Quantity of noise attenuation by forest tree itself.
(No.13~No15 ‘measurement stand)

SR T 5 & B U TR S HE R 2 Y = b 0K TR 8 O TH B,
HERIIROmWML TH B,

v U K
A3 No. #t E A
No 1 Y=0.1 (10.4) logX
No. 2 Y=10.2 (4.9) logX
No. 3 Y=0.6 (4.4)l08%
No 4 Y=o0.2 (6.8) 108X (#152)
Y=0.3x10 2(72.0) logX (57)
No.5 Y=0.3x10 *(1,0047) 1088 (R
Z F W
#73No. # & A
No.6* Y=04x10"(22.7) logX (#1%)
Y=o0.1 (89)logX (¥47)
No7%  y=06x10""(21.5) logX (H1%)
Y=09x10""(11.7) logX (CFFT)

No 8 Y=0.3 (6.8) log¥ (AHT)




(90) mrh—Fk - W & RERE - BRI
No.9 Y=1.5%10""(13.3) 108X (1%
No10 Y=0.9 (4.0)logX (RIZ)
Y=0.6 (4.7) 108X (S¥AT)
EELTERM
7 No. #t E X

Noi1l Y=04x10 "(26.0)108% ( EZERT )
Y=02x10 %(124.8) 08X (PEIER)

No12 Y=06 (48)logX (¥ AT )
Y=04x10%(80.1) logX (%)

No13 Y=0.4 (5.0)l0gX ( P HERT)
Y= 0.6 (4.8)logX ()

No14 Y= 0.6 (3.5) lo8% ( F&ZERT)
Y= 1.4 (2.4) 1088 (v )

No15 Y=19(1.7) 08X ( ZEIERT)
Y=0.4(52) 08X (TEIEH)

() MAIY 2BEHEE (Y) & A B ONEE (logX) & 2T 75 v 2RY &, Fig-
(18~21) Th 2, CHIZEHERSLT, EHIEERSL Y=a+blogk TRDIZEDTHAHER
RO EBHTHD A,

L 1
£5 1 Nol #1 No3
Sk 10
2~ 1o .
£ Y=7.0 logX~7.8 Y=6.2 logX-38
5 8 8
S s 6 .
2 .
=4 4
hs) .
> 2 2
g i@~ 20 3P 305060 10 26 30 40850 ~
Distance from forest edge (m)
Y Y
124 1
No.2 21 No4
104 10
o YelogX+0.3 ] — Y=50l0gX-53
—-—Y=49l0ogX-38
6 64 o
o o
4 44 L~
. 0
24 e 24 0/,/'
. : —r X ———r X
10 20 30 4050 19 20 30 4050
cf)
~— paraliet
—-— oblique

Fig.18 i Estimated formula of Quantity of noise attenuation by forest tree itself.
(No.1 ~No.4 : measurement stand)
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(22 A)
=<
=<

'l No5 'l No.7
104 104

Y=4.2 logX-4.8 — Y=55logX-4.4 e
8 8- 7

—— Y=*9.7 logX- 86 Y

6 &
o
4 4
2 -/./ 2+
L~ ©
o o x , S— X
&~ 20 30 4050 10 20 30 4050

Quantity of noise attenuation

Distance from forest edge (m)

124 24
No6 "1 Nos8
104 104 °
o — Y=4.9l0gX-5.0 o o Y=7.8 logX-5.5 °
-
—-— Y=8.5l0gX~8.I e
6 0,7% 61 e
e e
4 0 4 Pl
~ ~°

24 Pk 2 1

o

10 %0 % 408" io 20 3 40808070

Fig.19 . Estimated formula of Quantity of noise attenuation by forest tree itself.
(No. 5~No.8 : measurement stand, Conj. No6, No.7— Quanted, see Table. 1)

X
= D12 124
3k No.9 Noll
8 104 10+
5 Y=10.3 logX-86 ol — Y=10.7l0gX-100 .
3 ° --- Y=9.5 logX - 99 x
5 e 7 6 .
'06 4 /¢/o 41
e o 21
: g
5 ) 26 30 " 16 20 30 4050
Distance from forest edge (m) of)__ before defoliation
---- after defoliation
Y
1 NolO 1 Nol2
104 10 .
sl —— Y=681l0gX-37 ° g — Y=84109x-55 y
—-= Y=74 logX-40 _& ==== Y=7.0 logX- 7.4
6 . 64 X
.~
4 o e 4 . P
X
24 21 i
. 7%
10 %o 30 40 [t} 26 3 408 "

Fig.20 : Estimated formula of Quantity of noise attenuation by forest tree itself.
(No.9~No.12  measurement stand)




(92) Hf—%k - W % e BRME

2
TS p
52'%] Noi3 1 No.I5
ﬁv'o 104
B g — Y=48logX-29 x ¥ o- — Y=54logX-33 .
3 ~ Y269 logX-40  x .7 == Y=6.0logX-4. %
— 6-, ’a’ 6- ;
g /" .
5 ¢ / -
> 24 2
= .
5] - X v v —
3 10 20 30 4050 10 20 30 4050x
Distance from forest edge (m)

21 Nol4

104

o- — Y=3.| logX-08 ,

-==- Y«37 iogX- 03
6 -
44 x,,.—-")'-('-
- L]
21 *

T v o= X
io 20 30 4050

Fig.21: Estimated formula of Quantity of noise attenuation by forest tree itself.
(No.13~No.15 . measurement stand)

7 v K
o No. # F X
No.1 Y==7.0logX — 7.8
No. 2 Y=1.0logX+ 0.3
No.3 Y=16.21ogX - 3.8
No. 4 Y=4.91logX - 3.8 (#=)
Y=5.0logX — 5.3 CE1T)
No.5 Y=4.2logX ~ 4.8 (#128)
Z F &
73 No. #E R
No.6™ Y=8.5logX - 81 (#I%)
Y= 4.9 logX — 5.0 (7))
No.7*¥ Y=19.7 logX — 8.6 (#1%2)
Y=5.5logX — 4.4 CE1T)
No. 8 Y=17.8logX — 5.5 (#5)
No.9 Y=10.3logX — 8.6 (#z)

Nol0 Y=17.4logX — 4.0 (M)




BHOBEREICOHLT (93)
Y= 6.6logX — 3.7 (¥17)
FETELTERM
53 No. #t & X
Nel1 Y=10.7 logX — 10.0 ( 75%ERT)
Y=9.5logX ~ 9.9 (R
No12 Y=841ogX — 5.5 ( #EERT)
Y==7.0logX — 7.4 (EBER)
No.13 Y=4.8logX — 2.9 (FEZERT )
Y== 6.9 logX — 4.0 (EZER)
No.14 Y= 3.1logX — 0.8 ( % TERT )
Y= 3.7logX — 0.3 (EER)
No15 Y=5.4logX — 3.3 ( 2R )
Y=6.0logX — 4.1 (HER)
PLEDHEENL O RDI2E D EFEANE (FHR1 ) & 2RICE LD THET 2 L Table3 DI TH B,

Table 3. Quantity of noise attenuation by forest tree itsalf (unit Phon A)

Stand | Calculation Distance from forest edge (m)
note
No. division 10 20 | 30 40 50 60 70
1 1 0 -1 4 7 5
1 2 -0.8 1.3 2.5 3.4 4.1 4.6
3 1.0 2.1 3.1 4.2 5.2 6.3
1 1 1 2 2 3
2 2 1.3 1.6 1.7 1.9 2.0
3 0.9 1.4 1.8 2.2 2.6
1 3 3 6 5 9
3 2 2.4 4.3 5.3 6.2 6.7
3 2.6 4.0 5.2 6.3 7.2
1 0 1 1 3 5
2 ~0.3 1.2 2.1 2.7 3.2 P
3 0.2 0.8 1.6 2.8 4.2
4 1 2 1 3 5 6
2 1.1 2.6 3.4 4.1 4.5 O
3 1.3 2.3 3.2 4.0 4.9
1 0 0 1 1 5
5 2 -0.6 0.7 1.4 2.0 2.3 O
3 0 0.2 0.8 1.9 3.8
1 1 -1 2 5 4
2 -0.1 1.4 2.2 2.9 3.3 P
3 1.0 1.8 2.7 3.6 4.4
63
1 1 2 4 6 8
2 0.4 3.0 4.4 5.5 6.3 O
3 0.9 2.3 4.0 6.0 8.1
1 1 3 3 5 6
2 1.1 2.8 3.7 4.4 4.9 P
3 1.1 2.3 3.6 4.9 6.1
7 %
1 1 4 6 7 9
2 1.1 4.0 5.7 7.0 7.9 (@]
3 1.2 3.1 5.2 7.6 103
1 2 4 5 6 9 9 10
8 2 2.3 4.7 6.0 7.0 7.7 8.4 8.9 @]
3 2.1 3.7 5.2 6.6 8.0 9.2 10.4




(04) Hrp—%k - ME K- RRNEE— - BRI

Stand | Calculation Distance from forest edge (m)
note

No. division 10 20 30 40 50 60 70
1 2 4 7

9 2 1.7 4.8 6.6 (@]
3 2.0 4.3 6.7
1 3 4 7 7
2 2.9 4.9 6.0 6.9 P
3 2.9 4.6 6.1 7.3

10
1 4 4 7 9
2 3.4 5.6 6.9 7.9 0
3 3.5 5.3 6.8 8.1
1 1 3 6 8 9
2 0.7 3.9 5.8 7.2 8.2 Db
3 1.1 2.9 5.1 7.7 10.6

11
1 0 1 5 6 7
2 -0.4 2.5 4.1 5.3 6.2 Da
3 0.3 1.3 3.1 5.7 9.0
1 4 3 7 9 10
2 2.8 5.4 6.9 8.0 8.8 Db
3 3.1 5.0 6.6 8.0 9.3

12
1 0 1 3 4 6
2 - 0.4 1.7 2.9 3.8 4.5 Da
3 0.3 1.1 2.4 4.2 6.4
1 3 1 5 5 7
2 1.9 3.4 4.2 4.8 5.2 Db
3 1.8 2.9 3.9 4.7 5.5

13
1 3 4 7 8 8
2 2.9 5.0 6.2 7.1 7.7 Da
3 2.9 4.7 6.1 7.5 8.7
1 2 4 3 4 6
2 2.3 3.3 3.7 4.2 4.5 Db
3 2.1 3.1 3.8 4.5 5.2

14
1 4 4 4 6 8
2 3.4 4.5 5.1 5.7 6.0 Da
3 3.4 4.5 5.3 59 6.5
1 3 2 5 5 8
2 2.1 2.7 4.6 5.4 5.9 Db
3 3.3 3.8 4.4 4.6 4.9

15
1 2 3 5 6 7
2 1.9 3.7 4.7 5.5 6.1 Da
3 2.1 3.5 4.7 5.7 6.8

1 Measured result
2. Y=a+blogX: logarithmic function formula

Calculation

3 Y:ablogXZExponential function f{ormula
Note{DbiBefore defoliation
Da:After defoliation

Measurement direction{ P: Parallel
O Oblique
No.63 , No.73% . Quoted from Literature cited No.(4), (5)

Chb B bbb 5 & 5 I Y= ab o8 (3453 ) e EHH Y =a+blo8X (312 ) 2 %
Hol LT 2 % & A D & HEEERRO A h5 L < ERNEICES LTV Bo RHCHPERRES 0 mElHT
BNTZNDEETH B0 ThEHARICE 2 BEREROMERE L TSR (Y=ab108% )
I HETEEEZL LN A,




HBHOPEREKOWT (95)

3. BRWMFER % E O ko3 5 5 O R O HEE

1) y=atblogX:, Fig22 3 BRMWEE (Y) & Hgd 5 OEEEE (HAPIFEEE O3 HIE (log
X)ERHENICS S o Th Y, BITEBREZLEDTY=a+blogk TRDIZEDTH %,

-y Y
= C{(ogi
0 .9 30 304
% No.1 . No.3
3
g6 Y=24.4l0gX Y=236l0gX
£5,04 ‘ -16.4 201 24
2%
2%
= c 101 10
-
o o
£
>G
£3
E2 . o 25 30 408060" o 20 30 4080
3~ Distance from forest edge (m)
Y
4 304
%1 No2 No.4
o
Y=184logX-83 Y=223logX o7
20 20 ~124
o o Y=22.tfllggx
T T T ——r= X T T T X
[0 20 30 4050 ) 10 20 30 4050
Y paraliel
—-— oblique

Fig.22 :Estimated formula of Quantity of noise attenuation of forest including
natural attenuation.
(No.1~No 4, Measurement Stand)

ZORERILRDIML TH %,

7 UK
73 No. # &
No. 1 Y= 24.4logX —16.4
No. 2 Y= 18.4]ogX —8.3
No. 3 Y=236logX~12.4
No. 4 Y=122.3logX~-12.4 (RI%Z)
Y= 22.4logX —13.9 (EAT )
No.5 Y= 21.6 logk —13.4 (£128)
X £ K
#53No. # = X

No. 63 Y= 25.9 logX —16.7 (H32)




(96) M —k - e K- O BREE

Y=22.31ogX ~13.6 (¥17)
No.7* Y=27.1logX - 17.2 ($422)
Y= 22.9logX —13.0 CEFT)
No.8 Y=25.21logX ~14.0 (H1%)
No.9 Y=1277logX—17.2 (R1%E)
No10 Y= 24.8logX —12.6 (#52)
Y= 24.0logX - 12.3 CF17)
TEELTERIK
#4453 No. #E X
Nol1 Y=281logX -18.6 (#EEERT)
Y= 26.9 logX ~18.5 (EHER)
No12 Y= 25.8logX — 14.1 ( FHEERT)
Y= 24.4]0gX ~16.0 (EER)
No13 Y=1222logX—115 ( %zERT)
Y == 24.3logX —12.6 (HER)
No14 Y=20.5logX— 9.4 ( FEZERT)
Y= 21.1logX~ 8.9 ()
No15 Y==228logX—11.9 ( FEERT)
Y=234logX—-12.7 (EER)

2) Nislund 3%, BTEELA, 85KEE, BAREEIE, BAOBESHEDEICT 2H5 1B
2
T, FHIh Tz Naslund Ly = (—afg—x—)z ZRAL, chick »TRDI2 3 DIZKROMWL THA,
7 v

53 No, #xE K
No. 1 Ny =20+0.162
No. 2 /vy =15+0.18z
No.3 x /vy =15+0.16x
No. 4 € /vy =15+0.17x (#12)
e ANG=17T+0.17x (3E47)
No.5 VY =18+017x (#122)
Z ¥ K&
73 No.
No.6* ¢ VY =16+016x (RI)
ANy =1L7+017% (1)

No.7* ©/Vy=18+015z ($475)




/

BHR OB EHREEICONT o7

e ANy =14+017g

No. 8 2Ny =17+0.15z
No.9 r/NVY=14+016z
Nol0 z/vVy=13+016x
x/NVy=14+016x
TERZERIMK
53 No. #E K
Noll z/Vy—=18+015x
ey =20+0152
No12 t/Vyg=13+0162
r/Vy=19+0.162
No13 t/Vy=16+016x
*/Vy=14+016x
No14 z ANy =14+0.17x
/Ny =12+017%
Nol5 z/Vy=16+016x

r ANy =16+016x

(¥147)
(#z)
(#3)
(#%)
(¥471)

(FZERT)
(FEER)
(& ZEnn)
(BHER)
(#&ZERT)
(BEER)
(F&5ERT)
(BER)
(FEZERT)
(BEER)

(3) BIEREEHIR, Fig23 BERBERB2AURER (Y) & MW (X)& 2Nz 25

ik g s
(A) No.2 £ %5
30 2 2
3§

% ©

20 g5
S 3

X =35

1014 Y=256-25.0(0.6)° 6 ©
-

= £

g3

(8]

0 1020 3 50 M & <
Distance from forest edge. =
l-f'\‘/ No.3 g 2
(A N 55
8 ©

. 2 2

25

° 5

20 I J—
2 o

x 23

10 Y=321-311(0.7° 5 2
> O

= &

£E3

0 10 20 30 40 50 m 5 £

>
(A
30

20

10

No.4

\\Y=37.5—35.7(O. s)f(é
Y=333—327(0.8)0

0 10 20 30 40 50 {m)
. Distance from forest edge.Cf—)-—obliqﬁe'
(Ve — paralle
(A Nob
30
/‘/

20 .7

/

‘ X
10 o,/ Y=31.0-30.2(0.8)"°

/

10 20 30 40 50 mj

Fig.23 :Estimated formula of Quantity of noise attenuation of forest including

natural attenuation.
(No.2 ~No.5, Measurement Stand)




(98) Hp—k - Mm% - EHE— - BR3s

TThb, ChehsbE, ﬁpﬂﬁﬁ%ﬁbi‘jﬁ% LA >NT, WEEIRE L L->TWVEY, HEED
SIS < 72 > T RIDSR SN C & 20 h , ETEHBURICAE 5 EBABNAY, Y—K-+abl0
TRDIZEDTH b, FOBEIIRDODEBYTH b, KBNoLIIKDAC EMBTET, N9, 10 TiE
SEHEDIDIS D> 2 1212 DRD S ied> » 12,

QDN X
A3 No. # E X
No.2 Y:25.6~25.0(o.6)i%
No.3 Y:32.1—31.1(O.7)%
No. 4 Y:37.5—35.7(0.8)% (#58)
Y:333—327(O.8)% QZFD)
No.5 Y=31.O—30.2(O,8)T% (#52)
Z F K
53 No. #E =X
No.6™ Y—381—37.4(0.8)10 (1K)
Y:45.3—43.5(0.9)% (FE17)
No.7* Y—333-338(0.7)10 (#438)
Y:31.o—30.7(0.7)1% (E17)
No.8 Y=33.5—33.1(0.7)% (#®22)
TEZEILIERIA
5 No. e & i,
Noll Y:37.1—37.2(0.7)1% ( BLERT)
Y:34.7~34.8(0.7)% (EZER)
No12 Y=42 1~4o.1(08)% ( PXZERT)
Y:32.7~32.5(o.7)% (HER)
Nol13 Y:32.o—30.3(0.7)% ( FZERT )
Y:32.5—31.9(0.7)T% (HEER)
No14 Y:28.3—27.8(0.6)% ( %R
Y:34.7—32.5(0.7)% (EER)
No15 Y:34.2—32.5(0.7)T% ( ETERT )
Y=31.6~31.1(O.7)1% (R )

ERBEE 2 & DO ERICONTOEANE, X (EHK) , Naslund K, BIETRHHRR
KOMRZE L H 5 & Tabled DRI TH 5,
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BHOBEREILONT

(Including natural attenuation) unit Phon(A)

Table 4. Quantity of noise attenuation by forest.
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(100) UEEEEE NS U R L) B AL E

Stand Calculation Distance from forest edge (m)
note
No. division 10 20 30 40 50 60 70
1 10 17 23 27 29
2 9.5 17.9 23.0 26.4 292 Db
3 9.0 176 23.0 2 6.0 29.2
4 10.0 173 227 26.6 294
11
1 9 15 22 25 27
2 8.4 165 213 245 272 D
3 8.4 16.0 21.2 25.0 281 a
4 9.2 16.0 21.0 24.7 27.3
1 13 17 24 28 30
2 11.7 19.4 2 4.1 272 29.8 Db
3 11.6 194 240 27.0 29.2
4 10.9 178 23.2 274 30.6
12
1 9 15 20 23 26
2 8.4 157 20.1 23.0 255 D
3 8.4 152 20.3 23.0 26.0 a
4 8.8 15.0 198 23.2 258
1 12 15 22 24 27
2 10.7 17.4 214 240 26.2 Db
3 9.6 176 221 25.0 27.0
4 10.2 16.3 207 239 26.1
13
1 12 18 24 27 28
2 11.7 19.0 234 26.3 28.7 D
3 10.9 185 230 25.0 281 a
4 115 186 234 26.5 285
1 11 18 20 23 26
2 11.1 17.3 20.9 23.4 255 Db
3 10.2 17.6 21.2 240 260
4 105 17.0 210 237 253
14
1 13 18 21 25 28
2 12.2 185 223 24.9 27.0 D
3 116 185 23.0 250 270 a
4 108 17.2 21.8 252 278
1 12 16 22 24 28
2 10.9 177 218 24.6 26.9 Db
3 9.6 17.6 221 250 27.0
4 10.3 16.7 21.3 24.7 273
15
1 11 17 22 25 27
2 10.7 17.7 219 247 27.1 D
3 9.6 17.6 221 25.0 27.0 a
4 10.5 17.2 21.8 249 271

# .6, 713591/ data, Da, Db(note) See table2, 3
Calculation [ 1. EH{Measured result
division 2 SPEEHEE Y= a -+ blog¥

2
3 Nslund SEHHE Y= 30X 7
40 (TR & B IHELS Y =K+ ab e

CHETOR, £ bbb sk dic, B, HAF, ROAPIEENG, 2628 To=>
ORE ) ERESEREICE CHEE LTV L 5 I1LEbN 2, L LESRMO=>ORE b b E
RIDWTRZE, 6T U TNTILL L HEL TV B LB b, #5ick » Tid Naslund
K, XiE, BEEREHGRSE CHEL TN Db 55, % APEREDS 2 0 m i ST TFHE3K
BRI L (A LTV B, BEDT &b s, EEESOHERDS 5 EDRDRK, Be 2B LT
KEMEICE $ & CHAT D E0NS L &id, EELDSEDERT — 2 & BD7h - 120 THREICH




BHROPBEHEEEICO T ' @o1)

g 2icisRETH A5,

AT A D> DI L U, 20 m LU EDBEEHC O W Tt B TR 12 lic i3E A EE LU,
10m i Tl Hlothifd b & & CGEE LT3, Uops» TR O BEBEBIIREE 471213 Naslund
RDE EET B EVAZS Th B ER~T2,

BT 2 BEERRRIY, HAOBBERICIHEIL 20, LIz - TERHICE - TBRE %
T2 BRI R RN ZES S S L iT/ss, ZORIE5 0niEE, ZOHBEOREHERIL,
ARHERZADT10 R VBE L ZEABNG ED~TNSY,

BEICL > TREHERICEND 208 5 » IS OEEEOHEMEATIIZIIL AL b
NI > 12, BINEIRIR S OWME T HITEICT 233IEALAD SN -T2 EBELTE D, F
TEHFHLETX ) BDORETS, BBICL 2ZEEIDHE D00, DITD/LE DT ERNEHMELT
AV SR
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