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Abstract: Crop switching has been examined in the literature addressing the production effects
of irrigation or as viable strategy in the adaptation to climate change, which is closely related to
agricultural resilience. Attention to the identification of the direct linkage between crop switching and
farm profitability, and, thus, farm sustainability, however, has been quite limited. This study attempts
to provide a significant complement to the extant research by identifying the treatment effect of crop
switching on the net returns of crop growers in Taiwan. A multinomial endogenous treatment effects
model with the latent-factor structure is used to take self-selection into account. The result suggests
that farm households’ economic resilience is closely related to their choice of crops, which constitute
the major source of farm income. Specifically, among the six cash crop categories, fruit crops and
other crops are found to be most remunerating and, thus, suggests possible improvements in farm
households’ economic resilience through crop switching. A further analysis of the distributional
implications of crop switching through quantile regression confirms the persistent and stronger
effects of crop choice on net returns when moving from the bottom to the top quartiles along the
net-return distribution. This result suggests a close association of crop choices with farm income
inequality among the crop farm households in Taiwan, which in turn implies possible distributional
effects of crop switching.

Keywords: crop switching; farm sustainability; economic resilience; multinomial treatments; farm-
household analysis

1. Introduction

Most of the research on the sustainability of agriculture focused their attention on
mitigating the environmental impacts of agricultural production. However, the adoption
of environmentally friendly production schemes alone may not ensure the sustainable
development of the rural economy. In recent years, strategies to building and/or strength-
ening agricultural resilience have been viewed as crucial in the process of adaptation to
climate change.

To build agricultural resilience, the Australian Drought Resilience Funding Plan iden-
tifies three strategic priorities, including (1) economic resilience (i.e., an innovative and
profitable agricultural sector); (2) environmental resilience (i.e., sustainable farming land-
scapes); and (3) social resilience (resourceful and adaptable rural communities) [1]. Since a
smallholder’s capability to overcome periods of downturns will increase once sufficient
returns are generated, the causal effect of resilience-building options on a smallholder’s net
returns can serve as a good indicator for the contribution of the viable options to economic
resilience. The present study attempts to provide a significant complement to the extant
research on agricultural resilience by applying the multinomial treatment-effects-modelling
approach to the identification of the causal effect of one of the climate change adapta-
tion strategies—crop switching—on farm households’ economic resilience, and possible
distributional implications.
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The present research is motivated by our observation that despite the significance
of crop choice as one of farm households’ production strategies that is closely related to
household welfare [2], attention to the identification of the direct causal effect of crop
switching on farm households’ income or net returns has been quite limited. The only
exception may have been previous research [3] which investigated the relationship between
crop choice and farm income through a decomposition of the income by crops. Crop choice
has been examined in the literature addressing the production effects of irrigation [4] and
production-related choices in the adaptation to climate change [5–9]. For instance, based
on a structural Ricardian model, African farmers were found to exhibit crop-switching
behavior in their adaptation to extreme weather due to climate change [6]. In a study with
surface water as a production input, e.g., [4], crop choices and land allocation were jointly
modeled as individual farmer’s production decisions. A parallel strand of a previous
study focused on investigating the determinants of crop choice. In the examination of the
driving factors of crop choice in the agricultural heritage system [10], the determinants of
crop choice were found to vary with the categories of the rural households. A study on
Ethiopia [11] pinpointed the importance of irrigation potentials on farmers’ crop choices.
Similarly, the availability of irrigation was found to play an important role in Bangladeshi
farmers’ adoption of the modern rice variety [12]. However, weather shocks were found to
be the major determinant for Nigerian and Ugandan farmers’ crop-choice decisions [13].
One important topic related to crop choice is the spatial change of the major grain produc-
tion in response to weather shocks [14]. A study on China echoed the remarkable changes
in crop type and spatial pattern and found spatial crop switching from wheat and barley to
corn and rapeseed [15].

The aims of this study are two-fold. The first research focus of the present study is to
analyze the determinants of crop choice and to assess the causal effect of crop choice on
economic resilience. To this end, we use large-scale and population-based farm-household
data, drawn from the primary farm households (PFHs) survey in Taiwan. The use of the
farm-household-level data in Taiwan to reach this research aim is relevant since one unique
characteristic of the PFHs is that more than 90% of the 150,000 households are growers
of cash crops, including rice, vegetables, fruits, specialty crops, grains, and other crops.
Examination of the economic outcomes resulting from crop switching, with a reference to
the contribution of crop choice to agricultural resilience and farm sustainability, can, thus,
render important implications of farm-household welfare.

The second research aim of this study concerns the distributional implications of crop
switching. It was indicated that the “economy wide benefits of a broad-based, agricultural
growth strategy that reduce inequality would likely be high” [16] (p. 147), and more
equitable growth is, thus, expected to lead to higher social welfare gains which can enhance
the resilience of the agricultural sector. However, to our knowledge, research focused
on the examination of the association of crop choice with income inequality has been
sparse. The only exception may have been the research of [3], which found that the major
source of agriculture income for households in the top quintile is from sugarcane and other
crops, whereas those in the bottom quintile received the largest share from wheat and rice,
suggesting the differential effects of cash and food crops on inequality. The identification of
the contribution of crop choice to farm income inequality may, thus, provide a significant
complement to the existing body of research. Using the quantile-regression approach, the
present study adds to the literature through our investigation of welfare implications of
crop switching to farm households in Taiwan.

This paper is organized as what follows. The next section lays out the empirical
specifications, including the multinomial treatment effect model and the source of data
used in this study, followed by the empirical results and an in-depth discussion of the
results. The last section concludes this study.
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2. Materials and Methods
2.1. Data Source

The data source used in the present research is taken from the 2013 survey of the
Primary Farm Households (PFHs) in Taiwan. Relative to the agricultural census data, PFHs
are larger and younger since they are sampled from the population of 150,000 households
which have an annual income of more than NT$200,000 and at least one member who is no
older than 65 years old. There is a total of 9951 farm households in the dataset. After delet-
ing noncrop farm households, the final dataset used in this study has 9328 observations.

The descriptive statistics of the data are listed in Table 1. The average level of net
re-turns is around NT$509,600. With a share of 89%, farm households are dominated by
male operators. On average, the operators are 57 years old and have 30 years of farming
experience. Farm operators’ educational levels are generally low since approximately
65% of the farm operators have elementary school or junior high school degrees. Prior
to working on their own farms, approximately 47% of the farm operators did not have a
full-time job. The average on-farm workdays for the principal operators are 237 days, and
more than 90% of the farm households have at least one member participating in farmers’
organizations. Small-scale farm operations are common considering household labor and
farmland size. The order of the geographical distributions of the farm households are
central (48%), south (33%), north (12%), and east (0.07%).

Table 1. Variable definitions and descriptive statistics (full sample).

Variable Definition Mean Std Dev

Net returns Farm income–production costs, in NT$1000 509.57 581.3719
Male Gender of major farm operator 0.89 0.31
Age Age of major farm operator 57.26 10.91

Experience Farm operator’s farming experience 29.27 14.7
Edu1 Education (elementary school & below) 0.38 0.49
Edu2 Education (junior high school) 0.27 0.45
Edu3 Education (senior high school) 0.29 0.45
Edu4 Education (college and above) 0.06 0.24
Prior1 Previous work: agriculture employee 0.06 0.24
Prior2 Previous work: manufacturing, business, service, etc. 0.37 0.48
Prior3 Previous work: Self-employed 0.1 0.3
Prior4 Previous work: none 0.47 0.5
Days Days of work on farm (annual base) 237.11 70.01

Farmer Org. Membership in farmers’ organizations 0.9 0.3
HH_Labor Household members working on farm 2.53 1.03

Land Land size of the farm 92.89 102.47
North Household district area: north 0.12 0.32

Central Household district area: central 0.48 0.5
South Household district area: south 0.33 0.47
East Household district area: east 0.07 0.26

By-crop statistics are listed in Table 2. Notable differences are observed in net returns
with by-crop average net returns in order as other crop (NT$2,142,000), vegetable crops
(NT$974,000), fruit crops (NT$861,000), rice (NT$739,000), grains (NT$647,000), and spe-
cialty crops (NT$375,000). Specialty crops are generally defined as fruits and vegetables
and nursery and greenhouse crops. However, our category “Specialty” here represents
the specialized commodity crops besides fruits and vegetables, considering that fruit and
vegetable itself are worthwhile to be treated as single category for closer examination. The
principal operators’ days of on-farm work reveal a different order for the six crop categories
in order as other crop, vegetable, grains, fruit, specialty crops, and rice. Another notable
difference concerns the geographical distribution. Except for the specialty crop category, all
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the other five crop categories are located in the central and southern areas. Most of the farm
households producing specialty crops, however, are located in central and eastern Taiwan.

Table 2. By-crop descriptive statics.

Variable Rice Vegetable Fruit Specialty Grains Other

Outcome variable
Net returns 739.34 973.62 860.72 375.36 647.22 2142.09

(952.26) (1194.23) (910.77) (616.32) (427.39) (3338.57)
Farm operator

Male 0.92 0.9 0.88 0.89 0.81 0.93
(0.28) (0.30) (0.33) (0.31) (0.39) (0.26)

Age 58.75 57.2 57.85 55.1 59.86 54.87
(10.98) (11.24) (10.83) (9.99) (9.02) (10.45)

Experience 30.78 29.57 29.48 28.81 36.22 26.86
(15.88) (15.34) (14.77) (12.10) (15.03) (12.65)

Edu1 0.44 0.43 0.37 0.29 0.64 0.27
(0.50) (0.49) (0.48) (0.45) (0.48) (0.44)

Edu2 0.25 0.3 0.27 0.32 0.16 0.26
(0.43) (0.46) (0.44) (0.46) (0.37) (0.44)

Edu3 0.24 0.24 0.3 0.33 0.19 0.35
(0.43) (0.43) (0.46) (0.47) (0.39) (0.48)

Edu4 0.06 0.04 0.06 0.07 0.02 0.12
(0.24) (0.19) (0.23) (0.26) (0.13) (0.32)

Prior1 0.07 0.07 0.06 0.02 0.05 0.06
(0.25) (0.25) (0.24) (0.14) (0.21) (0.23)

Prior2 0.39 0.38 0.37 0.33 0.28 0.34
(0.49) (0.49) (0.48) (0.47) (0.45) (0.47)

Prior3 0.09 0.09 0.10 0.10 0.06 0.10
(0.29) (0.29) (0.31) (0.30) (0.24) (0.30)

Prior4 0.45 0.46 0.46 0.55 0.61 0.50
(0.50) (0.50) (0.50) (0.50) (0.49) (0.50)

Days 191.3 247.33 234.7 227.8 246.66 266.11
(72.28) (64.90) (68.26) (62.49) (77.32) (60.57)

Farmer Org. 0.93 0.9 0.91 0.88 0.78 0.89
(0.26) (0.31) (0.29) (0.33) (0.42) (0.32)

HH_Labor 2.5 2.57 2.51 2.37 2.84 2.73
(1.03) (1.01) (1.02) (1.13) (1.22) (1.16)

Land 137.78 70.2 108.93 97.7 111.22 57.71
(127.10) (78.56) (107.12) (106.51) (72.89) (70.86)

North 0.1 0.17 0.08 0.2 0.02 0.06
(0.30) (0.38) (0.26) (0.40) (0.13) (0.23)

Central 0.4 0.51 0.44 0.52 0.72 0.82
(0.49) (0.50) (0.50) (0.50) (0.45) (0.38)

South 0.34 0.28 0.43 0.03 0.17 0.11
(0.47) (0.45) (0.49) (0.18) (0.38) (0.31)

East 0.16 0.03 0.06 0.25 0.09 0.01
(0.37) (0.18) (0.24) (0.43) (0.29) (0.12)

No. of
observation 1156 2734 4186 600 64 588

Note: Figures in the parenthesis are standard deviations.

2.2. Identification Strategy

It is assumed that the farm operator’s crop choices are based on the expected profit-
maximization framework (see, for instance, [6,7,17]). Our identification strategy follows the
multinomial endogenous treatment-effect model [18]. Let the ith farm operator’s expected
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profits from the mth crop choice be denoted by Ei(π
m), m = 1, . . . , M. Assume further that

α is the parameter vector, the expected profit is a linear function of the farm operator and
operator’s observed characteristics (x), Ei(π

m) = xiαm + εim, and the farm operator will
choose crop k if

Ei

(
πk
)
> Ei(π

m) for all m 6= k [or εim − εik < xiαk − xiαm for all m 6= k] (1)

Denote the kth crop choice by the indicator variable, Cik, the probability that the kth
crop choice is made can then be expressed as

Prob[Cik = 1|xi] = Prob[Ei

(
πk
)
> Ei(π

m)] for all m 6= k (2)

Let the latent variables be denoted by Cl
ik, with the factor loadings denoted by δk.

Under the assumption that (εi1, . . . , εiM) follows a multinomial logistic distribution, and
there are unobservable characteristics affecting both the outcome and the crop choice, the
probability that the ith farm operator chooses the kth crop choice can be expressed as:

Prob
[
Cik = 1

∣∣∣x, Cl , α, δ
]
=

exp
(

x′iαk + δkCl
ik

)
∑M

m=1 exp(x′iαm + δmCl
im)

(3)

This study then starts out with the outcome equation of the farm operator’s crop
choices. Since the crop choices are mutually exclusive and exhaustive, the economic
outcome of the crop choices can be expressed as the following,

NRi = β0 + ziκ+ β1Ci1 + β2Ci2 + . . . + βMCiM + ui (4)

In the above equation, NRi denotes the ith farm household’s net revenue from crop
farming, and Cik and βk are, respectively, the kth crop choice and its corresponding parame-
ter. The vector of explanatory variables other than crop choice, including the socio-economic
variables capturing the observed characteristics of the farm operators and households, is
denoted by z. The vector of parameters for z is denoted by κ.

Since the farm operator’s crop choices may be correlated with the disturbance term,
µi, estimates obtained from (4) will be biased. The unaddressed endogeneity issues in
(4) may undermine its validity by ignoring the possibility that farmers themselves may
have nonrandom decision criteria to grow certain crops that could lead to higher returns
afterwards. The unobserved characteristics that may allocate farmers into different crop
choice scenarios, such as financial capability, knowledge of farming/ranching, social capital,
entrepreneurship traits, network of marketing channels for particular crop sales, or farming
condition and environmental constraints, may lead to a self-selection problem in estimating
the causal relationship between crop choice and net returns.

To correct for this endogeneity problem, the expected value of the outcome equation
is expressed as:

E
(

NRi

∣∣∣z, C, Cl , κ, β, λ
)
= γ0 + z′iκ+ ∑k βkCik + ∑k λkCl

ik (5)

In (5), the latent factor of the choice of crop k, Cl
ik, is included in the net returns

equation to capture the unobservable characteristics determining both crop choice and
its economic outcome. The coefficient of the kth latent factor is denoted by λk, which is
the selection term revealing the correlation between the unobservable determinants of
the treatment and outcome equations [18]. The empirical strategy here is different from
the instrumental variable approach and the Heckman selection model by considering the
same set of unobserved factors affecting both crop choice and economic returns, with the
corresponding coefficients in the net return equation representing its correlation with farm
households’ crop choice.
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Under the above identification strategy, the endogeneity issue concerning crop choice
is addressed through the maximization of the log-likelihood function of the joint distri-
bution of crop choices and net returns, conditioned on a set of common latent variables.
The major estimation problem encountered in the joint estimation of the treatment and
outcome equations is that the latent factors common to the two equations are unobservable.
This estimation problem can be resolved using the simulation-based estimation proce-
dure [19]. The simulation-based estimation is to maximize the simulated log-likelihood
function of the joint distribution of crop choices and net returns in which latent factors are
simulated using pseudorandom numbers generated from the assumed joint distribution of
the latent variables.

3. Results and Discussion

The PFHs are categorized by the major crop grown on the farm, including rice, veg-
etables, fruits, specialty crops, grains, and other crops. The multinomial treatment-effects
model estimates the crop-choice and net-returns-determining equations simultaneously.
We report the estimates of the multinomial treatment-effects model with the fruit house-
holds as the reference group while controlling for the farm/household as well as the major
operator’s characteristics in Tables 3 and 4. Table 3 reports the estimates for the treatment,
i.e., crop choice, while Table 4 reports the estimates for the treatment effect which are the
effect of crop choice on net returns. The estimates of crop choice reported in Table 3 are
interpreted in a relative sense, i.e., the coefficient of one predictor in the kth crop choice is a
measure of the effect of the predictor on the probability of choosing the kth crop over the
reference group.

The results in Table 3 indicate the differential influence of each socioeconomic factor.
With the exception of grain growers, male farm operators are more inclined to a choice from
the other four crop categories. Similarly, younger and more experienced farm operators are
more likely to choose rice, vegetables, specialty crops, and grains as their major crop relative
to choosing fruit crops. There are also diversified patterns of crop choice among different
educational groups. Relative to those with an elementary school (or below) education, farm
operators with higher level of education are more likely to choose specialty and other crops
while less likely to choose the other three crop categories.

The influence of the industry in which the farm operator worked prior to entering the
farm business reveals the opposite case. For specialty crops, coefficients associated with
farm operators’ previous work experience are significant and negative across all prior work
industries, indicating that for farm operators who were employed prior to entering the
farm business, the log-odds of choosing specialty crops over fruit crops are predicted to be
lower while holding constant all the other variables in the model. The other two variables
involving farm operators’ characteristics are farm operators’ days of farm work (on an
annual base) and membership in farmers’ organizations, including farmers’ associations,
agricultural cooperatives, and production-marketing teams. The principal farm operators’
days of on-the-farm work are found to reduce the log-odds of farm operators’ choice
of rice and specialty crops relative to the choice of fruit crops, whereas the log-odds of
choosing vegetables and other crops increases with the operators’ on-farm workdays.
However, membership in farmers’ organizations is found to work in the opposite direction:
membership increases (reduces) the log-odds of choosing rice (grains and other crops) as
the major crop.

There are three types of farm-household characteristics considered in the present study,
which include farm-household size in terms of household labor and farmland area and
the geographical location of the farm household. Although the results in Table 3 indicate
the unanimous positive effects of the farm households’ own labor and farm sizes on the
log-odds of choosing crops other than fruit, the effect of land area used for crop farming
tends to affect the log-odds in an opposite way except for rice. It is found that, farm
households devoting more land to farming are less likely to choose vegetable, grains, and
other crops as the major crops. The effect of geographical locations, however, is found
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to exhibit different influences on the households’ crop choices. The negative coefficient
for the north area indicates that farm households located in northern Taiwan are more
likely to choose fruit crops. While the households located in central Taiwan have a higher
probability of choosing rice, specialty crops, and grains as the major crops; those located in
the south are less likely to grow rice, vegetables, and specialty crops relative to the other
crop categories.

Table 3. Multinomial treatment model estimates (crop choice).

Variable Rice Vegetable Specialty Grains Other

Male 0.799 *** 0.353 *** 0.290 * −0.260 0.417 **
(0.141) (0.099) (0.167) (0.348) (0.196)

Age −0.014 ** −0.028 *** −0.037 *** −0.074 *** −0.008
(0.006) (0.005) (0.008) (0.025) (0.008)

Experience 0.009 * 0.004 0.024 *** 0.057 ** −0.012 *
(0.005) (0.004) (0.007) (0.025) (0.007)

Edu2 −0.401 *** −0.372 *** 0.337 ** −1.268 *** 0.114
(0.115) (0.087) (0.149) (0.421) (0.153)

Edu3 −0.664 *** −0.863 *** 0.264 −1.205 *** 0.388 **
(0.132) (0.099) (0.172) (0.449) (0.168)

Edu4 −0.452 ** −1.043 *** 0.627 ** −1.906 * 1.382 ***
(0.198) (0.165) (0.256) (1.011) (0.234)

Prior1 0.127 −0.024 −1.296 *** −0.339 −0.248
(0.169) (0.125) (0.327) (0.624) (0.236)

Prior2 0.176 * 0.093 −0.447 *** 0.138 −0.733 ***
(0.103) (0.078) (0.136) (0.321) (0.144)

Prior3 −0.302 * −0.006 −0.334 * 0.181 −0.240
(0.157) (0.112) (0.194) (0.534) (0.199)

Days −0.012 *** 0.004 *** −0.004 *** 0.002 0.008 ***
(0.001) (0.001) (0.001) (0.002) (0.001)

Farmer Org. 0.549 *** −0.125 −0.140 −1.404 *** −0.305 *
(0.150) (0.102) (0.164) (0.326) (0.166)

HH_labor −0.060 0.116 *** −0.072 0.239 ** 0.318 ***
(0.042) (0.030) (0.059) (0.109) (0.049)

Land 0.003 *** −0.007 *** −0.001 ** 0.001 −0.011 ***
(<0.001) (0.001) (0.001) (0.001) (0.001)

Central −0.253 * −0.968 *** −0.906 *** 2.197 ** 0.868 ***
(0.147) (0.097) (0.136) (1.016) (0.206)

East 1.241 *** −1.765 *** 0.532 *** 2.137 ** −1.547 ***
(0.183) (0.164) (0.176) (1.083) (0.455)

South −0.546 *** −1.464 *** −3.794 *** 0.773 −1.122 ***
(0.149) (0.100) (0.267) (1.041) (0.241)

Constant 0.489 1.565 *** 1.326 ** −2.983 ** −3.899 ***
(0.419) (0.320) (0.510) (1.475) (0.557)

Notes: 1. Fruit crop is the control group (base category). 2. Figures in the parenthesis are robust standard errors.
3. Total obs = 9328, Wald chi2(101) = 3232.80, Prob > chi2 < 0.0001. 4. *, ** and *** denote significant at the 10%, 5%,
and 1% significance levels.
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Table 4. Multinomial treatment model estimates (net returns).

Variable
Multinomial Treatment OLS

Estimate SE Estimate SE

Rice −140.62 *** 21.54 −112.85 *** 17.20
Vegetable −29.52 ** 14.11 20.36 * 11.69

Fruit (reference)
Specialty −353.56 *** 20.59 −289.70 *** 16.44

Grains −224.36 *** 23.84 −252.89 *** 23.39
Other 498.21 *** 45.67 520.69 *** 45.74
Male 47.36 *** 14.50 43.98 *** 14.38
Age −5.69 *** 0.95 −5.45 *** 0.94

Experience 1.04 * 0.63 0.99 0.62
Edu2 13.77 14.88 15.49 14.69
Edu3 44.75 *** 17.21 49.82 *** 17.17
Edu4 55.95 36.17 60.70 * 36.32
Prior1 −26.18 19.60 −24.29 19.61
Prior2 −73.81 *** 15.42 −73.65 *** 15.42
Prior3 −34.12 22.01 −33.36 21.98
Days 1.11 *** 0.08 1.10 *** 0.08

Farmer Org. 52.09 *** 16.71 52.32 *** 16.58
HH_Labor 60.97 *** 6.61 60.72 *** 6.62

Land 1.15 *** 0.10 1.18 *** 0.10
Central 84.63 *** 15.19 93.71 *** 15.23

East 60.67 *** 21.42 65.34 *** 21.07
South 83.03 *** 16.43 99.20 *** 16.79

Constant 149.62 ** 61.21 103.03 * 59.22
Lnsigma 6.25 *** 0.04

Lambda_Rice 29.56 ** 13.33
Lambda_Vegetable 57.90 *** 8.29
Lambda_Specialty 69.33 *** 14.58

Lambda_Grains −30.34 *** 5.17
Lambda_Other −23.75 *** 6.34

Notes: 1. Fruit crop is the control group (base category). 2. Total obs = 9328, Wald chi2(101) = 3232.80,
Prob > chi2 < 0.0001 3. *, ** and *** denote significant at the 10%, 5%, and 1% significance levels.

Table 4 reports both the differential coefficients for crop choice from the multino-
mial treatment-effects model (columns 1–2) and the ordinary least squares (OLS) model
(columns 3–4). The OLS results are presented parallel with the multinomial endogenous
treatment model for the purpose of highlighting the underlying key difference between the
two approaches. It showcases the importance of using the multinomial treatment-effects
model to address the simultaneous or correlated impact of the unobservable on both crop
choices and market returns.

Although the results in columns 1–2 of Table 4 indicate the differential influence of each
of the socioeconomic factors, most of the results are, in general, consistent with previous
research on the determinants of farm income. Based on the results reported in columns 1–2,
farm households with male, younger, and more experienced farm operators earn higher
net returns on average. There are two human capital related predictors considered in this
study. One is the principal operator’s farming experience; the other is his or her level of
education. Only the former is found to contribute positively to farm income.

The two variables involving the farm operator’s characteristics, i.e., the farm operator’s
days of on-farm work (on an annual base) and his/her membership in farmer organizations,
including farmers’ associations, agricultural cooperatives, and production-marketing teams
are found to exhibit a positive influence on farm income. However, the coefficient of
membership in farmer organization is not significant. The results indicate that farm
operators who devote more time to on-farm work obtain higher returns from farm produce.
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This result is consistent with the efficiency wage literature that work effort is positively
associated with worker’s remuneration (e.g., [20,21]).

Farm-household characteristics, including farm household’s total labor input, size of
farmland, and the geographical location of the farm household are found to be significant
determinants of farm income. The two variables capturing the size of the farm in terms
of either total labor or total farmland indicate the positive relationship between farm
size and farm income. The results render important implications concerning economic
resilience building, i.e., farms small in size are also weaker in economic resilience. The
effect of geographical location is also found to be unanimous. The significant and positive
coefficients for the north, central, and south areas indicate that farm households located in
eastern Taiwan are comparatively weak in economic resilience.

The OLS estimates in columns 3–4 of Table 4 indicate that other crops and vegetable
crops are more remunerating, with a positive net-income differential of approximately
NT$521,000 and NT$20,000, respectively, higher than fruit crops. The other three crop
choices, however, lead to lower levels of household net returns. Relative to fruit growers,
growers of rice, specialty crops, and grains have lower net returns by a difference of around
NT$113,000 (rice), NT$290,000 (specialty crops), and NT$253,000 (grains), respectively.
The OLS regression estimates thus indicate that economic resilience depends on the farm
household’s crop choice while holding all other income determinants constant. This result
suggests that a farm household’s net returns from crop produce is closely related to the
choice of major crops.

Estimates and corresponding standard errors for the treatment effects are reported
in columns 1–2 of Table 4. Three notable differences emerge after correcting for the en-
dogeneity in crop choices. First, compared with the fruit growers, the treatment effect of
choosing vegetables as the major crop changes from a significant positive difference into
significantly negative. Second, although as predicted by the OLS estimates, growers of
other crops exhibit better economic outcomes; the positive differential in net returns for
these households decreases from around NT$520,000 to NT$498,000, whereas the negative
differential for rice and specialty crop growers increases from approximately NT$113,000 to
NT$141,000 and from NT$290,000 to NT$354,000, respectively. The last notable difference
lies in the decrease of the negative differential for grain growers, from NT$253,000 to
NT$224,000. The results suggest OLS will produce either upward or downward biased
estimates of the economic outcome of crop choice if the endogeneity of crop choice was not
explicitly taken into account.

To gain more insights into the effect of crop choice along the distribution of net returns,
the results from quantile regression for the first, second, and third quartiles are reported
in Table 5. Results from Table 5 indicate the net-return differentials compared to fruit
crops in the lower quartile are respectively, a negative differential of NT$73,000 for rice,
a positive differential of NT$8000 for vegetable, a negative differential of NT$240,000 for
specialty crops, a negative NT$92,000 differential for grains, and a positive differential of
NT$87,000 or other crops. The income differentials of crop choice in the second (third) quar-
tile remain the same signs while the magnitudes are, respectively, NT$112,000 (NT$148,000)
for rice, NT$23,000 (NT$26,000) for vegetables, NT$240,000 (NT$230,000) for specialty
crops, NT$170,000 (NT$260,000) for grains, and NT$250,000 (NT$65,000) for other crops.
These results confirm the persistent and increasing effect of crop choice when moving from
the bottom to the top quartiles along the income distribution.
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Table 5. Quantile regression.

Variable
Bottom Quartile Median Top Quartile

Estimate SE Estimate SE Estimate SE

Rice −73.40 *** 2.90 −112.36 *** 5.84 −148.45 *** 12.57
Vegetable 8.17 * 4.20 23.04 *** 5.98 25.74 ** 10.29
Specialty −240.43 *** 4.82 −243.62 *** 10.37 −231.46 *** 15.79

Grains −92.42 *** 23.60 −167.62 *** 10.24 −260.56 *** 22.78
Other 87.14 *** 19.71 253.03 *** 29.70 646.93 *** 59.78
Male 488.31 403.12 795.39 702.54 4968.99 *** 1416.76
Age 40.08 30.43 88.23 * 51.14 422.54 *** 102.87

Experience −48.73 31.11 −105.13 ** 49.48 −440.98 *** 98.36
Edu2 1316.46 ** 624.68 3280.19 *** 1070.23 12,187.98 *** 2155.67
Edu3 688.32 470.56 3085.57 *** 865.97 10,465.51 *** 1753.44
Edu4 1155.77 955.09 5419.30 *** 1739.32 19,604.13 *** 3556.09
Prior1 −274.65 277.23 −1414.00 *** 488.55 −3218.35 ** 826.99
Prior2 −178.22 224.02 −1667.85 *** 397.69 −4749.04 *** 791.43
Prior3 −248.87 198.90 −795.13 ** 368.56 −3550.20 *** 751.48
Days 1.07 4.82 13.32 * 7.54 3.05 14.62

Farmer Org 1327.30 825.00 1820.22 1403.24 10,577.99 *** 2823.04
HH_labor −220.43 * 122.03 −102.81 213.15 −1235.95 *** 425.73

Land −6.18 4.51 −20.27 *** 6.06 −56.68 *** 11.36
North −4108.07 ** 1724.10 −5595.68 ** 2642.22 −24,236.34 *** 5164.92

Central −3951.39 * 2029.49 −7953.08 *** 2766.30 −26,883.49 *** 5216.94
South −3938.11 *** 1408.70 −8354.96 *** 2394.41 −29,231.15 *** 4667.00

Constant 6764.11 *** 2526.52 5565.04 3758.91 27,857.13 *** 7206.71
IMR_Crop 56.83 54.75 195.51 ** 90.04 138.99 171.25

IMR_Vegetable −200.09 ** 91.82 −166.84 108.31 −565.69 *** 181.47
IMR_Specialty −90.38 ** 35.76 −234.85 *** 69.12 −728.79 *** 121.78
IMR_Grains 195.66 * 100.87 358.24 ** 163.76 1541.01 *** 327.42
IMR_Other 48.43 38.43 −149.63 ** 63.79 −391.13 *** 127.13

Note: *, **, and *** denote significant at the 10%, 5%, and 1% significance levels.

4. Conclusions

This study proposes the use of a multinomial treatment model to examine the contribu-
tion of crop choice to economic resilience. The empirical model explicitly accommodates for
the endogeneity of crop choice in examining its economic outcome as measured by the farm
income from crop production for the farm households. A comparison of the treatment-effect
estimates with those of OLS indicate the need to take the endogeneity of crop choice into
account when examining its effects on farm net returns. The causal effect of crop choices on
smallholders’ net returns is used to signify the contribution to economic resilience. Results
from the multinomial treatment-effects model indicate the significant influence of principal
operators’ socioeconomic characteristics, such as gender, age, farming experience, and farm
operators’ days of on-farm work, on the economic resilience and farm sustainability. One
research direction enlightened from our study is to add the sustainability consideration into
pure economic, and perhaps, a relative short-run, perspective on net farm income when
addressing the potential importance of a more diverse farming system on the long-run
profitability of crop and livestock farming activities, which could be measured by various
sustainability assessment indicators and its comprehensive framework [22].

The results from the multinomial treatment effects model indicate that other crops are
more remunerating relative to fruit crops, whereas the net returns of households choosing
all the other four crops as the major crop are significantly lower in net returns. Accordingly,
among the six cash-crop categories, vegetable crops and other crops are found to be most
remunerating and thus, suggests possible improvements in farm households’ economic
resilience through crop switching. To gain more insights into the effect of crop choice along
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the distribution of crop income, the results from the quantile regression for the first, second,
and third quartiles confirm the persistent and strong effects of crop choice on net returns
when moving from the bottom to the top quartiles along the income distribution. For
those leading to higher returns compared to fruit crops, the effects on positive economic
returns are greater. For those leading to lower returns compared to fruit crops, net returns
are reduced even further along the income quartile line. These results suggest a close
association of farm households’ crop choices with farm income inequality among the
primary farm households in Taiwan, which in turn implies possible distributional effects of
crop switching since certain types of crop switching would widen the income inequality,
while others may reduce the income inequality through the decrease in economic benefits
when moving up the income ladder.
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