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Hili A% ( Picea crassifolia Kom. ) S5 il
DX = P ARAR A R R AR Al PR TR SR KR
KRR BB B, BN b
BT AR AR BAE S RRIE L A A KA S T
AT TR, B, XTFEHE SRR
KA P DA G 0P, R, AR LIS -
gt g, A ARFERIE . ASFESA T AN
BARKAIAE, Mg AR A AR RS TR IR
b A AL RS TR i = F e R SR g N
1. AHESEER MRS A 5 57%

1 BFR KB

AT IR EPIILHS, P A RN 31°36'~
39°19'N, 89°35'~103°04' E, J& T &R Khtith<,
foe, ARIEVTHE, B HidaniE, Hm
4, KPR, F PSR -5.1~9.0C, 4
HIREsK i 15~750 mm, FEIK 53t AR 1) P L%
W DU X P HITE . MR AR, b
REVGIE AL, REBZ 1L, PHHC A& %L
H, WA Z, FERER 3 000 m DI,
FERM B T ek AR JE I RE AR T
N RS, FRAERAGEEA . AGER
¥ (Juniperus przewalskii Kom. ). %4 ( Populus
cathayana Rehd.) . il #& ( Pinus tabuliformis
Carr.) %, £ ZH KA W ( Hippophae
rhamnoides Linn.) . ¥74% ( Caragana korshinskii
Kom.). ##JLJE ( Caragana Fabr.) %,

2 MH5F*

WA S S A

REERALTHEE 3 LA #REL
R [l g AR (AR RE ) o SR A
W ATt s i S B G . IR BTN AR
TERIHA . FEAFRRIE . AR AR T A SRk
oy RIS EARYE IREA . o, RISk oy, e
ANV SlE . BN AT RAE, RUERE Y X
AR S, T 2022 42 7 HREF A2
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FEARIL 72 Bk, Hrp, RINVEEMNE G A2 74 1k

( bE¥e 198k, hi obk, TH 224k, “Fi 24
PR, NTARER TG 42 88k (L3t 29 #k,
i 15 tk, T 28 Bk, FHL16 8k ). TR 1B
FEARM MRS (1.3 m) ALE, HARKHE T
w2 A5 RS, RS REA Ay
Kot , id kAR (DBH) ., BFp . & .
e A5 B

WA S =, R A AR E Ty
Db T T L [ UDRIAT S A A B fd
LinTab 4548 20 B SO B4 48 58 B, 00 45 B oy
0.01 mm, AFFE 4 & A5 I (e 5 — ) |
MR R, X E(E R AETRL 2, 158X
EWE T AR ERK S PR MRS ERK S

( MAI) FifigiziE K& (CAD), Bl Y
5a, FEAFRWZE 1,

WAL, FEBABIRIRARA LI 4 BRAREARIES TR
TR, e T KA DL R A AR S AR
W, LA E MOR AR A= K B R AR A B AR RR o i
BT A B 9 4% Y0 [ o 25.9~34.8 cm, B & Y [l N
69~135a, WEIEHEN 16.1~26.5m, FikHgie
17 B BRSO 21~26 a. R T A%
Br, FilFs 2 AR E K BN B R ERR Y 24 a.
N SR MONE NS ey @) | o7 & o o ) Ry v iR i)
AR
22 MRAZE
221 AREEAES SRR E KU T
NPIBFFERCER . AR PO A TS (Richards ) J7
. 2 (Logistic) FfE. % /RK (Korf)
H R . IR 2% ( Gompert) R A HL 4y F R

( Mitscherlich ) J5 2 5 Fff A A 1< 38 J5 7 X6 iy
A KRS FEB R IM&HITMER, FIH
ForStat 2.2 iR UG AR AL,
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REAARAPESC R, 2K ARL MR A RN AR 1Y
B CLABACE R R 6] ) 4nF
[ Yik = f((pijka Vi) + Ejiy i = 1,00, mij= 1,00, my;
k=1, n;
@i = A + Bi b + By
| &~N(0,0%R)

b,~N(0, D,)
[ b;~N(0, D)
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Table 1 Basic information of samples
PRI LR b FEA R e 55 B iF B
Sample region Origin Slope position Sample size Tree-ring width/mm Period
b3 16 5.25/1.86/0.25 1933—2022
KRR g 3 9.57/1.53/0.21 1927—2022
RILE T 13 3.82/1.72/0.17 1941—2022
3 15 5.65/1.60/0.14 1969—2022
AT
T 13 5.00/1.90/0.28 1969—2022
ok’ 4 14 2.78/0.90/0.13 1747—2022
FE B AT 2k 15 3.22/0.80/0.10 1833—2022
T 15 3.36/1.18/0.21 1824—2022
ok’ 4 3 3.39/1.76/0.16 1947—2022
g 6 5.24/1.90/0.16 1950—2022
RIR
PR T 9 5.54/2.13/0.37 1950—2022
o 24 5.93/1.90/0.21 1941—2022
AL P 16 7.13/3.11/0.49 1965—2022

TE: W SR BER IR N IR R T2/ I RE TR/ R /N B -

Note: Tree-ring width present as maximum tree-ring width/ mean tree-ring width/ minimum tree-ring width.
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LB D S B T REAILASON, AR MR 2 ] ) 22 Stk . R
LB SCIE R B AE by B ATLASN, 2 8801 T 26 -1
T 206/ . Oy 25y 25 FE R Ry 32 B FH T e A B
HIAETE ) A A SRS Dy 22 P2 il PR K
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223 BEARGEH T R AL E SR AT
MAE, RAMIET A POE RE (R?) AR
w2 (RMSE ). R AHEIR Ao THE R
K fEhR, B RRMNTRE (TRE), FHARS
w2 (MSE). VFHWifhiRzE (MPE) ME#H
OYFREIRZE (MPSE ) 4 TR ZEFEAR XA HE 1745
B, RS R ¥k, RMSE. TRE. MSE. MPE
Fl MPSE /N W BUR AR

3 SRS

31 KMIF4KiTiE

DUMROR A= K 21 g w55 7 B %) AF % SR R 46 4F BR
(24 a), 5amiEBr, sSHTAFERE. B EK
THBaEMREERK SR (K1), CAlS
MAI ¥ 2 3 Fr—f—F AR ks, MAI KT
CAl, Hrh, KIRMRN T = A2 el 2R K0 o
29—44 a, CAl 5 MAI¥JTE 040 cm Ll b5 29 a
it CAl 'S5 MAIFHAZ HA B KRAE, 415124 0.509 cm
0.515 cm. A TN = 210 A4 1 1E 29—
39 a, CAl5 MAIYJRT 040 cm, 34 aff CAl
5 MAI G & RME, 43510 0473 cm, 0.434 cm;
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Individual-tree DBH growth for Picea crassifolia at different origins and slope positions
CAl 5 MAI T BRZ I MZE s, MAITE 39 a il K, 7E 244 a I35 2 ~I4(H 0.302 cm,

WA, CAITER i 164—259 a i 3 4% KIRMA R AL h, 8= 21 LB
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CAl 5 MAI £ 29—84 a ¥+ 0.35 cm L) 1%
i, MAERKEEA, JFH B2 MHEE S 82a
ZJa CAIEREE T fEhIEmME G2 H AR
29—49 a, Mt CAl 5 MAITE 29—39 a¥J kKT
0.50 cm, 29—94 a Z [y ahigEde Kk, HEL 3 ik
A 75 FYE B AZH CAlY MAIZELF
2%, BN 29—64 a, 24—104 a Z[a] W H
P 3 AL . I E I =42 CAlYS MAI %
TR, BUEWN 29—54 a, Hi CAI'S MAI1E
29—44 a #J7£ 0.50 cm L) |

NTHARBEA, FiEsi MAIS CAlZ
WML . 16 LI RHE G =12 CAlYS MAI JERE T
Ak, AR 29—39 a, CAI5 MAIY
7F 0.35 cm L) |; 229—289 a i CAl 1y 5 i
JEB K. R R E o2 CAIS MAI AL

2%, (HMEH/NT 0.30 cm, 78 FIIH =12
CAl 5 MAIZAE T e 22748 4k sAE T 29—
39 a; CAlE#hREER K, 159—204 a il il CAl
FeTtHERE . TR o A2 R BUETHE AL
e, HATE 29—54 a, HII 1 ANHHAS

3.2 MIF4AKERMNHESENR

321 MBAEKBAGIA LSRN R 5 R4
KA A AR AR & 1 o A2 oK i Ko 5 4
R ML, BMARIASURRL (£2, B2),
FARMRBA A KA AL Th |, Gompertz 158U 19145 2%
WEMEL, RPH0.915; X T AT AHk, Korf#
R A RO, R? 4 0.946, 2 PMERIE) TRE
TE 1% LA, MSETE + 2% LI, MPE 7
3% LAY, MPSE £ 35% LMY

® 2 AREERRMKBARBEEERKERESERITNIER
Table 2 The parameter estimates and evaluation indices of optimal individual-tree
DBH growth models at different origins

ZH Tifi{E Parameter estimates

¥4 #5475 Evaluation indices

U5 F
Origi Model
e ode a b ¢ R®  RMSE TRE% MSE/% MPE/%  MPSE/%
K4k Natural ~ Gompertz 24.25 2.8888 0.056 3 0.915 2.32 -0.09 -0.10 2.39 29.72
AT Planted Korf 228.75 6.374 4 0.202 6 0.946 1.81 0.48 1.22 1.92 34.76

40r KR Natural 40r AT. Planted

35 | 35
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S 301 S 30t
c c T ;
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o 25 o 25| i
8 2 ol
& 20[ @& 20f Richard
a a Icharas
3& 15 F i“ 15 F = == Logistic
H H — - =Korf
& 1ot £ 10t
= g = . + Gompertz

5F 5 *£F*  aaesans Mitscherlich
b
N . . . . o ; . . C  DING QI_SZL
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W% Agela

B2 AERELAREEERKISHEITLE
Fig. 2 The fitting curves for Individual-tree DBH growth models at different origins

AN IS 77 18 25 A2 B A A B R ) 4045 25
RN 3. B 3~4 Fron . LA A2 BRI
A R AU ROR S (e B9 R B JE: Richards #E7Y
Hi i e B KB RLE: Logistic #5378, R YAl

AR AR E Gompertz iR, P4 H) e A KA
J& Korf #5784 , L R? 435124 0.982, 0.915. 0.913,
0.996, TRE #l MSE 1t + 2% VLN, MPE 1t 6%
TN, MPSE JGH51E 35% iR, A THAR
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Table 3 The parameter estimates and evaluation indices of optimal individual-tree DBH growth
models at different slope positions

L

R, H R4 0.940. 0.973., 0.980. 0.955,

TRE 1 MSE T£ + 2% LN, MPETE 5% o,

Z KMk Parameter estimates

#6545 Evaluation indices

HEYH i R
Origin Slope position Model
el el b ¢ R® RMSE TRE/% MSE/% MPE/% MPSE/%
3% Upper slope Richards 56.54 1.018 5 0.008 3 0982 1.18 0.19 -0.10 4.12 26.84
3 Middle slope Logistic 20.28 8.330 2 0.108 6 0915 1.84 1.16 0.56 5.76 27.12
K4 Natural
T3 Lower slope Gompertz 24.07 3.104 2 0.054 8 0913 243 0.51 0.32 5.09 35.28
P Flat slope Korf 938.03 7.604 9 0.1795 0.996 0.48 0.58 0.31 3.75 23.19
L3 Upper slope Korf 3020.36 8.3858 0.104 4 0940 1.88 1.18 1.95 2.85 33.90
13 Middle slope Richards 27.40 0.957 6 0.008 6 0973 1.05 0.29 0.34 2.90 25.05
AT Planted
3 Lower slope Korf 15 768.94 104707 0.103 6 0.980 1.51 0.90 1.72 2.55 28.41
“F3 Flat slope Logistic 16.42 17.207 7 0.2335 0955 1.18 -0.41 -0.28 4.40 19.90
40r 3% Upper slope 40r il Middle slope
35 35|
§ 30 - 7. E 30 -
c y c
[ [9)
§ 251 § 25t
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I 20| T 20
o o
i | i I
o 1 o 15
H H
€ 10t ¢ 10f
5t 5L
0 -" 1 1 1 J O 1 1 1 J
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5 5]
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= 2
Z 20 I 20
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i L iz L Ici
< 15 v 15 o
H 1 == == |ogistic
XH L XH L
g 10 5 10 — . —Korf
5t 5 = .+ + Gompertz
0 — . . . . o s »//. . .. -I- . Mits?herlich .
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B3 AREEMABTERZRAMEKRKFZERMEGHEITL
Fig. 3 The fitting curves for Individual-tree DBH growth model for Picea crassifolia

natural forests at different slope positions
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Fig. 4 The fitting curves for Individual-tree DBH growth model for Picea crassifolia
plantations at different slope positions

MPSE 1 35% J5[E M .
3.2.2 RAZ BB IMASEN RIEE KR

R G 25 R, A5 50 5 LA Gompertz 5 4 |
Korf #5AU 1 Logistic B AIVE R FERIAEAL, R4
B, TESLRARR 2 BEGRUR | B TR A RN
XA AN RIS G TR G R, 45 560
R ) e AR 25 SR L 4 R mT A, IRA R
RERY (RS B 2% SRR T IR, 25 SR TR A4
FE TERAIR A RUR . Gompertz 5% | Korf
BRI | Logistic 5% %1 /) i L B ML S 5041 & 43 01 8
(@. ¢). (b). (b. ¢)o LA Korf #7I A FLAHAE R )R,
AR EA B/ MY AIC . BIC R K4 LogLik,
R 2 Korf #5787 % 18 55 5 22 sR A0S B o R IR sl
R, VERELA S5 HIK A Gompertz #i%! (AIC =
12700.520, BIC=12757.610, LogLik=—-6340.259 ),
FEATH T ZERIE . 2 4 v, 3 RSy 2= Rk

PIRBUGE R LA RO . o, SR R TR
B RN R LA S R et AIC 12 394.490,
BIC J 12 457.300, LogLik }1-6 186.247,

T A MR A K SRR FNR & SN A AL
B H LA A R NE 5 s, WEHATLUE
R AUTR G RBON R BT AR AR R,
R? >} 0.702, ILRIBAMES T 32.7%; RMSE )
414, BRI TR T 20.8%., 38 UHIER:
K aE R B oR, RA RN B R e AR A L 3k
R YRRV TRE. MSE. MPE. MPSE
I RENE 4351 h 89.3% . 83.5%. 20.6%. 15.1%.
3.2.3 AR TN IR A X 1 A2
BAERKBIGIWE 5. mEPTLEL, s
A K R B T O, o SRR LA
TR B AR B AR AR KA I . RARPRAE {4 |
TR HR MR B R R AR PR B A BRORGE A A K
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Table 4 Fitting results of mixed-effect model
izt RE RN ZHL FIT 2R .
Model Mixed-effects parameters Heteroscedasticity function AlC Bic et
Logistic ¥ ¥ 13 742.680 13 765.520 -6 867.341
b. ¢ o 12 798.950 12 856.050 -6 389.477
& & 13 657.260 13 680.090 -6 824.628
Korf X
b ¥ 12675.170 12 709.420 -6 331.584
¥ o 13 709.540 13 732.380 -6 850.770
& 12 700.520 12757.610 -6 340.259
Gompertz BN R AL 12 396.490 12 465.000 -6 186.246
a. c
A 12 394.490 12 457.300 -6 186.247
iR (R NSk

* 5 EMBEATRSUEERANSHMEITRINEGSHITE
Table 5 Parameter estimation and Goodness-of-fit of
based model and mixed effect model

gE| ZH e n ] TR RS RY
ltems  Parameter Based model Mixed effect model

a 20.24 (p<0.000 1)  23.45 (p<0.000 1)

& 7€ 245 b 2.194 4 (p<0.000 1) 2.558 4 (p<0.000 1)
c 0.044 8 (p<0.000 1) 0.046 7 (p<0.000 1)
FITER R 0.550 1
R? 0.529 0.702
MESITE
RMSE 5.23 4.14
TREI% -0.28 0.03
MSE/% -1.82 -0.30
Lot
MPE[% 5.33 4.23
MPSE/% 34.79 29.54

CAI I RGN, F¥ A K MALBAE T 1%
RIRMR 3 5 Y BR CAIFI MAL Y 2 IR5 A
TR BT ANTHE, AN TAHEEAR CAl
1 MAI Y845 T
4 i

MR E, B s 2ERKA SN EE
(24 @), FAAMFRA: K B Bl A 038 0 i 12 7
o (E 1), HadhKEE, Wik 20ak
A RIMRAR E 2 1.4 mP240, SRR BEK . b &8
T 258 2 12 s DXOMRA A= K B B Al DRI 2R 2527 Bt b A
ARG, MOARAERLEMR ST T REAE AR v ]
FHBRIRAR L FR WA SRR, A ARATE
JEME K, RREFRER L, KRR ES
AR IS 29—44 a PREEAHD 4 R i SR g2 AR K

1, CAIFI MAIYHE 0.40 cm VL |, AT ARG
Frem a4 (29—39 a); Bfif5 CAIFI MAI /)7
a2 (1), ZEPTAb X O A U5
GEILESN0 2R P oY & BUAR I 1L T s A2 M
BEAE A K E e 7E 40—50 a, FHAEK R
W HI7E 90—110 a. 4% CIHCY 5 1 = A2 BR
AR B B RO AR AR K ERAE 40 a i, B RF
AR IR 70 a BF, 73525 0.30 cm, 0.22 cm,
AR T, MR R EA 2R (B1),
BeAv b A2 57 S BRI AR AN K Ay 5T
HrP RS BE 5 e A7 R SR A MOR A K BT T O 7
gy, HETAR SEARAR () 42 1) AR BT R /R 402
e RO ) ISR S R, RREMLAE A
R A WA .

FRB A KRR LA 45 R B, ARASR
JEJ FMAE KPR EA A RIS K R, H
R EERNSIEAEARKRME (BT
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Diameter Growth Models of Picea crassifolia from Different
Habitats in Qinghai Province

MA Hao', CHEN Ke-yi*, XU Gan-jun', DANG Yu-jie', HE You-jun?, WANG Jian-jun®

(1. Survey & Planning Institute of National Forestry and Grassland Administration, Xian 710048, Shanxi, China; 2. Research
Institute of Forestry Policy and Information, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [Objective] The growth regularity and diameter at breast height (DBH) growth model of Picea
crassifolia from different habitats were studied, which will provide empirical models and reference basis for
forest protection and management. [Method] Base on the tree-ring data of Picea crassifolia in Qinghai
province, the increment of tree DBH was used to analyze tree growth in different habitats. Then, five kinds
of individual-tree growth models were constructed, and compared according to the model goodness of fit
andindexes. Finally, origin and slope position effects were considered to develop mixed effects models,
and the evaluation indices of different models were used. [Result] When trees grew to breast height, the
increment of individual trees decreased with age and then changed gently. The fast-growing period of
Picea crassifolia natural forests and plantations was 29—44 a and 29—39 a, respectively. The current an-
nual increment of DBH (CA/) and mean annual increment of DBH (MA/) of natural Picea crassifolia were
above 0.40 cm. CA/ and MAI of of natural forests changed slowly, while the trees growth of plantations had
relatively large variation ranges. The trend of DBH increment of Picea crassifolia were different among four
slope positions. The results of optimal individual-tree growth models developed along different habitats
showed that the determination coefficients (R?) were above 0.913, the total relative error (TRE) and the av-
erage system error (MSE) were within £+ 2%, the average prediction errors (MPE) were less than 5%
mostly, and the average percentage standard errors (MPSE) were less than 35%. Based on the Gompertz
model, the R? of mixed effects model was 0.702, the TRE, MSE, MPE and MPSE of mixed effect model
were 0.03%, —0.30%, 4.23% and 29.54%, respectively, decreased by 89.3%, 83.5%, 20.6% and 15.1%
compared with that of based model. [Conclusion] The growth patterns of Picea crassifolia are different un-
der different habitats. The Picea crassifolia of natural forests have a longer vigorous growing period than
that plantations. The mixed effect model of individual-tree growth of DBH considering the different habitats,
can be used to estimate the changes of DBH for Picea crassifolia in Qinghai province.

Keywords: diameter increment; growth regularity; individual-tree growth model; mixed effect model;
Qinghai Province
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