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Influence of topography and competitive factors on the relationship between DBH

and age of Korean pine
YANG Huibin, GUO Qingxi”
Center for Ecological Research , Northeast Forestry University ,Harbin 150040, China

Abstract: The ability to accurately age a forest has always been an important component of forest ecology research.
Traditionally, the diameter of a tree at breast height (DBH) has been used to estimate tree age and subsequently identify
the age structure of a forest. Unfortunately, the DBH index is not an accurate estimator of tree age for natural Korean pines
( Pinus koraiensis) because of the complexity of spatial distribution and different developmental stages of this species.
Previous studies have examined the relationship between DBH and age of natural Korean pines using a simple regression
analysis. In our study, the wood data of 156 mature Korean pines in the Lesser Khingan Mountains of the Heilongjiang
province was collected to analyze the relationship between DBH and age of Korean pine, as well as the influences of
topographic and competition factors. In our wood data analysis, we preformed simple regression matching with an exponential
model to better suit the biological significance and distributional characteristics of age for natural Korean pines. In addition,
we adopted the widely used Hegyi simple competition index ( CI) and improved Basal-Area-in-Larger Trees ( WBAL) as
competition indexes. We imported the competition indexes into the ( DBH-age) regression equation and analyzed them by
different slopes and slope positions using multiple regression analysis to understand how topography and competitive factors
influence the relationship between DBH and age of natural Korean pines. Our results showed that the Pearson correlation
coefficient of DBH and age was 0.562, and for our wood data collected and analyzed, the linear correlation between the
DBH and age was not high. When we fit our wood data with exponential models the determination coefficient R” was only 0.

507. However, when we imported the competition indexes for multiple regression analysis, the adjusted determination
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coefficient of the regression model increased to 0.542; when we imported the WBAL index, the fitting effect of DBH-age
improved to 0.583. We conducted fitting analysis using different slopes and slope positions and found that natural Korean
pines in the middle slope and southward slopes showed the best fitting effects between the DBH and age. However, after
importing the competition factors, we significantly improved our precision in estimating age, especially with pines in the
northward and westward slopes. For example, afterWBAL was imported, the determination coefficient for DBH and age
increased by 0.355 and 0.269, respectively. Our study found that altitude, slope, aspect, and competition factors could all
influence the relationship between DBH and age of natural Korean pines. Among them the aspect and slope position had the
strongest influence; however, the competition factors showed limited influence, depending on topography. However, the
underlying mechanism of effects of topography and competitive factors on the relationship between DBH and age of Korean
pine is complicated. This article has only carried on the preliminary exploration. More investigations should be conducted in

the future to further improve fitness of the relationship between DBH and age of Korean pine.
Key Words: DBH; forest age; competition factors; topographic factors; Korean pine

Mo BAF IR A5 S — R AR AR PSR T BN 22— o B RO S aod o R 7 R ) S
L2 ZIAR (Pinus koraiensis ) VE AR AL AR TR bt 1 TOURR AR ¢ -l i £ AA AR PR S RRE A, 17 i LA R 25 g X 10
FEHAE AL T A R PRI AE JE S AEHFPLE] , 7T & B 208 7 38, DL R m koA 7 00 46 0 — 8
(9 SEBRTES  ELR ph T2 8 43 A S AR A T B A 5 5 1 SR | R R T RS A AE % (1 00 5 i BEAR R R 4%
Ty o R R DR MX A% (9 8 R — BER T IR N 7 12 . VR 2P R WO 1) B A K S A B TE AN
o AT — S (AR AR 0T S o g TR I AR i [T H DG AR B A R A T s, ROR AR R TR
H, AE 20 42 80 4FAR, AR Teak T PhE A SRR IR AR DX ZIAA AT AR , X LDRA AR R A K AR
DA RS R R B BOIRESAE T RGBT, Al — B9, B0 R LT 60570 R N T LD RARAR AT A 22 5 1
T 45 A K I BCA R SIEARSRE TLUA AR S AR IS G R B e 4 shfE K L X OF B I8 T 524
DAl FELTRA AR AR DG R e 1) AR A2 0 AR % (¥ A EL DG R BT, 2 SR DR 7 1 R T
] B — DT A GET AR (i TR E LIRS , 125 o0 (AR T7 T BT 53R A, 2508 b T 200 /M2
Ao IEATERIBITFE IS S A SR ol LA I AR AR SRR, AR A e — I 25 57 SR BR T A
I A WA R A PROA ] PRI AR PRIE R FRUMROAR (1 R X 2 TR 7 8 A R AH L 22 ) A B B A R R (LR
XLEFZME PUZR 0 1 AT+ 0B, S = 2 R 1 i e I A T AR SO P AR R TN IR Y
PIETE 100a LI ) B ZIARARAT AR ERT 234 , R A A B dha b 210 A2 4 9 7 i 2% 1 L K] LA 3 A
AR B TRV S8 4 IR S5 A S D 1 X6 Ji A2 15 A4 e 22 ) 5 28 RS2 T, S ] I 2 A PR AT 1 45 1) 1O BF 5 4 11 B
2%,

1 WREHER

AN BRI VT AR AR AL, R K 29 7F 46°28'—49°21'N, 127°42'—130°14'E Z [i], Z X A
At KR R DX, PUZor B, et A 1 A SR -20—-25°C, e {IR iR S T3k -40°C , Jedh H 7 H P8
R 19—21C A e T I8 31°C it i N 35°C , 4P 2l - 1—1°C ;4R FUK i 500—700
mm ; TSR SRS ARIE . /NI TE i A XA L TR B RER SR X S A i AR b DX i A By
PERE B R LT RN AR AT R 2D, B TR E MR Z — A T & MBS MR, AR ERER, KA
TR A , FEARMS Fp 3= ELALFE LT ( Pinus koraiensis) . =915 ( Tilia amurensis) . W{Aﬁ{‘( Betula costata) . ] HE
( Betula platyphylla) S22 ( Abies nephrolepis) 2435 M ¥ ( Larix gmelini) \5¢ 1k ( Quercus mongolica) (40t
¥y ( Ulmus laciniata) L% 7542 ( Picea koraiensis) 1§ 742 ( Picea jezoensis) 7K WMl ( Fraxinus mandshurica) ¥
5 ( Phellodendron amurense ) . & Bk #k ( Juglans mandshurica ) | 6 K W ( Acer mono) F1 K & # ( Populus

http ; //www.ecologica.cn



20 4] /LS S Y | RS B S O FAR N R ERS R o S N A 3
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Table 1 Review of the state of analysis wood and adjacent wood

o fRPT A Analysis wood a4+ A Competitive wood R T NES R ee % N R i

I: dex AR M4z o= SERL Wiz s Distance statistics of analysis
Age DBH Height Age DBH Height wood and Competitive wood

5 KA{E Maximum value 296 66 31.6 300 81.3 29 8.0

H/IMHE Minimum value 100 3.0 3.13 12.0 6.0 4.0 0.5

{8 mean value 160 37.9 23.1 90 27.88 18 4.7
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Table 2 Equation for the relationship between the DBH and age of analysis wood for Korean pines

b REALAA FR EIEp¥ EIE R
No. Model name Regression equation Adjusted R?
1 2y InA = 1.834 + 0.884InD 0.473
4 FREE R InA = 2.47801950P 0.507
A KA D i

IR 2215 v T P S A g AT AR K8l A 25 ) AR B2 W) 1 B A 4 % (] U9 5 R AU RICR 2 ELandiF 5 st
X RAILAH2EZY | AL ARSI AR 22 1.7°C, AT RE S X LA AR AR O AR P AR 50 . FRAT TPk A0 35 M A KK
i (HT 63 ) PR HLIX TUE MOl Ry 3 HA AT AR BEAT B A2 5 47 i (ORI SE R B 4 qUl 5, HAS
RUEBRAUS B DR E R EUA 0,402, Ul RIVEIHBR 1T 46 AR AN, ZEAR Mg 24710 22 18] A 005 2808 A
IHEAFRNAE,
3.2 ST TR LOARN AR AR G R A

MOARTE AR G A v 22 32 3 b A Bl M R] 58 S B RE A, XA T S TN A L 2 A I A ol i 222 R e
BEAFIY 1978 52 R BT Sa I T 9 S R FTE R, S8 e 5 RS W2 22 Sl ) 32 28 PR3, HE T A SR 5 4 DX -5
B G A R SR B AR i B ARG BE ) PR AR IR 52 43 K €T WBAL 55 58 4418 b Ao 424 i
[ U= 5 R, R S S A S LA A S AR I SC RS2, LA DN AR i, A AR 5 4 IR 70 F AR 4, >R A
Z U AR AT AR I O T (35 3) .
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Table 3 Model parameters and fitting statistics

¥ No. ElEpg: Regression equation & IE R? Adjusted R?
1 InA = 1.132 + 1.011IlnD + 0.184CL 0.542
2 InA = 1.704 + 0.899InD + 1.134WBAL 0.583

M 3 TTLLE N [E] A 58 S H8An X 2T A B AR A 08 [ D6 R P52 AN [E Y, 5L ATRIFRSE 488 CT1 2
J& , IR IR AR08 TE o R BU NN 0.542; 51 A WBAL F8 bR il 45 5 0] (i i 42 -AF I8 3005 ROR A BTl k5 3|
0.583, (H 23X Fh ekt a8 R o R ARA BR A, AT MR B2 2 i LA A5 B, 28 /0% T T 48 48 i B A 8308 2 XA
DA LG i — 25 R At DR ) s e S o3 e B Y
3.3 HUE XL AR 5 AR 5C 2R i 52 I

TETT P ASY Z2 oe gt A BI R IERE b F—20 A S B MR SE OB R ¥, S5 SRR S5k N+
ISR, UL BT T T AR B R AEATT R, B SRR I s R A SCHRRE B 1) 5 8 A5 PR3 )
TMCARR A2 , 4k ST AR R .
3.3.1  BEIXTLIAA AR AR 5C R 15

ST SSCHRT K 00— 180° Y1 Rl P A4 LU 3 22 SR AR 38 1] 5 90°—270° A R 3% [ 5 180°—360° 4 1l
W) 5270°—90° A ACIE 1], 25wl Z MAFAE—E N E S,
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Table 4 The optimal fitting equation to the DBH and age at each slope

s i) AR YUYy BIE R?
No. aspect Sample number Regression equation Adjusted R?
1 & 34 InA = 3.26e% 1210 0.214
2 3] 76 InA = 2.331e121M0 0.59%4
3 [} 53 InA = 2.866¢%850m) 0.273
4 it 46 InA = 3.65¢%08m0 0.110

G 90 P28 A3 i ) B A ST M AR S A R S AP R AR IR HEEIRAE Z IR I ZTT AT R (R 5) IS K 4
HRRHS I35 1) P4 B0 AT [ D51 5 e S 28 A LA

HIZE 5 TR, SR AR S 1) B e S 0 7 A, S A T S5 7 i B BB, U TS 20 T ZR B Y 2L i
B FE LA A1 5 28 P e A 5 4 DR R 472 B 0 v UL DU B0 ok, 7E g3, 2R T3 4 il
FE-AFIR S AR LR R (FEEOREAY) B4R (R =0.594) , A WBAL S5 4R 46 B 1 01 )3 05 82, A& 800 A
JIrEE (IBIE R =0.673) o TR A GE S8 b 2 J5 0 4 i 111V 7 R0 5 00 BE e W 8 ) AL 35 P 33
BIAnA WBAL $&45 , 98 R HE R T 0.355 M10.269, 1k BH 35 4 PR 1% b 3 5 78 e 1) 2 A fif A A B 422 -
RIS R R A BRI,

R5 BEEESTEMEIEAGE

Table 5 Multiple linear regression equation at each slope

b Beim) AL 552 1BIE R?
No. aspect Sample number Regression equation Adjusted R?
1 xR 34 InA=0.618InD+2.830 0.187
2 &) 76 InA=1.176+1.044InD+0.190CT 0.588
InA=1.617+0.913InD+1.350WBAL 0.648
InA=0.948InD+1.578 WBAL+0.001 ALT 0.673
3 [ 53 A=4.421D+59.012C1-19.309 0.523
A=3.382D+265.318WBAL+13.692 0.542
4 it 46 A=23.777+3.208D+36.222CI 0.337
A=31.876+2.888D+253.629WBAL 0.465

3.3.2  BEAUXTLLAN B AR A OC 2R B R
M 6 TTLLE W 434 T iR 3 457 O 20 R iy AR B A2 AR 8 [l  f B IE RBGRE] 1 0.717, 1 B35
T LA RO B 2%
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Table 6 The optimal fitting equation to the DBH and age at each slope

b Yed FEAKL A AY = 7 BIE R?
No. Position of slope Sample number Model type Regression equation Adjusted R?
1 s 39 FREA Y InA = 3.141>1B3100 0.214
2 L3 69 Fe R AL InA = 2.183¢%%1M0 0.717
3 T 48 B AR A InA = 3.202¢" %0 0.183
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TER AL, R CT 5 WBAL a4 A8 bn 4 [ 75 fe , HAS L EERRAT 2] 1 2lcst , P LR WBAL 54519
ROR I —28 | e I WBAL SR IN 52 5, A J5 BB IE T E REGAE] T 0.788 , JE UGS R i
UFE—205 R . AN WBAL X eisg & 3 (o7 i Ji A2 - A7 % 1] U5 D7 A AR B o W, 3t 5 T 33 07 19 £ A i
PR B AR AR A 32 31 58 4 IR T RS2 IR B K
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Table 7 Multiple linear regression equation at each slope

75 et FEARL mIEpy BIE R?
No. Position of slope Sample number Regression equation Adjusted R?
1 - 39 InA=0.75InD+0.163CI+2.283 0.261
InA=0.698InD+0.765WBAL+2.473 0.264
2 ER 69 InA=1.136InD+1.310CI+0.878 0.732
InA=0.990InD+1.310WBAL+1.37 0.775
InA=1.011InD+1.173WBAL+0.001 ALT+1.028 0.788
3 iy 48 InA =0.794InD+0.251CI+2.073 0.297
InA=0.727InD+1.238WBAL+2.312 0.345

AR SN 3 T R ) -5 R 3 A7 A AT A 2 ke, 33 39 Bk, I A A A % [ 091 5 R L A e R
TUUA AR AR A, Jr RN Ind = 2115620 JeiE ZREGAF 0.809 , 7 — P HE ST AR S A2 SE4H e bn SR |
MRS Z R Z o0 FE (K 8) o A5 SRR WK WBAL MR AR S X AR IS LA R ek s it — 5 A
MR N1 B IEPE REER S E] T 0.858,

®8 BEAFFEMASITEIFAE

Table 8 Miltiple regression equation for the middle slope in south—facing direction

s [EYEpEE BIE R?
No. Regression equation Adjusted R2
1 InA=1.009InD+1.137WBAL+1.297 0.842
2 InA=1.028InD+1.324WBAL+0.001 ALT+0.923 0.858

4 Z5iie

ML MR R R R Z MR, b & AR R BIAROR 58 4 45 45 # 2 2l A 1R =22 18] 22
5, SRR O R A, 3N I A2 DB A 0% (%) FRIXE AR SR FH T 48 2 1) /N % 22 U 2 s figt B AR 9%
BE XS M AL LA AR B AR A O R IR RAE TP BT, B X 48 48 i 2 3 AR A ARG T LI A2 5 4F 1
PRI A 2k, 25 R RN S AR A i B IBO B i3 T, DA BB R AT 406, Hoe i R HAf
0.507, fZ BHINA , LERAMR FPMROR AR AR A% 1) A5 K 32 JHL ) BBl LA RO 1) 258 [B) 56 4 s e & BRI, X R AR A7 2
[F1] 5 4 Xo PRAC A= K B S i A A R A AT AT el PR 2 A (EJRAE B ASE B IR T , I A R BT B AR ARE
R B w2 %o A4 1) RIS B, A5 SR FH B AL ) AR IR T AR 8 A ( WBAL ) L 7 B 5w 48 50 ( €T ) T 4 b A
BT a4 AR ZE SR N TS LTAR A 1 AT R I AR IR AE 100a LU, AROR E 3R BB RS
INE LR /N LIS LIRN AR KR53 R 4 AN B, 1E 90a LLR A A Az K 2218 B B, 100—130a g 28+ i i3 [y
B TE DU B, SE A, AR AR B iR ARG BT B A LE A E BT AR AR A IS ERTE 100a L)L, 9
RHATHRT 20 em, 2 B0 50 e NOZE BN . DA IF5E R, 2B /NT 25 em B, BT 7R 32 19 3%
GFETTKR  HE KT 25 em VUG, SEFFECEA K, IR AER R KR
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