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1.1 ARXER

WFFE DAL TN S 2 v A i B R ARl )
HAbRILAZW P, X A FE AT KRl 2
AR, RARRBEEE, SmH 593670
hm?, R RN 78.97%, T EWFA TR
H #E (Betula
platyphylla Suk.) Fl 1li 4% (Populus davidiana var.
davidiana f. pendula (Skv.) C. Wang et tung) %
12 HigESEAE

2018 4F 7 1, R JUAS AU I [H)vE , 16 Kbe
THEWE 122, 22 a1 31 a LECRAATHE G
i 14a, 20 a Fl1 29 a BIRRMAEZS R G BEHLAG BERE
H, WFFEXNTEA R, B TR AR HARIK S,
FEHLR/NA 20 mx20 mo  JCbgilh b A b N g 42
KF>5 em HAW] R JCBEIR I R ST ARBRECK X 73
KOPERRRE , AN IE ST A SRR S ARl T A 5
R EWIET . RAGT AR 2o B k. T4
FAI A 4T (R IRl . B JCReil i |
KBS HRERAR ), AR AT 3
5, 3t 36 Bk, A RLE T A A IR R
P (2018 4F ) A E] AR

A NG FE LT GPS Aad5 . IR . B
JERPE ], XA R =1 em AR A FEY) B AR
R dsms . e, Mgt ER, A%
fErp IR R 2 692 R, HLAPTRALAR 2 319 Bk, A
SR 373 bR, AREESE HAEIE SR, B AR Ab BRI S
B TR RS S A
1.3 Mo EF

F R ARG OB, 15 3144 1 ~F- 35 i 42
(d) . P¥RE (h) o BRECEEE (N) FIRFhZ
B AR A ) 25, B AhZH R M P B — A A i
e T TR o R BT TR AR Y T 20 OB e, RS I T )
LA R eI AR (R 1)
1.4 AEEHEAF

EAEYH T (BRI ) FEAFEMIPRE T
ST LA T HE2EAY

HOIE N T 3 AR R . Bom AR,
36 MREHLAYIE A 782~990 m, b AR B

(Larix gmelinii (Rupr.) Kuzen.).

e A, Wby T RO (<5°)
I %A (5°~14°) , ME AR (15°~
24°) , NV RBEYE (25°~34°) , VR Ay
(35°~44°) , IZ N (=45°) , HpAL
SAFE M2 (R ), HAR KA -1 Sl 22
e Yerm i 0~360°%; 45 i 0-1 Z [\ e, A=
W

P={1—cos[(n/180)- (A —30)]}/2 (1)
s PO e R, A B M, B AL
(EBUNRIVES RS, R4,

SAEHE I ClimateAP Hif2 RS, S g A 148
A FEREE . R REREK . H R R
HF BRI . 3T 30 4R s fne IR A, THRIS
B 6 % A4 B ] 2 2016 45 1 18] (14 7 S5 (B 4
FEH D T o 19872016 4EHFH B4 - 1<
TR SR K S I A ., AU AE
23 CLAWH, FEFEKELE 430 mm 74
Wesh.

1.5 HmiEEITE

WU A B v e O R AT v Ry L AR L
¥ . = ¥ (Picea asperata Mast.), Ml B (Salix
matsudana var. pseudo-matsudana (Y. L. Chou et
Skv.)Y.L.Chou) . = (Padus racemosa(Lam.)Gilib.)
S5, A OCAE Y REBRISS & 45 A5 B ik REG T
efifi it o TR SEAR R B A TR

c =Bstem X Pstem + Bhark X Pburk + Bhram'h X Phrunch+
Bleaf X Pleaf + Bbelow X Pbelow

(2)
X, e HERBRAEE; B, NS i /- T EARAEY)
i, PN I SIREREL, stem . bark. branch.
leaf'. below 53N FRIREEARTH . B . Wk, B
mAL R AL . (2) TR HIE TR R 8%
BEWERRZESR, T RER BRSSO BB

ETRHARG R R, e, fH ooy
BV AR e, 455 R R) 4 4y
& AREOTE AR, Hh o2, &t
P EIRELL R LA R AT AR A= s i e itk
TS0 PRI S AR ERHLIX 1) — oA P
BEHY DL S 25 253 B & ik RBG T MR A 2= 454
PR ERREZE , SR AT b BRMRE Bl A= i i
VAL ) v 4 A Wy A A 5 R 2R 1 24 ik
FPOTRET, iR ftitt C R P S e it
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Table 1 Information of stand
. N N - E¥AE SERIR
RAIA] PRSI ] THiEn Average diameter/cm Average tree height/m
Occurrence ~ Restoration  Interference - -
time time/a type EIE PNz bRz EIE Y PR
Mean Range S.D Mean Range S.D
BB K 14.2 11.9~15.8 2.1 12.7 11.3~13.6 1.3
2006 12 R ke 9.8 8.2~11.9 1.9 8.4 7.3~9.8 13
HE R 45 4.0~5.4 0.8 5.0 47~5.6 0.5
BB K 18.5 16.4~20.2 1.9 159 15.1~17.4 1.3
1996 22 o BE K e 20.5 20.4~20.6 0.1 17.0 16.9~17.3 0.2
HE R 18.1 16.7~19.5 1.4 15.7 15.2~16.2 0.5
BB K 14.5 13.2~16.5 1.8 11.1 10.8~11.6 0.4
1987 31 o BE K e 9.4 7.0~10.8 2.1 9.2 7.7~10.2 13
HEF R 6.4 6.0~6.9 0.5 8.8 7.8~10.2 12
2004 14 KAk 3.9 3.2~4.5 0.7 43 3.6~4.9 0.7
1998 20 KAk 7.4 7.3~7.5 0.1 10.9 10.4~11.3 0.5
1989 29 KAk 5.7 5.2~6.5 0.7 8.5 8.1~9.2 0.6
. ) ) . WRELE
R ] PR I ] FHukR Tree number density/(#-hm™>) JH b
. PEFi2E A
Occurrence Restoration Interference . T it
time time/a type A ¥ by ree composition
Mean Range S.D
R Kb 1450 975~1 950 488 9 14
2006 12 R EE K Jse 1458 1125~1 925 416 107% -t
K 925 350~1 575 616 oME1T%
BEERGR 850 725~925 109 1074+t Ath 3¢ ]
1996 22 B K Jse 658 550~875 188 107%
K 742 600~975 204 107%
BEERGR 742 600~875 138 104t
1987 31 B K Jse 1658 1 150~2 100 478 10#¢-7%
K 3350 3100~3 575 238 LOMEA7+TE - AR A - =
2004 14 KAk 983 600~1 550 501 104 H A 5 e
1998 20 KAk 5308 3 975~6 650 1338 SHESK+T
1989 29 KAk 4133 2 800~5 625 1419 8HE2 1%
45 B s, 1.7 HHFREERE

1.6 FHESHE

it 2 20 WA PO By 22 50 Bk . ARG 72
e EE T R AR, DIk A
JRAR S, T Z RS 2T TR,
SRIG R PAEI R /NEY , MBS PAESK
T (BB ENHET) |, BT RARART
Mottt AR SOy 25500, EE LIRPIR, |
ERFA R T SE (P<0.05) NIk, 20
£ SPSS #4347 o

iR (SEM) Jrikrh, BB TA
DRI F- B0 MRy B it B A 52 ), -5 P AR 1] ] B
PRAAH ESE MR FE ST AR A5 Ay R A, SRS Akt
BERIh G AR R A, L RN, A
BRECNEE, WIMERZ &R, EHPEHE,
FEARPEFE RS IE A8 (ML) PRAb sy, fdi R 5
R . kAR 22107 M5 AR (RMSEA) | i fic i
% (GF1) . ML FCFE 4 (NFI) . Akaike il
BRbR (AIC) SEPEMHEbrF B 4 1)y R AU () 421
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EifsE, SEM fiilE Amos HfHh5EA
2 HBREHH

21 FAEFWEER

K2 PR, PN IR B2 X AR S3Rk fith et
MR IR B3 (P<0.001) , ~FRIRS xR Bk it
WA REPW, M N B ARGE il bk
OriRfife s PR il AU S R IR R ARk
A (P<0.05) , FBIARIMefif X om <
RBURG T B AR R AR, AR
TYRA T R 2257 (K 3) KB, RAR
R | R RE 8 M A B JRE s i R ik i
B BV, R KB b i MR Bk it 5
ENAREEES WIBHT Gk 30 5%
37 ) AR T FE2 A [ A R R P B, RS
MOk A, MU A - J0 5 e Y 32 2
I DR A% L 114 M 38 LU P 4H, AR B 2R AR B A
s BTRERIE], i FAEESOUIN 5% LU
FEARCR ROBRT] , AT RS VRS I TR ARk i o
BA WEVER

ST MR M it e PR, 225 bRk
BEEILBRAR, BTEm (1) W& 2

x2 MOBREESEETFHAESH

Table 2 Variance analysis result of stand carbon with
other’s factor

x3 AEFHREETHRIRIES

Table 3 Stand carbon result in difference interference

types ( thm™)

FHE 2 Interference type

Mot & Stand carbon

KAX% Cutover

27.08+21.92°

A S PR HHE U7 FE R
Effect factor Sum Sq. Df Mean Sq. F-value  Sig.
T35 4% oo
f R 3074 1 3074 3987 <0.001
verage diameter
Hesc e .
Tree number density 2 ! 2101 4899  <0.001
RS2 T=1
Mean warmest month 673 1 673 8.73 0.006™
temperature
ARG
Mean coldest month 561 1 561 727  0.012
temperature
- .
KT 921 3 307 3.98 0.018
Interference type
% #Error 2159 28 77
s 1 [ i 75
BUEA A 18 843 7 2692 3491 <0.001""
Corrected model
RIE G A 5
Corrected total 21w =
i Intercept 56 667 1
& Total 77669 36

T RIRAE0.001 K R R R, TR ARTE0. 01K R R
RIARTE0.05 /K T R 2

Notes: " indicates significant impact at 0.001 level, *" indicates
significant impact at 0.01 level, * indicates significant impact at 0.05 level.

5% K% Light burned 64.89+15.50°
1B -k B¢ Middle burned 38.07+14.85°
# [ K% Severe burned 28.66+25.51°
A 05)‘7#: NG R R RA R TF PR TRk 2 R B P <

Notes: Different lowercase letters indicated stand carbon of different
interference types were significantly different (P < 0.05).

K, RGN (3) PR, #fiE RECH R=0.890
(H#E G/ R=0.872) . MRArbftitbE 4 F1 N Y
eGP e A S BRI AR
O3 3 ) R SR SCFIEAR S R, ARk
ot P IR ) AR A e S RS LN, A E ARG
efitt i S HA K X R], SRR ORI AR L, SR
AR Ml | RE R B e b b (AR 23 i 0N
IR S A AN PRI

C=428xd+0.008xN-3147xTe,, +

35.61xTe +1486.73+
{qum1=%&$§k%$§k%
0  I=%1EKEE

B, COAMRIERAE R, d AR AR
N AMREURIE, Tepe WA PRSI, Tepn N
AP AR R, 1o T,
22 HEHMAEEREER

SEM A BRI A 45 AR (R 4) , Bl
SRR, BEMWMR p>0.05, KBREKF,
ez i, RUNZEAIRERS A AR 2
1, HANERCFEtr R B FChRIE, AIC RYZ5RE
IR AT I LA IS, A28 ] B B4R R 5L
PN L A BON L SRy R R S AN g 3
IR N

SEM F 28 5 S e 1 AR o3 - R AR A= 4 3035 1
TR OCR (K1), BERIILA IR
BEAIRT 2 02k M A A 25 2R ( SEM HhopRk o3tk i ot
AT BB 1 R BN 0.757 ) o SEM (45 SR AT L)
i — AL AT Ry 25 DR R PR A3t i o 1) LB L (1]
MRS . d AN SR iRA6 A EAZ1E R
SN, NIRRTt i A T a) RS2, 3d AT 5%
e o )42 52 W MR A Bl fifh o, 0 1 349 s s il R
d A B ] B LR, SRSt e A B e A ]

A3)
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Table 4 Evaluated results of structural equation model
SiitfahrStatistics & it b Evaluation standard A &5 FFitting results
~ITE 1~32Z [H] 1.596
e (P TE=R E28>().
o RS BEMEMAREP) B FEMEMEA>0.05 0.45
Absolute fitness statistics Wik ak 22 25 75 A J7 AR (RMSEA) <0.05(G&EAC R 4F) <0.08(&E M & HT) <0.001
TE T AR H (GFD >0.9 0.978
TR E T R PR A om -
Value-added fitness statistics ARG RC BB (NFD >0.9 0.979
TR ZIERL ST = T (] A . \ © ’ FRGRIARY (17.586) <MY (23.333)<
Simple fitness statistics Akaikeifl B 37 (AIC) PR AR /N b ST AB TR U A 7 T A (82, 744)

HF3 i i i

R*=0.461

R>=0.757
AN 094 (0000 pesvmehpit

K y
—0.40{(0.002)

~0.55/(<0.001)
y

- 0.50 (<0.001)

HEkFOR EEM RN, Sk PR R R (P(E)
The arrow represents the direct linear effect, and the value in the arrow is

the normalized path coefficient (P-value).

1 MoiEEHETEER

Fig. 1 Result of structural equation model for stand

carbon
MW (-0.52) , 3R 5 B4 P ZR AR B fif 1 1)
LR, d XM A R R (0.94)
TN X ARG B A i B 52 de /s () 0.12) , HAF
Py e U R AR B AR 52 e A T 2 A R
W Z [A]
x5 J[EEMNMSMEENTELELE EZEMSZN

Table 5 Standardized direct, indirect and total effects of
factors on stand carbon

[z Tl BECEE TR

Effects Average diameter Tree number density Temax
8-
Total Effects 0.94 0.12 —0.52
HER
Direct Effects 0.94 0.50 0
(B4
Indirect Effects 0 —0.38 —0.52

3 e
31 FENMESE SR

A5 BRIy 225007 i Jy A
BT TR AR 25 3R 25 TS B 4 9K 20 4
%o BRI LR, TIPS S, TR

AT LISE AL, R R ZHFE LR AE N IT
B, 1 SEM G H T EA S S . AU e s
SRR, AR RS BB, RS A REIELT
BRIV SE AL T J7 22 20 B REERHE I 220K L
Canghsrtk . IEAYE) , i SEM AR A AT
SRR o CTFREAE L, TRIEA T 5 TR
IR AR B 30 5L AT LAAS B4R
A EERYAGTHE , SEM B ALY Al i1 SR iF M A D T
60 M2, ABESH 36 AMFEAS, 2 Bk Bk T4
R R4, Hph Zu kA BA ) R 24 0.890,
SEM J5 4 R* 4 0.757 ( LABKA Bk it 1 Ay R A
), SEMBS(R T Z ok thm A, {02
SEM Refs % AR s M A BAE T, JF b o B
S A (R] B2 ), B AR AR 2 ik A i 11 90K 3[R
B, 25T NIAS 3 £ AR B AR B i v A
SERAMR, A P AR R AH B A

MBS S5 R R, T 22T F1 SEM 45 R 3
FERAMA TR X AR ARy st A sg e f A, e 32
TR FH RS B R P A IR B B, SR T4
MR A R, H P RR 7 i Bk H i A s T
Al XFFARRP TSI, Jr 22 as R BoR
AR T ARSI PR ATttt AT 52, 1 SEM 192
SR TSR RS iy AT REMA o PR 1%
P10 B M T TR 7 VR A2 st [ X AR o3l i e A S
MESZ , BRI RIS 2 AT A B AR TR, (HEh
AL 225 M i B, AR, HEk=
X Z TCIR S HLHI IR ARERE, SEM J7 ik g 7
ZA AN R, (HFREA IS SRS
Rl A REAS 2 2%
32 MomEERIREIEER

MG AT LA, MR — A E k)
FRIEFR bR, IR EPAMEA i 25 5 FLIN SR 1Y
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7, 200 R S AR it i 1A R A1)
SRR AEAMR S R b WA S T 2P
WE. THE T2 S EORARARA RS, A bRia] 25 B
BOEBRE , ARES BT B2 PR A SR G B KA 31
T, WRHEL T AEBSRGE D IRARZH AP,
HEMTZ MRS At i, RTINS ORISR
7530 b N AR I B A8 ( BIAROM R ) A RTAS
[F], 520 T Ao iRtif B 250 2 5500 bt
FAERRIIRECR B H e S 80h sy m, i
MM A, ST 2 R EAS B IRRER
5 O PR A3 i £ A O [ 5 e 1 25 ) — 3. Fan
S5 TR TN Ay R R 1 A ) R T L AR Y 2R )
iy EEFHAR TR SR AR, Bfi PS4
I 16.8%, I U IAAS [F] AR 43 2 50 (0 e fith 122 1) SR AR
BE ST IR, SRITASHIFFE (A5 45 R 3R IR L 34
R o Xk R 3 Al i e AT Wk R ), HL R A LR
( Mass Ratio Hypothesis ) I\ A4 25 R 5 0 D RE
JEHIHEE ORISR S CY, st Bt
PRI PP REDEE MR IR B KN, ABFE RS
IR LR S R G, BIMEE MM, T
JEEERN 2 g N e, MR E P R AU, R
R AMRAR, BB, B4 AdEM AT
K, RO/ NER, TR BRSSP LA
YIRS WS TR AR il i B VA T 5

TEAEE YA v, R 22 TR
T SMoEY R (BAEE ) BICHR, Condes P!
TEH B SRAH P BIRE K SE 10 AP SR r
TPkE TR AR W R R AR R, RS Y
ZR N TG A TR A KRS BOR A B
BIEABT T, A XA  ikcfi  AR EAL 52
Wi 35 50% LA b, e X o3 fie i AT 0K Y 2
e, 35 AR R IR . PRIk s i DL A
ABERA K, TEHIEE b, RS B pEoeas
IR AP A T s, FRRE
IBIESR 235 AN R ARARAE ) B BRVEEAR . 3B A3 )
Z A B A DG, X SARHE SR 45 R I AN
[, IR PRUEAHIGY X A4 M 34ER LR 40, Mo 22
FIEAK . (BERT RN, B SRz EdA
T EERR, WA TS, RSE
KA, TRV E B R T B B E B,
YT 36 MM Y LB A A IR, R ESR .
23 (8] 22 S T REAR AT B A A . TR B,

ik ELLAED B ST 45 R o AR W e Bl A OB
FEBE MBS RRAIG, MR s S0 e 2 R R
i FERAAT T RRERAE R AR R, SRS R
AR, X5AE AR K M. TR
SPIRE U SFEAR R ARIOCR, Fi % &Rk
PMAEB RGBS 42, RARET
AR A W FREE K1 XS Bire i 1t A9 5K 20 IR 3 5 HA A
FEERIAE
33 WHRBRME
BTG B A kP R
AR ORISR X DA R Sk R AR i 5, 33
MO EHER RS B A TN, SR Py si Al
A DUDXT PR A3 e i et ) A B8 4 e LB 2 T
ST 0.5 4R A= Wi — e fith e e A R B0 25 3
— SR R G A T ORE BE o PR AR i 1
AT ES, BaFEM G IR R K
A, BESRAMFARE] T A ERIIEHCR, M
Z BN EHRARBO TH RIXE, FEARZCR AR N, 45
RIATFEHATHAE, RIS R N LR — 2P
UEEBIRARCR,, AT RIEMES RS T
MO YIRS 2

4 Hap

T3 2250k A1 SEM kAR AT LA AR5k it 12 Y
9K 5l DR 3R AR A BRI W, 2 Bl T IR R S SRR —
2 BAEBRMAESRG T, M TR A TR
Mo B At ) M R, IR R G
SO, SRS AREICE R H SR R Rl 2 Bl
T AR X AR 3 i A 0 R R A A
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The Factors Affecting Carbon Storage in Degraded Forest Ecosystem:
A Case Study from Daxing'anling Areas of Inner Mongolia

HE Xiao, LI Hai-kui, CAO Lei, XU Sheng-lin, LIU Xiao-tong

(Research Institute of Forest Resource Information Techniques, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [Objective] To determine the factors affecting carbon storage in degraded forest ecosystem and provide
references for the restoration of carbon sink function. [Method] Based on the survey data, and considering the stand
factor and abiotic environmental factors (terrain factors and climatic factors), the variance analysis of stepwise regres-
sion and structural equation model method (SEM) were used to study the factors of carbon sequestration. [Result]
Two methods obtained basically consistent results: R* from the variance analysis method was 0.890. The average dia-
meter at breast height (DBH) and tree number density among the stand characteristics, the monthly mean maximum
temperature and monthly mean minimum temperature among the abiotic environment and the disturbance type had
significant effects on the stand carbon storage. The stand carbon of R* derived from SEM was 0.757. For the stand
characteristics, the average DBH and tree density affected the stand carbon the most. Tree density had directly posit-
ive and indirectly negative effects while among abiotic environment factors, the monthly mean maximum temperat-
ure had the indirectly negative effects on the carbon storage of stand. The impact of each variable on stand carbon fol-
lowed the order of average DBH (0.94) > the monthly mean maximum high temperature (0.52) > tree density (0.12).
[Conclusion] Combining the results of the two methods, it is concluded that in the degraded forest ecosystems, both
stand factors and climatic factors have significant impact on stand carbon storage while terrain factor has no signific-
ant impact. The results of this study could provide references for studying the carbon storage in Daxing’anling forest
area.

Keywords: burned area; cutover land; stand carbon storage; impact factor
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