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The Effect of Crop Diversification on Agricultural Income
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ABSTRACT : The purpose of this study is to analyze the effect of crop diversification on farm households’ agricultural income.
Abundant literature have explored the determinants and efficient strategies for crop diversification. Yet, there is a paucity of research
studies that empirically test the effectiveness of crop diversification as a profitable farm management strategy. Utilizing the 2015
Agricultural Census, this study adopts a quasi-experimental research design to compare the outcomes between farm households that
opted for crop diversification and farm households that did not engage in such a strategy. In doing so, this study applies the
Heckman Selection Model and the decomposition technique to address the problem of selection bias and to identify the causal effect.
Our empirical results show that farms that implement diversification are more likely to earn higher agricultural income than
non-diversified farms, although the difference would not be much substantial. This study concludes with several policy proposals to

stabilize agricultural income in conjunction with crop diversification.
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Table 1. Stratified Random Sampling Results

Number of crops grown | Population Sample

(per farm household) size size pet. (%)

1 295,192 14,722 39.21

2 273,940 13,822 36.82

3 151,908 7,656 20.39

Over 4 26,716 1,338 3.56

Total 747,756 37,538 100
Table 2= & A7l AH8-H F5HA 3L SHHRIo|
ek Aol el %, A
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Table 2. Definition of variables

4B BYas VAE 3P

Variable Definition M1 M2
Dependent Variable
DVSF Diversification (= 1), Otherwise (=0) (6]
HINCOME Agricultural income (log(total sales of agricultural products)) o
Independent Variables
Demographic
ACI Householder’s age under 35 (= 1), Otherwise (=0) (6]
AC2 Householder’s age btw 35 to 44 (= 1), Otherwise (=0) (0]
AC3 Householder’s age btw 45 to 54 (= 1), Otherwise (=0) (0]
AC4 Householder’s age btw 55 to 64 (= 1), Otherwise (=0) (0]
ACS Householder’s age over 65 (= 1), Otherwise (=0) (Ref.) (6]
AGE Age of householder o
AGE_SQ Age * Age
GENDER Male (= 1), Female (=0) O (0]
MARRY Married (= 1), Otherwise (=0)
HMEMBER Number of household members (6]
Socioeconomic
CAREER Years of career experience in agriculture o
CAR_SQ Career * Career o
NEW Less than 6 years of farming experience(= 1), Otherwise (=0) (6]
EDUI Below high school (= 1), Otherwise (=0) (0]
EDU2 High School diploma or some college (= 1), Otherwise (=0) (Ref.) (0]
EDU3 BA or higher degree (= 1), Otherwise (=0) (0]
Farm Management
AREA Agricultural land area o
RENT RATIO Proportion of rented farmland (¢}
OD_RATIO Proportion of outdoor farmland (¢}
NONAGRI Has nonfarm income (= 1), Otherwise (=0) (6]
INFO Utilize computer (= 1), Otherwise (=0) (0]
ORG Participate in producers’ organization (= 1), Otherwise (=0) (0]
AGRIBIZ Participate in agriculture-related business (= 1), Otherwise (=0) (0]
MECH Possess agricultural machine (= 1), Otherwise (= 0) (0]
Major Crop
CROPI Rice (= 1), Otherwise (=0) (6]
CROP2 Fruit (= 1), Otherwise (=0) (6]
CROP3 Vegetable (= 1), Otherwise (=0) (6]
CROP4 Food crop (= 1), Otherwise (=0) (6]
Main Marketing Channel
S PLACEI Wholesale Market, Production market (= 1), Otherwise (=0) o
S PLACE2 Agricultural cooperative(NH), agricultural corporation (= 1), Otherwise (=0) (0]
S PLACE3 Government, Collector, Mediator (= 1), Otherwise (=0) (0]
S PLACE4 Direct Sales (= 1), Otherwise (=0) (Ref.) (0]
S PLACES Agricultural Processing Companies, Retailer (= 1), Otherwise (=0) o
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Variable Definition M1 M2
Region
REGIONI1 Metropolitan Area O
REGION2 GyeongSang-Do (0]
REGION3 Jeolla-Do O
REGION4 ChungCheong-Do o
REGIONS Gangwon-Do (0]
REGION6 Jeju-Do o

Notes: Different variables were used for each stage of the Heckman selection model
M1 indicates variables used for the first stage selection model
M2 indicates variables used for the second stage regression model
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2" Stage
1% Stage
Diversified Farms Non-diversified Farms Totest
Variable coeff. s.e. coeff. s.e. coeff. s.e.
INTERCEPT -1.8499%** 0.0880 16.6030%** 0.5103 13.23027%** 0.2433 *
AC1 -0.4496*** 0.1229
AC2 -0.3357*** 0.0406
AC3 -0.2048*** 0.0214
AC4 -0.0166 0.0150
AGE -0.0086 0.0156 0.0269%** 0.0075
AGE_SQ -0.0001 0.0001 -0.0003 *** 0.0001
GENDER 0.2033*** 0.0224 0.1026* 0.0572 0.2931*** 0.0282
MARRY 0.0615 0.0445 0.1644+** 0.0234
HMEMBER 0.0318*** 0.0061
CAREER 0.0278*** 0.0035 0.0369%** 0.0018
CAR_SQ -0.0003 *** 0.0001 -0.0004 *** 0.0000
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2" Stage
1% Stage
Diversified Farms Non-diversified Farms Totest
Variable coeff. s.e. coeft. s.e. coeff. s.e.
NEW -0.1523 %% 0.0274
EDUI -0.0136 0.0318 -0.0313* 0.0188
EDU3 -0.1089** 0.0469 -0.1167%** 0.0244
AREA 0.1348%** 0.0047 0.1356%** 0.0027
RENT RATIO 0.3238%#* 0.0187
OD _RATIO 1.0689%** 0.0838
NONAGRI -0.1046%** 0.0131
INFO 0.2484 %% 0.0319 0.2539%%** 0.0192
ORG 0.4746%** 0.0292 0.5955%%* 0.0183 *
AGRIBIZ 0.2359%%%* 0.0304 0.2751%%* 0.0203
MECH 0.6946%** 0.0331 0.7021 %% 0.0163
CROP2 -0.2860%*** 0.0202 0.6778%** 0.0468 0.3261*** 0.0243 ok
CROP3 -0.2022%** 0.0183 0.4743%** 0.0399 0.1891 *** 0.0210 ok
CROP4 -0.2470%** 0.0259 0.2752%** 0.0556 -0.4629%** 0.0293 ok
S PLACEI -0.0663 0.1341 0.0996 0.0915
S PLACE2 -0.2028 0.1293 -0.1368 0.0899
S PLACE3 -0.6963*** 0.1297 -0.7234 %% 0.0899
S PLACES -1.1973%** 0.1428 -1.1188%** 0.0937
REGION1 0.1045 0.0939 -0.0610 0.0555
REGION3 0.1083*** 0.0330 0.1545%** 0.0198
REGION4 0.0825** 0.0341 0.1560%** 0.0205
REGIONS -0.0793** 0.0360 0.0225 0.0218
REGION6 0.7424*** 0.1601 0.8453*** 0.0362
SIGMA 1.7172%%%* 0.0331 1.4153%%** 0.0094 **
RHO -0.8613%** 0.0110 0.7818*** 0.0096 **
-2LogL 67,210 131,442
AIC 67,295 131,526
N 37,538 37,538
Adj R™2
*4p<0.01, **p<0.05, *p<0.1.
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Table 4. Decomposition Results
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Estimates 16.9639 15.1357
Hypothetical Estimates 15.4332
Difference 1.8283
Endowment Effect 1.5307
Residual Effect 0.2976
pet. Endowment effect 83.72%
(%) Residual effect 16.28%
O A AT LT FULS EAE 2
PollA FAE Arle Aol HHHA| = IAka

H2 ek o4t s7ket nigkdEl w7k AkddiE
2 S ASEFHA Aol 1.82830.2 YERgth F 3
o] ARl Zfolo) o) WA= EA A= 1.5307
(88.12%) 2 UERZo™, ZAEI= 0.2976(16.28%) = &
AF AL ol T i) mE F ovlw A 3t F
Ja5 Zolo] 16.28%7F RFolA FAHA b2 3}
I, F sPLS HAE gaste] a3 Aol
oJu|gitt. o= s} w7t} Htks) w7}
zto] F oF 16%7} 2 thztstel] 7]Q1gith
I3h= Zlo=, mu|glk oA 25 tzs)
SRl =30 H= Z o7 Foldrh

AN

al

b
>,\I
10 o

tlo 2
B
Jn

Lo
=

fr e 2 e o
N off

off
N
{0
off
e
P
J[ﬂ

VI. 2 E

B dAFe BAH FHEALEERA ARE ol§
e ohztsl AA| oJFol| met A e T HAPe =

10 SEAE, M273 M43, 20214

stol
5 He A4a8) B4 AEE HRRTIA 5 Lo}
7} A% TrEe] ¢ANE BT Al oozt

Ase aopsi e Lk

AR, 7] AT sl Ass 9Fe 9 g
9, F7ke] ATAS, AWAR, FaAE S 4B
o) gl Ao WAL A9FH AFol wu Aol
o APAE BeSE A% O ARs) o 2
Ao Sk mR Y ARAE 1)gw} mx A
W Hgo] e BIIAFE AW U245 FEo] Fe

| el A%) 7R sk Shel e slo e
s A, Ala, AEARe wu s wE 7
A et A} A2 slos S,

A, A% oz 7 Qs oz 7 ad
= Agacle MR Folorsl 9% 7
15 Al A T AGe] HEeh 2717 $AK
o foIg Aol Ut Ao Ak B2 14
B A AR ARt BPaTl HXE A
®e] FFe AT uozst Aol o 2 Ao
Bt 8 AMEEe A% Aol ALFIh FYa
S SHo Fe@ o= BAHYoN 1 Ev vt
28} =Rt Bas 2yels felrlabl o 2 se.
2 359k

A, AN E S $AD A AT A
YaSel HAE A =

7b oF 16%%) Zlo2 AT o= AE trfsE
A==

O
5 ztole] 4% FAE Amrilel og xfolojw,
Uill 16%E T8l A4 of o] W FHaE A2
RolET) F, ko] LA A9 B4 ul A%
3}743‘2}% A3 TJrFJ ez AAl w7k wHASS ¢

EXJTE— X‘%@.?‘W 7104— 3= dﬁi e T
Yu2018)ollA] &R1E 2HE thzthslel 7
Aol maet A ol#d A= Xé%'—el Ho}h A=57<1
o2rsl A Fx1e] ZAE AT oledt SHA
Y S8R A Y Yo R FUES e E A o7t
slo] e TR} HITAH FAL Y3 =¥Ho] g%
Zlow woEoh o H ARUE AAsta e
‘= B Al ALARL, AT T AR ALARP
I AAst 2 s w7 A5 ] =50



480287} FUL5

87} Qe
QA 2017 FA7) B SFIA
14 BARE olojde AR

HOE = AMUAE PEH=
g Zolth. et oleid A
Angede) Aoz s 4%
hEe] B4l weh @AT o)z
w}aha] o] AASo] HTA Pare
AT % BA8E AEshs Sl o 95y
Hel Waso, AU Je FHeD A 2
IR E R A
o

2= © 0 FHE T
23+ 908S 3R g
59 2

I~

Bt
=

fz
e
s}
2

N

i
i
i OZ’I..
"
N,
I
fr

i)

4

—-— O

re

2

=

==
4

Nrﬂi

b
2

o, rfr
O

o
= Ao

Al

il
of 9 o o

Bl X o

=
3} A

o
N
ot

03: rl
2 ox
o fo

o 30
o
£l
ik
+
%0
o

m
o
jg
T
>
2
m

i

»
I o
B AN NN fo -

:\-L
}f
c 3
—H
wa
>
=
ol
off o of

P
o
h
e
e
o
(o
e ©
ooy
S
_Q
N
i‘&

7

-

B AT Aae) Aokl hE @ s WAS =4
s glek WA BHoIBRA Anis
2 9 Aol o Furt AFHA
A% 2ol BB $YLS AolE 25 Falgrks
ol4lgol Ytk EF A% 3 7] s 9

B TBE oIR HE AR @A Aol Ytk
FF FEATFIN A HE} 5Ues el WA}
Bk s FAHD G A% 78 2P0 BE
o A4k T2} Eafel] tiE Halo] SaHThY A% o)
Zate] 25 ARE FHt Bkl £ Hs % 3
3ol 0% 719F + 9e Ao sk

£ ATE ssSel gof Aunue) EEE
UBHOE RUSAGEA Slo} o B Al

£ 5945 13 2404 o 40}7} Sdd, A5
& 5 NE gza e Aol AdH "3 EHffP
74 A7t Bag Zlo® dgHnh EY oFANE
(DID), FFHH(PSM) ¢ BAH7} 7S &85 }
o ARl %—(ﬁt}éi‘r ﬂ‘n’% i Zrﬂ 52l *Ur =4
€ Hieh, ol= % 3?

@7 Az 9

References

1. Aimin, Hao. 2010, “Uncertainty, Risk Aversion and
Risk Management in Agriculture,” Agriculture and
Agricultural Science Procedia, 1, 152-156.

2. Anosike, N., and Coughenour, C. M.

1990, “The

10.

11.

12.

13.

14.

15.

. Blinder, A. S.,

. Fleming, E., and Hardaker, J.B.,

. Goh, Jong Tae, and Yi,

. Greene,

o mAle Y%

Socioeconomic Basis of Farm Enterprise Diversification
Decisions,” Rural Sociology, 55(1), 1-24.

. Bezabih, M., and Sarr, M. 2012, “Risk Preference and

Environmental ~ Uncertainty:
Diversification Decisions in Ethiopia,” Environmental
and Resource Economics, 53(4), 488-503.

1973,
Form and Structural Estimates,” The Journal of Human

Resources, 8(4), 436-455.

Implications for  Crop

“Wage Discrimination: Reduced

. Choi, Eunji, Park, Jonghoon, and Lee, Seongwoo, 2020.

“The Effect of the
Development Program on Farm Income in South Korea,”
Sustainability, 12, 6877.

Comprehensive Rural Village

1994, Strategies for
2010: Tough Choices.
National Centre for Development Studies, Canberra.
Hyang Mi, 2013, “A Case
Study of Agricultural Production and Sales Status,” Korean
Journal of Food Marketing Economics, 30(2), 21-45.
W.H., 2008. Econometric Analysis. 6" Ed.
Pearson Education, Inc.

Melanesian  agriculture  for

. Hardaker, J.B, Huirne, R.B., Anderson, R., and Lien,

G., 2015. Coping with Risk in Agriculture: Applied
Decision Analysis. 3™ Ed. CABI Publishing.

Heckman, J., 1976, “The Common Structure of
Statistical Models of Truncation, Sample Seleciton and
Limited Dependent Variables and a Simple Estimator
for Such Models,” Annals of Economic and Social
Measurement, 5(4), 475-492.

Heckman, J., 1979,
Specification Error,” Econometrica, 47(1), 153-161.
Hwang, Eui-Sik and Lee, Yong-Ho, 2008. A Study on
Risk Management

“Sample Selection Bias as a

Strategies for Specialized Farm
Households. Korea Rural Economic Institute.

Hwang, Jae Hee. Lee, Seong Woo, 2016, “Classification
of 6th industrialization of agriculture and effect on farm
household income, Journal of Rural Development,” 39(4),
1-28.
Hwang, Jae Hee. Lee, Seong Woo, 2017, “An
Alternative Policy Evaluation Model using an Extension
of the Blinder-Oaxaca Decomposition Technique,” Korean
Journal of Policy Analysis and Evaluation, 27(2), 133-154.
Ibrahim, H., Rahman, S. A., Envulus, E. E., and
Oyewole, S. O., 2009, “Income and crop diversification

among farming households in a rural area of north

Vol. 27, No. 4,2021 11



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

12

central Nigeria,” Agro-Science, 8(2), 84-89.

Johnson, N. L., and Kotz, S. 1972., Distributions in
Statiscs: Continuous Multivariate Distributions. Wiley.
Kang, Hye Jung, 2005, “Impacts of Farm Characteristics
on On-farm Diversification in Korean Agriculture:
Analysis of Farm-Level Panel Data,” Korean Journal of
Agricultural Management and Policy, 32(3), 495-507.
Kang, Hye Jung. 2013, “Analysis of Economies of
Scope and Production Efficiencies in Combined Agriculture,”
Journal of Rural Development, 36(4), 73-92.

Kasem, S., and Thapa, G. B., 2011, “Crop diversification
in Thailand: Status, determinants, and effects on income
and use of inputs, Land Use Policy,” 28(3), 618-628.
Kim, Bong Tae, Lee, Seong Woo, 2011, “Quantitative
Analysis of the effect of Fishing Village Development
Project,” Ocean Policy Research, 26(2), 75-104.

Kim, Ho, and Kim, Sung Tae, 2012, “Establishing a
Crop System of Organic Farming for Maximizing
Agricultural Income,” Korea Journal
Agriculture, 20(2), 143-159.

Kim, Sang Ho, 2018, An Analysis on Determinants of
Diversification of Agricultural
Households (Master’s thesis), Seoul National University.
Kwon, Oh Sang., and Kang, Hye Jung., 2013, “An
Analysis of the of Farm
Incorporating Regional The
Journal of Agricultural Economics, 54(2), 75-93.
Lee, Seong Woo, Min, Seong Hee, Park, Ji Young, and
2006, The

econometrics models, ParkYoungSa.

of Organic

Production in Farm

Determinants Income,

Characteristics,” Korean

Yoon, Seong Do, Practice on spatial
Lin, B.B., 2011, “Resilience in agriculture through crop
diversification: adaptive management for environmental
change,” Bioscience, 61, 183-193.

Makate, C., Wang, R., Makate, M., and Mango, N.,
2016, “Crop diversification and livelihoods of smallholder
farmers in Zimbabwe: adaptive management for
environmental change,” SpringerPlus, 5, 1135.

Mango, N., Makate, C., Mapemba, L., and Sopo, M.,
2018. “The role of crop diversification in improving
household food security in central Malawi,” Agriculture
& Food Security, 7, 1-10.

McNamara, K. T., and Weiss, C., 2005, ‘“Farm household
income and on-and off-farm diversification,” Journal of
Agricultural and Applied Economics, 37(1), 37-48.

Oaxaca, R., 1973, “Male-female wage differentials in

SZEAE, M27A M4, 20214

30.

31.

32.

33.

34.

35.

36.

37.

38.

urban labor markets,” International economic review,
14(3), 693-709.

Park, Jong Hoon, Hwang, Jae Hee, Lee, Seong Woo,
2014 “The effect of the 6th
agriulture on farm and off-farm income,” Journal of the
Korean Society of Rural Planning, 20(4), 193-208.
Radulescu, M., Radulescu, C. Z., and Zbaganu, G,
2014, “A portfolio theory approach to crop planning

industrialization in

under environmental constraints,” Annals of Operations
Research, 219(1), 243-264.

Sim, Gang Bo, Kim, Min Tae, Kim, Eong Guk, Lee,
Jong Gi, Gwon, Yeong Eop. Lee, Jae Eun, Jeon, Won
Tae, Jeong, Geon Ho, Kim, Chong Guk, and Sin, Su
Heyon, 2018, “The Cropping System of Food-Crop in
South Korea,” Proceedings of the Korean Society of
Crop Science Conference, 13.

Sim, Song Bo, Han, Doo Bong, and Seo, Sang Taek,
2005, “Analysis of Rate of Return and Risk Contribution
for Agricultural Products,” The Korean Journal of
Agricultural Economics, 46(2), 165-179.

Seong, Jae Min., 2012, “Changes in the Gender Wage
Gap in the early 2000s -the Test of the Selection Bias”,
The Journal of Women and Economics, 9(1), 1-21.
Ullah, Raza, Shivakoti, G.P., Zulfigar, F., and Kamran,
M.A., 2016.
impacts and management.” Outlook on agriculture, 45(3),
199-205.

Van Dusen, M. E., and Taylor, J. E., 2005, “Missing
markets and crop diversity: evidence from Mexico,”
Environment and Development Economics, 10(4), 513-531.
Yu, Seung Ju, Cho, Jong Koo, and Lee, Seong Woo,
2006,
Improvement of Farm Household Income,” Journal of
the Korean Society of Rural Planning, 12(3), 81-95.

Yu, Youngbong, 2019, “Product mix and decline in

“Farm risks and uncertainties: Sources,

“The Impact of Computer Applications on

crop production in South Korea: Evidence from
province-level panel data analysis,” The Korean Journal

of Agricultural Economics, 60(4), 73-88.

Received 20 August 2021
Finally Revised 9 November 2021
Accepted 23 November 2021





