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Abstract: Recently, energy consumption in rural areas of China is shifting from traditional natural energy to high-quality
commercial energy and renewable energy; this shift may help to reduce the ecological stressors of rural areas. Nonetheless,
the process of firewood substitution is relatively slow in some mountainous areas of China. Existing studies are focused on the
key factors that influence rural households in the choice of energy resources, although it is still unclear what drives the
households’ decision-making on energy resources. For example, there is a significant controversy regarding the effect that the
off-farm employment has on firewood substitution. Furthermore, existing household models are not suitable for the
mountainous areas of China, though these models can simulate energy consumption decisions of a rural household and are
helpful for elucidation of the relationship between firewood consumption behavior and off-farm employment. Chongqing
Municipality is located in the upper reaches of the Yangtze River, and the rural households there typically use firewood as
their main energy resource. Firewood consumption, however, has a negative effect on the already fragile ecological
environment in the region. Besides, firewood collection contradicts the policy of forest conservation. Therefore, firewood
substitution is a hot area of research because understanding what/how various factors affect firewood substitution is necessary
for policy-making on forest conservation. To meet this challenge, we built an inseparable household model to simulate the
balance of labor allocation and energy consumption in a rural household, taking into account the shadow price of off-farm
employment, firewood collection, and leisure. Tools of participatory rural appraisal (PRA) were utilized in this study, in

accordance with field surveys of 1015 households in the “two wings” region of Chongqing Municipality. A Tobit model was

EETE : HE A RPA RS T REPR S EIUH (41161140352)
Wi B #3:2014-07-19; ) £ tH R B 83 : 2015-
# MIRVEH Corresponding author.E-mail ; yanjzswu@ 126.com

http ://www.ecologica.cn



2 S % 36 &

then used to conduct both qualitative and quantitative analyses on the factors influencing firewood consumption per capita in
2011 to test the hypothesis proposed by the household model. Our results show that 1) Rural households gradually increased
their use of high-quality commercial energy and renewable energy during 2003—2011. Nevertheless, due to the vast
supplies, firewood is still the widely used energy resource, where the percentage of households using firewood is 91.43%
and the consumption of firewood per capita was 794.97 kg consumed energy (kgce) in 2011. 2) Off-farm employment
significantly reduced firewood consumption per capita via rural labor migration and the improvement of off-farm wages. 3)
Other variables also have significant effects on firewood consumption per capita. For instance, among the statistically
significant factors are the age of the household head, the livestock number per capita, and distance to market; these factors
positively affect firewood consumption per capita. In contrast, the number of household appliances, other income (e.g.,
government subsidies and support from relatives) , and accessible biogas have negative effects. 4) The Wulong County has a
negative impact on firewood consumption per capita due to the biogas policy, and so does the Wushan County ( due to rich
coal resources ). We propose several targeted sirategies for acceleration of firewood substitution according to existing
research ; these strategies include improvement of off-farm wages to speed up the transfer of rural labor to off-farm
employment, completion of the social security system to improve the purchasing power among the elderly for the use of high-
quality commercial energy and renewable energy, increasing the subsidies for electricity access, and promotion of renewable

energy.
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Table 1 Basic characteristic of 12 typical villages
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Table 2 Percentages of households using different energy sources

) Year Fi4¢ Firewood FEFF Straws JE S Coal WALS Liquefied gas HLHE Power A<, Biogas
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Table 3 Change of household energy consumption levels and structure

Ay FiLe Firewood F&FF Straws 5 Coal WAL Liquefied gas  HLAE Power 78X Biogas &3 Total
Year Ko bl W] KedrMet L0 Ke bR Ml Kg bREME Mol K bRt ol Kebmelt o (Kg hRifEdt)
2003 1140.28 87.09 25.32 1.93 133.21 10.18 0.43 0.03 9.80 0.75 0.23 0.02 1309.27
2011 794.97 83.63 21.83 2.96 98.27 10.34 4.25 0.45 26.17 2.75 5.12 0.54 950.61
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Table 4 Descriptive statistics of influencing factors

ARG A X SFHE PR
Variable Variable meaning Mean  Stdandard deviation.
Al 5550 J1 L5 Percentage of rural labor fore 35 sh 1/ B s h 0.62 0.29
A T % Off-farm wages EEIF AW VeI E FIN ACEN) 70.57 61.81
F1EAER Age of household head JH ETBRAER (4F) 54.51 12.37
JIEHE R Education of household head XH=1,/ME=2 8% =3 @ () =4, KERLI =5 2.12 0.70
WAL EL Liquefied gas tank WA H=1,%=0 0.21 0.41
ZRBE B A8 Number of household appliances  ZBEF T BUIE 25 Be/K Y L 7 B AR 1.96 1.20
N #EF ] 5 HE Livestock number per capita B E=1 R¥E=1/3 3k4) /7B AN0CGk) BRI 1.92 4.08
HABYA Others income WURT AN B S R R 45 22 F/ B H (JE) 2728.77 5364.49
78X Biogas HEHHESR=1,%=0 0.04 0.21
PRI 752K Forest coverage MR ARME (%) 57.84 16.10
BIAET IS Distance to market B e B AR T B R R B (km) 8.94 7.81
R EE Wulong country REEE=1,%=0 0.31 0.46
Ak 1LTE Wushan country ARILE=1,%=0 0.37 0.48

3.2 [IHZER S50

RS Eviews5.0 GETHHART A N B3 500 9% B O 520 DR SR BEAT I0DE 0B SRS 2R AN 50 X2
M 7t NS S i i I 3 BAR A

K5 HEHBRNEMER

Table 5 Influencing factors of firewood consumption per capita

ZZ & Variable

Z B Coefficient

7 G HE Z-Statistic

4\ 55 80 1 bl Percentage of rural labor fore

B4R T % Off-farm wages
JIEAER Age of household head

F'EHEFEE Education of household head

WAL Liquefied gas tank

FREHL#R B0 Number of household appliances
ANFIHEF 1R FR 48 Livestock number per capita

HABUCA Others income

BR Biogas

FRMTE i % Forest coverage
BAETTIE S Distance to market
#FE B Wulong country
Ak B Wushan country

H AL Constant

913.729 "~
-1.266""
11.258 "~

-47.573

-94.105

-64.585""
16.640 "
-0.010""

-350.143 "~
4.009
9.874"

-510.011 "~

-1148.791 "~
323.797

6.916
-2.287
4.192
-0.975
-1.325
-2.494
1.667
-2.058
-3.186
1.376
1.849
-4.579

-10.742

1.071

s s Fll o S0 FRRTE 0.1,0.05 A1 0.01 (/KT .3

A5 301 5 LI N K380 S0 Bl b AT b 25 LR [ S, 2 AR ™ S IS ARl P 7 ) R R g, 3 S8 1
MR 2l 2, AR T NSRS TH S i 0 2 H R O T(E, RS i AR TR0 REREIR A3

TR, P AR A F T8 DT IR P A5 B i
JUEAR IR A X HEETH Bt S T R R AR O NS T B, O PO AR IR R
R ERRIBARA O B HL 2, ELREIRIN S LS AR X 5, 35 2 R, S I/ N FEETT S AT AR 2> el

http ; //www.ecologica.cn

B

I
b
£



51 TR 45 AR P B S TH 9 i BB AR K SRS 9

FHFR SRR I, T SO\ S48 S S i e . 7 280 R B S48 ST B R i A . 3%, mT g P9
FEX P EBE R E2ON/NE QIR B Z 8 22 5 AR R BO (e, R BT R R, A
Hi il 2B, X5 W AT

SR BE HL e SO XoF N3 S T B i A 5 G R, IV JEE i AR A B e | N RS BBk, A i
HLPAOK S 25 L T TR 2R A5 D7 T, 0 S EAT B0 B AU, MU 5 2 R S O B2 | N 18 37 5 9
AR, AL P BT A S S M AN S 2 (ER O S, R R =P FL A N3 S S e
R, X5 RRARAT . SRR B X A3 S i A 5 R R RO, RO 3 KO IR 2 | 3 S B
1o X SR A IFFE XA A 4 7 TRl s ZE A RE IR LA 598 T2 HER B0 I F Sl e B

LA AT NS5 P A 2 D ) s, R A S AGB A  NIIR STH 2B AR, At A =
BR FEUR AN S PR AR DR, 2R HAR A A G A T AR BRI X 22, PRLIRG, LAt e A e
4, BRI ARAR 7 SRR AL TG SAH AR T Il N S 2

T NIFR ST 9 35 T 520, A RV A BY TS, X2 RO TR e IR A & 1)
HHEETT I, W FESe B B A AU . R B 2R OB 2 3 Xk N3RS 9 A LR [l 2R AT UAS SR (HR
AW X ATRESE P BF5E DX AR AR o R AR B, AN [ SRR f) A 7 AR IO S i 3 B R JEE 25 S BN
[ e 1 A T B R L 7 RE A s ) b S WO AR RE DA A% AT SRAFPE XA P B0 | HL =3 S % N33 58
THPCEA W by s S i s, A P BRI A5 7o il RE I Ay BRSO P A, T
NEH St B ELIF ST DX R i BRI T 3 AR X i = | (HL 28 % R RS, BURFAREA T3 VR SUBOR , DA TT
o EL NS B 5 7 S B 5 UM OG5 AR LU BRI ST IX 28 T R e BV I (B 5 BE R A WA T Sz AR X
fidt e, DA AR B 553800 6 TH 9 S TR G

4 WIEEEREY

k57 s 7 T HEAR FEL L RS REAR T 46 B2 4R, X5 Manning™ 1 Wang 55 WFIE 4516 — 5, HJ2, 7E
HARIVE L L BT 458 50T SR BT 2251, BFFE A Rk AR AR S A (S b 9/ R B 3 S 10 95 81 1 R
W B R A A P R E X W T R S, 3 e R R T R A AR BT BB TR A T P R, SR AR R S AR Y
Manning TA A AR A SV 3 i e R N TS LI d /D 3R BUHT 58 0 R 14 57 o 1ok SE B 56100 . Wang 2500
A AR AR 2 30 3 1 0 3 S U AL AR IR MY e b A R /D A 51 B BE VR T 9% ke SE BT S R I
W5 Shi S5 I ZEIR A —20, PR AR R EZ0 55 AR R M X AR Aol I A B A F 4 A B VA1) FH Y
FERT T B T AR ST X S 28 B e S KT B B IR B A7 25 9, Shi S5 B AT IX S R 1 7Y
55 ILVE 4 A (Shangzhu Village ) , %X 2000 4F 14 B AFIAEIAAL R 1024 5T, AN B Y 4F 4 [ - 7K -
f—2 , ELRS S AE IR nTARAG P22 AR SCAOMIFSE DX I8 AR PG g 22 IR LU IX, {H 2011 4R 4R 0 A KO A7 — e 42
o, ELR SRR VE AT AR AR A, n L R TR 2R R TR BRI S X A5 B S5 8 B BT TR, X 0T fiE S FSE X Y
FLARAE LB HR BRI R HCA G

H AT T A& BRI SREVRTN 27 0 56 R T T KIERFSE (IS5 R A —3, —Se2 I A
BEE 5 NI A A B B R 56 56 28, AR P WSO B8 i ko 357 4 R H A A% G A= W I RE TR ARG 9 B LT I A R
gL 18 2260 R L2 BRI 4 R N SR E WA X FE ST B B B I SO R R B Pl A K SF- g
IPEER SRR 7 A b o AR R A K B R B 2 T AR, 8 S — 2RI AT
FANk, & IR AR T BT RE N PR S B, 3 R B 55 AL 2 A R v, 37 SR AR B P e, BUR
AU S SR PR B TN P R ST B

FEREVR A AT AR AP I, Chen S5 RIAR 752502 (BRI & B0 15 2 3 7 S M) B 8 o o P H 37 S R 46 1l TH
FERFEMA 35 LRSS N IE, FFTE5ie 5 B A 4518 — 30, R BUH Se AR B XE 2 B2 B XA P 37 S 9 i
R AR Al S5 R R AR 35 R S A P A S8 T S i R E AR OG B AR SR, AR P A
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S R EONAT S R DR B B BT VR R R A RE IS AT AR R R P A AR B
SERA K BB R R ACRE DR AT RATPERE DR S A, BRIV 57 Ja 0 4 i B 0 -5 7 S 90 A 0 3 DR ORI B DR
AR BT DX A O A SOSG , AN R b AR R B L A A% A SR B R
SR BRI S KB A I A e 8

WFFEASTENS T A AR SR ARBORE , (e o 3 DR T AR B K S B S B R B T8 S BRI
K, BRI EEUR AT T — R IR ML PR BOR  (HUR AR SCTE B4 P A2 TR A T 2R MR L )
HEAEM . T ER A5 3 BAR mARA b TSR RE MR BTSRRI, BUR B3 i — R 5 it , ke
PN S5 B TIHT T ARUREATEE FE , SBAA Fr i AR RO i BE— 008 RS  FR A i A T 7, e ik
=M AR A 7=, A FEAO AR = A A, S Al AR 7 38 K B 22 9 A i FP gf i 4 R s st Tl Ak
FISRAEAL , PR ZR T30 DX R 7 L e B8 | SO A i 2 LA, iy B SR BRI B3 25 8 5 st L X B i 51
s A R AL A RE , P A ROARAH A RE ST o 28 T A AT 3 S B AR AT B B4R, BURF D 3k — 20 52
TAR IR E IR HI L, P, LA RERIRA ™ A 2 B BESR PR S8R, IR L, ORI IR SR & 4l SCff
JIBE . B, B v R BE Y AT AL AN ST RBOR BB (2 HE 7 52 A, (8 22400 it BE IR 2 23 3 ™ 1Y
2GR BRI T REVR A AT RREe A IR, BORF LG T34 VR ST RE TR, AN W o8 2558 RE IR BEAMU UK,
& A il TR RER AT ERE

5 it

AR SCIE R AR TS SRR | L 1015 (3 AR R EICHE S R, 404 IR T AR SR JRE RR IR 2 i 1t R
LAk, FEAIH Tobit &Y T2 f 73 M ANBI# 511 2 i RO 2R I 3R A 30T 2598 - (DA SR8 B 1 R o
BRREVRFE REW A , (B IF Bk 7o A SERE IR, 3 SR IF SR A ik A A RE DR 2 | ELT 2 (5 B A
Y R, QSRR 57 3l 7 L E A S AR AR TR PR R AR AR ARl AR 25 eI P 28 37 5
TR, OF AL R X ESH S B B R, ;P AR | D e A T I g S A S 78 1 S 0 N B S
A 3T W R I RO T A E P A e LA AL 9 0 I A e B LR AR 1 B A2 3 S T 2 i 3
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