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mongolica 3-PGmix A S b, AR AN EEMALHRESN EF A = A0HoaE, [ Fi] X T 3-PGmix R, A
EFIMAMARG L E A TR, B FAATHRATFRS R, SR ENHIE, FEEI X LI E i fo i T
3-PGmix BA AL, HERE REBE (TR 0%, %25 20%., P 35% Fe & B 50%) 5 7 F) 18] FE B8] (5 a 4218 [ fe 10 a
K F%), BIRE R AL TRy D TfEmB LT ARG TR, [£R ] AEHEFIVLR LT SHET
AT 3-PCmix B AR AR, EHBEMNMEREFFREFHLLEBEDESHTET, SRTFTHERTEZHR)H
0.84~0.99, R PABLA L& G MATE LS THM ., Wo A Exr R AT REFAEE 2 MTF PRI —8.: REk
RAEGHRSEM TN A RS, BEEAXLRAABRRKORSEDZTET ARG ZRAK; RE2KRARLEHE,
FE AR B ARG M B EIER T 4 TR TR, EARSEME AL N EE, 2 AR Z IR — e h B,
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Effects of simulated thinning on biomass and productivity of the Sathanba
plantation based on 3-PGmix model

Z0OU 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.
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 the two 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 years)
were set to simulate the changes of stand biomass and net primary productivity with stand age under different
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thinning measures. [Result] The parameter system of the 3-PGmix model for L. 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. 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

AEALIE KN Larix gmelinii var. principis-rupprechtii FVFEF¥5 Pinus sylvestris var. mongolica +2& 1 [E FH#4
ARFNRBIARBS A, [] IS ) 6 4 2 2 30U LAMORR ) 110 = S b A, ORI T AR o 12 XN TR T AR
U 709", FEXIARMA S RGP G O . FEEIUM D B R R Bk D AR 2SR CRR
H A RR IR SRR Y, SR ™ AR 5 A A A A5 2 b N TS AN B Ay S T L DXl B DR g A 2 e
B, BR UE4ERE XA S RGEARE | SR K IR S AR T AR A 7 7 0 DGR A . AR A O AL A
FRAEFE bR R AR 1R 94 7= 71 (net primary productivity, NPP), %48 Fr Bk RE B 12 s WA 9 A= KR, 2
PEAIHE S R G E M AR TS . UM ZEAZ, NPP AN s MU S B AR AE S R G i E
ARAS, AT BRI SR 3h X A A2 A6 R, RS VERRBT NPP BYTRFEALE] . 07 e e UL 22 B He i LA T
MR g, X FEFEIN TR S E S R D RE R B R S B AR I

VE R N ARG E R o3 5k 5 A5 7 0 R QBB MR i, T A o e P AR R AR I3 vh 3 AN
IR S5 45 2 (39 7N i C R S BN e W11 045 0 SO 11 74 7 N <417 N S SN 1Y £ 0% N3 e L (OB e e 5
SRS, SR, ARG T A AR S A W 5 A 7 IS IR SR AR S A RS MESEY e R
B EALIE AR TR B A Y, (HER IR R IR EA T w&EARD B KB 5 %t
P B TR AR AR B AR TR TRt BR Dy A it ds th AR Sk W . 2B A OC AR 3,
Z A REFECE RS X R B AR IR R AR T A2 1) T O AR 23 Gt adk A ] ] AR5 B AN ] I 1] <
PIRSING , R B AR AR o 7K. A FE 246 vh T A Fh R A 35, B X 285830
FRIR G5 AT T AE AL TR AR TR AN BT X PR AN L, P BOCHE N i N ARG B R R 2= 0y [ 407
%, R TR RGN

MRARAE KRR AR AR LA . AT 2 E RO RO T R, FEAFRARARR | o PR
BIRGEAED Hp, W PO BA PRI . RAOEE W eE, & ROk SR B RS NPP 1) E 3
Jkie 3-PG BERIE Jyp it BERCAY ( IARCFR , HETC ZE A R R 58 th A5 2 sl 2 i FHE Y, 3-PGmix #1741
Hi FORRESTER 451" 7 3-PG B BUELRE b oledb iR, A0k 17X & iR b 55 R A2 AR A AR T
PE, IR EFREAWE I b At RS (SRR SR AR BIBETES AR, R R T O S
WEA2=H LT 3-PG RINBIRITF A ST : TR R 3-PGmix BLEIEAUAZ A Cunninghamia
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lanceolata N TSI SRS X B AR A0, AESORRI S 20 T IR BSSN A7 B 225 s Al
AT IZAR I B N [ AR SN 24P MR L. gmelinii MO E R . AWt & NPP (iREE1ER s (st
B A BT AR 5 U FUTE A L. olgensis 3-PG BB HAL . X TAMHISE, 3-PGmix BEAIAY B L2
— 2 P LGSR 2382 AN [+ (8] A [ R R RSN, o s AN ] ) A3 Tt X o 2 IS0 A A ) S M AL
SR PRGE FE 5 SV DX R A 58T AS [+ [ AR A ) N TR AR I B2 e AL, AR5 A ZE S LB
Y 33 BeA b AR I 20 DR~ HME i ) S DN B D Bty £5 B 3-PGmix BT RGEENTTE, &
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THERACIA AT, ZE IR T AR R AR N TARAO R 22 B R BE R S BS AR I 5 B S H

1 #RKEF %

1.1 HREXHR

b A7 0T b A AR T T L3 W T 52 A YR B EE UMLK, 42°02'N~42°36'N, 116°51'E~
117°39'E. % X3t b B2k Ll H 5 P9 5ty v SR ek Ay, IR e ELAR AR R . AR 1D B 1) 28 4l I
P, SMERACHFERMERRE R, BARRI : SR N-1.2 C, P s <Rk 33.4 €.
i IR IR E 433 C; FHE L, &F% HiFgentai, EEFumAmEme, EHpKay
460.0 mm, WF5E XN FLERFARITE I FA . S . FIFE Betula platyphylla . =A% Picea asperata 55 .
1.2 HiRWESE
12.1 HHiAEH3E FEHGEEILE 1 ARUFSSREH S BIERE T 2024 459 A, A T3 HA
B, W TR, TEECR R, PEHLZRLRRE | WAk . MR . B M HERAL REMb S RIRL R R 3 300
PR+ hm ™ BRI A [ AR 33 B, R FAA R EREHD 20 B, FEHETR/INH 20 mx30 m, ARl 15~50 a.
Horpr, AL IS HAARE R )£ 3 B, BRI EME (15%~30%)10 B, w4k (>30%~45%)10 B, T[]
&% (>45%)10 B ; B REHBAR A 4R 2 e, 82K (159%~30%)6 $k, hE A4k (>30%~45%)6 $, =
JE 4K (>45%)6 Hk .

TEHURE b Y SRR 10% FIBEALE IbriEA, 2

SR . B AR T A . T R1 FEASETEITR

Table 1 Statistics of stand variables for sample plots

P50, ML ICHERETAE R ACREE, i TREME T
S5 — W BIFRE T 2017 4E , o AR A K R FG 1 WETE e Bom o (Hehm)
RRR S A A7 50 280 e T A 2018 AR AR HISE- 34 42 THE 180 14.8 1385
1550 2 BRI IR R S5 wtpapy 127109 30
122 AMEHHE AR EPEEE T ClimateAP 3.10, BORE 255 19.8 2600
PRIBURE H M X (42°23'~42°27'N, 117°09'~117°21E) 242 27 629
19912024 4E 4K, 4E A B k. 18 PAE 202 11 114
RATAR . HBKR . AWK ES BRARCS: om0 0 00
K R4 54 500 K J5 T NASA Prediction Of Worldwide :Z;_i 222 ljz 2 :ZZ

Energy Resources (POWER), M 1AL ERAS AR M) 3
BRBA B LA e A BRI H 58 .
123 A fAmBrEFHESE AR LDEFME R 2024 4F 55 &K AR 1) GB/T 43648—2024
(FEWFSIARAEY SRR SRRSO NS5, PO XY (GRS 1) FIEE TR A 9 s
R SR VR A FIAR A B L R A= i AR 3 B — e A 25 5 A b SIS SR 53 A N R A o
TR T

Ma = agpD";

Mg = b()Db1 ;

Pnpp =M;—M; 1.
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Hrp, Mo EAYREAGTHE, kes aos ais bos b AEERIZEL, AedbyE I FA I SEUE 5T 50 0.062 3
2.016, 2.403 F1-0.049 8, F&F RIS EE 755K 0.054 6, 2.234, 2.572 F1-0.039 8; DM A M4,
cm; Mg Wi T AEYRAGHE, kg PepfREWIZA7J1, thm?; M. SBAFEAYRE, thm2,
124 A EHEELE KB LY/T 189720224 N RALA E M A T AR ifE ) “Aedbyg s AT
MREBHARBRE” KT IWHUARAIS I PR BRI 1, B RIAE % BN 3 300 k- hm°. ABFFAE 3-
PGmix FER FR AR EAL ARG 5 (5 1.2.1 35 RE M2 IR A4 SE R 1] AR 3 B A AN [R], I Ah A A A
PUNS BB E), B 4 PRI R . REMXT B . ARtk W fmlfk . F R R, 43 %t
BRI EE 0% . 20% . 35% F150%, 23978k NT, LT, MT Fl HT %75 AMRIREE R 2 K,
1 R AR 8 FERIAE 5 265 10 AFEEA T, 26 2 WRIERr A EE B4 1 R[4 5 AT 10 a 2 P& L. 6 FhAb A&
39k LTS, MTS, HTS, LT10, MT10, HT10(FHEFRR BRI, BrRmss 2 IIRIE A 1 k(A
HRAIAEED)
1.3 3-PGmix 15!

3-PGmix 158 JE: fy 3-PG A58 A0F — 25 et A 20 Y, JEF H 1] RUEE AR 2 4 ) RUBE 119 24 K ol R A
CI D O S T Dl o A e B g TV 8 G T O T R T TANGEY B R 1 1 1 7 o P e N LA B
T A, EMIEE RS, BT SO R o A A R L B A A e 0 B AR AR TR A AR S
MR T BE, S0t ESEE.
13,1 BEA LM HAISEOLEE 2, FEELUT 3 AR B SR B s LA T RR 1 R
FH I FERE T AR R SO U R 2850, Bl AR 7 A5 2 A RO R AE M S4B S BN E .
+HEAR F1 45 9% (fertility rating, FR) 1% 3-PGmix #5250 () SCHEAR i, R SUBEDI A9 7341, FI LA
-1 v AL AR IS Y 7 MR EK (site index, SI), FESZAEHL ST SARr BB Z MM RECCR, B
57 FR 5 ST f R 2
132 BREH RH S Prac R, KA SIS A IS REALII 430 5 41, DLH A 4 GIAE DR RIRS I A
A, KT VHENBUEREA, B SE Y M AE . 3R s . A AR R 7 ) SRR
(ELHEAT X EOAS B0 o A 76 0 00 5 A0 e S DU A R A 5 B LU A0 BT, ORI (R 34X i 22
(MAE)., “F¥HXTR2 (MRE), ¥ R1Z2 (RMSE) FIAHXT ) AR 1A 2 (RRMSE), DAL IFAG ARG 1,

2 ERG50H

2.1 HEEERE

H12¢ 3 AIAT: 3-PGmix BB AL i FA FIRE 4 45 bR 50 DRl F- B HOURE B 2488 i o AR LT A 45 A
T R BUEIEHE N 0.91~0.99, MRE A#ijd 19.9%, RRMSE AN#id 12.1%; #3544 A 7 R? BUE T
il M 0.84~0.99, MRE Aif#id 7.0%, RRMSE At 14.2%., i, 2 4SR0S fi £ f A 006 B e
B E S B6F R? Y3k 0.99, RRMSE ¥ A#E it 1.5%; XM i R* BUETE N 0.91~0.98, RRMSE A3
it 13.2%; Y0 R BUETEE M 0.96~0.99, RRMSE At 14.2%; 0094 7= J1 09 R BUH 16 Bl Ky
0.84~0.93, MRE NHiit 19.9% . RAERS B S R ibks B SR 2k, RIS R 3-PGmix BRI S5k
RHEBRIFHZILEE S, v T ZE M X AL 75 A AR - Fis A TR 1 i AR A B AL
2.2 [EMENEFMMELEMHRATEFRATIREDEHIRN

M1 4 Hnl e 2 AR A D A AS R T AR A R (R I A EfE 22 57, ELY DR B AR 4h B 1 A 40 e fe R(E
ey, EERK 10 a RIFRAFERAL . S5ARMBRAIEA L, 45 R RAL R A e A0 7 1A A ) f KA AR
1.449%~6.89% , FiFHAREAK 0.329%~9.64%

M 1 AT 2 AR A ) i B AR () AR LA A I AR — B, SR AR I T RR S i, ZE L Ao
FRS PRI B RRC i AE BRI B S R 2% . [ AR AR AR W i A A I P 8 2 R R, L AR
MK TRIBE R R, AR RO . SR, SRR S, AN IRNE] AL B A ) A ) 2 A W
/N, 60 a A A BRI (1) A 4 f R AB 25 BE T o
2.3 BN EFRDESLZMHRIEFRAN ISR EF= IR0

HI3% 5 AT 2 ASREFD NPP ZE R [Rl [ AR Aab BRI A AE 7 22 5%, 7F 60 a BTN, 45 A3 v DLUER B2 (]
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Table 2 Parameters of 3-PGmix model of L. gmelinii var. principis-rupprechtii and P. sylvestris var. mongolica plantations
T H ZHL i LR AELTENT FEFH K
4R 2 emit - B P2 - 0.683 0.7 [17]; F
U7 K20 cmbt BT R P20 - 0.146 0.198 F; F
T 5 e B R H AL as - 0.063 0.0604 F; F
Rk KRR
T S MR n e 5 ns - 2.507 2.469 F; F
NPP 43t IR B K L A1) Ry - 0.6 0.6 F; F
NPP4C IR ) /] L A5 TR, - 0.25 0.25 F; F
TR R % YFx A7 0.065 0.0295 F; F
AARHR A OFS) - 3 2R YFo A 0.001 0.001 D; D
I 7 TR 1 2B Rl L A 24 48 1715 [15
T 3 A1_ & v ; [17]; [15]
H B R 5% YR A 0.015 0.015 D; D
KA fLp A 5 0 [17]5 [15]
i A L H 10 0 [17]; [15]
AR IRARTE R Trmin C -5 -5 [17]; [15]
TR KR TR Topt C 16 15 [17]; [15]
AR R Tmax C 38 35 [17]; [15]
buNita ! T Kb tx a 160 160 [17]; [15]
W3 He AR o) m’* kg™ 7.986 429 [17]; [15]
[EAL NG e YN AN TY ol m’ kg™ 5 429 [17]; [15]
Fent IR IR (SLAG+SLA, )/ 2 ki ls a 5 5 D; D
H P J I e Z T ROR ac, mol-mol ! 0.056 0.04 F; F
AR LR ay - 2.869 5 0333 8 F; F
Wi MEAEZE R e R P R AL nyB - 0.569 8 1.2533 F; F
SEPTEZER R R P B RR AL nHC - 0 0 F; F
MR T ay - 7.27x107° 7.57%x107° F; F
g BRAEM R R P R 5 nvs - 1.800 4 1.8722 F; F
P TR RLOC R T I TR 2L nvH - 0.992 5 0.8829 F; F

LR RS A SRS S BN R ALTE A IR TAA RIS EORIE; F it 5S0Z4L, D WRIAEASHL

“=7 FRTHL

F3 RETHER
Table 3 Results of model evaluation
MHERE BE BHIERE
Pl RIERS e PR Wi dgCER P VIR EWIRY SRISE
1&/cm i /m (t-hm?) (t*hm?) 1&/cm i /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
ek 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 0.91 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 0.31 0.71 5.29 0.26 0.13 0.80 2.25 0.33
FEFH MRE/% 1.20 4.50 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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&, BAHFEE 5 S T K E FRA B A NPP = T a8 Table 4 Statistics of simulated biomass in L. principis-rupprechtii and

IK% ALI\IE i Ej 5‘5 I‘ETJ 1 _‘z‘ ﬂ\ i )FH Hﬁ i % I‘ETJ 1 _‘Z ﬂ‘ T ﬁi ’1,42 :“3% Zin;)i/;;e:etg;le\;ar. mongolica plantations under different

A NPP SF-A5{EEE 5 T 5.81%~17.19%, Hi7-# NPP AT P

AR T 2.35%~7.51%: W ek RN RBREC A
P 2 AT ARAE S RS N T AR NPP 754 #3 Ak fH/(tehm?) % {H(ehm?) R%

Oy BEBEARIS I OB T, 29 11 a I IREIIE(E, i NT 252.04 0 259.67 0

J5 BRI B T8 T s TfRaR e R | (I BRRE ] LTS U4 1M 258.83 ~0.32
K, NPP TR FREAYBT A #ME. 7F 11~60 a MTS5 246.00 —2.40 252.71 —2.68
BRI, R NPP LR IGLR T4ty 1T 242.28 87 23316 =94

QB A% )P BETE (RS NPP M E g, o M0 A e 23447 =200
R A, [T AN, AT T AR NPP 0 200 mass 20 el
HT10 234.68 —6.89 234.63 —9.64

TEQ e BRI Be [ R Lt AR T vl ¥, Bl Jm 220 — B
ek IR T ST B, B NGB T [ A AL D — e IR S5l TARE I, ELIAIkaR 2
MR, B TARE T RIS RDREAG , 5 AR b 7 R N AR NPP i ] A3 56 B2 F i 7 4 fE— 2

280 280

_ 240+ AEIRVEMRA 240 F (RN
g 200 | g 200 |
< 160 | =160 |
i i
| 120 120 |
eyl eyl
ﬁ 80 | ﬁ 80 |
=40+ = 40 -

0 : : : : ‘ 0 : : : : ‘

0 10 20 30 40 50 60 0 10 20 30 40 50 60
i /a i /a
— HTI10 MT10 HT5 MT5 LTI0 —NT —LT5

B 1 RE AR AL A B e AN Fo i AN AL ) S AL

Figure 1  Simulated biomass in L. principis-rupprechtii and P. sylvestris var. mongolica plantations under different thinning regimes
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Figure 2 Simulated NPP in L. principis-rupprechtii and P. sylvestris var. mongolica plantations under different thinning regimes
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