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A Study on the Noise Attenuation Effects
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ABSTRACT

The main purpose of this study was to provide information on attenuation effects in forest tree belt of
pine stand and oak stand.

The relationships between DBH, tree height, clear length, crown area and number of trees and also
between distance from noise origin, landslope etc. were analysed by correlation and multiple regression.
The results obtained were as follows :

1. There was no difference between pine stand and oak stand in effecting noise attenuation,

2. The noise pressure was highly correlated with all of seven elements tested and both DBH and

distance from noise origin have higher r-values than the others, For the pine stand, it was 0.9133
in DBH and 0.9630 in the distance and for the oak stand, 0.9296 in DBH and 0.9565 in the distance.
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3. The optimum regression equation for pine stand and oak stand were made by combination of two
variables (DBH and distance). The table of noise attenuation was made by optimum regression
equation. In the case of pine stand, the attenuation ratio was 29% at 5m, 31.6~32.6% at 10m, 38.
3~39.8% at 20m and 45.2~46.6% at 30m. And case of oak stand, the attenuation ratio was 29%
at 5m, 31.6~34.2% at 10m, 38.6~41.4% at 20m and 45~47.2% at 30m,

4. As the noise pressure limit at the Urban housing area according to environmental laws is under
55dB, it is suggested by the table of noise attenuation that the distance, and DBH for the pine and
oak stand are over 20m, 400cm and 30-35 trees, respectively.

Key words : Noise attenuation, Noise attenuation effect, forvest tree belt
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Table 1. Values of some variable measured in sample plots for Pine stand,

pine 1 pine 2 pine 3 pine4 pine5 pine 6 pine 7 pine 8 pine 9 pine 10

SUM 594 552 448 577 750 586 638 494 630 560

DBH MEA 9 9 22 17 16 14 14 11 11 12
(em) MAX 15 19 31 32 36 27 28 27 23 27
MIN 6 6 11 10 7 7 6 6 6 6

SUM 436 504 276 280 437 358 388 7 456 370

TH MEA 6 8 14 8 9 8 8 8 8 8
(m) MAX 8 14 17 10 16 12 12 13 12 13
MIN 4 5 10 4 7 5 2 6 5 6

SUM 178 206 96 167 262 190 220 157 205 182

CL MEA 3 3 5 5 6 4 5 4 4 4
(m) MAX 4 5 9 6 9 7 8 5 7 7
MIN 2 2 2 2 2 3 3 2 2 2

SUM 754 878 582 313 452 600 450 392 509 370

CA MEA 11 14 29 11 10 14 11 9 9 8
(m®)  MAX 47 148 46 41 31 33 38 33 33 26
MIN 3 3 16 1 1 3 1 2 1 1

NOT 69 63 20 3H 47 43 46 44 57 46
LS 15 25 21 9 11 6 5 35 35 31

MEA : Mean value, MAX : Maximum, MIN : Minimum, DBH : Breast height diameter,
TH : Tree height, CL : Clear length, CA : Crown area, NOT : No. of trees, LS : Landslope
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Table 2. Values of some variable measured in sample plots for oak stand.

oak 1 oak 2 oak 3 oakd4 oak5 o0ak 6 oak 7 oak 8 oak 9 oak 10

SUM 348 465 454 386 339 327 208 375 508 350

DBH MEA 18 15 13 12 H 14 14 13 13 14
(cm) MAX 37 32 28 40 24 29 31 25 28 26
MIN 6 6 6 6 6 6 6 6 6 6

SUM 218 372 427 368 256 242 198 296 391 236

TH MEA 12 12 12 12 11 1 9 10 10 1
(m) MAX 21 19 22 28 17 17 12 18 16 17
MIN 2 3 3 4 7 3 5 4 2 7

SUM 98 212 214 195 136 94 33 131 191 129

CL MEA 5 7 8 6 6 4 4 5 5 5
(m) MAX 10 14 12 15 10 7 5 10 8 8
MIN 1 3 2 1 2 2 2 2 1 2

SUM 326 600 462 903 310 497 396 568 590 527

CA MEA 17 19 13 30 13 21 18 19 15 20
(m) MAX 57 133 38 154 29 38 50 4 44 38
MIN 0.4 5 2 1 3 6 5 3 3 7

NOT 19 31 36 32 24 24 22 30 40 26
LS 25 33 43 37 8 29 18 18 6 10

MEA : Mean value, MAX : Maximum, MIN : Minimum, DBH : Breast height diameter,
TH : Tree height, CL : Clear length, CA : Crown area, NOT : No. of trees, LS : Landslope
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Table 3. The specification of experimental machinery and tools,

Stihl 028 AV (Chain Saw)

Experimental Noise Displacement 51.5 cc
Weight 6.4 kg
Power 2.5 kW
Audio Technica ATS815b
Parabolic reflector Measure-range 12~130 dB
Frequency 30~20,000 Hz
Impedance 500 £ (PHANTOM)
ONSOKU 0§-11
Measure-range 26~130 dB
Frequency 25~20,000 Hz
Sound-level mieter Qutput resistance 600 2
Temperatur, Humidity -10~+40C, 0~90%
Compensation A, B, C
Dynamic FAST, SLOW
characteristic
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Table 4. Noise attenuation by height and distance.
(Unit : dB)

5 10 15 20 25 30

500 93.0 70.5 64.0 62.0 61.0 57.0 55.5
400 93.0 70.5 64.0 61.5 60.5 57.0 55.0
300 93.0 71.0 64.5 62.0 61.0 57.0 55.0
200 93.0 71.0 64.5 62.0 60.5 56.0 54.0
120 93.0-71.0 64.5 61.5 59.5 53.0 50.0

Date : Oct,12, 1999.
Condition : Temperature 18°C, Humidity 72%,
Background noise 38 dB.
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Table 5. Matrix of correlation coefficient between variables in pine stand.
dB DI DBH TH CL CA NOT LS

dB 1.0000

DI -0.9630 1.0000

DBH -0.9133 0.9256 1.0000

TH -0.8843 0.8999 0.9359 1.0000

CL -0.8571 0.8735 0.9738 0.9446 1.0000

CA -0.8117 0.8016 0.7469 0.8806 0.7255 1.0000

NOT -0.8101 0.8098 0.8634 0.9586 0.8749 0.8689 1.0000

LS 0.0107 0.0366 -0,1569  -0.0116 -0.1637 -0.0137 ~0.0224 1.0000

No. of Cases 60, Significant (0.001

DI : Distance, DBH : Breast height diameter, TH : Tree height, CL : Crown length,

CA : Crown area, NOT : No. of trees, LS : Landslope

Table 6. Matrix of correlation coefficient between variables in oak stand.
dB DI DBH NOT TH CA CL LS

dB 1.0000

DI -0.9565 1.0000
DBH -0.9296 0.9411 1.0000
NOT -0.9047 0.9128 0.9787 1.0000

TH -0.8773 0.8783 0.9659 0.9692 1.0000

CA -0.7984 0.8082 0.8147 0,8372 0.8350 1.0000

CL -0.7751 0.7731 0.8966 0.8938 0.9658 0.7308 1.0000

LS -0.0436 0.0214 0.0586 0.0142 0.1767 0,2046 0.2986 1.0000

No. of Cases 60, Significant (.001

DI : Distance, DBH : Breast height diameter, TH : Tree height, CL : Crown length,
CA : Crown area, NOT : No.of trees, LS : Landslope.

Table 7. Coefficient of determination by one vari-

o wWE HAAASAS AAAFHEY AF2

able. (VISEYE A8l depigic,

Variable Pine stand Oak stand AV Ry w5 71319} FaxAe] 7}
(v : dB) P VIRE e VISE T ZAASLTE 2o, 245 o)ty
% o] % AXE EFY HAAY An@AT} 7}
y=fOBH) 0.8311° 2.489 0.862 212 ;ﬂ;}l&wq. A‘,}%ﬁ-wljﬁi%wm Se
y=UTH) 07820 2853 0769 276 50 T e aaxeg e
TICL 0T 3180608 368 o gawAe dehie Ae gee Aol
y=HCA) ~0.6589  3.563 0.6375  3.467 Table 814 Table 127}2]& 28 %ol A 56 6
y=INOT) 0.6564 3582 08186 2450 TS T ] ae A%

y=fDD)  0.9274" 1.646 0.9150* 1.678 N = =

* The highest coefficient of determination.

DBH : Breast height diameter, TH : Tree height;
CL : Crown length, CA : Crown area,

NOT : No. of trees, DI : Distance.

Aoh A FH T AFEE Jehidet, 14
oA 7 2 ARRAE 2 Adls FaA
& EFE WS 2gte] A4 chis A
ME FL ARBAE ebigich,
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Table 8. Coefficient of determination by combination
of two variables employed.

Table 10. Coefficient of determination by combina-
tion of four variables employed.

QOak Stand
VMSE 1 v MSE

0.8412 2.457 0.8705 2.090
y=f(DBH, CL) 0.8544 2.352 0.8816 1.999
y=f(DBH, CA) 0.8721 2.204 0.8692 2.101
y=f(DBH, NOT) 0.8360 2.496 0.8648 2.136

Variable Pine Stand
(v:dB) 2

y={(DBH, TH)

y=f(DBH, D)  0.9308" 1.622 0.9226" 1.616
y=f(TH, CL)  0.7864 2.849 0.8473 2.270
y=f(TH, CA)  0.7868 2.846 0.7840 2.700
y=f(TH, NOT) 0.7994 2.761 0.8186 2.473
y={(TH, DI) 0.9291 1.642 0.9210 1.632
y=f(CL, CA)  0.8108 2.681 0.7163 3.094
y=f(CL, NOT) 0.7502 3.081 0.8242 2.435
y=f(CL, DD 0.9285 1.648 0.9182 1.661
y=f{CA, NOT) 0.7038 3.355 0.8242 2.43
y=f(CA, DI) 0.9319* 1.609 0.9169 1.674
y=f(NOT, DI)  0.9301 1.630 0.9210 1.632

Variable Pine Stand  Oak Stand
(v : dB) P JIRE 1 VISE

y=f(DBH.TH,CL,CA) 0.8920 2.062 0.8877 1.981
y=f{(DBH.TH,CLNOT) 0.8848 2.130 0.8898 1.962
y=fDBH.TH,CL.DI}  0.9339 1.613 0.9249" 1.621
y={(DBH,TH,CA,NOT) 0.8870 2.109 0.8810 2.040
y=f(DBH.TH,CA,DI) - 0.9398* 1.540 0.9230 1.641
y={DBH.TH,NOT,DI) 0.9325 1.630 0.9226 1.645
y={(DBH.CL,CA,NOT) 0,8960 1.985
y=f(DBH.CL,CA,DI)  0.9380 1.635
y=f(DBH.CL,NOT,DI}  0.9345 1.640
y=f(DBH.CA,NOT,DD)- 0.9360 1.641
y=f{(TH,CL,CA,NOT) -0.8228 0.8502 2.289
y=f(TH,CL,CA,DI}  0.9352 1.59 1.628
y=f(TH,CL,NOT,DD  0.9305 1.654 0.9239 1.630
y={(TH,CA,NOT,DI} 0.9324 1.631 0.9216 1.656
y=f(CL,CA,NOT,DI} 0.9327 1.628 0.9212 1.660

Pt e DD e et b DD
%O‘)
o]
=
Lo
<X

* The highest coefficient of determination.

DBH : Breast height diameter, TH : Tree height,
CL : Crown length, CA : Crown area,

NOT : No.of trees, DI : Distance.

Table 9. Coefficient of determination by combination
of three variables employed.

* The highest coefficient of determination.

DBH : Breast height diameter, TH : Tree height,
CL : Crown length, CA : Crown area,

NOT : No. of trees, DI : Distance,

Table 11. Coefficient of determination by combina -
tion of five variables employed.

Variable Pine Stand QOak Stand
v:dB) e ViEE ¢ VIEE

y=f(DBH,TH,CL) 0.8791 2.162 0.8867 1.973
y={(DBH,TH,CA) 0.8835 2.123 0.8808 2.023
y={(DBH, TH,NOT) 0.8440 2.457 0.8706 2.107
y=f(DBH,TH,DI)  0.9308 1.636 0.9226 1.630
y=f(DBH,CL,CA) 0.8917 2.047 0.8866 1.973
y=f(DBH,CL,NOT) 0.8624 2.307 0.8816 2.016
y={(DBH,CL,D)  0.9327 1.613 0.9230 1.626
y=f(DBH,CA,NOT) 0.8858 2.101 0.8718 2.098
y=f(DBH,CA,D)  0.9350* 1.585 0.9230 1.626
y={(DBH,NOT,DI) 0.9314 1.628 0.9226 1.630
y=f(TH,CL,CA)  0.8113 2.701 0.8484 2.281
y=fTH,CL,NOT) 0.8000 2.781 0.8497 2.272
y={(TH,CL,DI) 0.9291 1.656 0.9239* 1.616
y=f(TH,CA,NOT) 0.8085 2.722 0.8244 2.456
y={(TH,CA,DI) 0.9319 1.623 0.9211 1.645
y={(TH,NOT,D)  0.9303 1.642 0.9215 1.642
y=1(CL,CA,NOT) 0.8203 2.636 0.8291 2.422
y=1(CL,CA,DI) 0.9326 1.614 0.9190 1.668
y=f(CL,NOT,DI)  0.9301 1.644 0.9210 1.647
y=f(CA,NOT,D) 0.9320 1.621 0.9212 1.645

* The highest coefficient of determination.

DBH : Breast height diameter, TH : Tree height,
CL : Crown length, CA : Crown area,

NOT : No.of trees, DI : Distance.

Variable Pirle Stand Oak Stand
(y:dB) © VHMSE 1 VMSE

y={(DBH, TH,CL,CA,NOT) 0.8970 2.033 0.8906 1.974
y=f(DBH, TH,CL,CA,DI} - 0.9399 1.552 0.9249 1.635
y={(DBH, TH,CL.NOT.DI} -0.9345* 1.620 0,9255* 1.629
y={(DBH, TH,CA,NOT.D) (.9404 1.546 0.9230 1.656
y=f(DBH,CL,CA,NOT,D))  0.9382 1.575 0.9235 1.650
y={(TH,CL,CA,NOT,D)  0.9364 1.597 0.9243 1.641

* The highest coefficient of determination.

DBH : Breast height diameter, TH : Tree height,
CL : Crown length, CA : Crown area,

NOT : No. of trees, DI : Distance.

Table 12. Coefficient of determination by combina -
tion of six variables,

Variable Pine Stand  Oak Stand
. dB
& ) v VMSE r* VMSE

y=HDBH, TH,CL,CA,NOT,D) 0.9404 1.560 0.9256 1.643

DBH : Breast height diameter, TH : Tree height,
CL : Crown length, CA : Crown area,
NOT :'No. of trees, DI : Distance.
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Table 14. Best regression equation,

Stand  Regression eguation (Y : dB) 1

Pine . Y=70.0679—0.0056< DBH—0.5764 % DI 0.9346
Oak Y=69.7854—0.0124x DBH—0.4773x DI 0.9205

DBH : Breast height diameter, DI : Distance.

Table 15. Table of noise attenuation in pine stand.

HA4o] Agsictn H& ¢ 4 Aok (unit : dB)
E35) Ao s AR He 1 AgH o2 o]4d ' Distance
% glojo} BtmE olwd F&HS(y=dB)el ¥ 3" DBH
#E AN s F7) st oJRA 24 5m 10m 15m 20m 25m 30m
Wag g AP s Aol Fajelth, o) 0 6.9
dME HARHAN W) Ade wAsE v :
28 2AZ st DA Table 134142 A7 4 100 - 66.6 63.7
s onl, 37l oA 1HSRE 65 2 150 63.5 60.6
Ao ARAS & vlasd 2 ghe] FrhEe] 200 63.2 60.3 57.4
714 2 AQdMe Hes Adais 2ol gelA 250 62.9 60.0 57.1 54.3
oli, ¢] A& WHdw A4 28+ F, ¥ 300 62.6 59.7 56.9 54.0
*4};33(;‘345 :';;f;)% AANE HAHAN 2 350 59.5 56.6 53.7 50.8
5 Fad, 1
' : 400 59.2 56.3 53.4 50.5
Table 14+ gAbE 2 A3 HA oln, o £56 6.0 5.1 50.3
5 A41e $3lo] Table 159 Table 16914 R ‘ 29U
uhe} ol Qapd £AMEE AR, 500 5.7 52.9 50.0
=3 Table 175} Table 18614 9Ahd 487 550 52.6 49.7
AFE o]8se] HE WAALLQ 93dBE 100% 600 52.3 49.4
2 o9e 99 2274 vlEg bl Ao,
Table 13. Best regression equation by No. of variables.
Stand P Regression equation r? v MSE
1 y = f(DBH) 0.8341 2.489
2 y = f(DBH,DD) 0.9308 1.622
3 y = f(DBH,CA,DI) 0.9350 1.585
Pine 4 y = f(DBH, TH,CA,DI) 0.9398 1.540
5 y = f(DBH, TH,CA,NOT,DI) 0.9404 1.546
6 y = f(DBH, TH,CL,CA,NOT,DD 0.9404 1.560
1 y = f(DBH) 0.8642 2.122
2 y = f(DBH,DD 0.9226 1.616
3 y = f(TH,CL,DD 0.9239 1.616
Oak 4 y = f(DBH,TH,CL,DD) 0.9249 1.621
5 y = f(DBH,TH,CL,NOT,DD 0.9255 1.629
6 y = f(DBH, TH,CL,CA,NOT,DI) 0.9256 1.643

DBH : Breast height diameter, TH : Tree height, CL : Crown length, CA : Crown area,

NOT : No.of trees, DI : Distance.
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Table 16. Table of noise attenuation in oak stand,

(unit : dB)
Distance

¥ DBH

5m 10m 15m  20m 25m 30m
50 66.8
100  66.2 63.8
150 63.2 60.8
200 62.5 60.1
250 61.9 59.5 57.1 54.8
300 61.3 58.9 56.5 54.1
350 58.3 55.9 53.5 51.1
400 57.7 55.3 52,9 50.5
450 54.7 52.3 49.9
500 51.7 49.3

Table 17. Percentage of noise attenuation in pine

stand.
Distance
> DBH
5m 10m 15m 20m 25m 30m
50 719
100 71.6 68.5
150 68.2 65.1
200 67.9 64.8 61.7
250 67.6 64.5 61.4 58.3
300 67.3 64.2 61.1 58.0
350 63.9 60.8 57.7 54.6
400 63.6 60.5 57.4 54.3
450 60.2 57.1 54.0
500 59.9 56.8 53.7
550 56.5 53.4
600 56.2 53.1

Table 18. Percentage of noise attenuation in oak

stand.
Distance

¥ DBH

5m 10m 15m 20m 25m 30m
50 71.8
100 71.1 68.6
150 67.9 65.3
200 67.2 64.7
250 66.6 64.0 61.4 58.9
300 65.9 63.3 60.8 58.2
350 62.7 60.1 57.5 55.0
400 62.0 59.4 56.9 54.3
450 58.8 56.2 53.6
500 55.5 53.0
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