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Effects of labor transfer and forest management on forest carbon density based on

an empirical study of 253 villages in Fujian Province
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Abstract: Forest ecosystem has the function of carbon sequestration, and effective management is essential to increase its
carbon density. However, as rural labor transferred, the level of forest management changed accordingly, which in turn
affected the carbon density of forest ecosystem. It is necessary to clarify such influencing mechanism so as to maintain the
high carbon density. Thus, based on the official forestry survey data and questionnaire survey data of 253 villages in five
counties (districts) of Fujian Province from 1999 to 2009, this paper evaluated the forest carbon density by adopting the
conversion factor continuous function method. Then hierarchical regression model was developed to analyze the effect of labor
transfer on forest carbon density, and to verify the mediating effect of forest management. The results showed that: (1) The
forest carbon density in the sample area generally showed an upward trend in the past 10 years, but presented significant
regional differences in space. The forest carbon density increased from south to north, while the lifting rate decreased from

south to north. (2) Forest carbon density is significantly promoted by the labor transfer and weakened by forest
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management, where forest management exerted a significant mediating effect on the relationship between labor transfer and
forest carbon density. That is, the labor transfer can ultimately promote the increase of forest carbon density through
weakening the level of forest management and reducing the human disturbance. (3) Factors including labor characteristics,
harvesting methods and natural forest endowments have significant impacts on forest carbon density. Specifically, the higher
the average age of the labor force engaged in forestry production in the village, the higher the forest carbon density. It is
related to the reduced dependence on forest livelihoods as the workforce ages. The proportion of harvesting has a significant
positive effect on the increase of forest carbon density, due to the benefits from appropriate harvesting to the stock volume
and the regeneration of understory vegetation. Natural forest origin positively affects the carbon density, attributed to its
abundance in tree species and better function of carbon sequestration. Single tree species negatively impact the forest carbon
density, which conversely proves that richer forest tree species contribute to overall carbon density increase. To this end,
suggestions are proposed as follows: appropriately reducing the artificial interference to forest ecosystem, enriching
livelihood sources of foresters, transforming the objectives of forestry management, scientifically harvesting the mature and

overripe forests, protecting natural origin forests, and enriching plantation tree species.

Key Words: labor transfer; forest management; forest carbon density; conversion factor continuous function method ; the

mediation effect

FRMAANE A il i A 25 2R 0 v e o 0 B kA, o AR BB A B 9 80% L) 1 R AR 2025 = 2055 4F
6], 4 BRI PN ZRARAE BRAEAEHS BTRRN 0.2—1.6 Gt CO, I/ FR [ ZRAk B0 A 7R AR A ML X, A 55 3
FTIRBMAEE R EE TR, FE T R B RR 2 K R AR AT 57 30 1 1) JE Al 6 B8 b 3 328 i 1
T, 25 AR B A FA Sl LR, HAT, AR B X B0 T R AR A ML 287 RN T B4 | i A it A g
il 5 4 M S AR T TN BRI TR . SXOROGE IR T Mol 2838 1 2 5 300 3l 1o AR A S 454 AT
ARSI T EBREE ST BT . SR, A WS A AR AN 557 Bl ) 5 7% 3 i DD X BRAR B R TR T Tk
I o RUHAR S 55 20 1 A R ARbR T Btk B T S RSS2 il 1 2 A 0 | 5 ARRAE B 7K SF- 56 & ] J& — 4 1 5 (o]
B TAD AL A SO 38 2o 0 A AR DX SR AR 25 3 AR A SR 5 55 3 3 5 B L R AR ARAE B K - =2 8] 1 o 1 e
7, DA ORS HESR T AR bR % B PR b T SR 5%

A AIFGT B R AL T 95 s J R X R F K- (R 52 W, SRR 7 K P X FR R 2% B i s, Horpr
55 Bl IR X BRARE KT 52 0 U e SR AT e ARR 55 B0 g i AR AL 5 B8 A AR A BSOS I, 2 1
WA B ZEABAFIMOL LB G b 1T TEP KRR T RA 5780 i AR b 5 B, (ARl
AP 57 B A BBk, TR B DATIAR O 3 AR B 57 57 80 01 12t m i AL RN i Lo AR 25 R AR A
9L T N ITEAKF B35 TR = A Mot A TR AR 7 T ok BE | PR UR SR LA K A B
RCFREA T B BRE T S MOl e PR R TR T A X AR AR TR A s A R e ARl 22
FAEYPIT R, AR 558 1 AEARA 56 RS | 3 AR BRA TR AR Bl B S R S AT

FERRMRAE KT R BRI 285 5 ()5 M T, A SO < B 4, BRI ] AR T AR bR 2% B, 9 &
BB it IS A0 4 ) 5 e o 5 P e T R A B 7 A B S i ) i EL R 25 B 52 O TR e s T AR
FA I, PR BHA AR A T MRS 0 T4 U 55 Ak PR 2R bl 2% 52 114 4 Tk R Fn A B i i B
SRABAL TR ZE TN N T30 (B8 b ) X RRobRi 2 B (14 52 M BOA i K A 15 00 R, 2 A B A T
FRIRE I, P R T T AR AR R R UK, AN [R) AR AR 25 F R o et T AR KA 0 18 T R MACIR 238 A7 22
St TR B, AS[RIBRIRY (14 [ — A Ao R ] — AR TR A1) AN [) A K o BB ) AR BRI 2 8 A e 25 51T BRI 2% 1 B b
I B4 8 T ST i R AR R AR R AR S GRS W R H TR E AR /N
AR, 30 5 2 B 0 B T AR AR 2 B R T e K T A N MR BRI VI e 7 5 ok b 1 1
R SCUE R, BOOR AT RRTR A MBS % B e A MR O fee i, B0 s L A N AR B K 1

http ; //www.ecologica.cn



9822 xR 24

TEOLT B RA R 2B Y 35 S RE RRSSAR IR H A R T4 m AR B 0 s AME IR
M ARMRAE 5 06 AR S L B2 TV BRI 8 38 foe ALt BRAE MRS O 1 TE AR B4 X I, T3 A M1 T
SRR I T PR 72 T P BRbRRR 5 FEE I 32 ) H R Y B R R (1 i 202

LRERAE , U FHRHETE 24 b T 95 3 1R -5 B I K P sl R ARAS P ISP 5 ARPRIR 5 88 22 [ )
KABIE L X 55 3 15688 AR SFOK -5 BRI 4 B = 22 TR Jo7 B A2 (Y SRR e b o [RI , 7 3k
| KA A 55 3 1 AR AL L e R BT 57 T, R0 57 30 77 5 A% X6 AR bR 28 138 ) 2 Wy, A 9 i 1 A bk e 2
JEAK , B BB HME, St , A SCR S5 3h J1HAS BR3P K P X6 BRobssie 2 B2 1) 20D, 206 % AR MR ot
IR 66.8% HAKS 55 31 J1 e A% HUBIBOR AR 4 58 DX, AR R AEAS 36T 5 B (1X) 253 AR I AT £t
FIFRAR I AR, B T AR bRt L i 2 AR AR B0, 1 S0 A 1 95 3h 1 e A% -5 AR 37K 1 Xk 2k
AR s L P R MR R | LASUI DA AR T R b 2 P AN AR T R 2

1 HRFESBIEFRE

1.1 BTk
1.1.1  HSHEAR 55

RRPRBIA SRR 2278 v — Bh B B AR 2™ A B % B R DU S ik e ) I BB bR . DM B2 1) e (I 32
TE T A i R BB ST AR PE AR B b i R R TR AR A 2B A B oK - i
ZETH AR BAERE MOl S RAAAT RS AR P A 5, AR ARE A BE B T A N U B
IR SRR REHEY)  H AR KT 2 VT RERY 111 55 201 T3 5 A58 M AR P KO OGS I 2R, BB AR 57 3
TIAWHRS AR AN 55 30 1 B0 AN B T B, 2 BORMRAE3 1% 55 3 T L2 AR Wil 2 ; [ B 57 30 ) #6783
ARA K AR 8 A6 TR 55 , X DRAR A A PRI AR D, BRI, 55 20 07 5 8 XoF R bRt 2 B2 1Y) 5% e AL 3 PT e A7
TELL PR S (1) .

15 1,97 8h 1B S 800 57 8 D1 I R AU, B 55 T AR 1957 3h T8, 3 1T 5 i AR 12, e 40
TARAMBR B LS T, 958 ik F BRI, K AR 55 3 5% AR R AR Il 55 3l ) 45 1 5 By
WAL A LAV IR AR BRTF R  Jeitb 3 AR 2 2 R A O SRBLRE 1, v i A5 4 3058 B (0 RS AT B, 532 il 2%
MRS BT 2505 DT A0 il e 2 B 4T

15 2. 95 sl JI R T B 5 | R A R AL TR 55 £ AR MU AR A 8055 , 78 11 555 AR AR 97 K7 19 ] Bt R AIR T
ARARGEDE A NI AEFLEE | 510 52 e AR 5T 5, 5 2 ) BOAE i AR AR 5 B 4R T, — B DR  MRHBAE R R A
FE G - 2R X T BORIHE A R AT ORI B EE DB L SR, BB A 57 s GRS, Al S
feb Aol 157 3 7 e b A RA TR IE SN 2 Ieik , T 30 TS T ZRAR B A= T 2k 55 5 BNz A2 48
Ml 228 1 1 RS (A5 A RAE AR 4R BRI AN I, DTS2 e BRAR BT 52 (R 42

37 T, AR SE T AU £ 9 LA S B IMARARAE 47 55 20) T3 48 A SR A1 Bl 5 AR AR 5 sl Al R o )
A3, LIS H SR g5 iR Al BT B AR SN S0 07 2, AR T AR AR it i R I &, AR
AR XS T AR BRI R WA S AR I 28 T, DALk, BRARAE 47 55 B0 7 480 A K PT i W 2 X 2%
ARGEVR AT AEER S , F AR T BE A3 0 177 Bl A B RRARAE TR s 55, RS 9755 3l T4 AT B
X R BT B A B A ) BEAR R Z 80D 33X A TS A B A 1) T A F 90T 48 4 0 555 o 410 o 1) R AR B
PR REAELEVRAME | B 238 1 52 M FRAR T £, (2 A sl i) B pksk 2 B A 3 7

ZRE VA LB AR SCRE S DU RS ARG

HI FEFE TN 3R 0 S5, 55 30 00 e R A B 338 g 00 ) sl A1 i AR bRA 23 B2 (R 42 T

H2  FEFE A R A ST BRARAE 3P AT B o ARt 2 2 AT

H3  FEF AR R S50 N , BRI 7K AR 55 3 1 R X R bRl 25 B 5 il B A2 vh R FE T A A
1.1.2 GRS )Tk

AR 51 SR R I e DR - 1 5 R B0 200 SR A DX I ) AR AR A i T ok LA DX b o v AR B X3 )

http ; //www.ecologica.cn



23 4] RICEE A S5 B RS IR PSP X BRI 4 B (52 TR ——JE TRt 253 M B SEUERIF Y 9823

‘ N Higg B i
e FebkE L m—T
Hah . FEAkT:
e | : e
Lo a EHRE | g — I e

J £

i 5 _>I AR | TR W HHERE o
i e A A A
I | b

| — o
J B SR

B 1 ShhEBMARERKENFTREREENZMIE

Fig.1 Influencing mechanism of labor transfer and forest management on forest carbon density
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Table 1 Carbon content parameters of different forest types

RIS T " b RLES
Forest types Varieties of trees Carbon content
B AR AR 0.3999 22.541 0.5201
Coniferous forests WKz Az ks 0.4158 41.3318 0.5235
iEEN 0.6129 46.1451 0.5034
HEM 0.5101 1.0451 0.4596
LSITEIN 0.5856 18.7435 0.5225
L/ 0.7554 5.0928 0.5207
oAb A 0.5168 33.2378 0.4596
R ARA it 1.0357 8.0591 0.5000
L) 0.4754 30.6034 0.4956
(LN T i/ Ze A 0.7564 8.3103 0.4834
Broad-leaved forests A MR 0.6255 91.0013 0.4848
BRI 1.1453 8.5473 0.5004
Femy 0.8873 4.5539 0.5253
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Table 2 Model variable definitions and sample descriptive statistics
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Fig.3 Variation of carbon density in the sample area from 1999 to 2009
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URBESIUESS , 55— T5 11 55 30 1 AR R OR LA E R B2 B SR % 1) AR ARl i) R — AR, DRLMOGS ARb A TS
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R 55 , FRZATHERRMBR B PE ST o FERRAR SR BLRURRAEAS B rpr | R ARPRES DONS ARbR B 4 2 12 W 35 TE [ 20
T RORARB B0 TE R, ST AR BRAR A SRR, P B A T A AR AR AR B BRI RE . R, AR Fob o —

R BT AR B AR T} 4 2 T

1=
o

RS Tl B — ) T it PR BER 8 JBE £ 5 T BAT BRI W T
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Table 3 Model estimation results

Wi, 2P UE ] T AR Aol = A ) T R AR o R B T AR ] T

AR PR

FEFL 1 Model (1)

i 2 Model (2)

K% 3 Model (3)

FEL 4 Model (4)

Variables name T i T B2 P NEE T
Carbon density Carbon density Forest management Carbon density
FHE N 15.247 *** -0.159 *** 9.815**
Labor transfer(x, ) (3.158) (0.035) (3.042)
BAKF -38.947 *** -34.190 ***
The management level (x, ) (5.203) (5.313)
R E 11.386 """ 7.218** -0.123*** 7.182%*
Percentage of logging(x;) (2.700) (2.633) (0.030) (2.583)
PR AR AX, 0.373 0.348 0.006 0.568
Forest limit harvest(zx, ) (0.984) (0.926) (0.011) (0.911)
$ 2 HE By -0.068 0.003 0.001 -0.027
Distance to town( x5 ) (0.076) (0.071) (0.001) (0.071)
AR -0.117 -0.045 0.002* -0.049
Private ownership (x4 ) (0.088) (0.084) (0.001) (0.082)
HE KT -0.346 0.144 0.002 -0.281
Educational level () (0.322) (0.273) (0.004) (0.298)
RIS 0.300 *** 0.288 *** -0.002" 0.231*"
Age of labor force(xg) (0.085) (0.078) (0.001) (0.079)
TR 0.000 0.000 0.000 0.000
Forest area(xy) (0.001) (0.001) (0.000) (0.001)
KRB TR 6.636 " 16.054 *** 0.624**" 14.707 ***
Origin of natural forest(x,,) (3.073) (4.433) (0.034) (4.369)
RFh B -7.880" -13.579** -0.606*** -12.855**
Tree species(x,; ) (3.113) (4.400) (0.035) (4.322)
e -0.099 -0.056 0.000 -0.098
Forest land slope(x,,) (0.094) (0.087) (0.001) (0.087)
_cons 8.274 14.695 ** 0.236*** 16.349 ***
(4.896) (4.764) (0.055) (4.702)
N 253 253 253 253
R-squared 0.314 0.389 0.721 0.415
Adj R-squared 0.282 0.361 0.709 0.385

s w ok fll s ox s APHIRINTE 10% 5% H 1% K IR “ N” FRFEAREUR ; “ R-squared” F /R BI5GB ; “ Adj R-Square” MK U5 FE A S5 A1 EH H

JEE VB I AL

2.3 fRfrER

ZRERIREARE I 1999 4FE 5 2009 4EPIIHAEA | HASFEAR ARHI ARSI 22 52, R 1 R 56 Sk 45 SR i R fel ke
AR H FEAREAR B[] (1999 41 2009 4F ) FIFEZAS M HILASE (1 AL >700hm” Al FL < 700hm ) #4774 FEAS |1
ZEIRANER 4 iR, INRHRTAL, 55 80 T3R5 5 FRME 7 KT X ZR R 2% 119 52 i) [l U1 235 S Fe Rt

3 Fit5iTie

ARSCHET R 5 ANF AR E (1X) 1999 4515 2009 48 Bkl — 275 A L0 MR 8 20 800 ST 1 REAR IX
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Table 4 Robustness test results

AR FEAHTE] Sample time 4 FEA AR LB Sample woodland sise
I 1999 4 2009 4 1fii £1>700hm?* 11 1< 700hm?*
AR T ARAE T PN T B ARG T
T I -0.246***  18.788** -0.087* 12.036 ** -0.115** 8.300" -0.193 *** 11.754**
Labor transfer( x, ) (0.068) (5.904) (0.049) (3.907) (0.039) (3.948) (0.051) (4.458)
BAKF -33.614 *** -37.342*** -24.735" -36.932 """
The management level (x, ) (5.203) (7.353) (9.748) (7.258)
Pt 48 B Control variables R RECH RECHH RECHH] RETH REC e REATH]
N 125 125 128 128 112 112 141 141
R-squared 0.716 0.403 0.765 0.527 0.571 0.378 0.784 0.487
Adj R-squared 0.688 0.340 0.743 0.478 0.524 0.303 0.766 0.439

(1) a5 [a) b AR B S p a3 JF R B 0 25 25 5 s I TA) I | 1999—2009 4F AR MRk 25 Ji 35 18 i
PETHA R AR AR, FIAE R 2 25 R R W AR 25 B 4R T 52 11 AR BRI Ak 2 R AU 5 1) 1T A7 A 2
S, bk R ELRUDDE B A AR 3 B PR AT 1A K, JRIRE TR AEL (X)) N3 BERK, AR A T4
SRR, AT R I B ARt 2 B ] DL AR e 7 AR AR DX, ZRARIR 3 1 SR A8 4 5 A R T AR 4%
27t

(2) 558 1R % ARt B LA I S5 2 A T AR AR A 4P KO X R Rt 2% LA I S5 M S 4 T, OF
ELXF 57 80 1156855 AR B 22 ] ) C R A 8 TR A 00y 1A 95 8l 0 Bl ok AR AE B 7K S Xof R bl 2
JEE 7 1 5 M ) 7 [ A BT, R R KO 2 e R RO R AR B A TR R AR X — S5 e AR EA T
R A 30 5 KSR ST . P ] L E I AR 4 A0 DRI 53 B 34 T EL B, 6 B T R A 4 B 2%
FERRAIE S . BARARM 57 31 1 RS iR A G T AR B A AN A R B H bR
ARl T BORARB B B B TH AN ] Rk n]

(3) 57 B ITHFFAE SRR SRR AR AL AE — B B L5 ) AR %, 57 200 J A7 8 1 R0 BR ik
W EEARTHA SR HEVE ] Bl 25 B B RARA R T AR 25 FE 4R T, LR I SR S Y5 R B3 TR oy 2. — 2 B2 A By
TR B A FETE LB X BRI A T AR AT IR A TR 7575 2238 0 A B RAR LI
PRIRMANE TN TR ORI A AR B A0 B IR AL By, 0 1T 4 T AR 25

BT UL ES58S F LUNBOR AR .

(1) HRAEFRARR 2 B 1 X 322 57, A At N 0 8 A R R AR bARI 25 B2 T 5 v il X 07 3 3 36 Y
) BRI A 356 5% BRI T RS HE S T R 2

(2) FEAR I 57 BN J1 RS /0 ML IX ) B 5 MO AR Tk IR, sl & A ol 57 3l ) e B sl i AR kol 228 B
b, 5 SRR B AT T 1% B S T AR S B 1 7 20 AR AR AR B i ) W se o B8 . TEAR W 57 80 01 e
FERLZ L DX, W DR AR BT R FH AL T65 KT, IR AR T 58 8 A 1 {8 S BRI, 6 45 AR bR 235 e
AR A W £

(3) TE RGN o PR A A P b X, 0] LA 3 Bb 7 A SR AR , 7 PRIERR VR 1 AT T, X bk A it
BRI TR AR s FEA AR b DX, T A S RIS A/ IN B N TR g, 308 e i S AR 35 2 4 i 5 4 A 45 XA
HEMRAA R, ISR T R 2 5, RIS 3 S AR AR MR USR8 2 8 1L B AR 45 07 U 5 N TR
TR Ay et | SR T T AR AR B
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