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Effects of collective forest tenure reform on farmers’ income:
An empirical analysis based on propensity score matching method

QIU Xiaolu, CHEN Shaozhi, ZHAO Rong”

(Research Institute of Forestry Policy and Information, Chinese Academy of Forestry, Beijing 100091, China)

Abstract In order to evaluate the effect of the new round of collective forest tenure reform in poor areas, a survey data
on rural households’ livelihoods in Dushan County, a concentrated destitute area in Guizhou Province in 2014 is taken as
study object. Statistical analysis on the effects of collective forest tenure reform on farmers’ income per capita and
farmers’ forestry net income per capita is conducted by adopting propensity score matching method. The results show
that. After eliminating the influence of confounding factors and sample selection bias and management choice problem
by propensity score matching, the effect of collective forest tenure reform on farmers’ income per capita is about
0.45% indicating that the effect of collective forest tenure reform on farmers’ income is not significant. However, its
effect on farmers’ forestry net income per capita is about 2. 76, which means that collective forest tenure reform had
positive and robust effect on farmers’ forestry income. Furthermore, compared with propensity score matching method,
the conventional descriptive statistical methods overestimated the impact of collective forest tenure reform on farmers
forestry net income per capita, roughly overestimated by 5. The following policy suggestions are put forwarded:
Deepening further collective forest tenure reform in poor areas, encouraging farmers to make full use of timberland
resource, and promoting the sustainable growth of farmers’ forestry income.

Keywords collective forest tenure reform; propensity score matching method; farmers’ income; effects assessment
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Table 1 Main variables explanation and descriptive statistical results
ETBEEA Ab ¥ 21 X R 2]
s 100 B 300 7 217 7 83 I .
A2
B | ‘ xR G%
] Variable Total Treatment Control
Variables o Difference Difference
description sample 300  group 217  group 83
test
households  households households
R 7AR
Dependent variables
PN L N 2 263.770  2253.572 2290.430 —36.857 AR
Per capita income
AN Epal iAot 570.727 756. 033 86.251  669.783 e
Per capita net income of forestry
F s B
Independent variables
PR, % 51.757 51.562 52.265  —0.703 FNGE S
Age of head of household
J A ) B=1,%=0 0.973 0.972 0.976 —0.004 NTES
Gender of head of household
PR RE XHEIYILH=5, 3.723 3.728 3.711 0.017 NS
Education degree of head of INF =14,
household Vith =3, % =2,
RERKL =1
J 3 f IR fdtRE = 4, K W18 1 3.553 3.553 3.554 —0.001 NTES
Health of head of household =3, A KWK =
2,5k =1
RS ERE T W3 57 sh A o = 3, 2.410 2. 442 2.325 0.117 e
Labor ability of head of household 4% &€ 55 i ig J1 = 2,
T ERe =1
% TR AR T =4,84 1.430 1.516 1.205 0.311 *x
Work situation BN T.=3,45
5 T=2,HE=1
% T A ] =43 4HALUTF= 3.410 3.387 3.470 —0.083 Al
Work time 3.3—61H=2,6—
12490H=1
FEENTHE A 3.390 3.470 3.181 0. 289 *
Family size
A P AR m? 86. 489 89. 065 79.757 9.308 xx%

Housing area
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2108
A Ab 2] X B 41
o . . , % 51
o 7% kB 300 f1 217 1 83 p
A . 25 4 26
Variable Total Treatment Control
Variables Difference Difference
description sample 300 group 217  group 83
test
households  households households
PR 2+ HHE B km 1. 863 2.016 1. 464 0.552 %%
Distance from the main road of
the village
B 1 AL hm? 2.086 2.109 2.027 0.082 FNGES
Cultivated land area
A 28 % T AL hm? 14. 124 16. 412 8. 142 8.270 *x
Forest land area
A IMAM Ll A VR4 E=1,%5=0 0. 027 0.032 0.012 0. 020 N
Whether to join the forestry
professional cooperative
Z ik moll B 5 1 R EL 0. 690 0. 843 0. 289 0.554 -
Frequency of taking part in forestry
science and technology training
FE A 2B S SR ), A 5.370 4. 862 6.699 —1.837 ok x
Time for the family to engage in
production and operation
FBE MOl A 7 2 8 T Bl 1.047 1. 106 0. 892 0.214 e
iR, H
Time for the family to engage in
forestry production and operation
AL+ L TT 237.550 271. 310 149.286  122.024 *

Forestry subsidy

O =
PSP GPAR T S BUNLIE o2 NI o8 T

* %

Vxox x SRISRIR 1020520 A 10 GE it AK P L 3 s @3 BE AL A A F A7 RASIE (19 52 BE L &b 3 41k F5 A7 MRALIE (9 52 5 O I

Note:(D % , * % and * % % respectively represent statistically significant levels at 10%, 5% and 1% ;@ The control group is the family

with no certificate of forest right, and the treatment group is the family with certificate of forest right; @ The differences between the

two groups are analyzed by two sample ¢ test.

WA 32 2 i IR 2R A R W 5 DG JC i R HG Al PR 28 ¢ g L
JIAS B A T AR RS A0 BOR A AR P A
RO o (EL G5 SR % o AN SR A Ao DG I 7 4 & 2800 2
TR YN N A N TR R
Fob A [R] DB BE J7 35 45 04 57 2 4k B0 CATT) 49531
A 539.043.538. 540,523, 512 Fl 524, 740, H ¥ 4E
SBT3 L BUARAGE R A (9 A Al

AR LE BEA ARBGIE 891 D0 B 35 i 2. 91 4%,
2.90% 2. 61 ff5 1 2. 63 % Sy i 24 2. 76 . 5
Z R — Al R YRS T o M 9 45 2R — B0 200 R 1 R
Wi AHAR L Z /0 7. 77 AL 3 1 5. 01 AL X B
1 BPLRE Y 2 A YA N 33 MOl S YA BEAT HE AR e A
T AR PRARAS i JEE B0 AR P N Ol Sl A Y 5
M .
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Table 2 Logit model estimation results by propensity score matching
5kt R a2 95 Y4 B3 1
) . Robust standard . .
Variables Coefficient error Z-value P-value 95% Confidence interval
P AR 0.004 354 3 0.014 979 5 0. 29 0.771 —0.0250051 0.033 7137
Age of head of household
Fr R —0.953 983 5 0.972 386 6 —0.98 0.327 —2.859 826 0.951 859 3
Gender of head of household
FECRE 0.497 737 3* 0.263 6056  1.89  0.059 —0.0189203 1.014 395
Education degree of head of household
JRER (32 2 /NI —0.251476 3  0.206 0617 —1.22 0.222 —0.6553498 0.152397 2
Health of head of household
P ET7 ) fE 0.238 960 3 0.218 810 6 1.09  0.275 —0.189 900 6 0.667 821 1
Labor ability of head of household
55 TARB 0.575 474 8 0.247 529 8 2.32  0.020 0.090 3253  1.060 624
Work situation
45 1.1t [A] 0.216 058 5 0.167 120 2 1.29 0.196 —0.111 491 0.543 608
Work time
FIE N THL 0.104 688 1  0.124 8907  0.84  0.402 —0.140 093 1 0.3494 692
Family size
AT 5 1T R 0.018 074 8™ 0.006 8652  2.63  0.008 0.004 619 2 0.031 530 4
Housing area
FEAS 32T B B 2 0.280 045" 0.090 8292  3.08  0.002  0.102 023 0.458 067
Distance from the main road of the village
Bt b i A —0.054 997 0.146 716 4  —0.37 0.708 —0.342 5558 0.232 5617
Cultivated land area
MH 22 % TH AR 0. 020 308 9 0.012 4721  1.63  0.103 —0.004 1359 0.044 753 7
Forest land area
FE A MMl %l B AR AL 0.996 564 5 1. 137 608 0.88  0.381 —1.233107  3.226 236
Whether to join the
forestry professional cooperative
Z et ol BB 55 1B v gk —0.036 353 1 0.126 933 4 —0.29 0.775 —0.2851379 0.212 4317
Frequency of taking part in
forestry science and technology training
TR HE N A 7 0 T Bl Y B TR —0.220 877 2" 0.063 666 4 —3.47 0.001  —0.345 661 —0.096 093 4
Time for the family to engage in
production and operation
G HE DN MR A= 77 22 5 T Bl 1 B T 0.250 389 3™  0.100 6147  2.49  0.013 0.053 1881 0.447 590 6
Time for the family to engage in
forestry production and operation
Bl % s 0.000 605 3 0.000 459 5 1. 32 0.188 —0.000 2953 0.001 506
Forestry subsidy
gl —2.951 321 2.065 131 —1.43  0.153  —6.998 904  1.096 263
Constant term
FHDx % %% % xR R 10%.5% F 1% 531K F E 52 @ Number of obs=300. Log likelihood=-144. 4098, LR chi2(17) =

65.05,Prob>>chi2=0. 0000 ,Pseudo R?=0. 1838,
Note:(@D * , * % and % x % respectively represent statistically significant levels at 10%, 5% and 1% ; @ Number of obs= 300, Log

likelihood=-144. 4098, LR chi?*(17)=65. 05,Prob>chi® =0. 0000, Pseudo R*=0. 1838.
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Table 3 Treatment effects of collective forest tenure reform on farmers’ income using different matching methods

A By 1 Ab R 2H %ﬁﬁﬁiﬁ %ﬂn%i?i@ T 1 15 .
Variables Matching method Treatment Control SRR Robust t-value
group group ATT standard error

k 5 45 DE fic 2 251.270 2 244.805 6. 465 71.179 0. 09
(k=4) (0.29%)
k-nearest neighbor matching
KRN — X g DG i 2 251.270 2 244.694 6.576 78. 609 0.08
(k=4,r=0.04) (0.29%)

AHHCA One-to-four matching within caliper

Per capita income RN 2 251.270 2 233.719 17.551 69. 589 0.25
(r=0.04) (0.79%)
Radius matching
AU 2 251.270 2 241.697 9.573 67.262 0.14
Kernel matching (0.43%)
k 35 45 T fic 724.184 185. 141 539. 043 244,31 2.21
(k=4) (2.91)
k-nearest neighbor matching
R RN — % 4 DG i 724.184 185. 643 538. 540 247.213 2.18"

Mo g A (k= 4,r=0.00 (2.90)

Per capita net One-to-four matching within caliper

income of forestry “FRVCHAL 724,184 200. 672 523.512 D11 008 2.15"
(r=0.04) (2.61)
Radius matching
UG fic 724,184 199. 444 524. 740 239.730 2.19*
Kernel matching (2.63)

TE:D* % ox ox % x APHIRR 1020 .50 F 16 SEHF KT 1 8355 @ ¢ Ge vt ik AR i 3l of H By 7 (Bootstrap) 3848 , # &l BE O 8Ch
500 Y @QATT T b4 5 P9 A HCHE S R AR DE TIC J Ak B0 A o o X M 28 0 %

Note:(D % , ¥ % and % % % respectively represent statistically significant levels at 10%, 5% and 1% ; @t statistics and standard errors are

obtained by the bootstrap method, and the number of repeated samples is 500 times; @ The data in parentheses for ATT indicate the

multiples of the treatment group being higher than the control group by sample matching.
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Table 4 Standardized % bias across covariates before and after matched

UL e i ¥iE £ K
75 Unmatched Mean b A t-test
Variables VEHE 5 b B4 it BR 41 ffﬁ H P 1y
Matched Treated Control t-value  p>|t|
PR U 51.562 0 52.2650 —5.7 —0.45 0.653
Age of head of household M 51.2210 50.8000 3.4 0.36  0.722
;) U 0.9724  0.9759  —2.2 —0.17  0.865
Gender of head of household M 0.9699  0.9774  —4.7  —0.47  0.640
FE SRR u 3.7281  3.7108 2.6 0. 20 0. 840
Education degree of head of household M 3.713 6 3.644 5 10. 6 1.01 0.312
Fr A IR A U 3.5530 3.5542 —0.1 —0.01 0.991
Health of head of household M 3.5829  3.6432 —7.1 —0.74 0.459
FETFShEE S u 2.442 4 2.3253  13.7 1.08 0.283
Labor ability of head of houschold M 2.4573  2.4397 2.1 0.22  0.828
% TR u 1.516 1  1.2048  35.3 2.55 0.011
Work situation M 1.502 5 1.6005 —11.1 —0.90 0.368
55 1 [] U 3.387 1  3.4699  —7.7 —0.60 0.549
Work time M 3.346 7  3.1558  17.7 1.63  0.103
P PNIEL U 3.4700  3.1807  21.0 1.66  0.098
Family size M 3.4171  3.4271 —0.7 —0.07 0.942
A B 1 AR U 89. 065 79. 757 38.7 3.05 0. 002
Housing area M 88. 457 88.889  —1.8 —0.21  0.834
PR T B U 2.0156  1.4636  29.7 2.19 0.029
Distance from the main road of the village M 1.918 5 1.944 8 —1.4 —0.13 0.893
AP b 1T AR U 2.1091  2.026 6 7.3 0.56 0.578
Cultivated land area M 2.1237 2.1619 —3.4 —0.31 0.757
R b 22 75 T AR U 16.412  8.1423  35.2 2.48  0.014
Forest land area M 12. 440 15.462 —12.9 —1.52  0.130
B MAMN LG VEH U 0.0323 0.0121  13.7 0.97  0.333
Whether to join the forestry professional cooperative M 0.030 2 0.031 4 —0.9 —0.07 0.942
3 Aol B B 355 U1 Y vk %k U 0.8433 0.2892 32.5 2. 30 0.022
Frequency of taking part in forestry science and M 0.723 6 0.889 5 —9.7 —0.82 0.415
technology training
R NI AR 7 8 B i R 1] U 4.8618  6.6988 —56.3 —4.38  0.000
Time for the family to engage in production and operation M 5.090 5 5.260 1 —95.2 —0.47  0.640
FE N Fe bRl Az 7 2458 1 3 9 B ) U 1.106 0 0.8916  11.3 0.88  0.382
Time for the family to engage in forestry production M 1.160 8 1.159 5 0.1 0.01 0.995
and operation
Ol AR U 271.310 0 149.290 0 27.0 1.95 0.053
Forestry subsidy M 229.520 0 262.6000 —7.3 —0.67 0.503
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3.3 CEREERFRERK

4 o8 T ULECHT G & 2w AR b R 22 . —
JRCR L SR DR C 5 B A2 B A B oE AR 25 B AN R i
10% . #5533, 5ICE AT (Unmatched) 4 ., DE it
J&i (Matched) (19 K 2 8 A% 5 A o Ak 25 55 46 /N T
T HLJEARTE 1020 LAY » 3 3% B DG Fic 45 SR 45 - b °F- 1y
THE . 5 M PUHECHT AU [A] VS FC 5 2k P FC IS AH 2
TR AR A7 Ak o ) ok AG: 36 b B 4 R0 X FR 2H ] 0L 0 A
SRS RS FEICE G S G IR . 45
BB, i8 FHAE 2 VL5 . Pseudo R* A9 {E 44 I

/NT LR chi® (B8R HO 656 VT FE /T 76 126 19 48 11K
VLR T VS RC 5 Y 8% 4 A7 MeanBias (B4 {H
i 22) Fl MedBias CH A7 200w 25 ) 5 DE E 1 45 S AH t
38 R BE R ARG DERC T B9 B A 3K, 1 A 8] 7 v
DETCJ5 ¥ B W) R B2 09 R B A DERC 6 19 B {E
FEZ 25000 T o L5445 DL 5T 52 4G 56 38 b 119 25 1k
AT DA o 28 5 00 1) 45 43 VG BC 5 Ak 3 2H A X BE 2 T
L) 75 e S o P B0 i 25 BEAS T B DL G 45 2R R
- T LA ] D8 E 7 325 DG i S o B AR — 30, IXFE—
T LAl s e o DG g 45 SRR AR AT SE Y

x5 AREREFEFLEREKE

Table 5 Test about matching equality using different matching methods
o DL iy ] . .
) Pseudo R* LR chi®* Mean Bias Med Bias B &
Sample Matching method
VE e i 0.182 64.297"  20.0 13.7 108. 3
Before matching
kAR ILHE (o= 4) 0.016 9.10 5.9 4.7 30.4
k-nearest neighbor matching
R R — X U IC S (R =4, 7=0. 04) 0.016 8.95 5.8 4.7 30.2
U 5 One-to-four matching within caliper
After matching 2 VL HEL (r=0. 04) 0.012 6.67 5.5 5.4 26.0
Radius matching
AN 0.011 6. 05 5.0 4.5 24.8
Kernel matching
Hoew oxox ox % x RIFR 102057 M 1% MG KFE LB,
Note; % , * x and % x x respectively represent statistically significant levels at 10% . 5% and 1%.
4.2 it

4 ZR5iit

4.1 R

ABETEHE T 2014 4F 5N 45 4 v 3% A 4 IR B X
Ty ELf A I A RN L 8 I R BT ) A5 23 DU I
I S E U E RN TN NSRS
b S B RN o B PR BRAS A RE B O ) S
AR WA Z B R RS A . A 5T o A
K B AR AACMRASL A JEE T8 A X e P N BT WA 1 5 T A
ITE IOV IRPN L N A2 NI SR L iR -
S AR P NS MOl A AT R 3 A
Al I 50 S B A e B R Ve GE o M il T 3A
% I8 AR TR A D 3R A R 0 LA R AR P 22 [ S o 1 vk 4
i 22 RIS RN VAl v A B 3 R A R AL 5 v A T
TER R BRI JEE Xk e N B AR 4 i A Y

AP

A PARMRASL i B2 T8 X A P N B ) 52 A i
X AT RE R T A AR A TE SO TR BT o L
F /DN AR AP R BB X A WA B S e A BR
M7 LB e 22 Ab A P N WA i 52 H A T T IR 3R 52
M o A 15 HE PACPR BSCBHE 1) S2 Hit OF BEA FE R T R S
£SO PNSEI PN JiNE A S e gl
XA P NI A 7 A 2 B IE 1) R
JL PR 7 T S AR A i) B ke S AR B X A A 2 ol
SEU R W YN R TR AN | G U= S IR R R
FE I - AEARHL AR B 28 T T BRI R
YRR Sl P A 0 7 3 2o ARt 3 e A B Sk Al
B E RG22 8 MR AT B R AT 1%
BEBT A A 7 XA MO A 25 77l A P B A SR
I 58 - Az R A v - DT i A P ARl WA )
RS o oAb o HE PR AR A B2 24 00 3% TR 3 X



220 O A K R it

2018 4F 5% 23 %

A S BB IE Wl R B T R L Bl A SR R —
AN BC AN 1 S » A bR Il <5 Fi 5245 A R L ARl B
Y 228 SRR ST A L BURPRS 25 0K 32 5 < A0 R
HOR BT SE RIS A BT IRAC P o m] A AR AGIE
BEATHRAR G AR R Ll AR I A

il A TATA AT R A B R A
X R 7 ASCAR DA AN S Dl b s RS 2 8 B b el 2
P21 R Z B MOl 2858 T7 30 A 4R Al A A
ML 2s A A P ROl A B AT RS K AT A B
PP BRI . b X T AN X B
AU TRAL SR PR RS SR B8 T3 A B3R 8 8 ARCIE 14
RO 58 3 IE KA 1 g 4 R 55 AR AR L i T IR A
I AT B AR R ) JEE ok 2 A AR A
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