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mongolica 3-PGmix AR A3, WA MRS EEMALREN L F A Hag, [ ] AT 3-PGmix R,
EEMPMARG LR FHIMA T BT RALHAF R L, S0 ENHHE, FEFI K LG rHinfe s T4
3-PGmix A A AL, EZRE KR E (TR 0%, 22E 20%. T 35% A& 50%) 5 RE B E (5a 4@ fEfe 10 a
K fg), B RR R ABET RS AW BFEMBAEF ARG TR, [ER] MEGEFTIVLR L E TN 5T
AT 3PCGmix BALAHKIK R, EHLEMNMBEREFFRHGLEBEDESNTET: ERTFTHEZRAHR)H
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Effects of simulated thinning on biomass and productivity of
the Saihanba plantation based on 3-PGmix model

Z0U Weiwen, PENG Daoli, CHEN Mingjie
(College of Forestry, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] This study aims to parameterize the 3-PGmix model for Larix gmelinii var. principis-
rupprechtii and Pinus sylvestris var. mongolica in the Saihanba area, and explore the effects of thinning on the
biomass and productivity of plantations in this region. [Method] Based on the 3-PGmix model, taking the L.
gmelinii var. principis-rupprechtii plantations and P. sylvestris var. mongolica plantations in Saihanba
Mechanized Forest Farm as research objects, the parameterization of the 3-PGmix model for 2 tree species was
conducted by combining measured data of sample plots. Different thinning intensities (control, 0%; light, 20%;

moderate, 35%; and heavy, 50%) and different interval periods (short interval of 5 years and long interval of 10
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years) were set to simulate the changes of stand biomass and net primary productivity with stand age under
different thinning measures. [Result] The parameter system of the 3-PGmix model for L. gmelinii var.
principis-rupprechtii and P. sylvestris var. mongolica plantations in the Saihanba area was verified by field-
measured data, and a simple linear regression analysis was conducted. The results showed that the coefficient of
determination (R?) of each factor ranged from 0.84 to 0.99, indicating that the model had high simulation
accuracy and reliability. The response characteristics of stand biomass to thinning disturbance were consistent
between the two tree species: the stand biomass without thinning was the highest, while that of stands with
heavy thinning and long cutting intervals decreased to the lowest level in the initial stage of disturbance;
however, after a long-term restoration succession, the biomass gap among stands under different thinning
treatments gradually narrowed and tended to be close. Regarding stand net primary productivity (NPP), both
tree species exhibited a consistent response pattern: the stand NPP under heavy thinning with long intervals was
the highest, whereas that of unthinned stands was the lowest among all treatments. [Conclusion] The stand
biomass of L. gmelinii var. principis-rupprechtii and P. sylvestris var. mongolica plantations was inversely
proportional to thinning intensity. Thinning would cause a sharp decline in stand biomass in the short term;
however, after a long recovery period, the biomass of disturbed stands could gradually recover to a level close
to that of unthinned stands. Stand NPP was positively correlated with thinning intensity, and heavy thinning
with long intervals was most effective in increasing stand NPP. [Ch, 2 fig. 5 tab. 29 ref.]

Key words: 3-PGmix model; thinning; Saihanba; plantation; Larix gmelinii var. principis-rupprechtii; Pinus

sylvestris var. mongolica; biomass; productivity

AL IE MRS Larix gmelinii var. principis-rupprechtii FIRE ¥ Pinus sylvestris var. mongolica 52 & I #4
ARFBRAARB R, [ -t 04 2E UMK 7 1 2 2 Ao B, MR AR o 123 XN T B i AR
T 70%", TEXEERAMAES R G D SR OMAL, ZEFEI XK S . KR D | FiRZER. T
FEADVRL AR R SRR TR, 3™ I 1) A 358 28 A A A 2t N AR S Ay s T DX B XL 1 0 ) £ 25
B, SR R YRR XA S RGRE . IR KU SR TR A 7 T B DG A o AR A A A
RALAE R RAAPFRI R J1 (NPP), %3845 B AE BLHE SO MAB Bl A KR DL, SR PR S R G E PR Y
ROt . TN ERYZ, NPP BRI S AU e B AR AR S R GAS IR, 3 vl RE (A4 5K 5)
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Jitke 3-PG BRI g RE AR A SRS, AT C AN R AT SE Fh A 28 A, 3-PGmix 75
H1 FORRESTER 451" 75 3-PG MM IERE b kegb sk, H DAl 1 9 B b 5 i S0bR A A 1A 40 3 e
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EHNCAEET 3-PG RINBIAITIFRAACHFST : E R FIH 3-PGmix BIAIEIAZ A Cunninghamia
lanceolata N T4 ARIA 5 (A R il Xt & AU 52, IESER RS 45 PR F RN AP e B 22 5
A 4 0 3 Ao 2T B B AN ] ) £ 7 ZR R 24 T Y L. gmelinii MRy B R . AR i NPP R 1R
P FRAENY £ Bh AT AR BE SE K 178 A L. olgensis 3-PG BS54k, X TABISY, 3-PGmix f& 7!
AT LA A3 18 A ] [ Ao i 1] o P R A AL, 8 7 A ) [ it o A 434 1 A I s i A

PR TT FE T I DX Ry AR BT T AN [ AR 6 AN TR A R i g B, ARBIF 9 DA 28 LA AR
Y 33 PRI i RARE HL RN 20 R RARE ) SEDN AR 5L A, (R B 3-PGmix BIALF R RS, B
TR AS [ M) s it vl 2 At it L TPRAE W R NPP KIS (b A, e 07 A ) T4 7 4
TSR R A, Ry FEFE IR 75 P RV TP T AR R} 2 2278 SR R IR S B A S5 R S 4%

1 BIRHK 58 5% 7 %

1.1 HREHER

B b A7 T T A 48 A T T 1R 37 W 5l R A IR B FEIUALM AR ) (42°02°~42°36 N 116°51 '~
117°39'E), %X I HAL S 1L 5 N Sy R IR ik Py, (RIS LRk — R . AR — U i 3 v T
Mo AAEISHRN FEIRME KBE T X, YR A—1.2 °C, AENm iR R L 33.4 °C . A iR AR
£-433 C; FPRHMEL, &ZF™FEHIFEMNA, ERGHm e, FEHRKEZ) 460.0 mm. B
FEIX N FEM A RIS RS . BETRS . FIKE Betula platyphylla, 4% Picea asperata 55 .
1.2 HiEWESLE
1.2.1 HHAZHE HERIE 1 ARUFSTE ST IEE RE T 2024 459 A, A P35O
7o W . VAU R, FEHBAEE L AR . BERE . B R A R AR B R 3 300
B+ hm > FAEL 5 AL [ AR D 33 B, RRETAAELE AL 20 e, FEHLR/NH 20 mx30 m, ARiESH 15~50 a.
Horpr, Aedvig mE A REHIR B A 3 e, RREERIK (15%~30%) 10 B, HEE[AR (>30%~45%) 10 H, L]
£ (>45%) 10 H; FEFAMEHLR AR 2 B, BREEMIAR (15%~30%) 6 B, HBEE R (>30%~45%) 6 Y, H

JERE1E (>45%) 6 H . R sl =
AR 0 Rk, R EEREEEEE
SR . S MR TR AE | TR s 2 (4 T R T
HIE < 5%, A K AEEFTARA e RRE, T REMD WEIR e B (ehm?)
R — K HRTFIR T 2017 42, ORI AR R M FHE 80 48 138
BRRAE AR SR TR 2018 SEREMP NG, g TN 127 109 350
1551 2 WHCRF IR S 2258 BcE 255 198 260
122 AME#¥E  SEEHEKRET ClimateAP 3.10, PRz 42 27 629
PLIURE ML LK (42°23'42°27'N, 117°09'~117°21'E) TAR 02 s
19912024 AFLGHAR . (OFE A IRFS R . A e o 15090 700
SRR . A F R E R R H A e e 2w

I PH 48 S5 40008 K R T NASA Prediction Of Worldwide
Energy Resources (POWER), M T AR IERES AR I bR B} F 5508 LS 3R ARG H 0 i
123 AYEAdmB A s AERE AEYEITR DIEZRRER 2024 45871 & /i 1) GB/T 43648—2024
(FZERFSLARAEY /B SRS B NS, BT X TE S (SRS 1) FRE A A Py it
RY, SR & A FVRE P PR b BRI R A= W i B, 0k ] — SO A 255 b ST I SR 3 SR AH N 8 A
HHEAKXWT

Mp = ayD;

Mg = bonl H

Pxpp =M;—M; 1.
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Horp o Ma R i FAEYRATIHE (kg)s aos ars bos bi WIS, AedbiE iR B9 S BUE 5390 R 0.062 3
2.016, 2.403 F1-0.049 8, F&F a9 S BUEH 7 %~ 0.054 6. 2234, 2.572 F1-0.039 8; DM Fk A g 12
(cm); Mg Wi FAEYEATHE (kg); PnepfRFRIHAT7T] (thm™?); MRS FEAY R (t-hm ™),
124 AR HBEEE KB LY/T 1897—2022 & AR ILFIE MO AT AR YR “AEdbyk by AT
G EFARMAR” Ko FE 72 WML 7 52 B 3 AROBLRI BT E, 358 WA 25 )% 4 3 300 #% - hm >, ASHFFE7E
3-PGmix FERI B AR vEAL I AR 5 (55 1.2.1 5 RF M A T R FH B9 S o [ 55 B A AN ], e Ak S
B SE), BE 4 FONFE R EACREE . ARBIXTRAL  RE e, hBEm M. EREmIf, 4351
X ;AR 8 BE R 0% . 20% . 35% Fil 50%, 43l 7B NT. LT, MT Ml HT £/R . R ER E
20, B RIS AEPIRLE 55 10 4R35 T, 55 2 IRIBIMR A M BE B4 1 R [BIfR 5 A 10 a 2 FPRE oL, 6 Fp
AEFRA A9 LTS, MTS5, HT5. LT10, MT10, HT10 (FEEER AR, BFEFmes 2 kAl e
55 1 IRIBMRAYAEED)
1.3 3-PGmix %!

3-PGmix 5 #8JE iy 3-PG A58 0F — 25 gt A5 20 0, JEF A I 1R] RUEE AR 2 43 ) RUBE 19 2 4K el R At
R AR 32 BT P Ak [ A AR R A AR R K o A R B, AR R AR R L S A
T A CEMEEE SRR, BT RO AR A A B A G R AR A e B B A AR A B AR A
MO T EBE . S4l0 R ESEdRE.
13,1 BEAAH BORSROLE 2, FEEELIF 3 FMOrEIAs . i ad Se R BRI A T AR 1S A
FH A FE W 5T HP A [R) sl AR ARUR P ) S 40, PRl 26 AR 00 O A AR B A AR I e S 40 SRS E0BA
B, HIEM 159 (FR) /E R 3-PGmix AR CHEAR 5, R A SUBEDI 58U i 77k, IR AT-H5
FNSEMEAE IR 0 5 MR 55 (ST), BT AEHL ST S5 AR B R Z A pREOC R, feJa 57 FR 5 ST YR
T,
132 BEARFEH RH S Prae LRED, KA SR REILR /o0 5 41, DLH A 4 dAE AR IE AR
A, R VHERGUEREA, XA SSE- BRSSPI . AW R g ) S R
(ELIEAT X LS 36 o A5 75 5 00 1 5 0 el S D R 4 5 B IR0 o0 B, T H0R e R B (R P38 X i 22
(MAE), F#%HR2% (MRE), #7#R1%2% (RMSE) AFHXT 5 R 1% 22 (RRMSE), DAL PFAR SRR REIO
2 HEREpH
2.1 HEEBERE

FH 3% 3 AIH1: 3-PGmix AAY T ALTL T A R P 25 MR o0 X OB AUURS BE 18 o AR by i 45 1A
T R4 0.91~0.99, MRE A# it 19.9%, RRMSE N#id 12.1%; # T4 T 1) R* ly 0.84~0.99,
MRE A#it 7.0%, RRMSE Nl 14.2%, Hrfr, 2 ASWFEA B2 B0 B i, RES IE R 1
15 0.99, RRMSE ¥ AR#it 1.5%; EHE R R 4 0.91~0.98, RRMSE AN#it 13.2%; AWE R K
0.96~0.99, RRMSE ANiit 14.2%; HHIHA7=J110 R? 4 0.84~0.93, MRE A#id 19.9%. Kk 556
TR BE BT, RN 3-PGmix AR S HR R B RIFIIZALEE ), v HF2EF M X 48
JT& A A A A TR AR S AR AR BB
2.2 EMEITEFIEEMRIEFRA TS E R0

HER 4 WA 2 DR AE Y i AE AN R R AL B A A 25 5, HLSA LUK () AR A 31 A A ) o o KA H
B, HEE R 10 a (M PR ALK . 5 R (R oAb BRAR H, A% D] A Ak B ) A A A AR ) A KA B AR
1.449~6.89%, 1T FAREAR 0.329%~9.64%

A T AT 2 AR A e B AR () AR LA I AR — B, S REARES I M RFE3 i, 7 L o
H PRI B R, E AT BB B e B kA 2% . AR o2 i A A I 9 0 3 R R, Ll AR
AR TRIBRm R, AR R AR . AR, RIS, AR AL B ] ) A i 25 R A T 4
/N, 60 a AR A5 A B IE] A A ) i f KA 22 BE B T8N
2.3 EEXEFEMELZEHRANEFRATRENRE= TR

HH6 5 AT 2 M4 Fl NPP 764 [A] [l b BRE) I AAAE 25 5, 7E 60 a BEADUBIN , & A0 3 b D) B )
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T2 EAEMHRIEFR ALK 3-PGmix HE S

Table 2 Parameters of 3-PGmix model of L. gmelinii var. principis-rupprechtii and P. sylvestris var. mongolica plantations

T H B i GERivy SRl AN ERRN TR
MR A2 emf AT R HE P2 - 0.683 0.7 [17]; F
M Hg45 k20 emB Y HF B P20 - 0.146 0.198 F; F
TR SRR R T as - 0.063 0.0604 F; F
AR IR KA
= T+ S MR e AL ns - 2.507 2.469 F; F
NPP3Hic 2 AR 1 5 K 1] TRy - 0.6 0.6 F; F
NPP L RIAR 145/ e 451 R, - 0.25 0.25 F; F
BTN LI i P BT S YFx A7 0.065 0.0295 F; F
PR S ORI 75 3 R YFo A7 0.001 0.001 D; D
P 7 T 4 1/ 2 Ak iy IyF A 24 48 1715 [15
e TEH A1_ Nt y ; [17]; [15]
H B % R A7 0.015 0.015 D; D
R H tLp | 5 0 [171; [15]
F & H L A 10 0 [171; [15]
AR ARIE Trmin W -5 -5 [171; [15]
TV R IR RS Topt C 16 15 [171; [15]
AR TR Trmax 0 38 35 [17]; [15]
viNicalinel C YN Ix a 160 160 [171; [15]
I L T BL(SLA) a0 m’kg! 7.986 429 [17]; [15]
[FALNTIE A AR T FL(SLA ) ol m* kg 5 4.29 [17]5 [15]
HEr AR (SLAGHSLA, )/ 2 it ty a 5 5 D; D
Ty B e TR ac, mol+ mol™ 0.056 0.04 F; F
ENPS ik ay - 2.869 5 0.333 8 F; F
= PFEAEZE K R PR A NHB - 0.569 8 1.2533 F; F
TETEZE R R R PR A nHC - 0 0 F; F
MR AL ay - 7.27x10°° 7.57x10° F; F
M PR FRIE R TP R R A nve - 1.800 4 1.8722 F; F
PR TEAT AR R T I REFR 5 nvH - 0.992 5 0.8829 F; F

LR RIS P oS RS 2250 R AR AL T A FIRE TAA RS BRI oML S Z %, D OABIBIBOAS . R TR,

x3 WELNFHER

Table 3 Results of model evaluation

TR OUERS
AL GUMRR gy PR R WWIgUER TR OPEIRG RWRY ey
%/cm = /m (t-hm™?) (t-hm™?) %/cm H/m (t-hm™?) (t-hm™?)
MAE 0.21 0.55 7.99 0.40 0.22 0.56 3.83 0.70
RMSE 0.27 0.66 9.22 0.54 0.23 0.65 4.68 0.73
HALEHFS  MRE/% 1.20 3.70 5.50 11.00 1.20 3.60 2.60 19.90
RRMSE/% 1.50 6.00 5.60 11.10 1.50 470 3.70 12.10
R 0.99 091 0.96 0.92 0.99 0.91 0.98 0.93
MAE 0.24 0.63 4.10 0.22 0.12 0.60 2.05 0.32
RMSE 031 0.71 5.29 0.26 0.13 0.80 2.25 0.33
FEFA MRE/% 1.20 450 2.90 4.10 0.60 4.40 1.50 7.00
RRMSE/% 1.50 13.20 14.20 4.70 1.50 4.90 3.50 5.60

R 0.99 0.96 0.98 0.84 0.99 0.98 0.99 0.86
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10 a [AFRALPER) NPP PR (EE R, REALEHR %4 FEEGBELICEHRIETREYS
ik BRBLEERIL Y . NPP Bl ] £ o B2 3% K 7+ EilgritE

E , H;’:H Iﬁ] I‘ETJ ﬁzé‘iﬁ?ﬁl‘gj IK% AbF E/‘J NPP F%ﬂ: =) [‘ETJ Table 4 Statistics of simulated biomass in L. gmelinii var. principis-
IS%ALI\EE i Ejﬂ% I‘ETJ ’ﬁzﬁfﬂ*ﬁ [:[f, , %[‘ETJ ’ﬁzﬁﬁﬂ’@iﬂéjt% rupprechtii and P. sylvestris var. mongolica plantations under

different thinning regimes

M4 NPP P34 {HER 5 T 5.81%~17.19%, #5F#5 NPP T P

FRAIRS T 2.35%~7.51%. o,
FEL 2 FRT: ARG HA PR NPP 7R Sl AR fi/ehm? W% fficehm?) %

B BEREARIS S IR T, 29 11 a AR, o NT 252.04 0 259.67 0

J5 BRI T LR e IRRAREER A . (IBERE LTS u842 1M 258.83 0.32
j@z" K , NPP % ﬂ:‘%%% —F F% E/‘J Hﬂ‘ I‘ETJ @ Bﬁﬁ . Z'f 11~60 a MT5 246.00 —-2.40 252.71 —-2.68
BEBUBN, RN B R NPP L GZAR Tty 1T 242.28 87 233.16 w4

RRE 4[] fdh B7E RS NPP Mg E g, 1 KT e e 23447 200
R A, TR, BT A T AR NPP M 00 TS e el
HT10 234.68 —6.89 234.63 —9.64

TEAI W MR B[R L PR T i e, Bifs 220 — B
SEREIG T U BB B, IR AGARSFEE T e . A AL P2 i — @ M Je il RS E T, ELIalfam i
MR, T ARE T BRI ARG, 5 AR TR LT AK NPP i 5] £ 56 B ) e 7 4 AE— 28

280 280
~ 240 AEdLIENRL ~ 240 | TR
g 200 | g 200 |
= 160 | = 160 |
i a2
K 120 | ] 120 }
4 4
5 80r /‘\ = 80 /\V
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Figure 1 Simulated biomass in L. gmelinii var. principis-rupprechtii and P. sylvestris var. mongolica plantations under different thinning regimes
3 it
3.1 3-PGmix #EEEEITM

MR W T NPP I R — A e HLE 2 1 1o
» i S T %5 RREAEREIE S R S

i, BEZ WA A B A KR 5 AR B S R UE

ﬂ[ﬂ ’ fﬂ%ﬁ%ﬂ( N @E N iig%%i% lﬁ% E/‘J %2 l][ﬁ - H Table 5 Statistics of simulated NPP in L. gmelinii var. principis-

Hﬁﬂ"] ﬁ*ﬂ‘ﬁz%il—? NPP ’fﬁg I—? *ﬁ*ﬂﬁ/fﬁ gﬁ: s /E\: rupprechtii and P. sylvestris var. mongolica plantations under

i, EHEICITE A AL R A, ok T iffrnt thimin regimes

W, UMD R B R S A LT H

PR, R, M By —fh, VT ey e e

3-PG BB SRRV . RS RO ST S A L

RIS, W TR R sRE e ’ o0
LT5 437 5.81 436 2.35

IR . B LRI TR A0 TR, G ik

HOPA K EOP A BRI, xESb s R M R e s
VAR R B AR, RSB ARsy T 9 e 4 08!
TR o R e B T, LT10 4.46 7.99 4.42 3.76

RS T 33 Beakdb ik ntbafn 20 g pam A MO 468 1283 449 240
T A MR MBS B, A 3-PGmix KR AT g HTHO 484 1719 438 731
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Figure 2 Simulated NPP in L. gmelinii var. principis-rupprechtii and P. sylvestris var. mongolica plantations under different thinning regimes
b, I 3-PGmix 58 AURLADL ] A 0] ZE 2 AR Qb v I A8 RS -0 AR 20 AR e RN A 77 D s, A= ) o
1 NPP (RS0 B AT (ELHAT B8 10— et , TEM] T 3-PGmix ZEAM ST A AT AT ¢ . ABIESE P Y
3-PGmix BB ELP, pa. pao. MR MRy VP s @C FSEIUEYE A B I E I, AR AN TS
S SECE R AW TR db 3 A SEI s Bl A 15 2 S0, A SRR PR SE N D, IR
WM S BUE, (HREFH MR IRAS Pinus sylvestris F)ZEFN,  FEIANT T RN IRFA IR B 22, ARF5ER
FH AT 28 A S BOR TR T B 8T AR JR A 3-PGmix AT ZH1 51 R JR P A 15 5 ZE 53003 X il 4
AR RS, XA] RESs SR AR TP AR K B HERAPE TR .

ARG A SN (R AR JC T S8 B 55 60 a ASCABLAST [, 543 S0 ol SRRl ) ¢ 568 B R B ) £ 76 AS W
MITESL, HARFASFE A (A 20 B, ARER TAEALTE M AMEARSR AN 2, AT RESS 52N 3-PGmix BRI 2
BOREHAEE , DO it . 5300, AW RIUR A AR A ST H 45 . RO 2 TR R AR
b W S A R R ARSI TR 0 55 A T AT, (HSEBRAE B0 T REAEAE Z R REE R S BUM o A K
ROCEAMAS . TEJRLMsEd, NMik—29 KR, JEO A 55 8Tz S A (B SR R i
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