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A study on low carbon effect of livelihood transition of farmers in the mountainous area out
of poverty: taking Longnan mountainous area as an example

JIA Yuting, ZHAO Xueyan', JIE Yongging
College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730070, China

Abstract: Background, aim, and scope Clarifying the low-carbon effect of the livelihood transition of farm
households in poverty-stricken mountainous areas is crucial to realising the green transformation of villages and
building low-carbon villages in China. However, most previous studies have focused on carbon emissions from
households at the national or regional level. Few studies have examined the impact of changes in household
livelihood strategies on carbon emissions. This study analysed the path of farmers’ livelihood transformations and
carbon emissions from 2014 to 2019, to clarify the impact of the transformations on carbon emissions. The data
from poverty-stricken mountainous areas could provide a reference for rural low-carbon initiatives. Materials and
methods Survey data on farmers’ livelihood capital and main livelihood activities in the Longnan mountainous
area from 2014 to 2019 enabled classification of the livelihood strategies. Using the Intergovernmental Panel on
Climate Change carbon emission inventory method, the carbon emissions generated by the energy consumption

associated with production and living materials of various farmers were calculated and the influence of livelihood
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transformations of farmers on household carbon emissions was analysed. Results (1) The livelihood strategies
of farmers could be classified as traditional agriculture-, cash crop-, workers oriented-, business oriented-, and
comprehensive- strategies because of their different income structures. (2) From 2014 to 2019, 73.03% of the
livelihood strategies of farmers remained unchanged. Among the farmers whose livelihood strategies changed,
the proportion who changed from comprehensive to work-oriented was the highest (10.67%). (3) The per capita
household carbon emissions of the studied farmers has increased because the increases in per capita living
carbon emissions exceed the decreased production of carbon emissions. (4) Among the farmers whose livelihood
strategies changed, 10.76% of farmers’ per capita carbon emissions declined. The decline from cash crop- to
traditional agriculture oriented farmers was greatest (41.45%). The per capita carbon emissions of the remaining
89.24% of farmers increased, with the largest increase (208.86%) from comprehensive- to traditional agriculture
farmers. Finally, among farmers whose livelihood strategies did not change, all of farmers’ per capita carbon
emissions increased. Discussion The changed carbon emissions of Longnan mountain farming households display
different characteristics concerning the transitions in livelihood strategy. With the acceleration of urbanisation,
the construction, manufacturing, and service industries have attracted a large amount of surplus rural labour.
The livelihood strategies of farmers in the Longnan mountainous areas have rapidly become work-oriented. The
increase in work-oriented farmers and decrease in traditional agriculture and cash crop-oriented farmers have
reduced the crops areas, livestock and poultry breeding, and reduced the per capita production carbon emissions
of farmers to a certain extent. At the same time, the livelihood transition paths of farm households have had a
greater impact on household carbon emissions. Carbon emissions have increased in most of the households that
have shifted livelihood strategies, because of an increased demand for subsistence consumption. In addition,
farmers have increased their use of direct energy sources, such as coal, petrol, to increase per capita household
carbon emissions to some extent. Conclusions From 2014 to 2019, the livelihood strategies of 26.97% of farmers
in the Longnan mountainous area changed. The most important mode of transformation was comprehensive to
work-oriented. Household carbon emissions have increased as per capita living carbon emissions have increased.
This emission increase has exceeded the decrease in production-related carbon emissions. Among the livelihood
transition paths of farm households, per capita household carbon emissions have displayed a decreasing trend
in farmer households that have experienced from traditional agriculture- to workers oriented-, from cash crop-
to traditional agriculture- and from business oriented- to comprehensive- transitions. Among farm households
that did not experience a change in livelihood strategies, all of farmers’ per capita carbon emissions increased.
Recommendations and perspectives With the goal of reducing household carbon emissions of farmers in Longnan
mountainous area, in terms of carbon emissions from production, the government should encourage farmers to
adjust their agricultural production, operation, and management modes, and guide them in the use of energy-
saving and emission-reducing agricultural production technologies. Increased efforts should be taken to promote
“green awareness” in rural areas, encourage farmers to participate in low-carbon activities, and promote the
development of a lifestyle that inculcates habits of low-carbon consumption. Concurrently, the rate of utilisation
of clean energy in rural areas should be increased, and farmers should be encouraged to accept clean energy
sources, such as solar and wind energy, to reduce the carbon emissions associated with daily life.

Key words: rural residents; livelihood transformation; carbon emission; Longnan mountainous area
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Tab. 1 The characteristics of 1068 households interviewed

JAIAE S 4Efy  Year
Survey content 2014 2019

KA (A )
Family size/(person - household ')

SR ()

5 —

4 —
Workforce/ (person - household ')
AR/ Chm?- !
A 0.74 0.71
Area of land/(hm” - household ')
i3 / JG
%E:&:W),\ = 21794.45 35564.17
Annual household income/yuan
JEE / It
LT 1964525 31734.52
Total household expenditure/yuan
=
284 19.93 -
Illiterate
I\
A 24.83 -
BEsial Primary school
THE AT w 1 )
Education level of Junior high school '
workforce/ % =
, rfEP 17.57 —
Senior high school
VA
RERE 1419 B

College or above
“O7 FIRIZEAE 2019 AERE 2014 AEA KA.
“~” indicates that there has been no change in 2019 compared with
2014.

1.3
1.3.1 AP HETHRmG r2E
FURGTAR P 39 A= T SR &) 0 22 AR 7 R R
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2 2014 4F, 2019 4R P A THHRIR AL
Tab. 2 Types of farmers’ livelihood strategies in 2014 and 2019

2014 2019
RpEgos  WE ZEsod E

ERawil s

Types of livelihood . .
Number of Proportion Number of Proportion

strategies . .
families /% families /%
g gl £ 57
Traditional 94 8.80 55 5.15
agriculture-oriented
L
i {ED] o 86 8.05 75 7.02
Cash crop-oriented
T.E5m
5 sﬁi 480 44.94 585 54.78
Worker-oriented
PTG L B
’Tﬁﬁ}‘%i 31 2.90 38 3.56
Business-oriented
Gam
S 377 35.30 315 29.49
Comprehensive

132 RPFEMRHEOZRA

FET 2014—2019 4FERRg LI IXAR P AT HBEAS
FEATHE S LR . 5% IPCC 42 H A iHE
TS VA A A B Ll X P M R R, 1T
s/ (1IN

C=XC+XC, (1)
Krp: CRHR PR, C e A"
MBI, C; A P A TERRHEL
1.3.2.1 A r=mHEL

B e 1L DX P i AR e iR R DL T =

ATr (1) Rl A BORMSE A T B i % U
e (2) At =R iR = R (3) &
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BRI B R = SRHE (R 2 R g
2023) .

Bl A L X AR A= 77 BRSO AR B B HE T3
BORIETAGAE . A2y, B, Rl difh. ARl
B, RSmmLpless, AT

C,=20,%a, 2)
K C MR AT FERHE A A e O,
RSN E T RO o, IS LN AE 5
BHBHRR RS, BUE LR 3.

£ 3 RAAETFFORE A RBRHRL R %L

Tab.3 Carbon emission coefficient of agricultural production
material input

Herc R E (LAt )

el A= B

SRR
Agricultural Emission coefficient BHKM
. . Reference
production materials (calculated as carbon)
KA West and Marland,
Agricultural 0.1800 kg- kW' 2002; #E54E, 2023
machinery equipment (Zhao P H, 2023 )
e .
1,, 0.8956 kg'kg '
Fertilizers
¥ &2} .
4.9341 kg kg ' ES &
Pesticides €8 ( A, 2011 )
LiBetal., 2011) ;
AN ,l = oy
o 5.1800 kg kg H = FskR Mg, 2013
Plastic film .
o ( Tian Y and
ARSI 0.5927 kg kg’ Zhang J B, 2013)
Agricultural diesel oil
MR .
) * E o 20.4760 kg-hm ™
Agricultural irrigation
gl BB HIFHRAE, 2007

3.1260 kg-hm™

Agricultural ploughing (WuF Letal., 2007 )

Berg Il X EZAEA EoK. Z/NE. KE.
AEBL, 2t TMAIOE . ARRAE . SRR HE
B PR R AL G VE YRR AR TR, VR4 25 780 K AR HE ik
FH, HHEAL TR

Cp=2S, %0 3)
Krf: G, EYIFRE BRI ; S, M SAEY)
MIFPAE TR o 25 BRI B HE R 8, BUE
W3 4,

EEERMT, FEEMERBSTEREDN
CH,, ZEfE4 44 KEM CH, AIN,O (1
BAAE, 2017) o HTT, Bl XA P 3RS
MBEERAB A B D F A, HEsor

Co=20.%ay (4)

Cy= 2 Or X ay (5)
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Hem 2%, BUER 5.

K4 EERIEYIBH R

Tab. 4 Carbon emission coefficient of main crops

HE A% (LIN,O3)

R7E=i - - 225 R
Crop type Emission coefficients . N
(calculated as N,0)/ (kg-hm )
EXK  Corn 2.53 Mz Flsk 2R, 2013 ( Tian Y and Zhang J B, 2013 )
& NAZ  Winter wheat 2.05 PEZEAESE, 2011 (PangJ Z etal., 2011 )
K& Soybean 0.77 REIEZE4:, 2002 (Xiong Z Q et al., 2002 )
3 Vegetable 421 Mz FI5KR M, 2013 ( TianY and Zhang J B, 2013 )
HABFHAEY) (L5 AERL. Wit . dh2ist . ek)
Other dryland crops (potato, peppercorn, olive, herb, 0.95 T, 1997 (Wang Z P, 1997 )
walnut)

4 1 kg N,O 51 & MR ERN AR F 273 kg CO, (IPCC, 2021) . 1kg CO, #1534 12/44 kg Bk, K¢ N,O HEHCRSE (LA RRHER =
According to the greenhouse effect caused by 1 kg of N,O, it is equivalent to 273 kg of CO, (IPCC, 2021), and 1 kg of CO, equals 12/44 kg of

carbon, N,O emission can be converted to carbon emission.

RS EBFERE TR

Tab. 5 Greenhouse gas emission coefficient of livestock and poultry breeding

CH, &% / (kg 3k "ah)

N,O HEMC R /(kg-3k '-ah)

SRl CH, emission coefficient/(kg-head '-a™')  N,O emission coefficient/(kg-head '-a') E =2 3/
Animal type Wil K i By ikegsil A Reference
Enteric fermentation Fecal management Fecal management
4 Cattle 47.00 1.00 1.39
32 /5" Mule/donkey 10.00 0.90 1.39 IPCC, 2006;
% Sheep 5.00 0.16 0.33 BT REE S, A0
¥ Hog 1.00 3.50 0.53 (HuX 2;?3)%% St
Z&  Poultry = 0.02 0.02

1 kg CH, Fl N,O 5| K (IR 2200 40 BI04 T 27.9 kg Fl 273 kg CO, (IPCC, 2021) . 1kg CO, T8N 12/44 kg i, ¥ CH, FI N,O HEjk

LA R AR .

According to the greenhouse effect caused by 1 kg of CH, and N,0, it is equivalent to 27.9 kg and 273 kg of CO, respectively (IPCC, 2021), and
1 kg of CO, equals 12/44 kg of carbon, CH, and N,O emission can be converted to carbon emission.

1322 AEHER

A i HE IO 45 L 42 i U ke HE RN A T 9%
TRHERC Pemd Il XA P I FHBERP S Bt —, 2808
WA EE R WA VIR T, R R T FE R
SRR, UL, BERE Ll XA P 5 B
RETRTHFE ™ A= M B HE RO T e . AR
TRIM . FLTT . 0 SRR FF 1 T 6 S S AR v e HE
AR, HEAXWT

Cq/: E de X Oy (6)
Krh: Cp R ZEE B HE 8 U5 I #E Fr ™= A= 1 e HE
i Qy WFBES R EILRRIEH &5 oy NHRETRIALE
HRRHEL 280, IR IPCC (2006) . hie A R4t
A A= S35 (2020-12-29 ) 1 ( GB/T 2589 —
2020, ZRAHEAETTAEN ) ( ERg e

SR E AR B T 2x, 2020) HYMECE,
Bk, A, AR B RYBRHE R R ECIN £ 6
Fiss TR EXHESE . R T B Bk HE L
AR, i, W SBERSE (2015) #2200
P FIRS PR BRHE R 2L

W AE 2 g it e A i s RO 2% 52 4y
), R E R TR S M BRI . K
Ja . AR s LA SR 55 . ASE A AE . BE S0k
RIS . BT DRl S A IR 55 . I, A 3 T 2
7 AR AR AR BB R T B THAE L 2R B . S A
FCIRAFCREL, HEARXIT

Ciy= 2P inj < Qi (7
A Gy A TE I 98 B 72 A BRI R s Py
BRI S o AT PN
e HF R A, WAL 7.
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Tab. 6 Carbon emission coefficient of direct energy consumption

Energy type Coefficient Reference
J%c  Coal 0.5601 t-t ', LUBKFT ( calculated as carbon ) IPCC, 2006; (GB/T2589—2020, Z:afekbitaemm)
754l Petrol 0.8146 t-t ', LAFkit (calculated as carbon ) (GB/T 2589—2020, general rules for calculation of the comprehen-

WA Liquid gas 0.8634t-t", DUt (calculated as carbon ) sive energy consumption)

e RN A= 25 ERIEE, 2020-12-29

( Ministry of Ecology and Environment of the People’s Republic of
China, 2020-12-29 )

0.8922t-(MW-h) ',

Electricit: N
i) ety LI CO, it (calculated as CO, )

1.5000x10* t-(10*)™",
L) CO, 1T (calculated as CO, )
. 1.2038%10* t- (10",
AT Stalk LA CO, i1 (calculated as CO, )
it 1 kg CO, #1534 12/44 kg B, 4% CO, HEUiRE b b s .

According to the 1 kg of CO, equals 12/44 kg of carbon, CO, emission can be converted to carbon emission.

HiLk  Firewood
Lpefh%%E, 2015 (Ma X Wetal., 2015)

KT AETEHE T HE R R

Tab. 7 Carbon emission coefficient of living consumption and reference sources

e He 5 (LLCo, 3t ) / (kg-ot ) E =Sl
Category Emission coefficient (calculated as CO,)/(kg-yuan ') Reference
1Tt Food 0.095
A%  Clothing 0.126
JEfE  Residence 0.192
A5 G B IR Household goods and services 0.158 XUFTHESS, 2012
A ANIESE  Transportation and communication 0.159 ( LiuLNetal,2012)
HH RS Education, culture and recreation 0.160
Y7 {fd  Medical care 0.177
HABARS  Other services 0.064

2 1 kg CO, Y18 H 12/44 kg ik, K CO, HEMCR LA A HE R .

According to the 1 kg of CO, equals 12/44 kg of carbon, CO, emission can be converted to carbon emission.

10 IS i Ly XA P i g S5 S 0 £l A
B HE R, AW T 3K S B A e e,

(W) B F S P P BRI, S i g K 21 2
S A T IS5 e, oo, S 9 3 =
PR3 B A SE ALE S B, T S Z S =
Y B 2 I SO R BRI, G 51 3
S 24 57 I B D O AR AR B . Bl L XA P Y @2 B
AR S5 S b, DRI ASRE N 2 4 AR i — =
TR 3

2 :

2014 2019

2.1 FEA Year

ZEA .

FRR; 5 ZRESR,
P N N YN N
ﬁix’ﬂﬁ, Ig%fmﬁﬁﬂ% s ﬂ%[ﬂ%]:ﬂf?ﬁﬂ, ‘Jj 1: worker-oriented; 2: comprehensive; 3: traditional agriculture-

10.67%:; gél%’ﬁz% EEEF }_ﬂ‘ yz: ﬁﬂ %?ﬁ“ﬂ?ﬂk EETE'F E! H/‘J oriented; 4: cash crop-oriented; 5: business-oriented.

/b, 0.09%. HAx 73.03% K 1 PE
fim/ ﬁf X 9; ‘T Z%‘ f Ew‘z)ﬁ]if* Bl 1 2014—2019 4FBi R LI XA B9 AR TR
PRSI ARG, oy, SRR 95 T 2 A Fig. 1 Livelihood transformation track of farmers in Longnan
RmR A P (E1) mountainous area from 2014 to 2019
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2.2

22.1 RPN FREEmHCE
2014—2019 4F, [l Fg Ll XA 7 19 N34 5 a2 filk
HER AR R T s, B 11.62% (E12) .
A BCE, A 7 0 N34 A 3 B HE s A i
B P HEL, JFREKES, WEIEN 27.27%.
NI A P HE R 2 T R, RRIE N 8.30%, 1F
A TS TRHE R T T, AR P B NS A T T B i
TR, RN 32.32%; A EIEREIRIY REE
A i HE R SIS R R, BEIR R 21.14%. Ui
A T B R 1 R R L DX A T N SR e HE T
TN SCHER R, Wi o B AR IR, RS AT
IR A 7 A I B HE AN A . A 7 i HE T
JiTE, BB SR NS A PR HE R R R K, 3R
36.42%, YEVIFME RN, (O 6.86%, M
B Ll X AR P B A et R, B SR A U v
FIAAXF T
222 R[REA IR P AN SR RRHE R £k
2014—2019 LG £ TR . Z01EY E
SH L e B FRVRZES B P NS KRR HE
R R R, Hoh, ZBFEY SRR 1
NI ZBEHE G R e, 35 39.90%, £ AU
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AN FE AR CRAgR D
Household carbon emissions per capita
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& et

Carbon emission type
Lo AP WlEi 20 RAVABORHIEA 3 fEIRIA; 4. BB
B 5: AETEWRHERT 6 EIRBRURINFE; 7. AVEIHSE 8.
1: production carbon emission; 2: agricultural production materials;
3: crop cultivation; 4: livestock and poultry breeding; 5: living carbon
emission; 6: direct energy consumption; 7: living consumption;
8: total.

K12 2014—2019 4P rg i XA T NI G BERRHERT
Fig. 2 Per capita household carbon emissions of farmers in
Longnan mountainous area from 2014 to 2019
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Tab. 8 Per capital household carbon emission structure of farmers with different livelihood types

Unit: kg (calculated as carbon)

Hifr: kg (LA

fegedell. 52 ; . . S
, I - BV LR %5 TEGH 2 LT LGar
25 Traditional agriculture- ) ) . . .
. Cash crop-oriented Worker-oriented Business-oriented Comprehensive
Category oriented
2014 2019 2014 2019 2014 2019 2014 2019 2014 2019
il
ﬁz%ﬁ* . 18.68 9.56 13.17 12.79 8.47 7.13 4.72 4.18 24.27 29.58
Crop cultivation
PP AE P BERHEA
Agricultural production  161.46 165.93 154.83 167.54 155.98 165.76 155.45 165.14 160.04 168.58
materials
LR
Livestock and poultry ~ 101.64 238.26 101.17 75.81 50.07 27.09 21.18 5.84 109.90 59.24
breeding
HAERRIRTE 2
Direct energy 129.75 138.90 103.66 128.90 166.90 180.59 191.87 260.37 126.74 173.06
consumption
AEE T B
Lk 120.49 167.46 111.05 291.91 253.90 249.89 284.01 401.21 97.37 176.44

Living consumption

M A =R OE , 2014—2019 4ERR £ 58
el T R AN, AR A B NI A PR R

HEm Y RS, Hdr, 255 R B9 R 0 B
K, K1251%; ST FESFMKZ (6.78%) ; &
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SR P NI A PR HE R R K R, BiE R
46.84%. MABETEMHEE , B THE8mM A
BUE W RHE B K G, K, &FEw £
SR PR R RO, 3K 95.98%, 45 TS ALk
PRI IR AR, H 2.30%, R iEg Rl 5
R I HE T 855
223 R[] A 5 7 AR P A N34 52 Bk HE il
4k
AR R, R P R ERRHECRRE

KD (£9) o BCKE, Bl £ 85
145 TG/ LUEY 3 SR gl %
B R B SR 10 25 BRI R R HE
HERRRESE. b, f0EY 3 S8 %5
Al 3= AU P I RHEBCR R IR RO, 35 41.45%,
gl = Bk 0] 55 T3 AU P R RE R fe /)
1R 10.90%,  HoAth Az THE e 7 1) N34 R BE Al HE
R EIES . Hrh, mEE SR e g0l
SRR IR R, 15 208.86%, HIZEA AL ]
o B RALR P RE N, Uk 3.24%,

29 2014—2019 AR LR EAR A P 0 RRHEBURS B 40

Tab. 9 State transition matrix of carbon emissions of farmers with different livelihood transformation paths from 2014 to 2019

Bfi: kg (AT

Unit: kg (calculated as carbon)

2019
el 52 ; . . s
e G A 55 LAl 2 £ 5 e
. . Cash crop-oriented ~ Worker-oriented Business-oriented ~ Comprehensive
agriculture-oriented
fegeflh 3= 51
Traditional agriculture- 84.19 154.11 —66.18 104.91 130.10
oriented
PR S
i _TE'F —424.06 177.70 247.06 / 156.80
Cash crop-oriented
2014 55 L4 5
. 64.26 154.20 0.32 378.47 17.58
Worker-oriented
PTG B
’Tﬁﬁ}‘%i / / 236.13 -177.28
Business-oriented
L)
S . 1082.49 127.39 83.17 21.42 84.79
Comprehensive

Y R BRI AR AR s PUEFTRBRARCR D s RN BRARRC S

“/” indicates farmers without such livelihood transformation pathways; negative: decrease in carbon emissions; positive: increase in carbon

emissions.
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3

31

2014—2019 4%, Blrg th X4 ' A TSR g 1E
Wl ) 55 T3 PR G5 £ SRR, Forb i 2R
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H10.67%. E A WFFE & BB e Ll XA 7 i AR T
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3.3
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