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= B7REH =oik 2 Wr|o] Zefslel wheh 2hdat A O] AYE HIES ARAE ST 2o gF
=3 glom, oo wt ARAGEEY A1 FFE A oR HwEMsH AL i Fa% dojrh o] Ayt
)it REeS o R YUY LANDIS-IIE 2-83to] 8 1671 =Fof et A2t =g} 87
EA B, a7H] AR A S Wtk 33 moE Fal AT -5 AYRAAET HIE Bl oRE A g
o] AL Holel Aol v 4 = FFE BT Ko H8H AR YEe A=Y "AF,
HAY 7| 7bo]] whel eH F(Selection), APH Z(Shelterwood), ©]THE(Two-stories)T} H]A](no-mgt) .2 FAFo]glon, o]&
AUl = mge] A8ske] Ay AT T2 200870l AALBETS| WS Fo) DT WIS melssic
o) A3 A weR0] B AFRABFS [ SR A AT 2 PAski oL, Aukel ool ufet s
A NG T 158004 50d0] Ak Al M =502 IEEGL 2009 Foll= A FEEo] A fle AvE e
o] B2 ARAEEFS Ad o8 FriEgit 5o Wso] st SR ERE 39 AFRAESS 3
A NG A A FASFYATE ARA G otel ALo g A YRR ET] YR &St AFE Bion, Sl &
T2 27) A Aol deo] ot At R AAEA] da ALK 07 gAFste] K| 1009 o] o= Q.
SRgFol H= Ao Yeiyith ZF Alue] 29 XF FA R gLk el AR G AluE] LolA] 545.6 ton/ha,
A AR 9T AluE] 2004 141.6 tonha, oThy AR GeE AlvkE] 2004 299.9 tonhad A& A= GIch
B YA Fad AR HA 7|7l whet 2folE Below, 5] Sl ojdglo] AfAGET AlvEle
oA A AlY 27] EAPAIES Faot S HEo] F AR Yeg oy Azte] Aol wheh S4=9] Hl&o]
7ttt ool wheh AR P2 A A Y] =5 A SRAAEET A Aol T EAgAlE FgF
< 7 A0 & Yesith mEba, 2 AolAs AR LANDIS- 15 2835 A3 249 7Hs/dE F95k3
on, o]& Foll AFRIAEAl Tl Hikol| Filets A AL AAol digt 7|2ARE ATY 4= S ACE wekErh
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Abstract: The forest protection policies implemented in South Korea have resulted in the significant accumulation
of forest. Moreover, the associated public interest has also been closely evaluated. As forests mature, there arises a
need for forest management (FM) practices, such as thinning and harvesting. It is therefore essential to perform a

* Corresponding author
E-mail: dwko@kookmin.ac.kr
ORCID
Wonhee Cho (® https://orcid.org/0000-0002-9598-6188
Wontaek Lim https://orcid.org/0000-0002-5872-1121
Dongwook W. Ko (® https://orcid.org/0000-0002-6944-0261

173



174 BREILAMRRIZ2 S5

A2E A2E (2023)

scientific analysis of the long-term effects of FM. In this study, conducted in Mt. Gariwang, the effect of FM on
forest succession and wood production (WP) were evaluated based on changes in aboveground biomass (AGB) using
the LANDIS-II model. The FM consists of three scenarios (Selection, Shelterwood, and Two-stories), characterized
based on the harvest intensity, frequency, and period. The model was applied to changes in the forest over 200 years.
All scenarios show that the total AGB decreased immediately after thinning and harvesting. However, AGB recovery
time differed among scenarios, with recovery to preharvest level occurring from 15 to 50 years after harvest; further,
after 200 years, harvested forests had a greater total AGB than forests without FMs In particular, the changes in AGB
of each species was different depending on its shade tolerance. The AGB of currently dominant shade-intolerant and

mid-tolerant species decreased dramatically after harvesting. However, shade-tolerant species, dominant in the

understory, continued to grow but were not harvested due to their small size. The cumulative WP for each scenario
was estimated at 545.6, 141.6, and 299.9 tons/ha in Selection, Shelterwood, and Two-stories, respectively. The
composition of WP differed according to harvest intensity and period. Most WP originated from shade-intolerant and
mid-tolerant species in the early period. Later, most WP was from shade-tolerant species, which became dominant.

The modeling approach used in this study is capable of analyzing the long-term effects of FM on changes in forests

and WP. This study can contribute to decision making to guide FM methods for a variety of purposes, including

WP and controlling forest composition and structure.

Key words: LANDIS-II, forest management, forest landscape model, ecosystem modeling, Mt. Gariwang
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al., 2008; Fraser et al., 2013; Kline et al., 2016; Haga et
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Succession)+= AFHAYEN A o] AT} WEH-S B O] (simulation)
s, AUAQRES TR Al o® TAste] A8
g 4 = EAL XYoL QIti(He et al., 1999; Scheller et
al., 2004; Bruijn et al., 2014; Haga et al., 2018; Blumstein
and Thompson, 2015). |5 E3) AFHF &5 Alygl e
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Figure 1. The ecoregion in Mt.Gariwang study area
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She ol A EE Fo JUARE J1FEAT 25 5
A, 29l Aageel, BEshe Sl w24
M- 422 AR Maximum Abovegrou nd Net
Primary Production, H4=T: ANPPmax)¥} Z|tf A
(Maximum biomass, H<>T: Maxbiomass)©]t}. ]E 7] =]
0.2 24 sl A A5 AT Gmestep) 521 24
Bl 222w QRS molalal 2 Bk E|e} AR
S0 7]H}o}o:‘1 $27F AAS Bt Aber et al., 1995;
Scheller and Mladenoff, 2004).

Biomass Harvest &J28EIA-2 A1z}17) 2|45 A 7
59 F7HA 39l T2 A] ¥(management area)o]| A
A diddw, AdA7], A E, HAgNlE 5

OXH

10 4 of

Table 1. Description of each ecoregion in study site.

A2E A2E (2023)

MeE messtel Al AHAARE Adees
TG 5 9ek o] o of AR A5

3. 2 YExi=

1) LANDIS-II ¢]Zx}t=

B oilof|A &85t LANDIS-II 239 ¢Eixtg =
B}l (ecoregion) ™}, % 7]A] A& (initial community)©] 0111}
geele AFgRe] BAEAS wedshs 27 e
Azen 7%, B AW 5 2] A} 51
o] A9 o 7 Aol i He and Mladenoff, 1999; Scheller
et al,, 2007). &2 Ao A= 30 m AT E Y] X FEIH
(Digital Elevation Model, DEM)2 €834 6714 1=
S0 2 APEEAS 2alstel B 125570 e
A8t o, ol= F 44,7637H2] A(cell) 2 :rLQH‘iiE}
(Table 1).

Z7|2AY Aol 23E = A2 T A Yl
oA R ARRALE Blge R AU (Quercus
EFY Y F(Fraxinus rhynchophylla), @5
(Tilia amurensis), T2 2 U5 (Acer pictum var. mono), Bt
G- (Betula schmidtii), =5Y5-(Ulmus davidiana), 7
AU (Betula costata), ' FEVYS(Ulmus laciniata), 5%
W (Cornus controversa), 2=2\5-(Pinus densiflora), 872
U (Quercus dentata), = U5(Quercus variabilis), Q&
QAU (Larix kaempferi), A2V (Betula platyphylla),

mongolica),

Environment variables

Ecoregion - Area %
Elevation Aspect

ecoll South” 3.0
400~600 m b

ecol2 North” 1.6

eco21 South 11.5
600~800 m

eco22 North 10.7

eco31 South 16.3
800~1000 m

eco32 North 18.1

ecodl South 14.3
1000~1200 m

eco4?2 North 14.8

eco51 South 5.2
1200~1400 m

eco52 North 3.7

ecob1 South 0.6
1400~1600 m

eco62 North 0.3

a) 0°~135°, 315°~360° b) 135°~315°
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AT (4bies holophylla),
3}%4 tH(National Institute of Forest Science, 2018). % 7] 4]
APo wyo] QEEL 27] 422 U g LAY IHE
ZE2 Ve, YAt asko) A AA S 1847 HEF
o AHEAANRIL FTAHE B A B A

Ak

AW (Pinus koraiensis)E 417

2) LANDIS-II Biomass succession JZA}=

Biomass succession CQJAEIAS AT TGl
ANPPmaxt= 55 AelEA3) 7] Foke] TS ol gslol
At AWAFS =4 3}= PnET for landis (Photosynthesis
and EvapoTransplratlon model for Landis) (Xi and Xu,
2010) =3 L235}o] mo|7| 7k AA Z+ AeogdEz
=3 o}‘ﬂlﬂr(Table 2). 5 Mg EA 2= Cho et al
(2020)0] AT WS BEEHAT, BRF HE Cho
(2018)5 FFarsto] =43¢t 7| $E542 2hte X
g AFX]7|Z %= (National Institute of Forest Science, 2013)
oAl AAZE BA7| S5 AHESIItHTable 3). +~FH 2|
o AAES UEFY= Maxbiomass+= Cho et al.(2020)0f 4]

2% 4 2estark

3) LANDIS-II Biomass Harvest ¢ 2} 2(AF 4 385
Al )
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shAth & dAtold = Zheat Bdes dEAYgoR
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ok dfg:d oz Ao Y E AAHFIdEETS AAES
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o] Z18) =] 21 th(National Institute of Forest Science, 2018,

Sung et al., 2014).
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thFigure 2). HE AUg] o 2o AJZ Ao g HE
20097 TEE 7 Alkel e Felet madolA
oju] XY AHHFSF S0l v dEMN AEE
wo| Z7]o] Mot
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Table 2. Parameter sets for ANPPmax and Maxbiomass for each ecotype Unit: g/m?
Species ANPPmax .Max
ecoll ecol2 eco2l eco22 eco3l eco32 ecodl ecod2 ecoSl eco52 eco6l eco62 Dbiomass
Q. mongolica 634 607 655 627 665 639 670 644 676 649 677 657 32279
F. rhynchophylla 546 527 568 547 580 559 585 566 593 574 596 582 23267
T. amurensis 563 542 581 561 591 571 596 575 602 583 603 587 27552
A. pictum var. mono 547 531 564 546 571 554 575 559 580 563 581 569 24851
B. schmidltii 440 413 491 463 524 497 547 517 565 538 576 555 26700
U. davidiana 579 558 595 575 606 584 610 589 616 595 617 601 22628
B. costata 484 462 518 494 538 514 552 528 566 542 572 553 20360
U. laciniata 598 574 632 609 651 627 664 637 675 650 681 660 18506
C. controversa 475 459 493 478 504 489 510 495 518 501 519 508 22769
P. densiflora 372 363 377 368 379 369 379 370 381 372 382 365 24863
Q. dentata 561 537 581 558 590 568 595 573 602 581 603 588 30683
Q. variabilis 519 496 544 521 559 535 567 543 576 553 578 561 28737
L. kaempferi 310 301 318 309 325 315 329 319 333 324 336 329 23052
B. platyphylla 407 387 439 420 459 441 474 454 485 468 494 477 30436
A. holophylla 310 303 333 325 349 340 359 350 369 359 376 370 19985
P. koraiensis 403 395 408 399 409 400 409 400 411 402 412 405 26745

Table 3. PnETforlandis parameters for ANPPmax estimation.

Scientific name FoIN? SLWmax® Halfsat® Topt? Tmin? Longevity Shade

(%) (g/m?) (W/m?) (°C) (°C) (year) tolerance
Q. mongolica 23 80 388 21 3.8 300 3
F. rhynchophylla 1.8 80 388 20 0.9 300 3
T. amurensis 2 73 370 3.1 2 325 4
A. pictum var. mono 1.8 65 300 21 2.3 350 5
B. schmidltii 2.4 90 500 18 1.1 275 2
U. davidiana 1.9 84 425 21 3.1 300 3
B. costata 2.1 88 500 19 0.1 250 1
U. laciniata 2 90 370 19 2.9 325 4
C. controversa 1.8 67 400 21 3.5 300 3
P. densiflora 1.8 263 600 29 21 250 1
Q. dentata 2 80 425 21 3.7 275 2
Q. variabilis 2.3 80 500 21 3.7 250 1
L. kaempferi 22 99 575 21 2.9 250 1
B. platyphylla 1.9 85 575 19 0 250 1
A. holophylla 1.8 290 425 16 0.5 300 3
P. koraiensis 1.5 232 385 20 1 325 3

YFoliar Nitrogen, Maximum Specific Leaf Weight, “Half saturation, “Optimum temperature for growth, “Minimum temperature for growth
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Wood production

10 years
after 60% (harvest intensity)
until 140 years with 10 years interval.

20% ———= 35%
35 years| 15 years 15 years
after after after
—=e —_— —_—

5o
— " N
Initial biomass in stand ‘725&0
Over story
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Shelterwood |

Mid story scenario
biomass
%
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AN GRS F ARV EF 5 +5E 1A8E Hl 2) W&ol we =5 AFRYEF B
shelaL, olef g 7t - AR ETY] Bl A A7 ge-sol ot A9l ek 7|E A
sttt =5 AR EFY e & =59 9F WA 7= 842 28-S 4 Qlth(Feng et al, 2014;
& FA3E7] Q) AdraE FLsgh Taylor et al., 2013; Haq et al., 2019). 2 QLo A= A
Aol AgA A W3t 713 IS
5 By 78 ¥ MAAFES Yot 71tz flsf mygol -85t s Wad 20
o] Atz 37HA] A G AluE] 2.9 BIAIY ALk et F BRSBTS o7 vl R B
2] o tigt 200d7F ROl AAIsIR oW, 71 Alute| el Shal o] 59| AR AAETFES AAlEHor A58
2 103] RHELEskdth 4F A 9850 dEiAd 5 ol Fol AHHAE F&EE Alvthe] o) 7yt A A
Aol 71R]= FFE Frksl7] Y8l 2elE & 1) A A7]oll wet 2 dAfE s o SR 1 g R

o
T A= Wk WS wE AR e W

s}, 3)y= ATl djal Al wWalE BAsn o2 of% ERTS USA B 13} 20 Sjgsis AR,
S35 LANDIS-IIZ 8al0] 7a|9hit muldeo] ARIZAT WAL, 23, sl AUE, JEQZER, 7]
SIS molgo] 9o} A AYBES] AAHAY B ASURE SAT F44 BRI Yo w430 8
AEGE AR} Aae) HolThy, oA AlY wels LBUN, BEaU, AIZUE, bR, AU,
of st BAAA] 71 dee BASLA stk EEURE sigon 94 BRES e ma 49} 5o
Sgsle TRAE, GELLE, U slgthTable 3)

D) & AARA=Y s

A ABE o)tk Al9e Bl d o s AR 3) =AY s}
o) & ARAEEE A AAAZ S AL QRAM AR AGBE) ok e Be) SohEe Bl
sl 2A ] AL AlTEe] A% Sol mat & A4 AN 28 4 Qs AhA e 557} 4
RABEe HAHOR B8 4 griMcDowell et al, ol T} AR ThE 7HXE AU ek 53] o] ATl
2021; Mina et al,, 2021). o|o] wle} AR AGE] XY ARAGBE Alfelee) Saugy Ao ols) A
SHCHAAE, BANE, GAET] ol P4 We  AARRE S8EE QAT 2 g AU . of
o 1A= QS W u ARAT] F AARAES o] AYAATE AUl o) ST PG B 2%
o) WslE AAAHoR AuRt AL Ule Fasih B Hi ARARSe Sa o) AQY B 4ot el
AT L A AABTE AL 0] 2l theFgt 4 7|2k 590 S8take Aol Sabu A AYEA ]
sheld) A1 B4 wet ATANe] & AR 2 ZAAsee Brlsiglon wi, ek B
o NAdH R Baste] Tkt Aol ATl & Ul Szo] wel FEslol(Table 3) AlAbEE E7)
A7k A A RG] B4 el 4714 24 o 1A Brksih
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1. B&o| AS

7hel At mElzoA] SE 2ARRE 7| R 3%
3t 800 m oA} XY 9] XAFEAYETFL 183.0 tonhal &,
23S =3 molst 27| ARAESFO] 185.1 ton/hat
£-0lm)5t 2ol E Ho|Xx] Ithp=0.67; [Figure 3(A)]). &=
29 ALY EERO] v g2 AR} 1o A} BT
217} 51%8} 65%S AA|SE A7 o) sk A
© & UetytthFigure 3(B)]. & WA 4 £33 AUF
OF AR ZH7E 5%9} 2% 2 RAALRS} mo] Ayl 29k
o}, YEAZRELE AR H]&o| 1% <l uhs)] =
o] Aik= 9%= A=A =) 7R Re =AM
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Figure 4. The dynamics of the simulated total aboveground biomass.
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Figure 5. The dynamics of the simulated aboveground biomass of each shade tolerant class.
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Table 4. Biomass harvested by forest management in Selection
scenario.
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Table 5. Biomass harvested by forest management in Shelterwood
scenario.

Biomass harvested (ton/ha)

Simulation year

Biomass harvested (ton/ha)

Simulation year

Mean Standard error Mean Standard error

5 32.20 - 5 39.56 -

40 107.22 0.002 35 39.53 -

50 56.19 0.002 50 5491 0.002

60 33.70 0.002 65 54.22 0.003

70 20.42 0.001

30 36.77 0.01 Table 6. Biomass harvested by forest management in Two-stories

scenario.
90 39.51 0.01
100 35.56 0.01 . . Biomass harvested
’ : Simulation year

110 45.82 0.01 Mean Standard error
120 58.79 0.02 5 57.55 -
130 60.48 0.01 65 150.26 0.01
140 51.55 0.01 125 149.96 0.02
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