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Nl % 708 126 5,340 2,208 2,613 887 | 1,343 | 13225
Ga7 | WA (ha) | 3242354 | 313.7 | 17,019.6 | 24,039.2 | 13,098.0 | 10,078.4 | 3,372.6 | 392,157
A B 1,154 117 3,540 5,111 3,026 2,056 | 1,992 | 16,996
gx7 | A (ha) | 425,393.3 | 391.6 | 24,3322 | 51,013.6 | 24,835.6 | 27,017.1 | 6,376.7 | 559,360
Atet CRn HlE 3,048 101 5,268 | 12,461 6,024 5,414 3,986 | 36,302
A | L a= | 94 ha) | 237,838.1 | 3286 | 12,756.8 | 23,243.1 | 11,382.5 | 10,336.9 | 2.868.0 | 298,754
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HA7 | BAMha) | 87,0461 | 201.0 | 2,1283 | 15926.5 | 42329 | 6373.0 | 2,329.3 | 118,237
5 B 804 68 405 3,197 1,302 1315 1317 ] 8,408
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8 g3tz | 9 (ha) | 220,461.2 | 8172 | 7,500.5 | 34,613.1 | 11,031.8 | 12,520.2 | 4,903.0 | 291,847
U5 Eah FIRS 1,693 257 1,621 7,091 3,104 2,879 2,616 | 19,261
I T (ha)y | 97,7649 | 3733 | 12764 | 11,776.6 | 3,058.5 | 43349 | 1,830.3 | 120,415
Nl % 1,154 123 274 2,591 1,049 1,064 989 | 7,244
gx7 | WA (ha) | 218,6954 | 3357 | 10,966.9 | 26,466.1 | 11,6384 | 8309.1 | 3,357.2 | 279,769
OE Chi HI &= 1,216 92 2,367 5,475 3,015 1,873 | 1,908 | 15,946
W5 GE7 | BA(ha) | 235,639.9 | 342.6 | 7,756.0 | 40,275.3 | 12,272.6 | 10279.1 | 4,921.5 | 311,487
SHT EI 1,451 110 1,477 7,349 3,816 2,578 | 2,687 | 19,468
i T (ha) | 63,5709 | 2262 | 2,2102 | 19,2029 | 4,821.3 | 10,187.4 | 2,580.3 | 102,799
Nl % 1,069 50 432 4,223 1,412 2,084 | 1,475 | 10,745
Zgus T (ha) | 46,1020 | 1515 | 1,363.3 | 9,615.6 | 2,680.5 | 4,919.7 | 1,027.4 | 65,860
Wl 826 38 308 2,476 855 1,187 641 | 6,331
A g o WA (ha) | 73,475.0 | 191.8 | 3,041.3 | 7,927.4 | 32422 | 2,4202 | 1,032.0 | 91,330
5 s RS 455 78 569 1,724 892 572 599 | 4,889
327} T A (ha) | 111,019.1 | 284.8 | 4,997.8 | 134413 | 5197.1 | 55104 | 1,936.5 | 142,387
B 1,198 59 1,136 2,987 1,476 1249 | 1,055 | 9,160
A7 | A (ha) | 1112411 | 261.1 | 3,306.8 | 16,693.4 | 5,670.8 | 5,569.3 | 2,291.5 | 145,034
By Wl 658 69 634 3,452 1,626 1304 | 1,315] 9,108
P T (ha) | 240,504.5 | 2949 | 9,089.3 | 85262 | 5,845.0 | 2,574.0 | 1,287.0 | 268,121
Nl % 506 173 1,913 1,822 1,276 580 761 | 7,031
PR T (ha) | 107,676.5 | 904 | 50734 | 6,751.6 | 4,053.5 | 4,5183 | 929.5 | 129,093
I 456 32 1,041 1,854 853 838 603 | 5,677
- H A (ha) | 146,491.8 | 368.9 | 4,6482 | 17,5414 | 6,824.7 | 6,050.0 | 2,527.0 | 184,452
B 746 121 952 3,504 1,823 1279 | 1327 ] 9,752
A T A (ha) | 119,744.7 | 314.6 | 2,277.1 | 16,089.8 | 4,509.3 | 5,018.7 | 1,857.7 | 149,812
) ot ElE 1,277 130 545 3,368 1,507 1,310 1,091 | 9,228
A T (ha) | 116,031.3 | 392.3 | 3,032.8 | 17,2463 | 58544 | 63372 | 1,991.7 | 150,886
wellek  [HlE 1,614 144 642 4,135 1,823 1,814 | 1,188 | 11,360
af ok Ay T (ha) | 52,4874 | 987.5 | 5415 | 14,0954 | 32173 | 55745 | 2,731.5 | 79,635
= A At R 1,206 184 103 2,818 1,064 1,403 | 1310 | 8,088
A5 aor T (ha) | 36,3817 | 77.7 | 3563 | 56639 | 1,3612 | 1,110.0 | 7263 | 45,677
B 342 37 69 1,115 499 333 407 | 2,802
. H A (ha) | 70,462.9 | 8232 | 1,705.1 | 23,789.5 | 5,562.2 | 10,948.1 | 4,304.0 | 117,595
B 1,770 147 348 4,934 1,656 2430 | 2,193 | 13,478
A7 4k T (ha) | 40,047.7 | 629.8 | 7704 | 79229 | 2,181.8 | 2,9353 | 1,7432 | 56,231
Nl 977 209 173 1,757 708 700 834 | 5358
AFE | 9Hha) | 28,1072 | 2365 0 1,858.0 | 214.7 280.1 | 4264 | 31,123
SHET W= 263 89 0 274 75 98 178 | 977
e2% | P& ha) | 4293 2.0 226.4 146.3 141.4 111.7 16.8 4,944
= I 31 1 55 57 37 27 15| 223
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I 1. Y d5E S A

Ao AFFS APHNA AT FRES ARG A3 VIGTFE A6 1409.9kg(FFE)E
bz |

2
=
1077.1kg(Z B HET T EdAR, TIH(FF 1)L 86.4kgSt 80.4kg, VIH(FH2)E 489.4kgst
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407.6kg, DT (A3) 1089.2kg® 962.6kg, VIEH(EH4)E 610.5kg® 593.4kg Q2 A= w23
ZFJ; 71-_0_ ‘/}E]"’”q—

Ao AL ARPlA AN FLES vne A% IDFHENe)S 644.6ke(F FE)}
686.3kg(Z 4By, VIDH(F id 512 366.3ke%t 385.2kg, VA H(FE A1) 204.1kgSt 331.7kg, VI H(FEA
2)1_ 248.3kg9]' 257.2kg, IV%'%( 7&2)’5: 206.4kg9]' 183'7kgg§ =70l AZ T o] A9 wora
2o Alngt

3) Aol we sy FE A

a9 2, &UF d5E T H3)

el AFESS AAANA AAG FFES vwd AW MITAHE2)S 828 5ke(F FE)}
841. 71{:‘:{(2;q ), VEd(EA)= 629-8kg9} 638.6kg, Noég'(%]'%])% 395.3kg9]‘ 376.8kg, IX % 5 (%%

7k

2)< 1201.2kg®h 1359.0kg > o 5!

2o AEHS AP A MM FHmer Mue A VI FAH2)S 384 3ke(FFHE)
534.1kg(F B ), VIGH (812> 473.4kg% 617.9kg, X BH(FT2)> 462.5kg® 612.7kg, VEH(TE
1) 73ke®t 103.2kg o= S k0] obd FHE AT ghol EgaiA B3 oz AmH)
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E 1.2 97N A& Y EF(Kwak er al. 2012; Kim er al. 2013)

No. Function Name  No. of Coefficients Function
b
age;+q eSG
A7, = Ar. .
1 Power 2 Tit1 i ( age; ) (megg)
eSG=a+ 3 TWIi+~ T+ P
2 Power 2 Nha= o DBH"
3 Michailow 2 H=1.94 -’/ PBH
ARFE A4S Dﬂ(“ 1, AEE AA HA 7] Y= BEwD), Yol 2.v

Jé
T,
B
2
o
oft
o
22
iy
]
Bl
30,
80>

2ol AgE T o9t 71-E}(:? AHE skl 2010).

V=a DBH" H" (1)
C= V-BWD-BEF-(1+ RSR)-CF )

£ 2 APAHT S2AFF B2 A4EE AF

Species a B Y BWD BEF RSR CF
i
e 0.000201  1.7593 0.6583 0.47 1.4 0.25 0.5
densiflora
3. 2% 3 uF
AFEDS A= A 20008 2o dEFAS AES 2 A 20007 20106 7
7t 68.67, 142.19m'/ha®™ T8 ¥ AT 2010 AHESAARLAIEA, 2010091 W=" 2000 2 20109

2} 68.67 = &
SO S22 64,52, 144.42M /ha® 04?01]/\1 aetd AR Agert vfg Eon AvF
Akl A EAS & wgddvn & 5 v & 2Pl mEd yp30dlE g E A5

A0l 19123m/halE F7FetE Ao ®E YEE O 0500l = 220.66mha”7tA EoHAE Ao

1o
o

a9 1 AU QB AV 9AEAT 98 54 %)
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Flel dss A" S 20002010 717+l E 1dell 725m/pa’t E7FEHAom,
20102030 7 20302050 713tell = 247 250, 147m/ha’t 27 Ao GZH AT o] ¥ e A
S/HES 4, 5Y T3 vus Boks o ddAHowm FEo Jhed AdTta AARHETREA,
& e A¥Ed) 2000991 haT 34.29Ctonl M 2010
= 90.75Cton 22 7k Ao ® ASEHAY 1" 2E AW
2FTEe waks Bojwn 39 v BaFFES BY 20002010 A7l vlE A8 3
e RS FAF £ AHY ). 53 20302050900 AT 2UTYe] o] A%

ki B

=
g Frstt Aoz dZHYn, ot A% UrEe] ATyl uw

p
)

2

=

i

=2 o
r B
2

o

ol
o
Moo R B oo

% o, o) met Agel FLF ) F shuel
g Be EIT me] e s Y% KA A8 &S 2
5

39 2, 24T 9E9 A8 &L F5%F(Cton/halyear)

FaEH

Sy R 2010, AFHE 2ATF JIMEE f Fo FEE gaEAST

WA ol =iyt AAE, HAT] o9, 2010, THFAY AvkoF ke R At
A, 715 AR wA F=A 3 A 99(6): 908-913.

A 2010, HEEA AR

A 2005 AHEA AR

Kwak, D.A., Lee, W.K., Son, Y., Choi, S., Yoo, S., Chung, D.J., Lee, S.H., Kim, S.H., Choi, J.K., Lee,
Y.J., Byun, W.H. 2012. Predicting distributional change of forest cover and volume in future climate of
South Korea. Forest Science and Technology 8(2): 105-115.

of wRE o FEAFTY AN FFaAFAe) & FAGNA
Yakete Al Fustel we YA Gt
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wol FaE AT,
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APNGA e T FHste] e £F L AYHE o=

Estimating Forest Volume and Forest Cover according to Climate Chage
in Forest Practice Area

rO
~
N

GAE, o1, HF
spelsh 97 A H F o, 2

S

1. 754

FHvetE AeFQ A EstE ugow AgAdst AfS T 2EAFY ZAAA SH S
Fo] Ao HIFoRM AU JHAE TN ALHTM AR GES oldstr] 9
7152 v ATATE A, 2008). 2 A 111, vEE At"el AA AF- ] 66%E AHAE FHEHEOR
AFE FF F+2E Hola gt}
2 7|5 Wstel s A7 ForF RAeta dlow Mol AasHA 9ol SUkdd
= A77F A (Lee et al. 2007; Choi et al. 2010). AAHFAAM = 715 stel] A -&387] 9l AHH 7] F
ol st 2H-Ss A4S ALDS /A AvhATE A, 2012). RISl whet AeaFol ¥

= nT 3
gl W2t Choi er al.(2010)°] 7HZ?F Hydrological and Thermal Analogy Grouping(HyTAG)®=2& ©]&
sto] we| FFEHSLE ROt

2 AdrelAE Ve 1R A TS edte] ol mE wY Abge] 4 wskst #
AHWEE 103 F7IR S, 1R d=w e 9 % AHsE stepete] 7| FH
gol W& F A APBGATFS dshed 2 FHe) gk =3 ALFAH EEZ T 7HA
oz dE domd F o 4 94 % AHEES FAT 5 A
2. ATAE R WY

1) A A

AT EA= 124°54" -131°06" E #F 33°09" -38°45" Nell S]A sk wete] AdS didow )

Atk EvEhE oF 64%(6,368,844 ha)’t AFE2Z o] FolA Al AuHF(23%)%t FHF(27%) 7 T

g oF i ATRIE A, 20110). 53 v EHFE W dE) 20108 71F F 3,258,593 ha
= AA A9 (5,942,576 ha)®l F 54%E AASAL dom 7007 VV @l Az 9l

2) A=
(1) AR AL ZA A ike] AR
ARV AaE aRel A 4B Aok A oleldl® vael A sebel

= shefati Aol
astt 2 2 AR AYe] gl e gusk v} Hojok su, AR AR A

o] FHEojof et A FTMIHAAZAE o] 8 AR D (Kwak ef al, 2012)% ©l &3

j
A el ARE sotslr] 98 AHAHNA AT AAEE AHESATEIE A, 2012).
AToNA AFEE AlsAt A EE FEAYZRANA HEeE 125000 AFEE VFoRE FTAL
j

@3) 718 FA=
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HAY7Fs A 95 ol

7} AT (Hetsch, 2009). &
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At AdARE A
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552 Figure 19 20 & A7 2 474 AR vdu AA AlsA RS T
SerToE AT A, A} AdEdS 2R AEAY ATATES ALdste] AlY

FAGE AT A B7|Fel Edetd FAdHEEEE o2 skl AAgn kA
o = vtz v AgAHE ST

5% Actual Forest
Cover Map

¥ ¥ v

NFI data

age=median of age class ; : / -
dbh=flage) dbl=median of dbh class Select forest practicearea o
h=fldbh) h=fdbh) + Geographical feature i v
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Estimation of Forest Management Ratio under Article 3.4 of the Kyoto Protocol:

A Case Study on the Chungcheongbuk-Do
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A Case Study for Estimating the Amount of Carbon Emissions

Caused by Changes in Forest Land Use
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Development of Site Index Equations by Ecoprovinces

Using Climatic Variables for Quercus acutissima in Korea
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Table 1. Environmental variables and code descriptions used in this study.

Variables Variable Name Code Description
I 1: the north temperate zone 2: the middle temperate zone
X Climatic Zone : :
3: the south temperate zone  4: warm temperate zone
X, Parent Rock 1: igneous rock  2: sedimentary rock  3: metamorphic rock
X3 Soil Drainage 1: poor 2: common 3: good  4: very good
X4 Slope real measured values in degree
Xs Altitude real measured values in meters
Xs Aspect real measured values in radian
X5 Szggflble Soil real measured values in centimeters
Xs Wind Exposure 1: exposure 2: medium 3: protected
X, Soil Depth in 1. less than 50cm 2: 50~ 70cm
? Horizon A 3: 70~ 90cm 4: more than 90cm
X Soil Depth in 1. less than 50cm 2: 50~ 70cm
10 Horizon B 3: 70~ 90cm 4: more than 90cm
X Soil Moisture in 1: moderate 2: slight dry 3: slight humid
11 Horizon A 4: humid 5: dry
X Soil Moisture in 1: moderate 2: slight dry 3: slight humid
12 Horizon B 4: humid 5: dry

012 FHAGASH NATIA A FRAE el AHAGE Fa 55 AAAS F44 bl o) S A3}
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Table 1. (Continued).

Variables Variable Name Code Description
. . . . 1: very crumbly 2: crumbly 3: soft
X3 Soil Consistency in Horizon A 4 hard 5 very hard
. . . . I: very crumbly 2: crumbly 3: soft
X Soil Consistency in Horizon B 4 hard 5 very hard
Xis Annual mean temperature real measured values(-c)
Xi6 Annual maximum temperature real measured values(-c)
X7 Annual minimum temperature real measured values(-c)
Xis Annual total precipitation real measured values (mm)
Xio Monthly mean of precipitation real measured values (mm)
X0 Total precipitation for the growing season real measured values (mm)
X1 Total precipitation for 3 months real measured values (mm)
in the early growing season
X0 Total precipitation for 5 months real measured values (mm)
of non-growing season
X Monthly mean of relative humidity estimated values(%)
Monthly mean of relative humidity . o
Xos for 3 months in the early growing season estimated values(%)
Xos ltylonthly mean of relative humidity estimated values(%)
or the growing season
Xog Monthly mean of relative humidity for 5 months estimated values(%)
of non-growing season

Figure 1. Ecoprovince classification in South Korea

Figure 2. Curent distribution for Quercus acutissima.

g aclel ofF Faeuie HA AAT FAASE =E5] A8 & ATl AR 2
o A ANA Tl ARGl Ayte]l MuF EL WFE AEYE $ A9 FA Zad HA
T 245 Agetr] el T AL GAE 37171 (stepwise regression)= AFHE3FATH o] 2 g
dol Ao g AFE HISF F(Belsley er al, 1980; Myers, 1986), =412 W =3
ot AuAgE A ¢ FH4S AsAY ol 22 wHoer EaE Ay A9x
FAAe A A2 2P FAH B A= ada o F HAE 1Hd FAHAC Y
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Lol AW R FFeAke] A HAISEAFS ol&stel AAEATH(Shin, 1990;
Arbatzis and Burkhart, 1992). -8 & dAolxs BAATA o) Fol §l& AF AFTH R FH4R

e}
S AZARE TN FYAR 2ARC] AF AAAF FANE AwsAT

3. 2% 2 1%

Aol R WA BAR FHARE gl Rl guned A9A% F442
2 A A Table 2). FHAAGEE 4~/ BAAA AAAF 24 AgHAOM TFA 7]
FAe AUAGER 27k g~3/48e] A9AS5 FHol Tofshi

L A :
BES Uehle 2AATE 0300422 Bl e, FHAkA o] 7}

A5 2R A
g u dEAeragel 1Y A FRHA

Table 2. Regression coefficients of site parameters to environmental factors by ecoprovince.

Ecoprovinces n Estimated equation of forest productivity R’
Mountainous 6.085 SI=1%§%§53+(—E&Q§/%27;0 1060*X;,+0.0793*X,-0.3095* X6 036
Southeastern hilly | 2,392 | SI=67.6437-1.4948*X3+0.0877*X7-0.7002*X3-0.4639%X7,-0.7901*X 5 0.42
Southwestern hilly | 3,078 | SI=41.8882-0.5873*X;-0.6886*X4-0.0174*X,,-0.2830*X>5 0.34
Central hilly 2,752 | SI=42.8130+0.1131%X7-0.3804*X1-0.2715%X75-4.7994(X14/X16) 0.30
Coastal 4,029 | SI=12.1147-1.0897*X,+1.4838%X;-0.0081*X+1.4401(X23/X6) 0.35

Table 3. Evaluation results of the estimation ability based on the test data set for site index equations by
ecoprovince.

Ecoprovinces n MD SDD SED
Mountainous 2,608 -0.0550 2.3284 2.3290
Southeastern hilly 1,025 0.1070 2.2399 2.2424
Southwestern hilly 1,319 -0.1474 1.9640 1.9695
Central hilly 1,180 -0.0436 1.7811 1.7816
Coastal 1,726 0.0888 2.7949 2.7963
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Table 4. The final regression equations developed for the site index estimation by ecoprovince.

Ecoprovinces n Estimated equation of forest productivity R?
Mountainous 8.693 SI=%:;..4; 16%606(3;;65?;((127—)%0 1030*X7,+0.0826*Xo-0.3132*X 6 0.35
Southeastern hilly | 3,417 | SI=68.7944-1.4894*X;+0.0802*X7-0.6243*X3-0.4617*X,7-0.8065%X s 0.41
Southwestern hilly | 4,397 | SI=41.9565-0.6-47*X;-0.6599%X4-0.0172%X,-0.2859*X 55 0.33
Central hilly 3,932 | SI=42.5575+0.1132*X7-0.3774*X11-0.2567%X55-5.1634(X24/ X 16) 0.30
Coastal 5,755 | SI=11.4448-1.0385%X,+1.4724*X;-0.0083*X5,+1.7100(X23/X16) 0.35
grepre] A NEe ANAF 16 o1FoE MAFFOMFTYHAATY, 2012), ° 7] Fe
we el A4 WAg AEG AIE Tavle 4% 2T A71A AEE Ay A
= SRR el o =E:E HIT AAAF FAH & AR AfAF FAAES AA
7l ¥ waste Aeuiel dA ZaxA Ay AuASE dA A ger st AbEd A
2w el g ot}

Table 5. Estimates of productive areas by ecoprovinces based on the site index equations.

Current Distribution All Forest in Ecoprovince
E . Total area

coprovinces (ha) polygon area Rate polygon area Rate

n (ha) (%) n (ha) (%)
Mountainous 196,630 1,890 40,291 20.5 24,524 | 459,212 21.3
Southeastern hilly 66,148 711 9,752 14.7 2,523 45352 6.7
Southwestern hilly 88,421 602 7,916 9.0 3,368 42,865 6.4
Central hilly 65,136 1,181 15,197 23.3 10,246 | 151,835 24.1
Coastal 108,610 495 11,810 10.9 4,859 | 103,687 7.2

FnEH

Albert, M. and Schmidt, M. 2010. Climate-sensitive modelling of site-productivity relationships for
Norway spruce (Picea abies (L.) Karst.)) and common beech (Fagus sylvatica L.). Forest Ecology and
Management 259: 739-749.

Corona, P., Scotti, R. and Kutner, M.H. 1998. Relationship between environmental factors and site index
in Douglas-Fir plantation in central Italy. Forest Ecology and Management 110: 195-207.

Curt, T., Bouchaud, M. and Agrech, G. 2001. Predicting site index of Douglas-Fir plantations from
ecological variables in the Massif Central area of France. Forest Ecology and Management 149: 61-74.
Takahashi, K., Azuma, H. and Yasue, K. 2003. Effect of climate on the radial growth of tree species in

the upper and lower distribution limits of an altitudinal ecotone on Mount Norikura, central Japan.

Ecological Research 18: 549-558.
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Estimating Distribution of Emission Factor with Probability Density Function for

Pinus densiflora in the Republic of Korea

Holo] A of

g Bt

W olFT el E B

)
o
~
&
mr

F4 299" 2A o=

ki3

Aol L A S ALy

(soilds of revolution)”®l &&=

7l

0

il

oj# g +3+ FH

bol gt

S

il

4
"
,_ﬂ..,l
)

A
Mo

—_—

0

o

ot}

71 A 2

2. A7

Fvk, A A

S

Bl

S|
2

bol, ol8 F7b

bol 1ol A%

3|

Futel 7R A

d|

KN
=

3

24

i

EXE

Table 1. The results of stem analysis in Pinus thunbergii

Age DBH(cm) Height(m)
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Table 2. Fitted taper equation for Pinus thunbergii in southern districts, Korea.
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Model Year Equation form

Demaerschalk 1972 d= aODal(H —h)“H"

M d

B 1976 d=D \/b,(T—1)+b,(T°—1)+b,(a, — TL +b,(a, — T4,

Kozak 1988 d=a,D"a? XbIZZ‘+ bodn (2,4 0.001) + byz)” + be™ + b; (D/ H)
g 2

Muhairwe 1999 d=a Dal(l B ﬁ)bo T+ b, 7%+ (by/ T) + b, T+ b, D+ b, (D/ T)

0

Kozak 2002 d= a. D"y el b1/ D) +bH 4 b X,
=G i

Lee 2003 d= aODlll(l . ﬂleT2+ b, T+ b,

rir

Zh FRb=d 2 o] kel Bl = Table 33 2T

PN
T 3l

Table 3. Values of the estimated parameters for each taper equation

Parameter
Model
ap aj ar as b() b] bz b3 b4 b5
Demaerschalk
1.4664 0.9498 0.6996  -0.7450
(1972)
Max and Burkhart
0.6879 0.1249 -3.9244 1.8566 -2.2122 23.1566
(1976)
Kozak
1.4221 0.8224 1.0043 0.6958 -0.1681 1.1196  -0.4226 0.0254
(1988)
Mubhairwe
1.1945 0.9156 0.6859 -0.4759 -0.0237 0.4420 0.0009 -0.0241
(1999)
Kozak
1.2157 0.9530 -0.0554 6.8369 -1.4366 -2.8049 2.4906 0.0446 4.9391
(2002)
Lee
1.4518 0.9224 1.3996 -1.7793 1.2456
(2003)
2) TREEAAE Ak Haw
T 15m, A7 25ecmE Aot ol ARE FLER ol 7 AE AS AFJAA, s
Mg o] ulg vwaty

- 74 -



Figure 1. Predicted taper using the six taper equations with a diameter at beast height 2Scm and height of 15m.
3) AAEAZ

o

nn Dl © = = T 9\)\ = %7:”
F7F M =8 AL Kozak(1988)A 01t =& AL A5 001 A= AolE Fiu AR
Ame] Aels = & FE Y5 Aot it gl FEY F1¥E o H&8 xdstas 4
E F M8 = A%E AFE ZE S A9 Fibele g wyel e H1F A%
A Aot 22 94 Kozak(1988)4 0 S A E Ko Fa At

Table 4. A summary of fitting statistics for Pinus thunbergii.

Fitting statistics

Model

FI Bias RMSE
Demaerschalk (1972) 0.9759 0.0337 1.3436
Max and Burkhart (1976) 0.9765 0.2589 1.3265
Kozak (1988) 0.9802 0.0284 1.2165
Mubhairwe (1999) 0.9798 0.0520 1.2290
Kozak (2002) 0.9789 0.0372 1.2584
Lee (2003) 0.9779 0.0764 1.2879
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Vulnerability Assessment for Climbing Distress of Heavy Snow
using Socio-economic Factors
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Figure 1. Study area for Vulnerability assessment
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2UR daEAFY 44 FEUEFSF 274
Estimating Distribution of Emission Factor with Probability Density Function
for Pinus densiflora in the Republic of Korea

A7), £ oA, AR, DA, AR
(=)

gamEAse 54e yEhl= &5 =9 (Probability Density Function)® 82 ZH 7HE=
A 3 A T8 FiRelt B3 nE duxste v gy AEEHe
el Aols YEhE FXola AEA A AT A AAE fste] EFEE HigEor )
(Dieck, 2007; Ramirez et al., 2008). IPCC(2003; 2006a)= = =5 Al4te}
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Figure 1. The probability histogram of emission factors.

3. 2% 2 1F
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A AddE FELYETTFE Normal X0 K- AT 2363010, Bho] L A& Aol A 414
d FEULEYTE Gamma w¥OlAl K-S FAIFS 333100 HFElFdEReA AdE SEUETS
T Weibull =X°]3L K. TAFE 2,155t HAFERS o] &dte] FAHE B WS adstdl
S u, AE)AS e FEELETF AMES AFe Aoz duHT

Table 1. Maximum likelihood estimators and the two-sample kolmogorov-smirnov test results in each
probability density function of emission factors.

Emission o Parameter

facstso;) Distribution Location Seale Shape D Rank

Normal 0.459 0.073 2.363 1

Lognormal -1.396 0.329 4.979 4

b Weibull 0.286 3.875 3.884 3

Gamma 0.024 10.809 3.452 2

Normal 1.427 0.354 9.027 4

Lognormal -1.084 0.676 3.529 2

BEF

Weibull 0.475 1.415 4.992 3

Gamma 0.188 2272 3.331 1

Normal 0.259 0.079 3.518 3

Lognormal -1.988 0.619 5.945 4

R Weibull 0.180 2.122 2.155 1

Gamma 0.046 3.399 3.078 2
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Predicting the Change of Competition Indices over Time

for Natural Deciduous Forests Applied by Selection Cutting System
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Table 2. Summary of stand statistics after selection cutting was applied.
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Table 3. Estimate of diameter growth rates by DBH class in the stands applied by selection cutting.
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Table 4. Distribution of young growth reproduction in the stands applied by selection cutting.

Silvicultural Distribution of young growth reproduction (N/ha)
System DBH=2cm | 2cm<DBH=3cm | 3cm<DBH<=4cm | 4cm<DBH=5cm | Scm<DBH | Total
Selection 111 89 113 98 39 450
Cutting
(4) T
® ATANE gr=b,0BH"Y FRA wHd 2AGte] @EPs} AA ) FutAAL T
At FuAAT 1 FAAEA 2AS] AR FuRAAe wYe) AL ehhe 27
ASE 0,630 F (Table 5), A7Fol AEAA Watsls F127 FHAF o] Aol 443 ¢ 1
Watg o Zeten 2 et g Ao BT
Table 5. Regression coefficients of height growth curve for the stands applied by selection cutting.
Silvicultural Regression coefficient ,
System b, by '
Selection
. 2.4848 0.5373 0.63
Cutting
2) AR BItel whe JETxel W oS
Table 6= B3 AAAE oz &FF 30d 7 1] 53 G2 v g F2E =T
Adolty o] A= Hx JED F=E #dl 10d T 20 Foll 23] 2AH FAAAS A
AR Ao o] A uE JRWsE WPste] 30d U ARFAFS FHsA

Table 6. Prediction of the changes of stand attributes by Selection system for 30 years at every 5 years.

Classification N/ha BA/ha(m?) V/ha(m?) DBH (e¢m) HT(m)
Current 556 21.8 132.0 20.0 12.1
5 Years Later 567 25.6 158.4 21.5 12.7
10 Years Later 577 29.9 188.3 23.1 13.1
(before prescription)
10 Year Later 495 252 157.6 2.7 12.9
(after prescription)
15 years Later 526 29.7 189.9 23.9 13.1
20 Years Later 553 342 222.0 25.1 13.5
(before prescription)
20 Years Later 470 29.6 192.5 25.5 13.6
(after prescription)
25 Years Later 491 35.0 231.8 27.3 14.1
30 Years Later 534 41.1 276.3 28.1 14.1
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Table 6. Comparison of competition index over time in the stands applied by selection cutting.

Classification Hegyi’s competition index
Current 427 a*

5 Years Later 438 a
10 Years Later

(before prescription) 446 a
10 Year Later

(after prescription) 332b
15 years Later 412 a
20 Years Later 459 4

(before prescription) :
20 Years Later

(after prescription) 353 b
25 Years Later 387 a
30 Years Later 4.60 a

* Same letters stand for no significant difference at 5% level
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BEE, AAA, 2002, At RIS HA AAAF A =083 A 91(1): 59-70.

Hegyi, F. 1974. A simulation model for managing jack-pine stands. Royal College of Forestry, Stockholm,
Sweden pp. 75-91.
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Analysis on Effects of Protection against Wind according to Tree Species and
Planting Methods of the Wind Break Forest based on the Wind Tunnel Experiment
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Reduction (%)
60
55
53
51
48
47
75
74
73
74
73
71

Wind speed(m/s)
2.300+0.000°
0.931£0.355
1.036+0.272®
1.084+0.276™
1.132+0.246°
1.206+0.157°
1.210+0.140°
2.300+0.000°
0.570+0.444
0.600+0.345°
0.610+0.328°
0.600+0.309"
0.627+0.286°
0.668+0.241°

Caen =/

Distance(cm)
-10(Control)
100
200
300
400
500
600
-10(Control)
100
200
300
400
500
600

Classification
1 row
3 rows

Species
Pinus
thunbergii

Table 1. Case A for Pinus thunbergii
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Reduction (%)
51
52
53
52
50
49
73
73
75
75
66
59

Wind speed(m/s)
2.300+0.000°
1.134+0.868°
1.104+0.835°
1.092+0.753°
1.115+0.651°
1.143+0.585°
1.165+0.497*
2.300+0.000°
0.611+0.784
0.615+0.750°
0.582+0.682°
0.572+0.634°
0.784+0.401°
0.9500.208"

Caww [T 049

Distance(cm)
-10(Control)
100
200
300
400
500
600
-10(Control)
100
200
300
400
500
600

Classification
1 row
3 rows

Species
Quercus
acutissima

Table 2. Case B for Quercus acutissima
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Table 3. Case C for Pinus thunbergii with Quercus acutissima

Species Classification Distance(cm) Wind speed(m/s) Reduction (%)
-10(Control) 2.300+0.000° 0
Pinus 100 0.675+0.580" 71
thunbergii
+ 200 0.581+0.616" 75
Quercus 3 rows 300 0.558+0.587" 76
acutissima
+ 400 0.557+0.520" 76
Pinus a
thunbergii 500 0.565+0.463 75
600 0.613+0.370% 73
-10(Control) 2.300+0.000° 0
Quercus 100 0.717+0.507* 69
acutissima
+ 200 0.707+0.426" 69
Pinus 3 rows 300 0.697£0.395° 70
thunbergii
+ 400 0.675+0.419° 70
Quercus a
acutissima 500 0.717+£0.359 69
600 0.768+0.292% 67

Camell @l el TR N
"

Figure 3. Case C (Pinus thunbergii + Quercus acutissima + Pinus thunbergii and Quercus acutissima +

Pinus thunbergii + Quercus acutissima)
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T

Using Mixed Model for DBH-Height Change for Pinus thunbergii

in Southern Region of Korea
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Table 1. The summary of observed statistics for survey data of 57 trees.

Jeollabuk-do
(numb. of data = 17)

Gyeongsangnam-do
(numb. of data = 40)

Variable

Std. dev.

Std. dev. Mean

Mean

16.4

36.9

14.9

45

Age

10.1

20.9

9.4

24.1

DBH

4.0

11.5

4.6

16.2

Height
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Figure 1. The relation of dbh and height by region.

TP 1A E I (Fixed effect)?t ¥ & (Random effect)‘% S E3ete REoR ugE
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MIXED procedure® ©l-&3at3lom nAgast Bggo ush #5430 Jolavte] wits F4s
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s} AIC(Akaike information criterion)J_'Jr BIC(Bayesian information criterion)& o] &3ttt
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Table 2. Estimates for random effect parameters in dbh-height for Pinus thunbergii in southermn region of Korea.

Effect factor Estimate Stad. Err. Pr > |4 AIC BIC
Intercept -19.5735 0.5287 < 0.0001 -25.7 -30.9
Region 0.0114 0.0002 < 0.0001

o’ 0.0265
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Fixed Solution of height-diameter model: InTHT = a + b+(dbh) where a,b are fixed effects Mixed Solution of height-diameter model: InTHT = a + b+(dbh) where a.b are random effects

Residual Residual
05: 04

T T T T T T T T T T T T T T T T T
19 20 2l 22 23 24 25 26 27 28 29 0 kAl 32 19 20 21 22 23 24 25 26 21 28 29 a0 i i2

Predicted Value of InTht Predicted

Figure 2. Residual plot between Fixed effect model and Mixed effect model.
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Assessment of Plant Diversity, Biomass and Carbon Sequestration Potential of
Natural Mangrove Forest in Samar, Philippines

Azyleah C. Abinol‘Q*, Jose Alan A. Castillog, Roscinto Ian C. Lumbresl,
Sung Yong Kim', Mi Na Jang' and Young Jin Lee'
1Department of Forest Resources, Kongju National University, Yesan, Chungnam, 340-802, South Korea
*Laguna Lake Development Authority, Diliman, Quezon City, 1101, Philippines
3 Ecosystems Research and Development Bureau, College, Laguna, 4031, Philippines

1. Objectives of the study

Mangrove stands are recognized as the backbone of the tropical ocean coastlines. Apart from the
various ecosystem goods and services to coastal inhabitants, tidal forests provide ecological services such
as Dbioprotection from littoral erosion, natural breakwaters, dissipating the energy of the waves and
tsunamis and protection from cyclonic storms. Recently, the roles of mangrove forests to sequester
substantial amounts of atmospheric carbon dioxide (CO? and store carbon in its biomass have been
underscored.

The Philippines is one of the countries with most number of true mangrove species worldwide. On the
other hand, these coastal woodlands, having a very high risk factor because of their relative accessibility,
are subjected to numerous pressures related to developmental needs and often over-exploited. Vast areas of
mangroves in this country have been cleared and converted to aquaculture ponds. As they are subjected to
unsustainable anthropogenic activities and their vulnerability to the impacts of climate change such as
sea-level rise, it inevitably leads to degradation of ecosystems. This loss predicates the remarkable
reduction in forest biomass contributing significantly to the already alarming concentration of CO? in the
atmosphere. The province of Samar, formerly known as Western Samar, has a relatively long coastline
extending over 300 km in the western side of the island. Being one of the areas in the country with the
largest remaining mangroves, carbon sequestration and storage potential in its biomass is expectedly huge.

As one of the mangrove-rich countries across the globe, very little is known on the precise amount of
biomass and carbon sequestration and storage of this coastal vegetation. Thus, this study aims to assess
plant diversity, biomass, and estimate C-stocks of natural mangrove stand in Botoc, Pinabacdao, Samar,
Philippines.

2. Materials and Methods

This study was carried out in natural mangrove stands at the coastal village of Botoc, Pinabacdao,
Samar. This site was selected based on accessibility and safety in going to and from the natural mangrove
stand. A nondestructive method through quadrat sampling technique was utilized in this study. A total of
twelve plots (10 m x 10 m) with 20-30 m distance between plots were established to facilitate inventory.
Within sample plots, a 100% inventory of trees with at least 5 cm in diameter was undertaken where
trunk diameters and total height of each tree were measured in addition to species identification. Trunk
diameters of Rhizophora species was measured at 30 cm above the highest prop root, whereas the rest
were measured at diameter at breast height (DBH). The average density of mangroves in the study site
was 1133 ha !,

The species diversity was determined using the Shannon-Weiner’s Index. Allometric equations for
Southeast Asian mangroves developed by Komiyama et al. (2005) were used in the estimation of the
above-ground biomass and root biomass. The computed total biomass (above-ground and root) per plot
was summed for all plots and averaged to get the mean stand biomass which was then converted to tons
per hectare. Carbon pools of the above-ground and root components were calculated as the product of
biomass multiplied by the 47% carbon concentration based on the carbon default value recommended in
the Intergovernmental Panel on Climate Change (IPCC, 2006). The total C-stock was estimated by getting
the sum of the above-ground and root C-stocks. The ratio of molecular weight of CO? to carbon was

- 798 -



used in the conversion of biomass C-stocks to their CO? equivalent.

3. Results and Discussion

A total of 136 trees belonging to five families were recorded at the old-growth mangrove stand.
Avicennia officinalis dominated the plots in association with Sonneratia alba and Xylocarpus granatum.
Several species belonging to Rhizophora family coexisted in the stand, specifically Aegiceras corniculatum,
Rhizophora stylosa, Rhizophora apiculata, Rhizophora mucronata, and Ceriops decandra. The trunk
diameters of the trees ranged from 5.0 cm to 70.7 cm, total height varied between 2.0 m to 14.1 m, and
average of 12.9 cm and 5.6 m, respectively. Avicennia officinalis was recorded with the largest girth with
70.7 cm, the same species also registered the tallest at 14.1 m. Of the eight mangrove species subjected
for analysis, the Avicennia officinalis belonging to Acanthaceae family turned out to have the highest
relative frequency of 27.03%, relative dominance of 71.74%, relative density of 36.03%, and therefore got
the highest importance value of 134.80%. This was followed by Sonneratia alba from Lythraceae family
and Xylocarpus granatum from Meliaceae family with 54.66% and 46.03% importance values, respectively.
The summed importance values of species belonging to the family Rhizoporaceae was 50.50%, which a
little more than half was accounted to Rhizophora apiculata. The community’s species diversity (H'=
1.6365) was very low primarily due to the lack of species variation in the mangrove stand.

From accumulation of above-ground and root-biomass of individual trees of the Botoc mangrove forest,
the total biomass was estimated from 59.73 to 1091.53 t ha” ' with an average of 401.07 t ha” ‘. With a
47% carbon content of the biomass, stand C-stock was 188.50 t C ha !
t CO? ha '. In terms of the equivalent C-stock of the biomass, the value ranged from 28.07 to as high
as 513.02 t C ha '. The biomass C-stock was equivalent to 103.03 to 1882.78 t CO? ha~' which was
held and stored in the biomass, both above-ground and roots. Furthermore, the above-ground biomass
ranged from 41.43 to 828.11 t ha™ ', with a mean of 297.20 t ha™ ', while the root biomass varied from

1831 to 263.42 t ha ', with an average of 103.87 t ha !. In this study, the greater percentage of the
total biomass was accounted to the above-ground corresponding to 74%, while the remaining 26% was

which was equivalent to 691.81

owed to the roots. The above-ground biomass to below-ground biomass (T/R) ratio ranged from 2.22 to
3.21 or an average of 2.60.

Taking into account the total natural mangrove cover of the province of Samar which is equal to
16,337 ha (DENR, 2011), it has potential to store a substantial quantity of 3.05 million t C and an
estimated amount of 11.18 million t CO? These estimates suggest that natural mangrove forests in Botoc,
Pinabacdao, Samar has the potential to sequester and store huge quantities of atmospheric carbon despite
the lean species diversity. However, its vulnerability to unsustainable anthropogenic activities and impacts
of climate change such as sea-level rise threatens the existence of what is also known as oceanic
rainforests. It is imperative therefore to explore sustainable funding and tangible incentive systems to
balance mangrove conservation with sustainable livelihoods for coastal inhabitants. Among the emerging
options of promising opportunities to assist ecological conservation and economic development in the
coastal zone is the Payment for Ecosystem Services (PES) and the recently established blue carbon fund,
the ocean equivalent of Reducing Emissions from Deforestation and Forest Degradation (REDD) for
carbon sequestration on coastal areas.
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Introduction

It is undeniable that recent phenomena such as global warming have been experienced throughout
Earth's long history and will probably continue to be experienced irrespective of human contribution
towards increasing greenhouse-gas concentrations. The Kyoto Protocol was agreed upon in 1997 and came
into force in 2005. It obliges participating developed countries to reduce their emissions to 5.2% below
the 1990 levels, averaged over the period from 2008 to 2012. The Intergovernmental Panel on Climate
Change (IPCC) found that the atmospheric concentrations of greenhouse gases such as carbon dioxide,
methane, and nitrous oxide have grown significantly since pre-industrial times (about 1750). Among all the
gases that cause the greenhouse effect, is the main contributor in this effect because it is the most
important anthropogenic greenhouse gas. Therefore, the reduction of greenhouse gases (GHGs) such as
and the acquisition of emission rights have become serious social issues in today’s world.

Forests have been considered one of the most important land areas for the storage and sequestration of
GHGs that lead to global warming. Temperate and boreal forests in particular function as an important
terrestrial  sink.

Forest growth models were develop in several countries to estimate forest volume. However, since each
models were independently used in each nation, the space for developing model face to challenge. For
overcome, comparing different models is became necessary.

Study area and Method

1. Study area

The study area comprised the entirety of South Korea, located at longitude of 124°54" -131°06" and
latitude of 33°09" -38°45’ (Figure 1). Currently, the forest occupies approximately 64% (6,368,844 ha)
of the total land area in South Korea. The forest area in South Korea is composed of coniferous (40.5%),
deciduous (27%), mixed (29.3%), and other forests (3.2%) (Korea Forest service 2011). According to the
Korea Forest Service (2011), the forest cover distribution of South Korea is being changed gradually into
deciduous broad-leaved forest because of the rise in mean temperature due to climate change.

TYIUSS 'y
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High : 1939 m
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T

Figure 1.Geographical location and elevation distribution of study area.
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2. Method

1) The Xu et al.’s method (China)

Xu et al. (2010) developed a biomass-age relationship regression model for calculating China’s carbon
stocks. The model’s equation was based on the study by Fang and Wang (2001), in which biomass was
estimated from the relationship of BEF and timber volume. Then, the biomass and tree age were used to
develop a regression model. However, for using available data, in this study, the biomass-age relationship
model was converted to a volume-age relationship model, and the equation changes to

w

— _ 1
14+ke @ M

Where V' denotes the volume density, ¢ denotes the forest age, and w, a, and k are constants for a
specific forest type.

2) The Korean method
V=ua s dbh" « h° )

Where V' denotes the volume density, 2 denotes the forest height, and a, b, ¢ are coefficients which
proposed by the Korea Forest Service (2000).

Result and Discussion

Table 1. Comparison of estimation between two kinds of method

present After 50 years After 100 years
Method ; ; ;
'/ha tC/ha ' /ha tC/ha '/ha tC/ha
China 126.89 50.51 226.81 91.11 246.61 99.76
Korea 117.22 50.75 239.95 109.69 289.01 133.49

As result, we found that estimations from two kinds of method are have not significant differences.
From the table 1, the prediction which calculated using Xu el al. (2010) method were little lower than
prediction by Korean method. This may because of each methods was developed from each nation, and
differences of environment and forest situation.
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1. Objectives of the study

Precise and accurate methods for estimating tree and log volumes are vital for efficient forest inventory
and management (Fonweban, 1999) and one of the most common procedures to estimate growing stock is
to develop equations based on relationships between volume and other variables such as diameter at breast
height (DBH) and total height Akindele and LeMay (2006). Equation or model that can estimate stem
volume at any height is an essential building blocks in forest growth and yield modeling (Klos et al.
2007) and considered as prerequisite for a successful forest planning and management (Kublin et al.
2008). Jiang et al. (2005) considered taper equation as one of the most accurate approaches to estimate
stem diameter and volume to any height. Thus, this study was conducted to develop stem taper models
for Quercus glauca in Jeju island, South Korea, using four stem taper equations: Kozak88 (Kozak, 1988),
Kozak01 (Kozak, 2004), Kozak(02 (Kozak, 2004) and MB76 (Max and Burkhart, 1976).

2. Materials and Methods

A total of 170 trees of Quercus glauca were measured in Jeju island through non-destructive sampling.
Diameter outside bark (DOB, cm) along the stem and their height from the ground (m) with an interval
of 1-2m were measured using the CRITERION400 device. The DBH (cm) and total height (m) of all
trees were also determined. The total height was measured using a Haglof Vertex III and Transponder
whereas DBH was measured 1.20 m from the ground and was determined using standard diameter tape.
The mean DBH was 1597 cm with a range of 6.20-38.40 cm and the mean total height was 12.99 m
with a range of 6.70-22.60 m.

Four commonly used stem taper equations were selected as candidate models for the estimation of DOB
at any given height and these are Kozak88 (Kozak, 1988), Kozak0l1 (Kozak, 2004), Kozak02 (Kozak,
2004) and MB76 (Max and Burkhart, 1976). These were selected in this study because these equations
provided accurate results for many species in many countries and were used in the different researches.
The parameters of these models were estimated using the Statistical Analysis System Non-linear (SAS
NLIN) procedure(2004).

The mathematical forms of these four models are,

Kozak8s: d= alDa2a3DXbIZZ+b2 In(Z+0.001)+b;Z" > +b,e”+bs (D / H)

where: D = DBH (cm)
H= tree total height (m)
h= height from the ground (m)
Z = h /H, proportional height from the ground

(1

d= predicted diameter outside bark at a height from the ground h (cm)
1-7"%)

X= 12
(I-p™)

p= proportional height of the "inflection point"
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a;, b; = estimated parameters
D/H X D/H
Kozak01: d= alDaZXb‘+b2(l/e )+bsD”+b, X (2)
(1-74
where: (1-0.010"%)
All other variables are previously defined.
4 D/H 0.100 Q
Kozak02: d= alDazHa3Xb'Z +b, (177" 7 )+b; X" +b, (1/D)+bsH™ +bs X (3)
where: Q=(- 7'
-
(1-(@1.2/H)"?
All other variables are previously defined.
d’ 2 2 2
—=by(Z-1 Z° -1 -7)’1 -2)°1
MB76: D2 bl( )+b2( )+b3(al ) 1 +b4(a2 ) 2 (4)
I, if Z<a
I, = =12
where: 0, if Z>a

All other variables are previously defined.

In order to evaluate the performance of these four models, fit index (FI), root mean square error

(RMSE), bias (E ) and absolute mean difference (AMD) were used as statistical criteria.

3. Results and Discussion

The performance of these candidate models were compared using statistical criteria and the results
showed that the Kozak02 taper equation provided the best F7 with 0.9847 followed by Kozak88 (0.9841),
Kozak01 (0.9832) and MB76 (0.9793), respectively. Kozak02 model also had the best RMSE with 1.5745
while MB76had the poorest with 1.8272. Kozak02 model also had the best mean bias with -0.0030 cm
while MB76 had the largest mean bias of 0.3040 cm. Kozak02 also provided the best AMD with 1.0990
cm, followed by Kozak88 model with 1.1120 cm, KozakOl with 1.1750 cm and MB76 model with
1.3060cm, respectively. The overall ranking analysis showed that the Kozak02 model had the best
performance as compared to the other three models. This model was followed by Kozak88 model as the
second best model.

To further evaluate the four candidate taper equations, the bias was plotted against the predicted DOB
for each candidate model. The AMD in each relative height class was also determined for further
evaluation of the four models and results showed that the Kozak02 model had the lowest AMD in most
of the relative height classes while the MB76 model showed the poorest performance. It is hope that the
stem taper equations can help forest managers in predicting the growth and yield of the standing trees of
Quercus glauca in Jeju island, South Korea which essential in sustainable forest planning and
management.
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