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ARTICLEINFO ABSTRACT

Keywords: This study evaluates the treatment effects of ICT-based extension service (IES) use on fertilizer
ICT hased xtensin servios knowledge and use efficiency by employing survey data from 828 litchi farm households in
Feriilizer Inowledge southern China. An inverse probability weighted adjusted regression (IPWRA) model is applied to
;ﬁzﬂ“ﬁ eficiency reduce potential selection bias. IPWRA model results indicate that IES use improves fertilizer

effectiveness, procedural and declarative knowledge by 7.22%, 6.91%, and 4.95%, respectively.
Moreover, IES users’ fertilizer use efficiency is increased by 4.15%.

1. Introduction

Fertilizer plays a major role in Chinese intensive farming systems. According to the Food and Agriculture Organization (FAQ),
China's consumption of nitrogen (N), phosphate (P20s), and potash (K20) was 26.8, 10.3, and 10.4 million tons, respectively, in 2019.
The excessive use of fertilizer results in global warming, soil acidification, and water eutrophication, which make agricultural systems
more vulnerable (Ju et al, 2009). Therefore, improving fertilizer management is vital to environmental protection, food security, and
climate change mitigation in China.

During the last decade, rapid penetration of information and communication technology (ICT) has oceurred in developing coun-
tries. ICTs, especially the internet and smartphones, offer the low-cost delivery of ICT-based extension service (IES) (Aker, 2011; Aker
et al., 2016). There is extensive literature devoted to the effects of IES use on fertilizer consumption (Arouna et al,, 2021; Ding et al,
2022; W. Ma and Zheng, 2022; Ogutu et al., 2014; Yuan et al., 2021). The results depend on the context. For example, Ogutu et al
(2014) find evidence of the positive effect of IES adoption on fertilizer use in rural Kenya, where there is an urgent need to expand the
use of modern materials to improve agricultural productivity and food security. In rural Nigeria, access to IES increases yields without
increasing the intensity of fertilizer use (Arouna et al., 2021). In China, Yuan et al. (2021) find that internet use reduces chemical
fertilizer use. Ma and Zheng (2022)) find that smartphone use has a positive impact on the fertilizer expenditure of low-income wheat
farmers and a negative impact on that of high-income wheat farmers. Another recent study indicated that IES use promotes site-specific
fertilizer management technology adoption but does not reduce N fertilizer use among Chinese wheat farmers (Ding et al., 2022).
However, less is known about the impact of IES use on fertilizer management ability.

This study adds to the literature by estimating the impact of IES use on fertilizer knowledge and use efficiency. The education level
of aging farmers is generally low. The lack of adequate fertilizer knowledge is considered to be one of the main reasons for the overuse

* Corresponding author.
E-mail address: qiwen

can.edu.cn (W. Qi)

https://doi.org/10.1016/) envdev.2023. 100944
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of fertilizer in mural China (Huang et al., 2008). There is plenty of evidence of the positive effects of conventional extension service
mocess on reduding the overuse of fertilizer (Huang et al, 2002 Jiaetal,, 2013 Panet al, 2007; Pan and Zhang, 201 8). Compared with
curriculum-hased training, previous studies suggest that in-field guidance has larger effects on improving fertilizer knowledge and
reducing the intensity of chemical fertilizer use (Huang ot 2l, 2015, Pan e al., 2017). However, millions of smallholder farmers lack
access to conventional extension services due to limited local government budgets. Moreover, fertilizer use efficency reflects the
relationship between fertilizer use intensity and famm outputin a given production system (Reinhard et al., 1999). Improving farmers’
fertilizer use efficiency helps them achieve a higher level of output without increasing the amount of fertilizer use, It thus contributes to
sustainable agriculiural development.

‘We used a dataset that covers B28 Chinese litchi growers. Chinese farmers have grown litchi for a long period of time. Litchi or-
chards are concentrated in southern China. In particular, the areas used for litchi cultivation in 2016 in Guangdong, Guangxi, Hainan,
and Fujian covered 274080, 204340, 20080, and 27900 ha, respectively. The outputs from those four provinces in omler were
1246376, 667478, 153533, and 181614 tons. The findings of this sudy can provide evidence on the role of 1ES in farmers’ fertilizer
management ability. It can also serve as a reference for sustainable litchi production in China and other litchi-producing countries,
such as India, Viemam, Thailand, and Australia.

The remaining contents are organized as follows. Section 2 presents the theoretical construct. Section 3 provides an overview af the
materials and methods. Empirical results are presented and discussed in Section 4. The final section is the conclusion.

2. Theoretical constroct

The lack of proper nutrition management is ane of the restricting factors of litchi produetion (Chen and Huang, 2014). Farmers'
decisions on fertilizer use usually depend on the age of the litchi tree, the fruit load, and the size of the canopy. To promote sustainable
development of the litchi industry, the National Litchi and Longan Industry Technology System (NLLITS) was established in 2009.
NLLITS has established litchi archards to pilot and promote advanced production technology and sustainable orchand management
practices. NLLITS ako applied multiple ICT-based channels (2.g., web portal, anline community, and smartphone apps) to disseminate
free information on market price, fertilizer use, and pest control to farmers. Acconding to the IES offered by NLLITS, the recommended
ratio of N, P and K fertilizers is 1:0.4:0.94, The optimal use of N, P and K fertilizers recommended for trees bearing 50 kg of litchi is
147 kg, 0.35 kg, and 1.38 kg, respectively. Moreover, planting litchi too close together can impact their growth and fruit harvest,
NLLITS recommends that farmers grow 42-74 litchi trees for every 1 mu of orchard. In this regard, the recommended chemical fier-
tilizer use intensity is 134.4-236 8 kg/mu.

Even though corventional extension services have proven to be effective in promating the correct use of fertilizer, agrcultural
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Fig. 1. Survey areas.
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training can hardly cover all litchi growers due to limited budgets. The use of [ES may help NLLITS extension workers reach out to
smallholders at low cost, Another distinctive advantage of IES is that they allow users to customize agricultural extension services. [ES
users can easily access blanket advice online. They are a ko able to send pictures and make video calls to NLLITS extension workers for
personalized advice. With the use of smartphones, they can ako read fertilization guidelines and watch videos mpeatedly.

3. Materials and methods
31 Dwae colleston

This study used litchi producton survey data for empirical analysis. The survey was conducted in August 2018 by the NLLITS
survey team. The team used a sampling method of stratified probability proportional to the area used for data collection. In particular,
the survey covers litchi-producing counties, incduding Qinzhou, Pubei, Bolai, Rongxian, and Beiliu in Guangxi Province and Lianjiang,
Maoming, Gaozhou, Boluo, and Yangy in Guangdong Province (see Fig. 1). Towns in the selected areas were divided into large,
medium, and small categories based on the litchi cultivation area. We randomly slected 1 large and 1 medium litchi- producing town
from each county. Following the same rules, 2 litchi- producing villages were selected from each town. Finally, approximately 20-25
sample farmers were randomly selected from each village. After dropping households that donot participate in litchi production, the
research team collected 828 observations (see Appendix Table | for sample distribution]),

The team developed a structured questionnaire that contains several blocks of questions, During face-to-face interviews, infor-
mation on household characteristics, litchi input and output, fertilizer knowledge, [ES use, and asset owneship was collected.

32 Megsurement of variahles

lable 1 presents the definitions and descriptive statistics of the variables used in this study. With regard to litchi production, the
average litchi output per howsehold is 1501 8.63 kg/ha. Fertilizer is measured by the quantity of chemical fertilizer used. Labor is the
sum of days of family labor and hired labor. Capital input is the material cost (e.g., forirrigation, machines, manure) except for the cost
of the chemical fertilizer. On average, farmers own 1.06 ha of litchi orchards, use 739411 kg of fertilizer, work for 12.589 days, and
spend 401 89.996 yuan on 1 ha of litchi orchards

Table 1
Defindtion and descrptive statistics of variables.
Variahles Definition Mean (5000
Lischi aumput Lischi taral output (kg ha) 150718.630
(23305.574)

Feriiler Chemical fertil zer input (kgshal 7341 (1461 213)

Labhar Labar input {days/ha) 1258 (19.775)

Land The size of the lichi archard (ha) 1.06 (1240)

Capital Material oost {eg., irmgation, machines, manure) excepi for the cost of the chemical fEriilizer {yoanfha) A01 59 6

(11094.27)

1ES e 1 = [CT<hased extension service user; O = nomse 0401 {04%0)

Effextiveness Knowledge about the effects of fenillizer ai Bichi planiing, flowersimd differentiating, flowersbheaning, fruits 383 (1.15)
Inowledge bearing, and afershar vest stages | = poor; 2 = fair; 3 = good; 4 = very good; 5= encedlent

Frocedoral Enowledge about how to e fenidizer in an efedive way at liichi planting, flowershuod di fereniiating, flowers 3153 (L197)
Inowledge bearing, fruiishearing, and afierharvest siages 1 = poor; 2 = fair; 3 = good; 4 = very good; § = exellent

Derlarative Knowledge about the way nmmiton warks at lichi planting, fliower-bud differentating, flowershearing, fruit- 2816 (1.259)
Imowledge bearing, and afiersharvest stages 1 = poor; 2 = fair; 3 = good; 4 = very good, 5 = excdlent

Technicl effidency The rdlationship betwesn farm input and output, estimated by authors 0544 ((L198)

Fentilizer use The ratio of optimal quantity of fentilizer use 0 acal use, estimated by authors 533 (L124)
efficiency

Giender 1 = male, = atherwise 0888 (031a)

Age Age of the househald head 54814 (10799

Education Humber of school years BA58 (2973)

Health 3 = good, 2 = average | = bad 2.737 (0506)

ffefarm work 1 = yes, (i = athensise 0.181 {0.385)

Farming experiene Years of Brming 22560 (9.728)

Training 1 = yes, | = gtherwise 0579 {((La94)

Househald income 2017 houschald income (10,0450 Yuan) 9701 {16284

Zhare of litchi lschi incame in the propartion of totl houschald income A059%5 (34891
Inmme

P membership 1 = yes, (i = atherwise 0225 {L418)

Cooperative 1 = yes, 1 = othenwise 0287 (L453)
membership

Family member The number aof houschald members whse age is between 16 and 65 3942 {1L797)

Land The size of the lichi archard (ha} 1.060 (2395)

Pertilzation Dayou have a lichi production ertil zation brochure? 025 (0411)
lbrachure 1 = yes, | = gtherwise
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Regarding the variable of interest, the value of [ES use takes 1 if a farmer adopts IES. The outcome variables include fertilizer
knowledge and use efficiency. Previous studies suggest that effectiveness and both procedural and declarative knowledge may affect
farmers' em].q;il:alhehavjms (Eaiser and Fuhrer, 20003; Redman and Redman, 2014) E.xistirg research reveak that Chinese farmers
have an imnsufficient understanding of the effects of fertilizer, how to use fertilizer effectively, and the way mtrition works (Huang
et al., 2008 Pan and Zhang, 201 ). In this smdy, the scores of fertilizer effectiveness and procedural and declarative knowledge ame
related to farmers' understanding of the effects of fertilizer, how to use fertilizer effectively, and the way mutrition works at the
different stages of litchi planting, flower-bud differentiating, flower bearing, fruit bearing, and after harvesting. These scores are
self-reparted and range from O to 5 The technical and fertilizer use efficiency scores are estimated usging the stochastic frontier
production (SFF) model mentioned in Section 3.3,

In terms of household characteristics, 88.8% of household heads are male. Household heads are 56.8 years old on average and
received 8.4 years of education. The result suggests that 18.1% of surveyed households have participated in off-farm wark.
Approximately 22.5% and 28.7% of househaolds have CPC membership and coopemtive membership, respectively.

33 Swmistical model specification

R:l].hnvjng Wi (201 1) and Bai et al. (201 9), this study employs the stochastic frontier production (SFP) model to estimate fertilizer
use efficiency. We assume ¥ is litchi output and there are four inputs, i.rl:ludjn,g labar (L), land (D), capital (), and fertilizer (F). The
model can be expressed as:

In¥=hfiLD C.F, @l +v—u (1)
where §§ is a vector of parameters to be estimated; v is a random error and v ~ iid (0, 62); and u captures the ineficdency effect in the
production proces and is assumed to be nonnegative and distributed independently.

Technical efficiency ( TE) is defined as TE = € " (Battese and Coelli, 1005). Fertilizer nse efficiency (FE) is defined as the ratio of the
minimum required quantity of fertilizer (F"*) to the observed quantity of fertilizer (F), which can be epressed as follows:

FE=min{8: (L.D,C, F™)=(L,D, C, & Jean produce Y} <1 (2)
where # denotes the mtio of the minimum fertilizer input to the observed quantity of fertilizer.

Technical efficiency can be achieved only when there is no TE loss in the production process. This suggests thatyy= 0 and F = P,
In thiscase, the production function can be expressed as follows:

In¥=hfiL.D Ca8FF+v 3
‘We uge the translog production function toestimate TE and FE. For litchi farm household i, the function can be specified as follows

Table 2

Results of the siochastic frontier function model.
Variahle Codficient SE
L {3) ={.0124 AL
In D (g0 0.aag+ LI
I ) 00452 L0
BF{g) oargrer s
in L imD o) =i M LI
InllsC (g5) 0.004* 0003
I LinF {f,) {104 .0
s I e B 0.5 Q010
e I i F i) 0.008 L1
e b P, =014 LIS
L had =0 (L004
0 I () =021 s
8 € (i) oo o
82 P, 0006+ o
Constant TEEE 0257
4 127w LIPS
& 1076 "
Loz likelhood =1 158084
LR et 4733
Sample stre 828

Note: (i) *** ** and* denote significance at the 1%, 5%, and 10% levels, respectively.
(i) 2 = e, and & = o + a2, wheme o is defined in Equation (1] and o is the
varance of it in Equation (4L
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h¥=f+fhL+fhD+p b+ mF+f nlnD+8 hinC+8 L InF+ 8, InDInC, +f,, InD, InF,
+ Py In G InFy 4, 0L + B, 0D, + By, 106+ @, I0°F, + v —u
4]
Subsequently, FE can be obtained using Equation (51

-5 * [ agliy
m:ﬂ,.{%} )

where § = #,+ @, In L+ foy InDy+ B, n G+ 28, InFy

Exlstmg research sggesis thata fnr]mr‘sdeu:i:iunmgm‘dh‘g IES use is not random (Fu and Akter, 2016; EKiza and Pederson, 201 2;
Larochelle et al., 2019; Ogutu et al,, 2014). We divide the sampled farmers into treatment and contml groups and present information
regarding the mean differences between [ES users and nonusers in Appendix Table 2. The mean-comparison test indicates that farmers
who adopt the IES differ significantly from nomisers regarding age, education, health, off-farm work, farming experience, raining
participation, household income, CPC membership, coopertive membership, land, and fertilization brochure. These results suggest
the potential existence of self-selection bias.

To mduce selection bias arising from observables, some previous studies, such ag Kiizs and Pederson (2012) and Ogoto et al
(2014}, adopted the PSM technique for empirical analysis. However, one crtical asumption for achieving consistent and unbiased
estimated resulis in the PSM approach is the correct spedification of the treatment model. In this sindy, we employed an invers
probahility weighted adjusted regression (IPWRA) model for empirical analysis The IFWRA estimator has a doubly robust property
(Linden etal, 2006; Uysal, 2015). It can provide an unbiased evaluation when the treatment or outcome model is correctly specified.

The IPWRA model indudes both treatment and outcome models. We considered farmers' decisions on use under 4 mndom
utility framework in the treatment model Farmer i will adopt [ES use when the utility (L] is higher than that of not using [ES (D).
However, in an observational study, the utility difference (17 = Uy — Uy that drives farmers” decison-making is not observable. We
can collect only information that represents farmers' IES use status (7). Alternatively, this can be expressed as follows:

1 1]
Tlg)= 2By | 10T 6)
I +explef) (et rwi se
where T7 is the utility difference between using the IES and not using it. Ty= 1 if a farmer i uses the I[ES and T;= 0 otherwise. x; is a
vector of variables that influence the farmer's dedsion-making on 1ES use.
[ES use is expected to improve fertilizer knowledge and use efficiency. Therefore, the outcome model can be expressed as follows

Ri= +8xn +& 7]

where Ry is the outcome variable, x; is a set of control variables, a; is a constant, & is a parameter to be estimated, and & is the errar
term.

After estimating the propensity scores in the treatment model and the inverse probability weighted parameters in the outcoms
model, the average treatment effect on the treated (ATT) can be estimated as follows (Linden et al., 2006; Uysal, 20157

.. T I
ATT:N—,IZ[[aL — ) — (B — )] 8)

4 &
Technical efficiency
Fig. 2. Hernel density distribo tion of technical eficiency.
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where N and Ny represent the whole sample and the treatment group, respectively, and (@1 .Eﬂ amd EE;. a] are the estimated inverse
probahbility weighted parameters for the treatment group and contml group, respectively.

4. Results and discussion

41, Fenmilizer use efficiency estimation

We used Stata 14.0 to analyze the data. The resulis of the SFP model are shown in Table 2. The LR test result shows that the
stochastic frontier function is preferred to the standard translog function. The value of 2 indicates that a large part of the residual is due
to the inefficiency component.

The kernel density distributions of the estimated technical and fertilizer use efficlencies are presented in Figs. 2 and 3. The mean of
technical efficiency is 0.544, and the distribution is skewed toward the right. The fertilizer use efficiency score mnged from 0L170 to
0.984, with a mean value of 0.533. These results suggest inefficient production and fertilizer management among litchi growers. Cur
finding is in line with that of previous research. For example, a previous study reparts that the fertilizer use efficiency among crop
producers in rural China is 0333 (Wu, 201 1). Another study onrice farmers provides a similar result (FE = 0.254) (L. Ma ot &, 2014).
A recent study found that the fertilizer use efficiency of Chinese apple farmers is 0472 (Bai et al., 2019,

Moreover, the technical and fertilizer use efficiencies for IES users are 0.564 and 0.538, respectively. The figures for nonusers are
0.532 and 0.528. The differences between [ES users and nonusers are significant (see Appendix Table 2).

4.2 Determinanis of [ES use

‘We used a logit model to estimate the propensity scores and present the results in Table 3. In addition to the coefficients of the
variables, marginal effects are also provided to facilitate discussion. The results suggest that IES use is affected by age, education, off-
farm work, training, family member, and CPC membership. In particular, our results indicate that the younger generation is more
likely to adopt IES. This finding is in line with previous research on farmers' ICT usage pattems (Goldfarb and Prince, 2008). The
coefficient of education is positive and statistically significant. This result indicates that education improves farmers' ahility to use
IESs. This is in line with existing research on ICT adoption{Khanal and Mishra, 2016; Ogutu et al., 2014}, Moreowver, off-farm work and
training increase the probability of IES adoption by 6.1% and 9.7%, respectively. The peer effects of off-farm work and training
participation may raise farmers' awareness of TES.

4.3 Treatment effects estimation

Table 4 shows the reatment effects of [ES use on fertilizer knowledge and use efficiency. We found that 1ES use has positive and
statistically significant impacts on fertilizer knowledge and use efficiency. In particular, the estimated ATTs for fertilizer effectiveness,
procedural, and declamtive knowledge are 0,233, 0.230 and 0.149, respectively. The figures for technical and fertilizer use efficiency
are0.066 and 0.021, respectively. These coefficients are significant at the 1 0% or higher significance level. The results indicate that the
fertilizer effectiveness, procedural and declarative knowledge will be increased by 7.22%, 6.91 %, and 4.95%, respectively, because of
IES use. Moreowver, [ES users' technical and fertilizer use efficiency will be increased by 13.35% and 4.15%, respectively.

For comparison and robusmess checks, the estimated ATTs using PSM (one-to-one matching ) are also presented in Table 4. These
results confirm the positive role of IES use in improving fertilizer knowledge and use efficiency.

4 E
Fertilizer use efficsancy

Fig. 3. Kernel density distribution of fertilizer use efficiency.

&

34



Y. Coiei al Bowronm el Devwelopmenst 49 { 2024) 1004044

Table 3

Propensily soore estimation mesulis.
Variahle ESms=

Coefficients Marginal dfects

Gender 67 (0303) LXir-]
Age wil 180 (LIS i) {2+
Education 0210 {Loa Lt
Healih will 277 {0L06) il (12
Oifffarm wark AT6 (0253 062"
Farming experience 008 {0.012) @00
Training 0792 (L2 )y L8 [ ik
Houz=hald iname QO06 (o1l 0001
Share af litchi income =100 {00y AL OO0
CPC membership L63S (02T L Rl
Cooperative membership =135 {231 ) -7
Family member QL1008 {0061y ©o1a*
Parm size QOO (D00 LG
Pentilizatian brochune 0236 (0. 240) [i%ic)]
Lomtion dummies Contralled
heervations v o

Maote: (i) The reference region is Zhanjiang City; (ii) standard ermos in parentheses; (i) ***, **, and * denote
significance at the 1%, 5%, and 10% levels, resperctively.

Table 4
ATT estimation of IES use.
PWRA ot
Cosf, (SE) PCT Coef. (SE)
Effectveness mowledge 023 (0127) T2 O336*90.080)
Procedural knowlsdge 0230% (0L116) G91% 0293 (0081}
Declarat ve knowledge 0149% (0L135) 495% 0315 (LLOAS)
Technical effidency OLOH6*= (0021) 13358 006 [0L029)
Fertilizer use effidency 0021 (0014) ERE. QO15* {0La19)

Note: (i) 49, *, aned * denote significance at the 1%, 5%, and 10% levels, regpectively. (i) The one4e-one matching PSM technique &5 applied in
ATT &stimation,

4.4 Discusion

Unlike previous studies thiz study focuses on the effects of TES use on fertlizer knowledge and use effidency mther than the in-
tensity of fertilizer use. (ur results indicate that IES use improves the fertilizer managerial ability of farmers, The finding that 1ES use
has a positive effect on farmers® fertilizer knowledge is supported by Fu and Akter (2016) and Larochelle et al. (2019 The
improvement in fertilizer knowledge that is related to IES use could be melated to the reduction in the delivery cost of extension
services, NLLITS extension workers use the internet to promote the cormect use of fertilizer. There iz a rich body of online information
reganding the effects of fertilizer, how to use fertilizer, and the way mutrition works at different stages of litchi production. Internet and
smartphone users can access fertilizer management knowledge from various sources, including extension workers, online training
classes, and smartphone apps. The improvement in ferfilizer knowledge leads to an increase in fertilizer use efficiency.

(China faces enormous challenges in achieving zero growth in fertilizer use. Our findings imply that [ES use has positive impact on
fertilizer management. From a policy perspective, the needs for improving IES adoption and access to ICT-hased fertilizer management
content are brought to the fore. Given that farmers who are training are more likely to use [ES, govemments can encourage farmers to
participate in training and offer more ICT-related training sessions. Moreover, both public and private sector actors should create more
online content regarding the correct use of fertilizer and develop smartphone apps for fertilizer management,

5. Conclusions

This paper evaluates the treatment effects of 1ES use on litchi growers” fertilizer knowledge and use efficiency by employing the
IPWRA model. The empirical results suggest that IES use has postive effects on fertilizer knowledge and use efficiency. Our findings
imply that [ES is & promising tool to improve fertilizer management.

This study is limited by the fact that we used self-reported information toestimate fertilizer knowledge. Moreover, land ownership
may affect farmers’ adoption of practices. We did not collect information on land ownership through this survey. It is suggested that
future studies validate farmers' fertilizer knowledge via their fertilization behavior and control for the variable of land ownership. In
additdon, site-specific fertilizer management is becoming available to farmers and has the potential to further improve fertilizer use
efficiency. Future research should pay more attention to the adoption of such digital innovations for fertilizer management.
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Appendix
Table 1
Sample distr batiomn
Pravine County/District Sample size Percent
Gimamgxd Besilin .=} L.
Rangrian 84 10.1%
Qinzhau b 9.5%
Pubs L] 11.4%
Babad o 10.7%
Guangdong Gamhou [ 10.9%
Maoming =] 9.9
Balio = [
Lianjiang k! 8.
Yamgxi 104 12.6%
Table 2
Mean diflferences between IES users and nomusers
Variahle TES nmers IES nonusers Difference in mean
Effentivensss lmowledge 3246 (1. 140) 2859 {1.201) [ il
Procedural know ledge 3348(1.135) a2 (L3 03167
el amative: knowled ge 3018(1 257) 2680 (1.243) [ il
Technial effidency 0564 (0205 0532 {0182 i =L
[Pertil e use efficiency 0.538(0.121) 0528 (0L127) LK R
Gender 0571 (0338) L4899 {0.302) 0028
Age 49375 (L.02) 615919 {8.833) =12 43 e
Education 9486 (2. 439) TAHD {1062y =1 58"
Health 238 (0.423) 2670 (1L546) 0aa7 "
Hf-farm waork 0288 (0. 453) L1 {032) 0.a7gees
Farming experiene 20850 (9.086) ol SNCL T ) =2 861"
Training OAET0 (047 1) Q517 (0500 0152
Hous=hol inmome 11464 (21 .494) H515 (11.398) 2.049%
Share of litchi inoome 40406 (34.029) #0722 (5. 3M) ={314
CPC membership 0300 {0259 Q1730 L8
Cooperative membership 0221 (0968 L2464 (0442 0.056%
Lahar 3.984 (1 589) 2913 {193 ={.072
Land 1464 (3360 Q789 (1.356) LI il
Pertil ratian brachure 0.252 (0. 435) L1859 {0.393) 0062
Sample sz am £

Mt (i) ¥ % and * denote significance at the 1%, 5%, and 100 levek, respectively.
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1 | INTRODUCTION

Famin Yil?®

Abstract

This study uses a dataset covering 928 small litchi growers in
southern China to investigate the determinants of farmers'
willingness to adopt digital pest and disease management
(DPDM), focusing on smartphone use. An endogenous
switching probit model is employed to address potential
selection bias. The result confirms the positive role of
smartphone use on willingness to adopt DPDM. Age,
education, health, wealth, cooperative membership, and
credit access are also associated with farmers' willingness to
adopt DPDM. Moreover, we find that the determinants of
smartphone users' and nonusers' willingness to adopt DPDM
are different. Finally, we propose a digital inclusion agenda
to promote rural smartphone adoption and use in agricul-
ture. [EconLit Citations: Q16, Q18].

KEYWORDS

digital pest and disease management, litchi grower, rural China,
smartphone use, willingness to adopt

Pest and disease outbreaks threaten the sustainable development of agriculture and the livelihood of smallholder
farmers (FAO, 2021). Early intervention is essential to prevent pest and disease outbreaks. However, it is also a

major challenge in the agricultural field. The ongoing digital revolution provides a solution for this problem. Digital

Abbreviations: ATT, average trestment effect on the treated; ATU, average treatment effect on the untreated; CPC, Communist Party of China; DPDM,
digital pest and disease management; ERM, extended model;, ESP, endk switching probit model; GPS, the global positioning system;
ICT, information and communication technology; IV, instrumental varizble; NGO, Non-governmental organization; TH, transitional heterogeneity; TT,
treatment effect on the treated; TU, treatment effect on the untreated.

Agribusiness. 2022;1-17. wileyonlinelibrary.com/journal /agr © 2022 Wiley Periodicals LLC. i
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pest and disease management (DPDM) is able to increase famers' field scouting efficiency. [t uses sensors to
monitor crop growth and to dentify pests and diseases. Tailored recommendations can thus be generated by
combining individual and macro-level data to support farmers’ decision-making processes (Deepthi &
Sreekantha, 2017; Johannes et al, 2017, Lucas, 2011; Panda, 2020; Wang et al, 2013} Despite povernment
efforts to promote digital agriculture innovations fe.g., DPDM), smallholder farmers in developing countries
continue to struggle with recognizing the wvalue of digital technology and adoption {Lowenberg-DeBoer &
Erickson, 201%).

Ower the past decade, farmers in developing countries have gradually adopted smartphones and benefited from
the use of this medern information and communication (ICT) tool (Ma, Grafton, et al, 2020; Ma, Renwick,
et al, 2018; Mie et al, 2020; Rajkhowa & Caim, 2022; Zheng & Ma, 2021). Smartphone wse generates immediate
private berefits as it expands information sources and reduces search costs. Evidence from rural China and India
sugpests that smartphone use increases both farm household income and farmer's subjective well-being
{Ma, Grafton, et al, 2018; Ma, Remwick, et al, 2018; Nie et al, 2020; Rajkhowa & Qaim, 2022). Another distinct
advantage of smartphone is that it enables users to customize education and agricultural extension services. For
example, Zheng and Ma (2021) find that Chinese wheat growers improve crop yields, net income, and return on
investment after using smartphones. Moreover, smartphones can serve as the infrastructure of digital agriculture
innowvations {Pongnumkul et al, 2015). Recently, governments, MGOs, and donors have developed smartphone-
based applications (apps]) for farm management for smallholder farmers (Campenhout, 2017, Cole &
Fernando, 2021; Satyanarayan et al, 2018). Given these advantages of smartphone use, understanding the
relationship between smartphone use and willlngness to adopt DPDM could provide references for controlling
pests and diseases, preventing crop loss, and reducing pesticide use.

This study contributes to the literature by investgating the effects of smartphone use on farmers’ willingness to
adept DPDM. Although there is evidence that mobile phone- and Internet-using farmers are more likely to adopt
integrated pest management technigues (Ma & Wang, 2020) and reduce pesticide use (Zhao et al, 2021}, less is
known about the effect of smartphone use on famer's willingness to adopt the digital solution for pest and disease
management. The use of DPDM may further increase the efficiency and effectiveness of pest and disease control
and reduce pesticide use because it is able to detect and sohve the problem at the early stage.

W use a dataset coverng 928 smallholder litchi famers from southern China. China is an ideal setting because
the transformation toward digital agriculture is a povemment priodty (Zhang et al, 2016} In late 201%, China
unveiled its 2019-2025 rural and agricultural digitization development plan. The plan seeks to leverage digital
innovations to find a path to sustainable intensive agriculture. Moreover, China is the largest litchi-producing
country in the world (FAD, 2002). The Chinese litchi sector is dominated by smallholder farmers and is greatly
affected by pests and diseases (e.g., downy mildew, anthracnose, fruit cracking, stink bugs, stem-end borer, and gall
mite). Farmers scout orchards and try to identify pests and diseases based an their personal knowledge, Chemical
pesticides are widely adopted by litchl growers to control pests and diseases. The extensive use of chemical
pesticides not only costs farmers considerable money but also causes severe health and environmental ksues
Mé&hring et al, 2020). DPDM adoption has the potential to detect pests and diseases at the early stage, and thus
prevent crop loss and reduce pesticide use.

An endogenous switching probit model (ESP) is employed to address the preblem of endogeneity. The model is
able to investigate the determinants of farmers' smartphone use and the factors that influence their willingness to
adopt DPDM for smartphone users and nonusers separately. It can also estimate consistent treatment effects of
smartphone use on willingness to adopt DPDM by considering both observed and uncbserved heterogeneities
{Lokshin & Sajaia, 2011; Ma, Renwick, et al., 2018).

The rest of this study is organized as follows. Section 2 is the literature review. Section 3 outlines the
conceptual framework and estimation strategy. Data and descriptive statistics are presented in Section 4. The
results are presented and discussed in Section 5. Conclusions are drawn in the final section.
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2 | LITERATURE REVIEW
21 | Impact of ICT use on smallholder farmers

In developing countries, the number of rural ICT {e.g., Internet and smartphone) wers has continued to grow due o
the introduction of low-cost smart devices and the expansion of mobile network coverage (WorldBank, 2016). The
use of ICT can alleviate information asymmetry. There s a growing body of evidence suggesting that ICT adoption
has a positive impact on the welfare of smallhelder farmers (Aker, 2010; Aker & Ksoell, 2014; R. Jensen, 2007 R. T.
Jensen, 2010; Min et al, 2020; Twomasi et al,, 2021; Zhu et al, 2021). In particular, existing research finds that ICT
use increxses farmers farm and nonfam income. Evidence sugpests that rural smartphone users have more
opportunities to participate inoff-farm work (Ma, Renwick, et al, 201B). ICT use also increases farmers' awareness
and agricultural knowledge (Fu & Akter, 2016; Larochelle et al, 201%) Moreower, rural ICT users are found to be
using more modern inputs, such as improved seeds, fertilizer, and pesticides (Campenhout, 2017, Campenhout
et al, 2021; Cole & Femando, 2021; Kiiza & Pederson, 2012; Ogutu et al., 2014} They also benefit from adopting
more sustainable agricultural practices {Larochelle et al, 201%; Ma & Wang, 2020).

22 | Factors influencing farmer's adoption of digital agriculture innovation

Recently, farmers’ adoption of digital agriculture innovation has received increasing attention. Evidenoe suggests that
farmers’ intention to adopt dightal agdculture innovation is affected by household and famm characteristics (Annosi
et al, 2019; Barnes et al, 2019, Hansen, 2015; H. G Jensen et al, 2012; Kernecker et al, 2020; Plerpaol ot al, 2013;
Tey & Brindal, 2012). Digital agriculture innovation adoption required large capital investments. Farm size is the factor
most frequently dted as influencing farmers’ decisions about digital agdculture innovation adoption because digital
farming paricipants may enjoy an economy of scale (Batbe & Arnhalt, 2003; Kutter et al., 2011). Smallhalder farmers are
also constrained by tight budgets. In this regard, compared with smallholder farmers, large commencial farmers are more
likehy to adopt digital farming (H. G. Jensen et al., 2012). In the context of developing countres, weak extension service
systems hinder the diffusion of new technologies (Takahashi et al,, 2019). The low adoption rate is also due to the fact
that farmers lack field sensors and have low digital literacy (Tsan et al, 2019) A study in Bradl finds that the limiting
factors to digital farming adoption include age, famm size, and receptivity to technology (Phvoto et al, 201%). Evidence
fromT aiwan suggests that farmers® intention to use digital farming technologies (such as 1oT, big data, image recognition,
and apps) is affected by age, education, ICT ownership, and knowledge about and attitudes toward digital innovation
{Chuang, Wang, & Uang, 2020; Chuang, Wang & Liow 2020} Farmers' dedsion on digital agriculture innovation
adoption is also affected by their social network [Busse et al., 2013}

3 | CONCEPTUAL FRAMEWORK AND ESTIMATION STRATEGY
31 | Conceptual framework

Farm size, risk exposure and capacity to bear risks, human capital, labor availability, credit constraint, tenure, and
access to commodity markets are identified as the main factors that determine the agricultural innovation adeption
by smallholder farmers in developing countdes (Feder et al, 1985). Using digital farming innovations further
requires infrastructure, dightal literacy, and technical knowledge and skills (FAD, 201%). Smartphone use may
increase farmers' willingness to adept DPDM by providing infrastructure and access to extension service and
improving farmers® digital literacy.
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The smartphone s a well-functioning digital infrastructure. Some DPDM apps are designed o mun on
smartphones. Smartphone offers the possibility to install DPDM apps according to farmers’ needs. Smartphone-
based DPDM apps are capable of collecting raw data fram the crop fleld using the smartphone’s built-in sensors
fe.g., camera and GPS) (Pengnumbkul et al, 2015). After symptoms are matched with an online database, tallored
recommendations will be offered {Hallau et al., 2018).

Lsing ICTs to deliver agriculture extension services has the potential to alleviate the cost and improve service
coverage (Aker, 2011; Aker et al, 2014; Morton & Alwang, 2020). Newadays, ICT-based extension service has been
availlable for smallholder farmers in developing countries {Arouna et al, 2021; Larochelle et al, 201%; Zhang
et al, 2016). Rural farmers can use the smartphone to collect information for farm management on the Internet.
Accordingly, farmers' awareness and knowledge of digital agrdculture innovations can be improved via the use of a
smartphone (Fu & Akter, 2016} Moreover, smartphone users can exchange infoermation and knowledge of pest and
disease control with extension workers and fellow farmers. In parficular, novice smartphone users can access
DPDM by sending pictures and videos from their field scout to extension workers for inspection. In the meantime,
farmers gain experience and build confidence in interactions with the smartphone. Evidence sugpests that
familiarity with digital technology is positively associated with digital farming adeption {Pivote et al., 2019).

3.2 | Estimation strategy
321 | Selection bias issue and model selection

In examining the effects of farmers’ smartphone use on willingness to adept DPDM, we obtain biased results by
simply attributing the differences in outcomes between the treatment group {Le., smartphone users) and the control
group (smartphone nonusers) to treatment. Previous research on ICT (e.g., Internet, smartphone) adoption suggests
that farmers are not randemly assigned toe ICT user and nonuser groups (Hibler & Hartje, 2016; Leng et al., 2020;
Ma & Zhu, 2020; Mwaolole et al, 2019} Mereover, some of the determinants of ICT adoption can be observed from
field surveys {e.g., age, education, and training participation), while others cannot be cbserved {eg., innate ability
and personal preference) (Cul et al., 2016, Ma & Zhu, 2020).

The ESP model and extended regression model (ERM]) are able to solve this preblem (Lokshin & Sajala, 2011
StataPress, 201%). These two models can consider both observed and unobserved charactedstics in empirical
analysis to address the problem of endogeneity. Using maximum likelihood estimation, ERM is able to measure the
effect of an endogenous treatment assignment (StataPress, 2019} This method has been applied in the food sector
Uafari et al, 2022). Glven our interest in investigating the factors that dive both smartphone users' and nonusers'
willingness to adopt DPDM, the ESP model is preferred. Unlike the ERM model, the ESP model uses a switching
equation to sort sampled farmers into smartphone user and nonuser groups. This approach allows us to investigate
the determinants of willingness to adopt DPDM by smartphone users and nonusers separately (Lokshin &
Sajala, 2011}

322 | The ESP model

The decision to use smartphone and its impact on willingness to adopt DPDM can be modeled in a two-stage
treatment framework with the ESP model. First, we model farmers' decisions on smartphone use with a mndom
utility maximization framework. In this frameweork, farmer | will use a smartphone only when the utility he or she
receives from smartphone adoption is greater than not using it. Using a discrete choice model, farmers” decisions on
smartphone use can be expressed as follows:
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where T is a latent variable of the farmer's propensity for smartphone use. The variable T is a dummy that takes 1 if
the farmer is a smartphone user, Z; is a vector of variables that determines the farmer's smartphone use, v, is a
wvector of parameters, and u; is an ermor term.

Given that the farmer decides whether to use a smartphone, we model the smartphone user's propensity to
adopt DPDM (y)) as Equation {23) in the second stage of the ESP model Similarly, a nonuser's propensity to adopt
DPDM fvy) can be modeled as in Equation {Zb):

e vw=11If y5>0
Fu-ﬂu?ﬁi’fm{m:n i y3 5 0° {2a)

vai =1 if yy=10

Yo=0 F y§ <0 (28}

¥y = BoKa + £
where v, and y3 are labent variables, and vy and vy are outcome variables. The variable vy takes the value of 1if a
smartphone user is willing to adopt DPDM and 0 otherwise. Variable wy takes the value of 1 if a smartphone
nonuser is willing to adopt DPDM and O otherwise. Vectors X;; and Xy determine smartphone users’ and nonusers’
willingness to adopt DPDM {e.g, age, pender, cooperative membership, training participation, etc), By and By are
wvectors of parameters, and ey and £y are ermor terms.

We use the switch_probit Stata command, which implements the maximum likelihood method to fit the
model, to obtain consistent standard errors {Lokshin & Sajaia, 2011). Moreover, the ESP model uses an
instrumental variable {IV) for model identification. A previous study used neighbors’ internet use as an [V to
estimate the effects of farmers’ internet use on their willingness to adopt e-commerce (Ma et al., 2020). We
thus include a variable that reflects nelighbors’ smartphone use. The |V equals 1 I a farmer's neighbor uses a
smartphone. Moreover, we follow Ma, Renwick, et al. (2018} to test the Vs wvalidity {Ma, Renwick,
et al, 2018} In particular, we include neighbors' smartphone use variable in Equation (1}, Equation {2a), and
Equation {2b) and conduct the probit model for each equation separately. The results (see Table 4 for
Equation [1] and Appendix Table A1l for Equations [2] and [3]) suggest that neighbors' smartphone use is
significantly assodated with farmers' smartphone use but not significantly related to the willingness to adopt
CPDOM.

Based on Equations (1), (2a), and [2b), we estimate the treatment effect on the treated (TT), that s, the effect of
smartphone use on a smariphone user with observed characteristics x as follows (Aakvik et al, 2005; Lokshin &
Sajala, 2011)

@2 BuXw ¥iZi p1) — D280 Xar Wi ﬂ:]'_

TT=PriyulT = 1. X =x) - PriyalT=LX =x] = FinZ)

3}
The treatment effect on the untreated (TU), that is, the effect of smartphone use on a smartphone nonuser with
observed characteristics x, can be estimated as follows (Aakvik et al, 2005k

2(Budy. -¥iZi —pid — 22 BaXa. -ndi —pal

TU=PriywlT=0.X=x) - Pr{ya[l =0.X =x} = FEnz) @)

where PriyulT = 1, X = x} is the probability of a farmer who uses a smartphone and is willing to adopt DPD M.
Probability Pr{ T = 1, X = x} is the probability of a farmer who uses smartphone being unwilling to adopt
DPDM. The probability PriyyT = 0.X = x) is for a farmer who does not use smartphone but is willing to
adopt DPDM. The probability PriyalT = 0.X = &) Is for a farmer whoe does not use smartphone and is
unwilling to adopt DPDM. The cumulative function of a bivariate normal distribution s @4, F is a cumulative
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TABLE 1  Relationship between treatment effects and heterogeneity effects
WRSng o et Unwilling to adopt Treatment effect
ke D= tPrlmdT = 1.X = x) T PriyalT = 1.X = x) ATT
[iischyiaens: hohtiat LSMPrdT = 0.X =x)  AIMPdyT =0.X=x AU
Heterogeneity effects BHw B T

Abbreviations: ATT, average treatment effect on the treated; ATU, average treatment effect on the untreated;
TH, transitional heterogeneity.

function of the univariate normal distribution, pg is the correlation between ey and W, and py is the correlation
between £y and ug.

The average treatment effect on the treated (ATT) and the average treatment effect on the untreated (ATU)
can then be estimated by averaging Equation {3) and Equation {4) over the observations in the smartphone wer and
nonuser groups (Lokshin & Sajaia, 2011)

1 ¥ @:06B5 Zy. pi) — 9 0%Ba. Zy. po)
ATT = — :
mE FlZy)

=)

ATU = LE‘ D B0y —WF. ) - S:BaXe. —Wd, -F'u}‘

N FlnZ) w

where My, is the number of farmers who use a smartphone (T = 1} and Ny is the number of smartphone nonusers
T =0k

Farmers may hawve their own perceptions of digital innovations in the agriculture sector (Cui et al., 2016).
Farmers who are aware of the benefit of digital innovations may inherently be willing to adopt DPDM regardless of
their smartphone use. Accordingly, the base heterogeneity effect (BH) for the willingness to adept DPDM group is
{Carter & Milon, 2005):

BH,, =L§P"{W|T=LK = x) —%gpfhﬁdr =0,X = x) 7
=l i=1

and that of the nonwilling to adept DPDM group is:

gt 1
B.H......=—EPr{W|T=LK=x}—N—EPr{m|T=0,}t'=x]. B}
Mizl

=1

The tramsiional heterogeneity (TH) is the difference between ATT and ATU (see Table 1). TH refers to the
difference between the treatment effects of smartphone use for smartphone users and nonusers,

4 | DATA AND DESCRIPTIVE S5TATISTICS
41 | Data collection

In August 2020, we conducted a survey of litchi growers in southern China. We first selected survey team members
from South China Agrcultural Unbeersity. Graduate students who were familiar with the local language {Cantonese)
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werne prefered. Before the field survey, team members received training on data eollection protocels (eg., sampling
procedures, questionnaire, team composition, deployment schedule) from leading experts. A structured
questionnaire that contained several blocks of information, including demographic information, farming input,
litchi sales, smartphone use, and willingness to adopt DPDM, was developed for data collecon. Team members
collected data through face-to-face interviews with the heads of households, that is, those mesponsible for
agricultural decision-making.

Second, we used a multistage sampling method to collect household data. For location selection, the team Ffirst
selected the provinees of Guangdong and Guangxl, as over B0% of China's total annual litchi production comes from
these two regions. Second, the team selected the cities of Huizhou, Uanjiang, Maoming, and Yangjlang from
Guangdong Province and Qinzhou and Yulin from Guangxi Province. Litchi production is concentrated in these six
cities. Following the same rule, twe litchi-preducing counties were selected among Maoming, Yangjlang, Qinzhou,
and Yulin, and ene litchl-producing county was selected frem Hulzheu and Lanjiang. Fourth, two townships were
randomly selected from each county. Fifth, we randomly picked two litchi-producing villages from each township.
Finally, we randomly interviewed 25 farmers from each village.

The interviewers wene separated into two teams to collect data from the Guangxl and Guangdeng provinces
during the same pedod. As a result, we interdewed 1000 farmers, with a nonresponse rate of 3%, for a final total of
970 howseholds. After excluding households that did not participate in litchi production, we obtained a sample of
901 valid househalds.

42 | Variable definition and descriptive statistics

In this study, we are interested in the determinants of farmers’ willingness te adopt DPD M, focusing on the role of
smartphone use. Concerning the treatment varlable, we collected information on farmers' smartphone use. The
treatment variable equals 1 if the farmer is a smartphone user.

In terms of the outcome variable, we focus on farmers’ willingness to adopt DPDM because of the extremely
lew DPDM adoption rate we found from the previous field surveys. During face-to-face interviews, we asked
farmers whether they would like to adopt DPDM in the coming litchi proeduction cycle. The outcome variable
equals 1 if the farmer is willing to adopt DPDM.

Existing research suggests that farmers' decisions about Internet and smartphone use are determined by
howusehold head characteristics {e.g., age, gender, education, health) and farm characteristics {e.g., wealth, farm size,
irrigation facilifes) (Cole & Fernando, 2021; Fu & Akter, 2016; Hibler & Hartje, 2016; Leng et al., 2020; Ma &
Zhu, 2020; Michels et al., 2020; Mwololo et al, 2019). For example, Opgutu et al. (2014) find that the number of
crops, group membership, and farm size are positively assoclated with farmers’ participation in ICT-based projects.
They also find an inverse U-shaped effect of age on the likelihood of participation. Kiiza and Pederson {2012} find
positive roles for loan access, farmer group membership, exposure to government awareness campaigns and
negative roles for age, distance to trading center and distdct capital, and farm gate sales in determining farmers’ use
of ICT-based market information. Fu and Akter (2016} find that Factors including age, gender, irrigation facilities,
agricultural assets, and ICT ownership exert a significant impact on the speed and quality of mobile phone-based
services reported by Indian farmers. Michels et al {2020) identify ape, education, and farm size as the determinants
of famers' smartphone adoption. Combined with the factors influencing farmer's adoption of digital agriculture
innavation {see Section 2.2), we selected gender, age, education, health, training participation, farming year, labor,
Communist Party of China (CPC) membership, cadre, wealth, fam size, cooperative membership, credit acoess,
social network, and agriculture information service access as contrel varlables. Age square ks also included to
capture the lifecyele effects. Inaddition, reglenal dummy varlables are used to contrel for commen regional effects.

Table 2 presents definitions and descriptive statistics for the variables used in this study. The results indicate
that approximately 59% of the surseyed farmers use a smartphone. However, only 30.5% of farmers are willing to
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TABLE 2 Variable definiticn and descriptive statistics

Wariable

Willingness to adopt

Smartphone use
Gender

Age

Education
Health

Training participation

Farm year
Labor
CPC membership

Cadre
Weath

Farm size
Cooperative membership

Credit access

Social network

Agriculture information
SEMViCE BCCESS

Guangxi

Guangdong

Neighbors' smartphone use

Definition

15

15

CAl eT s
Mean (5D}
1= willing to adopt DPDM in the coming litchi production 0,305
oyde, 0= otherwise
1=smartphone user, 0= otherwise 0592
1=male, 0= female 0862
Household head's age in years 57.521 (10373}
Years of household head's education 8.585 (2.948)
1=good, 0= nomial, -1 = bad 0721 (0,520}
1= household head participated in at least one agriculttural 0426
training in the 2019-2020 production cycle, 0 = otherwise
Household head farming experience in years 25170 (10.418)
Mumber of household members who are 16-65 years old 4.155 (1.597)
1= at least one household member is a member of the 0291
Communist Party of China, 0= atherwise
Mumber of household members who are village cadre 0176 (0.444)
Farmers' perception of the rank of their household weslth 2894 {0.775)
within the community, ranging from 1 to 5
Litchi farming size {mu) 18.522 (44.420)
1= cooperative member, 0 = otherwise 0349
Farmers' perception of easy access to oredit, ranging from 2094 (1.201)
The degree of coopemation among local farmiers, ranging from 3181 {1.321)
1= having access to agriculture information service, 0418
0= otherwise
1= Guangxi farmer, 0 = otherwise 0494
1= Guangdong farmer, 0 = atherwise 0.506
1= farmer's neighbor uses smartphone, 0 = otherwise 0923

Nate: SDs for binary variables are not reported.
Abbreviation: CPC, Communist Party of China.

adopt DPDM. Most of the farmers ane male (86.6%). The average farmer's age ks 58 years. The average farmer has
mere than B years of schooling and 25 years of farming expedence. A total of 62.6% of the surveyed househald
heads participated in the training. The means of the number of household members who are 16-65 years old and
serve in cadres are 4.155 and Q.176, respectively. On average, sampled households cultivate 185 mu
{1 mu= 0067 hectare) of litchi. Approximately 30% of the surveyed households have at least one member of the
CPC. In addition, around 35% of the sampled farmers had cooperative membership. 41.8% of farmers reported that
they have access to agriculture information service. The dataset includes 49.4% Guangxi farmers and 50.6%

Guangdong farmers.

W further split the sample based on farmers’ smartphone use. Table 3 provides the mean difference
comparison results between smartphone users and nonusers using the t test The shares of willingness to adopt
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DPDM for smartphone users and nonusers are 43.5% and 11.7%, respectively. The mean difference between the
treatment and contrel groups was 31B% points, and the flgure was statistically significant at the 1% level
Moreover, significant differences in mean value were found between smartphone users and nonusers for several
howsehold head-, household- and farm-level characteristies. For example, farmers whe adopt smartphones are
vounger and have better health and financial condiiens than their counterparts. Smartphone users are better
educated and also have a higher probability of participating in training and cooperative farming. A total of 34 1% of
smartphone users have at least one CPC member within their families. The figure for nonusers is 21.7%. In addition,
the averape farm sizes of smartphone users and nonusers are 24.895 and 9291 mu, respectively. Around 44% of
smartphone users have access to agriculture information services. Only 38% of smartphone nonNusers can receive
agriculture information from extension workers. These results indicate the possible existence of selection bias in
investigating the effects of famers’ smartphone use on their willingness to adopt DPDM.

5 | EMPIRICAL RESULTS
The ESP model results are presented in Tables 4 and 5. Specifically, the second column of Table 4 shows the
first-stage results of the determinants of smartphone use. The last two columns of Table 4 show the determinants

of willingness to adopt DPDM for smartphone users and nenusers. The treatment effects and heteregeneity effects
of smartphone use on willingness to adopt DPDM are summarized In Table 5.

TABLE 3 Mean difference between smartphone users and nonusers

Variables Smartphone user Smartphone nonuser Mean difference
Willingness to adopt 0435 0117 o318 "
Gender 0844 0878 -0.032
Age 53259 (9.519) 63834 (7.993) -10.5757*
Education 9.342 (2.656) 7489 (3.055) 1853
Heaith 0807 {0.443) 0.595 (0.593) 02147
Training participation 0.675 0554 0.121%+
Farm year 23897 (10.545) 27015 (9.961) -3.1187"
Lsbor 4128 (1514) 4194 (1711 -0.068
CPC membership 0341 0217 0124
Cadre 0.240 {0.512) 0.084 (0308 0154
Wealth 2983 i0.767) 2769 (0770 0214
Famm size 24895 (55.995) 9291 (12.213) 15604
Cooperative membership 0378 0277 021"~
Credit access 213% (1.209) 2,030 {1.189) 0.108
Social network 3.191 (1.208) 3166 (1.247) 0026
Agriculture information service access 0443 0.383 00607
N 533 348

Nate: (i} Significance level: "p< 0.1, ~p< 005, *p <0.01. {iil SD is presented in the parentheses. (i} SDs for binary
variables are not reported.
Abbreviation: CPC, Communist Party of China.
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TABLE 4 ESP model results

Varisbie ettt toa x‘:’m’ e nmmm
Gender -0.179 {0.151) 0.163 (0.161) -0.261 (0.235)
Age -0.164* (0.079) -0.137"* (L057) 0.130 (0.163)
Age square 0001 {0.001) C.001{0.001) -0.001 (0.001)
Education 0.085*** (0.0204 0037 (0026) 0.019 (0.033)
Health 0.179" (0.098) 0.199 {0.140) 0.289 (0.176)
Training participation 0019 9.117) -0.215 (0.134) 0.125 (D.196)
Famn year 0.004 {0.006) 0,003 (-0.00:6) -0.001 {0.009)
Labor -0.039 {D.038) -0.034 (0:039) 0.053 (0.051)
CPC membership 0.144 {0.089) 0.156 (0.098) -0.354 (0.200)
Cadre 0427 (0.142) 0135 {0.127) 0.006 {0.259)
Wealth 0.072 {.073) 0.150" {0.083) 0.049 (0.123)
Farm size 0.014*** (0.003) 0.000 {0.001) 0.004 (0.007)
Cooperative membership 0.113 {0.120) 0.226* §0.133) -0.042 (0.191}
Credit access 0.050 §0.043) 0.085* {0.047) 0.077 (0.068)
Social network -0.004 0.042) 0Q.054 (0046} 0.062 (0.070)
Agriculture information service access -0.019 {0.107) -0:169 (0:120) -0.097 (0:175)
Guangy Province -0.177 {0.109) -0.171 {0.119) 0.132 {0177}
Meighbors' smartphone use 1189***(0.238)

Constant 5.168"" (2296) 2539 {1.523) -7.002 (5.039)
P -0.587" {0.306)

Po -1.113 (D.895)
Wald test of indep. eqns. {o; = po) Prob = »* =0.084

Observations 20

Mate: (i} Significance level "p< 0.1, **p < 005, ***p <0.01. {ii} Guangdong Province is the reference region.
Abbreviations: CPC, Communist Party of China; DPDM, digital pest and disease management; ESP, endogenous switching
probit model.

51 | Determinants of smartphone use

The first stage of the ESP model estimates the determinants of smartphone use. The results sugeest that fammers’
decisions on smartphone use are affected by age, education, health, cadre, and farm size see the second column of
Table 4). The negative and significant coeffident of age sugpests that farmers' decisions about smartphone use are
negatively associated with their age. In contrast, smartphone use is positively related to education and health. These
results are inline with those of a considerable body of literature suggesting that younger, better-educated, and healthier
farmers are more likely to adopt ICT such as mobile phones and the internet (Hibler & Harfje, 2016; Michels
et al, 2020; Mwololo et al, 2019] Moreower, the likelibood of farmers’ smartphone use increases if the number of
cadres inreases, The reason is that cadres may have more access to information on technological innovations. Famers'
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TABLE 5 ERM model results

Variable Smartphone use Willingness to adopt DPDM
Smartphone use 0352 [0.121)
Gender -0.183 {0.155) Q019 (0.042)
Age -0.181"" (D074 -0.033"°" (0011}
Age square 0.001 §0.001) 0000 (0.000)
Education 0.088*** (0.020) 0.011" {0.004)
Health 0.183" {0099} 0.054" {0.030)
Training participation 0.033 10.116) -0.030 {0.032)
Farm year 0.004 {0,006} 0,000 {0.002)
Lahor -0.044 {0034} -0.003 (0,009}
CPC membership 0.142 jp.088) 0.023 {0,026}
Cadre 0.422°°* (0.143) 0,058 (0.036)
Wealth 0.072 0.074) 0042 {0020}
Farm size 0.015*** {0,003} 0.000 {0.000}
Cooperative membership 0091 0.119) 0045 (0.033)
Credit access 0.049 {0.044) 0027 (0012)
Social network -0.001 0.043) 0.012 {0.012)
Agriculture information service access -0.015 0.110) -0.040 (0,030}
Guangii Province -0.143 {0.110) —0u025 {0.030)
Meighbors' smartphone use 1.:214** (0245)
Constant 5.555%* (2.218) Q751" (0.335)
Caorrelation of error terms of smartphone use -0.275* (01173}

and willingness to adopt DPDM
Wald test Prob > »* =0.000
Observations 201

Note: (i} Significance level: *p < 0.1, **p< 005, ***p <0.01. {ii} Guangdong Province is the reference region.
Abbreviations: CPC, Communist Party of China; DPDM, digital pest and disease management; ERM, extended regression
model.

decisions about smartphone use are also affected by farm size. This finding is supported by recent research on
smartphone use among rural Chinese residents Ma, Grafton, et al., 2020, Note that the neighbors' smartphone use
variable serves as an [V in the ESP model. The significant coefficient justifies the validity of the [V, This finding confirms
the existence of peer effects on ICT use in rural China and is consistent with the findings of Ma et al. (2020).

52 | Determinants of willingness to adopt DPDM

The last two columns of Table 4 provide information on the determinants of smartphone wsers' and nonusers'
willingness to adopt DPDM. The negative and significant coefficlent of p; shoewn in the lower part of the third
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column indicates negative selection bias adsing from unobserved hetercgensities. Moreover, the resdt of the Wald
test regjects the null hypothesis of no correlation between error w and error gy feu) In other words, the treatment
varlable, that Is, smartphone use, i not exogenous. This evidence indicates that the results would be blased if
selection blas was not properly addressed.

The third celumn of Table 4 shows the results of equations for farmers’ willingness to adopt DPDM among
sartphone users. For smartphone users, the determinants of their willingness to adopt DPDM include age, wealth,
cooperative membership, and credit access. In particular, the results suggest that younger smartphone users are
mare willing to adept DPDM. Mareover, wealth is positively assoclated with willingness te adept DPD M. Liguidity
constraints have been identified 2s a barrier to hindering farmers’ adoption of modern technology (Takahashi
et al, 2019). Famers that are rich and have better access to credit face fewer liquidity constraints. The result also
indicates that cooperative members are more wiling to adopt DPDM than nonmembers. This finding is plausible
becawse one of the primary goals of agriculture cooperatives in developing countries is to promote advanced
farming practices {Ma et al., 2017). Our finding is in line with that of Kilza and Pederson {(2012), who investigated
the factors influencing Ugandan farmers' access to |CT-based market information and found a positive and
significant role of membership in farmer assoclations and wealth.

The results of equations for farmers' willingness to adopt DPDM among smartphone nonusers are shown in the
last column of Table 4. Howewer, we did not find any control variable that s slgnificantly assoclated with
smartphene nenusers’ willingness te adopt DPD M.

The results estimated from the ERM model are also presented to provide a further understanding of the impact
of smartphone use on willingness to adopt DPDM. The results suggest that the determinants of smartphone users'
and nenusers' willingness to adopt DPDM are different. To understand farmers’ willingness te adopt DPDM from a
mare general perspective and for robustness check, we provide the results of ERM model inTable 5. The significant
coefficient of the correlation between the errors from the main and auxiliary equation confims the existence of
endogeneity Eee the bottom of Table 5). In addition to smartphone use, age, wealth, and credit access, which have
the same relaionship with DPDM 2< in the ESP model, the results of the ERM model sugpgest that litchi growers’
willingress o adopt DPDM is also affected by education and health. The finding that education has 2 positive
impact on willingness to adopt DPDM is in line with that of previous studies. Evidence suggests that highly
educated cotton (Jenkins et al, 2011), corn {Gardezi & Bronson, 2019), and grain producers (Pivoto et al., 201%) are
moare likely to adopt digital agdculture innovations. Moreover, healthier farmers may be more capable of field data
collection and human-smartphone interaction.

53 | Treatment effects and heterogeneity effects

According to Table 4, the estimated ATT is 0.190. The coefficent of the estimated ATT ks significant at the 1%
significance level This result indicates that smartphone users hawe 3 19 percentage point higher probability of
willingress to adopt DPDM than their counterfactual users. Moreover, the estimated ATU is 0175, which is
statistically significant at the 1% level. This result suggests that the probability of willingness to adopt DPDM by
nonusers would increase by 17.5 percentage points if they use smartphones. These results confirm the positive role
of smartphone use on willingness to adopt DPDM. This finding & in line with the findings of Ogutu et al. (2014),
whose study finds that Kenyan farmers who have mobile phones are more likely to adopt ICT-based market
information.

Based on ATT and ATU, the transitional heterogeneity equals 0.015. This result suggests that the treatment
effect for smartphone users is larger than that of nonusers. In other words, smartphone users are more inclined to
adopt digital innovations. This finding highlights the need to promote smartphone coverage in rural areas. In
addition, the base heterogeneity effects for the willingness to adopt group and the unwillingness to adopt group are
0.144 and 0.129, respectively.
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TABLE & Treatment effects estimation results

Predictions
Willing to adopt Unwilling to adopt Treatment effect (ATT/ATU/TH) T value

Smartphone user 0436 (0.182) 0,246 (0.150) 0190 196" 18.197
Smartphone nonuser 0292 (0242} 0,117 (0.097) Q175 p204p* 12874
Heterogeneity effects 0144 0129 Q015

Nate: (i} Significance level "p < 0.1, **p < 0.05, ***p <0.01.
Abbreviations: ATT, average treatment effect on the treated; ATU, average treatment effect on the untreated; TT,
treatment effect on the treated.

& | CONCLUSION

Finding digital solutions for agricultural transformation is not a new strategy. [t s widely believed that digital
faming has the potential to address the challenpes facing agriculture and rural development, incuding food
insecurity, poor human nutrition, rural poverty, emvironmental pollution, and climate change (Klerkx et al, 201%;
Tsan et al, 2019) Howewer, the potential of digital farming cannot be fully realized without the engagement of
smallholder farmers. This study evaluates the factors that drive farmers' willingness to adopt DPDM, focusing on
smartphone use, using %28 cross-sectional litchi farm household datasets. Our empirical results indicate a positive
influence of smartphone use on willingness to adept DPDM. Moreover, we find that the determinants of
smartphone users' and nonusers’ willingness to adopt DPDM are different.

Owr findings highlight the need to promote the use of smartphones in rural areas. We find that age, education,
health, cadre, and farm size affect farmers’ declsions on smartphone use. Moreover, age, education, health, wealth,
ooperative membership, and cedit access exert significant impacts on farmers’ willingness to adopt DPDM. Therefore,
governments should increase investment in rural public education and health services to promote smartphone adoption
and use in agriculture. Moreover, it is necessary to provide smallholder famers with finandal support and oredit
access and encourage them to participate in agriculture cooperatives to facilitate the adoption of DPDM.

The limitation of this study is that we fail to control for the interviewer fixed effects. In this study, fammers had
little knowledge of DPDM. To ensure farmers understand the question and give solid answers, enumerators
followed the manual and briefly introduced the DPDM app to respondents. In this regard, respondents’ willingress
to adopt DPDM might be affected by the characteristics of the individual enumerator. It is suggested that future
studies should record the respondent-enumerator pairs to control for the interviewer fixed effects.
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TABLE Al Validity test for instrumental variable

Health

Training participation
Farm year

Labor

Party membership
Cadre

Wealth

Farm size

Cooperative membership

Credit access

Social neteork

Agriculture information service access

Guangxi Provinoe

Meighbors’ smartphone use

Constant

Observations

Willingness to adopt
0.4630%** (0.125)
0029 (0.141)
-0.083" (0.041)
Q001 (0,000
0.057*" {0.019)
0291* (0.111)
-0.095 (0.113)
0002 {0L005)
-0u005 (0,033)
0u095 (0.085)
0.188° (0.113)
Q169" (0071}
0.001 {0.001}
0.188° (01104
Q101 {0040
0,047 (0.040)
-0.150 {0.104)
-0.101 (0.103)
-0.078 (0215
0413 (1.145

701

Nate: {i} Significance level: "p< 0.1, **p < 005, **p <0.01. {ii} Guangdong Province is the reference region.
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Abstract

There is a great deal of evidence suggesting that information and communication technology (ICT) and
agricultural production outsourcing can improve farm productivity and farmers” welfare. However, less is
known about the relationship between modern ICT use and agricultural production outsourcing. Drawing
upon a survey of 855 litchi growers from southern China, this study estimates the effect of smartphone use
on farmers’ decisions regarding agricultural production outsourcing. A novel genetic matching method is
employed to mitigate the selection bias associated with self-selected smartphone use. Our result confirms the
positive role of smartphone use in increasing the number of production tasks outsourced by litchi growers.
Moreover, smartphone users are more likely to outsource both labor-intensive and technology-intensive tasks
than nonusers. In addition, the treatment effect of smartphone use varies with each specific litchi production
task. Our findings highlight the importance of improving smartphone adoption among farmers to promote
agricultural production outsourcing.
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1. Introduction

Chimna has made great achievements in economic development smce the mtroduction of the reform and
opening-up policy m 1978, In 2020, the gross domestic product of China was 14,722.73 billion US dollars
according to the World Bank.! In the same vear, the Seventh National Population Census of China revealed
that the urbanization rate reached 63.89%.2 Rapid urbanization and industrialization have triggered rural-
urban labor migration and environmental degradatron, which create pressure on the sustaimability of small
farms and Chinese food secunty (L eral, 2010, Su er al., 2011; Wang er al, 2013),

There 15 a great deal of evidence suggesting that smartphone use and agricultural production outsourcing
have the potential to overcome the disadvantages of the current Chinese farming system, such as small-scale
farming, aging farmers, labor shortages, lack of machine ownership, and low modern technology adoption
rate. A gricultural production outsourcing is expected to reduce smallholder farmers’ mput costs and increase
output profits via the division of labor and economies of scale, By outsourcing agricultural production tasks
to individuals or organizations with machine ownership and relevant skills, smallholder farmerscan reduce
production costs, enhance productivity, and enjoy more leisure time (Deng ef al. 2020; Mi ef af.. 2020,
Zhang ef al, 2018). The use of information and communication technology (ICT) can alleviate information
asymmetry and reduce transaction costs in the agricultural sector (Aker, 2011; Akereral. 20 16; Jensen, 2010).
Recently, Chinese farmers have gradually adopted smart devices (especially smartphones) and benefited from
the use of these modern ICT tools (Ma of af, 2018; Nie er af., 2020; Zheng and Ma, 2021b). Smartphone
use enables rural households to connect to the internet without access to landline networks In addition to
basic functions such as making phone calls and sending text messages, smartphone users are able to take
pictures, share videos, and customize therr extension services using software applications (apps). Given
these benefits of smartphone use, understanding the relationship between smartphone use and agricultural
production outsourcing could provide evidence to effectively upscale the significant contributions of these
two objects to improve rural sustamable development in developing countries.

The primary objective of this study 15, therefore, to mvestigate the effect of smartphone use on agricultural
production outsourcing. Our main finding 15 that smartphone use positively affects farmers’ decisions regarding
agricultural production cutsourcing. Moreover, we divide the tasks into labor-intensive and technology-
intensive groups and find positive effects of smartphone use on the number of labor- and technolo gy-intensive
tasks outsourced. In addition, the results suggest that the treatment effect of smartphone use varies with
each specific production task. Our findings serve as a reference for the design of policies aiming to promote
agricultural production outsourcmg through the adoption of smartphones.

The contribution of this study is threefold. First, this study adds to the literature on the impact of ICT
adoption on supporting sustainable agricultural production and rural development by estimating the effects of
smartphone use on production outsourcing. There 15 extensive evidence that ICT use improves the welfare of
smallholder farmers by raising ncome, diversifying income sources, smoothing consumption, and immproving
psychological health and food security (Beuermann, 2015; Leng ef af., 2020; Ma ef al, 2020a; Min er al,
2020; Twumasi ef al., 2021; Zheng and Ma2021a, Zhu eral., 2020a,b, 202 1b). Mobile phone- and internet-
using farmers can receive timely mformation, improve knowledge of advanced technologies and are more
likely to adopt modern farming practices (Cai er af. 2022; Campenhout et af., 2021; Kiiza and Pederson,
2012; Larochelle er af.. 2019; Ogutu et af.. 2014; Shiferaw et al., 2015). In rural China, ICT users adopt
more sustainable agricultural practices (Ma and Wang, 2020) and are more willing to use e-<commerce ( Ma
ef al, 2020b) than nonusers. Internet use improves farm technical efficiency (Zheng er af., 2021; Zhu er
al, 202 1a) and reduces pesticide use (Zhao er al, 2021) and cropland abandonment (Deng er al, 2019).
However, to the best of our knowledge, no previous study has focused on the effect of smartphone use on
agricultural production outsourcing.

V World Bank data: htgs e worklbank ongfind i catea™WY GDPME TPCD Mocatuons=CN
2 Maindats from the Seventh National Papulation Census of China: hitp: fwwwstals govendeng lish/Pre s Release/ 20210510202 105 10_1817 185, himl
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where Tindicates the smartphone use status. ¥ is the farmer’s decision on agnicultural production outsourcing,
It 15 independent of T condtional on a covanance matnix of X

Genetic matchmg matches the covanates associated with the outcome vanable. Existing research suggests
that farmers’ decisions on outsourcing service use are determined by household characteristics (e.g. age,
education, farm size), crop type, region, and specific task (Deng er al., 2020; Ji eral, 2017, Mi et al.,
2020, Sun ef al,, 2018; Zhang er al., 2018). In this regard, we include a range of household head- and
farm-level variables, such as smartphone use, pender, age, education, health, training participation, family
labor, party membership, cadre, share of litchi income, farm size, mcome, outSourcing Service access,
and outsourcing service provider in matrix A The descriptions of the variables selected are presented i
the next section,

Cenetic matching s able to find the best measure from a range of distance metrics to optimize the postmatching
covariate balance within a certain generation size. In particular, it creates an addtional weight matrix ()
associated with each potential distance metric. The weight matrix (F) is used to document the relative
importance of each covariate. It should be noted that the propensity score is also included as one of the
covariates to realize the balance between the treatment and control groups. Essentially, genetic matching
matches the treatment-control pairs by minimizing the Generalized Mahalanobis Distance (GMD) defined
as follows (Diamond and Sekhon, 2013; Sekhon, 2011 )

GMD(X,, X W)= \kx, —X. ) (s) WS E) X, %) )

where W is the &>k positive definite weight matrix and 5 is the sample covariance matrix of . X represents
the covariates of the treatment group. X indicates the covariates of the control group. All elements of [V are
restricted to 0 except those down the main diagonal, which consists of & parameters that must be chosen.

Then, genetic matching automates the iterative process to check and improve the covanate balance by
constantly updating the weight W toward a better overall covariate balance. Even though genetic matching
does not require estimating the propensity score, the method will achieve better balance if a propensity score
15 incorporated (Sekhon, 2011). As expected, the overall covariate balance will be improved and converge
asymptotically as the size of generation (i.e. times of weight B update) increases (Diamond and Sekhon,
2013). In this regard, we do not need to check the balance of covariates after matching due to the terative
process and optimal algorithm, This alleviates concerns about the mis specified problem of the treatment
model. As genetic matching can be used with any arbitrary matching method (Deamond and Sekhon, 2013),
we apphed one-to-one matching with replacement m this study.

3. Data, variable definition, and descriptive statistics
3.1 Data

We used a household survey conducted from July 2020 to August 2020, A questionnare that contamns blocks
of mformaton, including household demographics, Iitchi production, and outsourcing behaviors, was applied
for data collection. Before the survey, we modified the questionnaire based on a small-scale field test. The
survey team members were praduate students selected from South China A gricultural University, They were
tramed on how to conduct interviews by the leading experts.

We applied a multistage sampling procedure to collect data In the first stage, we selected the top two litchi-
producmg provinces in China (i.e. Guangdong Province and Guangx: Province). Four litchiproducing
cities { Huizhou, Lianjiang, Maoming, and Yangjiang) in Guangdong Province and two cities (Qinzhou and
Yulin) in Guangxi Province were selected in the second stage. In the third stape, we randomly selected one
or two counties from each city. Within each selected county, two towns were randomly selected. In each
town surveved, we randomly selected approximately 25 farmers. As a result, we obtained 924 household
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samples. Finally, we selected 855 samples for this study after dropping 39 houschol ds that did not engage
m litchi production and 30 samples due to mcomplete information.,

3.2 Variable definition and descriptive analysis
m  Litchi production task description and outsourang rate

We found that litcht growers in surveyed areas outsource production tasks, mcluding starter fertil er
application, regular fertilizer application, weeding, plant protection, irigation, harvesting, pruning, fruit
thinning, flower thinning, girdling and gmfting, to relatives and friends, large producers, agnculture
cooperatives, and agriculture service companies. The defimtions of these 11 litchi production tasks are
shown inTable 1. Following the advice of CNLLITS experts, we define starter fertilizer application, regular
fertilizer application, weeding, plant protection, irngation, and harvesting as labor-intensive tasks, Curmrently,
these six tasks require intensive labor investment. In contrast, pruning, fruit thinning, flower thinning,
girdling, and grafting rely more on machines, knowledge, and skills. Thus, these five tasks are categonzed
as technology-intensive tasks.

The last column of Table I presents the outsourcing rate of each litchi production task. Among the 855
surveyed farmers, harvesting was the most outsourced task, with an outsourcing rate of 28.9%. Grafting
and pruning are the second- and third-most outsourced tasks. The outsourcing rates are 15.7 and 12.0%,
respectively. The outsourcing rates of the other eight tasks are lower than 10%. These results suggest that
agnicultural production outsourcing services have not been widely adopted by litchi farmers in southern
China.

Table 1. Litchi production task descn ption and outsourcing rate.
Description and me asure me nt Ouisourcing rate’

Labor-intensive tasks

Stanter fertilizer application Apply starter fertilzer fora new production cycle, 0.089 (0285)
|=outsourced, (=otherwise

Regular fentilizer application  Apply regular fertilizer during litchi production cycle. 0.081(0273)
I=outsourced, O=otherwise

Weeding Remove unwanted plants in litchi orchard. 0.075(0263)
I=outsourced , O=ptherwise

Plant protection Spray pesticide. | =outsourced, O=otherwise 0.085 (0.280)

Imgation Water lnchi tree. 1=outsourced, (=otherwise 0.042(0201)

H ng Pick lichi. |=outsourced, =oiherwise 0.289(0454)

Technology-intensive tasks

Pruming Remaove some litchi trees” branches, buds, or roots, 0.120(0.323)
I=outsourced , (=otherwise

Fruit thinning Remove some litchi flowers. |=outsourced, O=otherwise 0.042(0201)

Flower thinning Remove some litchi fruitlets. 1=outsourced, (=otherwise 0.068 (0.252)

Girdling Remove litchi trees” bark. |=outsourced, (=otherwise 0.008 (0261)

Grafting Connect scion and sock plants 1=outsourced, O=otherwise  0.157(0.364)

! Mean and standiard deviation (in parentheses).
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m Characteristics of liichi farmers

Table 2 presents the definition and summary of the treatment and covanate variables selected in this study.
Owr data show that 61% of surveyed farmers are smartphone users. This result s close to the Chinese rural
internet penetration rate (55.9%) estimated by the China Internet Network Information Center in 20203
Approximately 87% of household heads are male. The average age of the head of household 1557 vears old.
Approximately 64, 23 and 17% of household heads are training participants, party members, and village
cadres, respectively. The average size of litchi orchards s approximately 1.3 ha An average household
generates 43% of is meome from litchi farmimg, On average, the sample households have four members
who are 16-635 vears old. In addition, approximately 14% of farmers reported the existence of outsourcing
service providers withn the community.

m Difference in outsourcing decisions between smariphone users and nonusers

Table 3 provides mformation regarding the difference between smartphone users and nonusers on outsourc ng
decistons. The results show that litehi growers who use smartphones are more likely to outsource all 11
production tasks than nonusers. Moreover, from the bottom of Table 3, we find that an average farmer in the
treatment group outsourced 1.519 tasks. The figure for nonusers is 0.504. The difference between smartphone
usersand nonusers in the number of tasks outsourced is 1,013, which is significant at the 1% level based on
the r-test. In addition, smartphone users outsourced more labor-intensive and technology-intensive tasks than
their counterparts. On average, smartphone users owmsourced 0.902 and 0.617 labor-intensive and technol ogy -
intensive tasks, respectively. The figures for nonusers are 0.287 and 0.218, respectively.

3 Surmmary report of the China [itemet Network: Infosmation Center: hitp: fwws povensinwens 2021 -2 /08 & onte it _55845 18 him

Table 2. Definition and summary of treatment and covariate variables.

Variable Definition Mean (SD)!
Smartphone use Imsmartphone user, (motherwise 0,608 (0. 488)
Gender Immale, (mfemale 0.869(0,338)
Ape Year of household head’s age 57318 {10.405)
Education Imglementary school, 2mmiddle school, 3whigh school, 4mcollage  2.020(0.816)
Health Imgood, (mnommal, - Ishad 0.743 (0 498)
Training partici pation Imgonculture training participant, Omaothe r se 0.643 (0.370)
Family labor MNumber of 16-65 years old household members 4. 116 (1L.607)
Party membership Immember of Communist Party of China, Omotherwise 0.231(0.422)
Calre Imyillage cadre, Omotherw ise 0.166(0.372)
Share of Litchi income The percentage of ncome generated from Litchs farmng 42 598 (35.970)
Farm size Size of litchi orchard (ha) 1.253 (L 157)
Income Natural log of income per capita (10,000 Yuan®) 0,064 (43.039)
Outsourcing service access  Perception on the easy access Lo oulSourcing service, 3.273(1.145)
ranging from 1-5, Imstrongly disagree, Sestrongly agree
Ouisourcing service provider  I=existence of agricultural production outsourcing service 0. 144 (0.351)
provider within the community, Omotherwise

Hutzhou ImHuizhou Bimmer, Omgtherwise 0LOT8 (0.269)
Lianjiang ImLanjang farmer, Omothe rwise 0117 (0.322)
Maoming ImMaoming farmer, Omptherwise 0.230(0.421)
Yangjian ImYangjian farmer, (motherwise (LO9E (0.298)
Chinzhou I=Oinzhou farmer, (motherwise 0.193(0.395)

! 8 =standard deviation,
2| USD = 6.36 Yuan.
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Table 3. Differences i outsourcing decisions between smartphone users and nonusers.

Users! Nonuse rs! Mean difference™

Starter fertilizer application 0. 131(0.337) 0023 (0.153) 0. 107+
Repular fertilizer application 0.121(0,327) 0018 (0.133) 0.103%=*
Weeding 0.112(0315)  0O018{0.133)  0,094%s+
Plant protection 0.131(0.,337) 0015 (0.121) 0.116%**
Imrigation 0.065(0.247) 0006 (00T 0.059%e*
Harvesting 0.342(0475)  0206(0405)  0.136%**
Pruning 0.160(0.366)  0060(0237)  0.100***
Fruit thinning 0.063 (0.244) 0,009 (0.094) D055
Flower thinning 0. 100 (0. 300) 0018 (0133) 0OB2xe*
Gardling 0. 108 (0.310) 0021 (0.143) 008 ="
Grafting 0.187(0.390) 0110{0314)  0.076**
Number of tasks outsourced L319{2.84) 0504 (1.267) 1.015%%=
Number of labor-intensive tasks ousourced 0.902(1.678) 0287 (0.763) 0.6]15%%*
Number of technology-intensive tasks outsourced 0.617(1,268) D218 (0.641) 0. 30gees
Observat wons 520 335

TMean and standard deviation {in parentheses),
I A et was applied 1o estimaie the significance of the mean difference.
# #% and *** denote significance at the 5 and 1% levels, respectively,

4. Results and discussion
4.4 Covariate balance checking

Genetic matching uses a search algorithm to fteratively check and improve covanate balance. Following
Sekhon and Grieve (2012 ) and Austin (2008), we provide mformation on the standard zed mean difference,
D-statistic, and P-value for the postmatching covariate balance check (Table 4). It should be noted that
P-values are taken from wtests for bmary vanables (1.e. gender, training participation, party membership)
and from the bootstrapped Kolmogorov-Smimov (KS) test for continuous variables (1.e. age, share of litchi
income, farm size). The decrease in difference in means (standardized mean difference) and the mean
discrepancies { D-statistic ) may result in a higher P-value, which suggests an improvement in balance across
the covanate distnbution,

We find from Table 4 that the treatment and control groups are imbalanced before matchmg, Smartphone
users and nonusers had different characteristics in 12 out of 18 covanates (P<0.1). Typically, smartphone
users are 10 vears vounger than nonusers. This difference 15 significant at the 1% level. Moreover, smartphone
usersare more likely to have better health and education, access to trammg and outsourcmg services, larger
farm sizes, and party memberships. A fler genetic matching, the age difference decreased to 3 years and was
no longer statistically significant. Significant differences persisted in only 3 out of 18 covanates. These
results suggest that the covariate balance 1s well improved i the treatment and control groups (Frey, 2014).

To improve our understanding and for companson purposes, we also employ PSM (one-to-one matching
with replacement) to mitigate selection bias and estimate the impact of smartphone use on agricultural
production outsourcing. To avoid the compression of propensity scores near zero and one, we follow Sekhon
{2011y and use logistic regression to estimate the propensity score model. From Supplementary Table S1,
we find that variables including age, education, party membership, cadre, share of litchi income, and farm
size significantly influence farmers’ decision on smartphone use. The marginal effects of these variables
are -0.032, 0.037,0.129, 0.153, 0.001, and 0.004, respectively. The finding that age has a negative impact
on smartphone use 15 m lme with that of previous studees (e.g. Kuza and Pederson, 2012; Ma er af., 201 8;
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Table 4. Covariate balance results,!

Before mnlthin& Aflter mntrhins

Treatment Coniral SMD2  D? Pvalue*  Control SDM D Povalue

mean mean mean
Gender 0.854 0.893 -0.110 0039 0093 0.867 -0038 0013 0380
Age 53,008 63,868 -1L044 0457 0000 5456 -0.353 0,160 0160
Education 2212 1.722 0607 0259 0000 2002 0260 0088 0.188
Health 0.815 0629 0422 0168 0.000 0815 0000 0004 0971
Traimng participation 0,685 0.579 0227 0105 0002 0683 0004 0002 0903
Family | abor 4110 4125 0010 0032 0667 4182 -0048 0071 0254
Party membershup 027 0,158 0269 0121 0000 0265 0030 0013 0203
Cadre 0,223 0078 0349 0145 0000 0219 0009 0004 0.557
Share oflitchi income 44172 40,155 0111 0068 0266 445% -0011 0079 0278
Farm size 24 383 9872 0272 0173 0000 14867 0.178 0.088 0088
Ihoome 0,324 0.0 0518 0206 0000 0.072 0,196 0.0% 0209
OUISOUICING SErVICe ac0ess 3204 3239 0048 0037 0036 3.203 0,078 0081 0,000
Outsourcing service provider (L1653 0110 0148 0055 0020 0.133 0088 0033 0.308
Huizhou 0.092 0,057 0123 0036 07 0.031 0212 0062 0,000
Leanjiang 0,121 0110 0033 0011 0632 0123 0006 0002 08T
Maoming 0237 0221 0037 0016 0595 0200 0086 0037 0212
Yangjian 0.087 0.1l6 0106 0030 0164 0102 0055 0015 0.323
Dinzhou 0213 0.161 0127 0052 0053 0.19 0,042 0017 0,121

"Yulin isthe reference city.

* §MD = standardized mean difference.

# The D-statistic is the maximum difference in the empincal quantile-quantile plot

* P-values are from paired fests for binary variables and from fhe boosrapped K S-test for contimuous variables.

Ma and Wang, 2020; Zheng and Ma, 202 1b; Zhu er al.. 2021a). Moreover, existing studies, such as Ma er
al (2018) and Deng et af. (2019), find that education and farm size are positively associated with farmers’
decisions on smartphone and imtermnet use. Supplementary Table 82 provides mformation with regard to the
covariate balance results using PSM. We find that a significant difference remains in 7 out of | & covariates.
This suggests that genetic matching achieved better overall covariate balance than PSM.

4.2 Average wrearment gffect for the reated estimation

The ATT estimation results are presented m Table 5. From the top of the table, we find that smartphone use
positively influences the number of tasks outsourced by litchi growers. The estimated ATT 15 0,463 and
statistically significant at the 5% level. This suggests that the average household in the treated group (i.e.
smartphone users) will outsource 0.463 more tasks than it would if 1t did not use smartphones. Our finding
is in line with Deng er al. (2019). Their research reveals that internet use is positively associated with
farmers’ decisions on outsourcing. Smartphone use facilitates agncultural production outsourcing through the
potential channel of lowering transaction costs. Search and negotiation costs occur when smallholder farmers
try to hire individuals and organizations for production tasks. Rural-urban migration results in rural labor
shortages and rising labor costs, It is difficult to find and costly to use outsourcing services from traditional
outsourcing service providers (e.g. fellow small farmers, relatives, and friends). Moreover, there is only a
small number of modern outsourcing service providers (e.g. large producers, agnculture cooperatives, and
agriculture service companies) who own machines and specialize in agricultural production. Combmed with
dispersed rural settlements and inconvenient transportation, the search costs for outsourcing services are
high for litchi farmers in southern China. It is also difficult for smallholder farmers to negotiate the contract
with outsourcing service providers, monitor the task outsourced, and evaluate the performance from a long-
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term perspective. As 98% of Chinese rural villages are covered by 4G mobile signals,? smartphone users
can comnect to the internet and communicate with outsourcmg service providers in a timely and low-cost
manner. Moreover, farmers can use smartphones to collect and store information (e.g. contracts, pictures,
and videos) for monitoring and evaluation,

The estimated ATTs for the number of labor-intensive and technology-mtensive tasks outsourced are 0.371
and 0.094, respectively. The coefficient of the former estimated ATT 15 statistically significant at the 5% level,
and the latter is statistically significant at the 1 0% level. These results indicate a positive role of smartphone
use on outsourcing both labor-intensive and technology-mtensive tasks of litchi growers,

Additionally, we find that the treatment effect of smanphone use varies with each specific litchi production
task. The estimated ATTs of smartphone use on starter fertilizer application, regular fertilizer application,
weeding, plant protection, irigation, harvesting, flower thinning, and girdling are 0,065, 0,085, 0,048,
0.069, 0.040, 0.063, 0.013, and 0.050, respectively. These coefficients are statistically significant at the
10% or lugher level. Moreover, we find positive coefficients of the estimated ATTs of smartphone use on
fruit thinning and pruning and negative ATTs of smartphone use on grafting. However, these coefficients
are not significant. Owr finding 15 in line wath that of the existing research. In particular, i er ol (2017),
Zhang et al. (2018), and Mi ef af. (2020) confirm that the determinants of outsourcing decisions vary with
the specific production tasks in rice, apple, and cotton farming, respectively. A possible explanation is
that farm households have sigmificant demand for certam labor-mtensive outsourcing services, There are
plenty of off-farm work opportunities in southern China. The use of outsourcing services can help litch
growers cope with labor shortages during the peak season and improve efficiency. For example, litchi is still
harvested manually, Hring skilled workers may help accelerate the frust picking process without recalling
household members who participate in off-farm work, Moreover, agricultural production cutsourcing can
assist farmers who lack production skills and machine ownership (Ji eraf, 2017, Zhang et af . 2017). This
may help explain our findings of the positive and significant effects of smartphone use on farmers” decisions
regarding starter fertilizer application, regular fertilizer application, weeding, plant protection, irrigation,
flower thinning, and girdling outsourcing,

4 China daily report: hipefwws chinadsily com e a0 190R02WE A4 3 cha3 1 (e lie 35563903 him

Table 5. Results of average treatment effect for the treated (ATT) estimation.

ATT (SE)™2
Number of tasks outsourced 0.465%* (0.285)
MNumber of labor-intensive 1asks outsourced 0.371** (0.163)
Mumber of technology-mtensive tasks outsourced 0.094*(0.139)
Starter fertilzer application 0.065*(0.035)
Regular fertilizer application 0.085*** (0.031)
Weeding 0.048*(0.035)
Plant protection 0.069*(0.036)
Irigat ion 0.040%* (0.026)
Harvesting 0.063%* (0.045)
Pruning 0.021 {0.0440)
Fruit thinning 0,019 (0.028)
Flower thinning 0.013*(0.034)
Cirdling 0.050*(0.033)
Girafiing -0.010 (0.04T)

' SE =robust Abadie-Imbens standard errors,
2 *, ** and *** denote significance at the 10, 5 and 1% levels, respectively.
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For comparison, we estimated the impact of smartphone use on farmers’ decisions on agricultural production
outsourcing using PSM, and the results are presented in Supplementary Table 83. The estimated ATT of
smartphone use on the number of tasks outsourced using PSM is 0.7535. Moreover, the results mdicate that
smartphone users will outsource 0.202 and 0.353 more labor-intensive and technology-intensive tasks,
respectivelv. These findings confirm the positive effects of smartphone use on agricultural production
outsourcing by litchi growers in southern China,

5. Conclusions

The promotien of modern ICT and agricultural production outsourcing is critical for the modernization of the
Chinese small farming system. Usmg a sample of 833 litch growers, this study mvestigates the relationship
between smartphone use and farmers’ decisions on agrnicultural production outsourcing. We employ anovel
approach to control for self-selection bias for smartphone use. The genetic matching results show that
smariphone use has a postive Impact on agneultural production outsourcing. These results largely echo the
results estimated from PSM. Moreover, we find that smartphone users tend to outsource more labor-intensive
and technology-intensive tasks than nonusers, Among the 11 Iitichi production tasks, smartphone users were
more likely to outsource tasks, including starter fertilizer application, regular fertil zer application, weeding,
plant protection, irrigation, harvesting, flower thinning, and girdling, than nonusers. However, smartphone
use does not significantly affect farmers’ decisions on outsourcing pruning, fruit thinning, and grafting.

Our results vield several important policy implications. Agricultural production outsourcing may promote the
use of machine and modern technolo gies in agricultural production. Since smallholders” outsourcing behavior
15 positively associated with smariphone use, the central and local governments should thus further improve the
coverage and quality of rural mobile networks and promote the use of smartphones among farmers. Education
is positively associated with farmers’ decisions on smartphone use. Governments should also keep investing in
rural education, Moreover, local governments should facil itate the supply of agricultural production outsourcing
services m regions where there isactive rural-urban migration. In particular, governments should encourage
large producers, agriculture cooperatives, and agriculture service companies to provide professional outsourcing
services to smallholder farmers. Governments should also cooperate with stakeholders (e.g. modern agricultural
outsourcing service providers, agricultural extension workers, telecommunication companies, smartphone app
developers) to dissemmate agncultural outsourcing service information via smartphones. In this study, we
measured agncultural production outsourcing as a binary variable, without taking mto account the degree of
outsourcmg. It would be an teresting direction for future studies to look at the effects of smartphone use on
the outsourcing degree among different agricultural production tasks,

Supplementary material

Supplementary material can be found online at https:/fdorLorg/10.224 34AFAMR2021.0155

Table S1. Logistic regression on smartphone use.

Table S2. Covariate balance results using PSM.

Table S3. Results of ATT estimation using PSM.
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Abstract

Purpose — The purpose of this study is to examine the effects of mobile Internet adoption on technology
adoption extensity.

Design/methodology/approach — This study uses cross-sectional data collected m 2018 from 932
smallholder litchi farmers i Guangdong Province and Guangxi Province i southern China, A Poisson
regression with endogenous treatment effects (ETPR) model i applied to estimate the effects of mobile Internet
adoption on technology adoption extensity.

Findings — The ETPR model results indicate that mobile Internet adoption can significantly enhance
technology adoption extensity. In addition, the extensity of technology adoption is also determined by
education level, training, share of litchi farming mncome, guidebook use and cooperative membership.
Disaggregated analyses further confirm the positive impact of mobile Internet adoption on the number of
capital- and labor-intensive technologies adopted.

Originality/value — This study contributes to the literature on agricultural technology adoption. The
findings highlight the need to facilitate modern agricultural technology penetration by promoting the use of
mobile [nternet technologies.

Keywords Mobile Internet adoption, Technology adoption extensity, Litchi farmer, Rural China,

Poisson regression with endogenous treatment effects

Paper type Research paper

1. Introduction
Agriculture as a whole is facing great challenges arising from labor shartages and rising supply
costs. Theseproblems can beaddressed by applying modern technology toagriculture (Schultz,
1964; Sunding and Zilberman, 2001; Bruinsma, 2008). However, the penetration rate of modern
technology isrelatively low m smallholder agricultural systems m developing countries (Muzari
et al, 2012 Mwang and Kariuki, 2015). This low penetration rate limits the contribution of
modern agricultural imnovations to poverty alleviation, rural development and food security
(Janvry and Sadoulet, 2002; Magrini and Vigani, 2016; Mendola, 2007; Pan ef al, 2018).

High transaction costs have been recognized as a imiting factor thatrestricts the adoption
of technology by smallholder farmers (Zhang ef al, 2019, Dridi and Khraief, 2011; Odozi and
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Omonona, 2003). Transaction costs may be mowrred when famers try to search for  The effects of
technology-related information, commumicate with external techmecal suppliers oragneultural  y0hile Internet

extension workers, purchase specialized machmes and mplement modern technologmes.
These costs are particularty high for smallholder farmers in developing countries (Ghadegesin
and Fopoola, 2080). On the one hand, smallhdder farmers have less knowledge ar are not
aware of modern tectmology due to information asymmetry. On the other hand, a long
distance to the market also leads to higher transaction costs of mformation searches, the
transportation of goods and service delivery. High transachon costs can thus discourage
smallholder farmers from engaging in market participation and technology adoption.

{iver the last several decades, information and communication technology (ICT) hasbeen
miroduced and widely adopted by populations around the globe. Accordng to the World
Bank, the share of the global Internet-using population has exceeded 40% (WorldBank, 2016).
Moreover, the penetration rate of mohile phones m the lowest meome 20% of the population
in developing countries is approximately 70% (WorldBanl, 2016). The benefits of 0T usage
m the nural and agricultural sectors include improvements in agricultural market efficency,
reduced information asymmetry and moreased market power among farmers (Jensen, 20000,
There is abundant evidence that suggests that market information obtamed through the use
of ICT assist farmers' decision making (Tadesse and Bahiigwa, 2015; Jensen, 2007). ICT
adoption also facilitates agricultural extension service delvery n rural areas (Fu and Alcter,
2016 Baumiiller, 2013,

A growing body of research finds evidence of a positive relationship between ICT
adoption and agricultural technology adoption (Melguizo ef al, 2016 Yang and Zhang, 2020;
Ma and Wang, 2020). One stream of work mvestigates the impact of ICT adoption on the
miensityof agncul tural technology adoption (Melguizo ef al, 2016; Yang and Zhang, 2020). In
particular, Kiiza and Pederson (2012) find that Ugandan farmers who obtam mformation
through the use of ICT increase their share of improved seeds for agricultural production.
Ogutu ef al (2014) reveals that ICT-hased MIS project participants in Kenyva use more
commercial seeds and fertilizers than their counterparts. As more agriculhral immovations
are miroduced mto rural areas, another mteresting questionmay be related to the extensity of
technology adoption, Le., the mumber of technologies adopted by a farmer. For example, in
focusing on the adoption of sustainable technology, Ma and Wang (2020) suggest that rural
Internet users apply more environmentally friendly techmologies than nonusers.

This study contributes to the iterature on agncultural technology adoption. Although it
has been proven that obtammg agnicultural extension services through the use of mobile
phones has a positive impact on access to credit and farmers’ awareness of and willingness to
try new technologies (Fuand Akter, 2016; Baumiiller, 2012), lessis known about the impact of
ICT adoption on the number of technologies adopted. Agricultural production is a complex
process. Agro-food producers also face risls from the environment. To achieve better vields,
farmers have to apply a cambination of techmologies for land preparation, irrigation, pest and
dizeaze control and harvest. KCT use facilitates mformation flows (Aker, 2011; Aker ef al,
2016 Jensen, 2010). By using ICTs (eg. the Internet, mobile phone and radio), farmers can
receive timely reminders from village cadres, fellow farmers, neighbors and agricultural
extension warkers. They can thus take care of their crops by using the proper technologies
during the critical stages of production and for extreme weather events and pests and
diseases outhreaks. Therefore, ICT adoption is expected to have a positive effect on the
extensity of technology adoption. Moreover, different technologies may require different
amounts of capital and labor input to carry out production activities. In this regard, we are
also interested in exploring the effects of ICT adoption on the extensity of capital- and labor.
mtensive technology adoption.

A dataset that covers 932 litchi farmers in Guangdong Province and Guangxi Province in
southern China is applied for the empirical amalysis. China is the leading litchi producing

72

adoption

107




CAER
14,1

108

country in the world Over the last several decades, litchi production in rural China has been
ncreasingly driven by technology. Modern technologies for land preparation, irmigation,
orchard management and pesticide control are becoming available to itchn growers. Local
agricultural bureaw, agricultural cooperative, Chinese National Litchi and Longan Industry
Tectmology System (WLLITS), and elite litchi growers are the main sources for smallholders
to obtain litchi technology information, The NLLITS was established in 2009, It is responsible
for the promotion of the sustainable development of the Chinese litchi and longan industries.
Chinese agricultural extension worlers are encouraged to take advantage of mobile Internet
technologies (Zhang ef al, 2016). For example, maddition to offline demonstration erchards in
litchi concentrated regions, the NLLITS has developed anline (e.g. a web portal and WeChat
public account) channel to deliver agrnicultural extension services to farmers.

As suggested in previous worls, farmers' ICT adoption is constrained by sociseconomic
factors, such as age, gender, location, mecome and education level (Yang and Zhang, 2000; Fu
and Alcter, 2016; Melguizo ef al, 16; Goldfarb and Prince, 2008; Martinez-Dominguez and
Mora-Rivers, 2020). Faillmg to address endogeneity problem ansing from both observed and
mnohserved factors would lead to biased results. We thus apply a Posson regression with
endogenous treatment effects (ETPR) to perfarm a ngorous estimation. Based on the basic
count model, 1.2 the Poisson regression model, the ETPR approach takes advantage of
mstrumental variables to solve endogeneity problems.

Chur results show that on average, the sampled farmers have adopted 3749 of the 11
technologies identified. Farmers who adopt mobile Internet adopt 12.2% more technologes
on average than those who do not adopt mobile Internet. The results of disaggregated
analyses suggest that mobile Internet users apply 14.1 and 104% more capital- and labor-
mtensive technologies than nonusers, respectively. Hence, farmers’ adoption of mobile
Internet can positively affect the mumber of technologies they adopt.

Since litchi frees can only be planted intropical areas, this study islimited to Guangxiand
Guangdong litchi growers, Our findings provide empirical evidence supporting the efforts of
policymakers and mterest groups in promoting mobile Internet technologies m litcha
production areas. Our findings also have valuable implications for other litchi production
regions in southem China (e g. Fujian and Hainan) and for other litchi growing countries
fe.g Indim, Vietnam and Thailand) Moreover, applying modern technologies has great
potential to improve the quality and quantity of agricultural cutputs and thus raise farmers’
meomes. Thisstudy to some extent also serves as a reference for the design of policies aiming
to promote agricultural technologies through the use of ICT.

The next section is data collection and descriptive analysis. Estimation strategy is
described in section 3. The results and discussions are presented in section 4. Finally, section b
conchides.

2. Data collection and descriptive analysis

21 Data oollection

NLLITS program established pilot stations in Maoming City, Zhanjiang City and Shenzhen
City in Guangdong Provinee and Yulin City, Qinzhou City and Beihai City in Guangxi
Province. These are the most concentrated litchi producing areas in China In August 2018,
the NLLITS survey team used a multistage sampling method for data collection. For location
selection, the samplmgmethod takes the distmbution of litchn plantmgareas mto acoount. For
farmer selection, we followed the random sampling procedure. Specifically, we first divided
16 NLLITS demonstration counties in Maoming City, Zhanjiang City and Shenzhen City in
Guangdong Province into five groups tased on litchi planting area and randomly selected 1
county from each group. 5 counties were selected from Yulin City, Qinzhou City and Beihai
City in Guangxi Province following the same rule. Second, towns were divided into large,
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medium and small Litchi producing towns based on hitchi plantmg area. We randomly
selected 1 town from the large and mednum litthi producing groups, respectively. Third, we
divided villages into large, medium and small litcht producing villages and randomly selected
1 village from the large and medium litchi producing groups, respectively, Finally,
approximately 25 sample farmers were randomly selected from each village. As a result, the
research teamcollected 943 household data from 40 villages, 20 towns, 10 counties and 6 cities
m Guangdong Province and Guangxi Provinee {see Tahle Al for detailed information),

The team used a shructured questionnaire for data collection. The team members were
tramed by NLLITS experts before conducting the survey. Information regarding household
member characteristics, ICT uses, farm size, cooperative membership, inputs and outputs,
and technology used in litchi and longan production were collected. Finally, we used 932
samples for the empirical analysis after removing data with missing information and farmers
who do not grow litchi.

22 Vartable definifion

On the advice of the NLLITS experts and from our frequent field visits (the NLLITS survey
team has conducted a large-scale field survey every year since 2014), we compiled 11 litchi
production technologies into a hist. These technologies were widely available to farmers inthe
20172018 production cycle, Table 1 presents descriptions and adophions rate of the
technologies selected. Among the 11 techndogies, tree thinning, girdling, pruning, grafting,
rigating and fertigation are categorized as capitalintensive technolomes because they
require more capital inmvestment than labar-intensive technologies (e.g. pesticide, insect-proof
net, flower thinmimg, fruit thmning and bagging). The outcome variable, re, tecnology
adoption extensity, is then represented by the number of technologies adopted by a litchi
grower, In this regard, technology adoption extensity is a count variable. Similarly, capital-
mtensive technology adoption extensity and labor-intensive technology adoption extensity
refer to the cumulative ammmt of capital- and labor-ntersive technologes adopted by a
farmer, respectively.

As our treatment vanable, the mobile Intemet adoption variable takes a value of one if
farmers use WeChat and zero otherwise, WeChat is one of the most popular smartphone apps
m China. It was first mtreduced to the public as an online chat app in 2011, In addition to
sharng mformation, users can browse the Intermet, make online transactions, play online

Technolgy Desiription Adoption mte

Caputalintensive technology

Tree thiming  Bemove part or part of the litchi tree 0490 (0.500)

Girdlmg Remove astrip of lark from around the entire arcumference of erther a 0500 (0.492)
branch or trunk of a hitchi tree

Primmng Femove certain parts of a plant, such as branches, buds, or roots 0519 (0.486)

Grafting Comect scom and stock plants 0,295 (04890

brrigating Adopt spray o dop irrigation 0043 (0203)

Fertigation Adopt an rrigation system which combines the mjection of fertilizer QST (0232

Labor-intensive technology

Pesticide Adopt pestiade 0582 (0325

Imsect-pront Adopt msect-proof net Ul {iDusa)

net

Flower Remove some fhowers 0427 {0.495)

thmming

Fruit thmning  Remove some fruitlets 0229 (0.420)

Bagmng Bag frut on tees QU0 {Du09s)

The effects of
mobile Internet
adoption
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games and order food using WeChat. The mumber of WeChat users exceeded 10 billion, and
mre than 45 billion messages were sent through WeChat each day in 2018, We found from
the survey that agnicultural extension workers, agricultural cooperative members and village
cadres used WeChat to deliver agriculhural extension services. In particular, they invited
farmers to join WeChat groups and folow local agricultural bureau's and NLLITS's public
accounts. Litchi growers can not only obtam information about advanced techmologes
through WeChat, but also interact with technicians and fellow farmers by sharing pictures
and videos.

Followmg the previous research on ICT and agncultural technology adoption (Goldfarb
and Prince, 2008; Martinez-Dominguez and Mora-Rivera, 2080; Chang and Just, 2008; Zhang
ef al, 2019), we selected a set of control vanables from howsehold and farm perspectives.
Tahble 2 provides definitions and descriptive statishics for the vanables used in this study. In
particular, we included gender, age, education level, health status, farming experience, farm
size, labor, wealth, share of litthi farming meome, guidebools use, cadre or party membership,
off-farm work, trainimg and cooperative membership as control varnables. A set of regional
dummies was also included to contmol for the citv-level location fixed effect. In addition, a

Varihles Diefinition Mean &S1)
Treatment arialies
Mohile Internet adoption 1 1f farmer uses Welhat, () otherwisze (1355 {0.490)
Untfcome variables
All technology Kumber of technologies adopted {from Oto 11) 2749 (1.851)
Capital-mtersive Wumber of capital-ntersive technologies adopted {from 21584 (1.349)
technology 0 to &)
Labor-intersive technology  Number of Bbhorintensive technologies adopted (from 0 to5) 1555 (0,888)
Contrel tarables
Gender 1 if household head is male, 0 otherwise (853 (0.310)
Age Year of househokd head's age 56.99 (10.960)
Eduation level Year of hosehold head's edumtion B36 (294)
Hemlth staths Houschold head's health condition, 1 = good, § = normal; 0,736 {0.509)

—1 =had
Farming experience Farming years of household head 22910 {10.340)
Farm size Litchi farmmng stze {mm} 15,180 {34.300)
Labor Number of family members who are 1665 years old 2973 (1LEX)
Share of litchi farming Litch momame in the proportionof total howsehold moome (%) 400280 {35009}
inoome
Cnndebonk wse 1 1if farmer las guidebook, 0 otherwise 0208 {0.407)
Cadre or party membership 1 if farmer has cadre or party membership, 0 otherwise 0222 ().416)
Off -famm work 1 if farmer has a off-farm work, 0 otherwise 0181 {0.385)
Tramning 1 if farmer participates n traning, O otherwize (1565 (0.496)
Cooperative membership 1 if farmer is cooperative member, O otherwise 0282 (0.430)
Yulin 11f farmer locates m Yulin, 0 otherwise 0,195 {0.399)
(inzhou 1 if farmer locates m Qinzhow, O otherwise 0202 {0.401)
Beihai 11f farmer locates m Bedhai, O otherwise 0,105 {0.307)
Maommng 1 f farmer lomtes m Maoming, O otherwise 0212 (0.409)
Shenzhen 1 if farmer locates i Shenzhen, ) otherwise 0,068 {0.253)
Flanjang 1 if farmer locates m Zhanjiang, O otherwise 0214 {0410}
Instrumental variale

1 if farmer ables to use mohile ext messaging service, 0501 (0.300)

Variable definition and Mesage

descriptive statistic

0 otherwise
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message variable that refers to a farmer's ability to use the mobile text messaging service was
selected as an instrumental variable for model identification.

2.3 Descriplive stalistics

231 Tedmology adopfion. The third column of Table 1 shows the adoption rate of
technologies. Among the 11 technologies identified for litchi production, the most popular
technology is pesticide. In particular, the pesticide adoption rate is 88.2%. Moreover, the most
and least popular capital-mtensive technologies are prming (61.9%) and pmigation (4.3%).
The adoption rates of tree thirming, girdling, grafting and fertigation are 49%, 59%, 385%
and 5.7%, respectively. In terms of laborintensive technology, the adoption rates of flower
and fruit thinning are 42.7 and 229%,, respectively. However, only 0.8 and 1% of surveyed
households had used insect-proof nets and lagmng, respectively.

According to Table 2, the mean number of technologies adopted by the 932 sample
farmers is 3.749. Un average, sanple farmers adopted 2,194 capital-mtensive technologies
and 1.555 laborintensive technologies. In addition, Figure 1 provides information on the
distribution of technology adoption extensity, The results indicate that the majority of the
sample farmers had adopted 3 technolomes. Inparticular, 18.99% of the farmers had adopted
Jtechnologies. Moreover, the percentages of farmers who hadadopted 2, 4 and 5 technologies
were 1631%, 1824% and 1695%, respectively. Approximately 10% of the farmers had
adopted 1 technology or 6 technologies. Unly 4.72%, 1.50%, 0.64% and 0.11% of the farmers
had adopted 7, &, 9and 11 techmologies, respectively. However, 2.25% of the farmers had not
adopted any technology. In addition, not a single farmer had adopted 10 technologies.

Figure 2 presents information on the techmology adoption pattern of mobile Internet users
and nonusers. Overall, the treatment and control groups show different technology adoption
patterns. In particular, among six capital-intensive technologies, farmers adopting mohbile
Internet show a larger probability of using grafting, prunmg, prdling and tree thmmng. The
adoption rates of graftimg, pruming, girding and tree thmmng for moebile Internet users are
41.8%, 685%, 677% and 571%, respectively. The figures for nonusers are 23 8%, 27 6%,
302% and 314%, respectively. However, mobile Internet nonusers are found to be more
likely to adopt fertigation and omigation compared to ther counterparts. The fertigation
and nrigating adoption rates of mobile Internet nonusers are 249 and 21.8%, respectively.
The figures for mobile Internet users are 9.4 and 5.4%, respectively. For laborintensive

0% m.mla 24

8% —— 16.25%,
16%
14 %
[2% L1 p5e
10% 2.13%
£%
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.
e
; 1 507
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Figure 2.
Technology adoption
pattems of mobile
Internet users and
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Table 3.

Mean difference
between mobile
Internet user and
TS

Tree thinning I e () 571
Cirdling | —— Ll 0677
Prming .. 116 s
Cirafting |l s (1 4§
Irrigating [T 0218
Fertigation Iy iy 0.249

Pesticide: | o L 0808
Imectproofnet  [EE——0.147
Flower thinning | s e e .49
Fruit thinning [l 0283

dagging 0008
% W 016

0.00 0.10 0.20 030 040 .50 0.60 0.T0 080 0.90 100

BMobile Ivemet nonuser BMobile Intemet user

technology, the pesticide adoption rate of mabile Internet users is approximately three times
that of nonusers. The results also mdicate that mobile Internet users are more likely to adopt
fruit and flower thinming than farmers who do not use mobile Internet devices, The fruit and
flower thinning adoption rates of mobile Internet users are 283 and 496%, respectively. The
figures for nonusers are 99 and 19.3%, respectively. Moreover, mobile Internet users rarely
adopt bagging and insect-proof net. The adoption rates for bagging and insect-proof net are
only 16 and 0.5% for mobile Internet users, Similarly, bagging adoption among nonusers is
0.05%. Surprisingly, 14.7% of nomusers have used insect-proof net,

Table 3 provides the results of the mean difference comparisons drawn between
the treatment and control groups. The results suggest that the number of technologies,
capitakintensive technologies and labor-intensive technologies adopted by mobile Internet

Varmbles Mohile Internet user Mobile Internet nonuser Mean difference
Al 1 technologies 4.197 (1 803) 3453(1.781) 0.7 44%*
Capital-mtersive techmology 2490 {1.370) 1.960% (1.297) {1 5t
Labor-intensive technology 1058 (092T) LA60 (0,845 (L
Gender 0871 (0.336) 0507 {0200 —(a7*
Mge A9 16 (90400 6217 (8853 — 1301 &
Education level 9461 (2415) 755923020 1 By
Hemlth status 0844 (0413 0,665 (0.553) ).17gp
Farming experience 2106 {9921) 24130 (104400 — e
Farm size 2121 (48.430) 11200194100 100 T+
Labor 2003 (1.597) 2916{1.970) 0016
Share of litchi farming moome F0.800 (34.140) A0.530 (35.730) — (S
Guidebook use 0237 ((426) 0,191 {035 (i
Cadre ar party membership (288 (0.454) 01780353 011
Offfamm waork 0290 {(.459) 0103 (0.305) (1.1 Gyt
Traming (E50 (0ATE) (5 1000500) 0.1 4=
Cooperative membership 0305 {0.451) 0267 (0.443) 00a7

N 37 561 o33

Note(s): {(1)*, ** and #* denote sigrificance at 10%, 5% and 1% levels
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users s significantly higher than for nomusers (see the top three rows of Table 3L In  The effects of
particular, mobile Internet users and nonusers adopt 4.197 and 3453 technologies on average, mohile Internet

respectively, Un average, farmers who adopt mobile Internet have adopted 2499 capital-
mtensive technologies and 1698 hborintensive technologies. The fisures for those not
adopting mobile Internet are 1.993 and 1.460, respectivel v,

2 3 2 Household characieristics. Table 2 provides definitions and descriptive statistics for
the treatment and mntml variables. The results show that the mobile Internet adoption rate is
approximately 40%. In other words, pearly 40% of the sample farmers used mobile Internet.
Moreover, most Df thz household heads are male (89.3%). On average, the age and education
level of the sample farmers are 56.99 and 8336, respectively. Moreover, the average fam size
covers 15180 mu. Onaverage, litchi farming revenue contributes approsdmately 40% of total
household meome. Inaddition, 181 %, 36.5% and 282% of the surveved farmers have access
to off-farm worl,, traming and cooperative membership.

The mean companson results shown in Table 3 mdicate that mohile Internet users differ
from their counterparts on some observed characteristics. In particular, mobile Internet users
are younger than nonusers. Moreover, mobile Intermet users are better educated. In particular,
mobile Internet users have9.461 vears of education on average while the figire for nonusers
1= 7.092. Mobile Internet users also have better health and fimancial conditions than nonusers.
In addition, cadre and party members, off-farm workers and tammg participants are more
likely to adopt mobile Internet. These findings indicate the potential existence of self-selection
bias n farmers’ decisions regardmg mobile Internet adoption.

3. Estimation strategy

31 Count data model selection

The am of this research is to examine the effects of mobile Internet adoption on technology
adoption extensity. As mentioned in the previous section, the technologies selected have their
unique values, and they are the most effective solutions for the problems that arise in different
stages of litchi production. In this regard, the outcome vanables are count variables. In
particular, we identified 11 techmologies for fammers to choose from. In other words,
technology adoption extensity ranges fram 0 to 11. Moreover, the extensities of capital- and
labor-mtensive technology adoption are measured with intervals [006]) and [0.5], respectively.
Weuse the count model (Cameron and Trivedi, 2000), expressed as follows, for our empirical
analysis:

Vi=f(X; T:) + & (1

where ¥ is the number of technologies (j = 1), capitakmtensive technaogies (j = 2) and
labor-intensive technologies (j = 3) adopted by fammer r X; s the vector of variables
associated with farmerr’s decision regarding techmhgj.r adoption; T; denotes mobile Intermet
adoption status; and & 1s a random error term

The Poisson regression model and negative binomial model are the two basic count
maodels used The Poisson regression model s preferred in the absence of overdispersion for
count data. Existing research suggests that the results of a likelihood-ratio test can help
qustify the selechion of the Poisson regression model or negati ve binomial model for empirical
amalysis (Cameron and Trived, 2009),

3.2 Correclion of selection as

Basic count models can vield unbiased results in situations where there is no endogenous
variable, However, previous studies focusing on K0T adoption suggest that ICT applications,
such as the Internet and mobile phones, are not randomly assipned to farmers (Khanal and
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Mishra, 2016; Martinez-lDominguez and Mora-Rivera, 2020; Leng ef al, 2020). In other words,
farmers’ decisions on mobile Internet adoption may be affected by hothobserved (e.g. gender,
age, education level and wealth) and unohserved chamactenstics (eg motivation and
ahilities). Basic count models will produce tiased results when selection bias exists.

After confirming the Poisson regression model is more preferred in our case (see Section
4.1 and Table A2 for more mformation), we select the ETPR model to conduct ngorous
estimations, Compared to the Poisson regression model, the ETPR model requires the
mclusion of at least one mstrumental variable for model identification (Stata, 21319] It thus
allows the ETPR model to provide an unbiased result by takmg both observed and
unobserved characteristics into account.

The ETPR model involves two steps. The first stepinvolves estimating farmers' decisions
surrounding mobile Internet adoption. Assume that T; is the utility difference between
farmer { adopting mobile Internet device (U/7) and not adopting mobile Internet device
{L-':'T}L Farmer ¢ will apply the mobile Internet device only when T, = L-'i-r—Ul”T =0
Considering that we can only observe farmery's mobile Internet adoption status (T7) from the
field survey, utility difference 'j":' can altermatively be expressed as the follows;

1 U7 - U7 >0
T = i
sl {u if U7 —UMT <0 @

where T; =1 of farmer ¢ adopts mobile Intemet and T; = 0 otherwise; Z; 15 the vector of
varihles associated with farmery's decision regarding mobile Internet adoption; a; sa vector
of parameters to be estimated; and g; i a random error term.

The mpact of mobile Internet adoption on technology adoption extensity (Eqn. 1) is
estimated in the second step of the ETPR model Far model identification, we mclude the
message variable, which serves as the instrumental vanable, in ;. As indicated by Penard efal.
(2015, mdividuals who are able to install and use computer software are more likely to use the
Internet. In this regard, mobile phonesavvy farmers are assumed to show a greater probability
of using the mohile Internet. Evidence suggests that Chinese smmallholder farmers benefit from
the Internet use for alleviating information asymmetry, which facilitates techmology adoption
(Ma and Wang, 2020). Moreover, the average age of household headis 57 and they received an
average of 8 vears of education. In other words, they rarely received any ICT tmining during
the school vear, From field survey we found that mobile Internet users only have basic ICT
skills, and their ICT use is limited to communication (eg. making phone call and sending
WeChat messape) and entertainment (e.g, watching online video and playing games). Farmers
rarely apply ICTs for human capitalenhancing activities, such as online education and
healthcare, due o the lack of digital skills, digital awareness, mfrastruchure and social suppart.
They also have trust issues in Internet information. Instead of diggmg online information by
their own, mobile Internet users can easily obtain technology guidance from people who they
are familiar with (e.g. local agnicultural extension workers, agrnicultural cooperative members
and village cadres) by entering WeChat group. In addition, the technologies selected in this
study do not require any digital sldlksand lnowledge, In this regard, the message variable only
affects the surveyed farmers’ technology adoption via using the mohile Internet.

4. Results and discussions

4.1 Count model selection

We first nn hikelihood-ratio tests to determine whether the Poisson regression model or
negative binomial model is preferred n our case. The likelihood test results presented in
Tahle A2 show that p-values are not significant in evaluating the effects of mobile Internet
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adoption on the number of technologies, capitakintensive technologies and Iaborintensive

The effects of

technologies adopted by farmers, which suggest that the outcome varihles are not over- ahile Internet
dispersed. Therefore, the Poisson regression model is preferred adoption
4.2 ETPR model and Poisson regression model selecion
After confmmg the use of the Poisson regression model as the basic count model, we usethe
ETPR model to address potential endogeneity problems. Table 4 presents the results of both 115
the ETPR model and Poisson regression model. The estimated correlation between the
treatment-assignment ertors and outcome erTors 215 positive and significant (see the bottom
of the second column). This confimms the existence of positive selection bias. In other words,
the mpact of mohile Intermet adoption on technology adoption extensity would be
overestimated if selection bias were not properly addressed As shown in the first row of
Tahle 4, the IRR value of mobile Internet adoption estimated using the ETPR model is lower
than that of the Poisson regression model. We further discuss the economic meanimg of these
results in the following subsections.
Polson megression
ETPR medel el
Technology Technology Technology
Mobile Intermnet adoption extensity adoption extersity  adophon extersity
Varshles adoption {Coef.) {Coef) {IRRs) {RRs=)
Mobile Internet D115 (.044) 112 (i1045) 11449 (0.045)
adoption
Gender 0012 ((.155) —0L084{0.052) 0.621) (0.048) 0.818 (0.048)
Age — (74 ([ O08) —000 {0.002) 0,668 {0.002) 0,960 (0.002)
Education level 0,065 (0.022) QL.0068* (01,006 LODER {0.006) 1008 {0,006}
Hezilth status —0.138{0.131) 0021 {0.0358) 1021 {0.008) L1022 0.039)
Off-farm works 0186 (01.122) —0 043 {0.048) 0,668 {0.044) (.848 (0.043)
Training (30 ((.115) D072 {0040} LOT4* (0.043) LO72* (0.04%)
Farm year — 0008 {0.007) 0002 {0.001) 1002 (0.001) 002 {0.001)
Share of litchi 001 {0.002) (.00 (001 L0 (0.001) L0 (0001
farmning mome
Farm sz D05 (.002) 0001 0.000) LOOL*= {0.000) LOBL** {0000}
Labor D.E1* (1.005) 000 {0.008) 1001 (0.005) 1001 0.008)
Guidebodk use — 076 {0.137) OB (0.042) LORE {0.046) LOSE (0.046)
Carre or party 0202 (0.145) —0019{0.040) 0,981 {0.028) 0.580 (0.009)
membership
Cooperative 0027 (0103 D072 (0.004) LOTS** (0.1057) LOTS* (0067}
membership
Yulin —0164(0214)  — SRR {0086 O7EF= (0.062) D724+ (0.062)
Qirzhou — 0426 ((1137) — 010 {0052) QL0 (0.047) (L804* (0047}
Beilmi _OATERE(0170) 0308 (000T) 07255 (0.072) DT3P (0071)
Maaning (450 ((1.116) —0L07T{0.074) 0,626 {0.068) 0,824 (0.068)
Shenzhen 0,962 (0.234) 00740077 0,609 {0.071) 0827 (0.071)
Message 1 8aeE () 130)
Comstant 1 6714 ((1528) 12244 ((1135) 2401 (0.464) 2306% (0.431)
o 1 G () 296
Wald tEﬂJFﬁ] f{l} = 5275, Prob }xz = QU0 Table 4.
Observations 932 932 ETPR model and
Note(s): (1) ¥, ** amd ¥* dmote signifimnee at 10%, 5% and 1% levels. (2) Reference regiorr Zmnjiang. Poisson regression
) Standard errors in parentheses. () Standard errors adpusted for 40 chisters by village mindel results
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4.3 Determmants of mobile Internet use

The fost stage of the ETPR model estimates the factors that mfluence farmers' decsions
regarding mobile Internet adoption. The second columm of Table 4 suggests that mobile
Internet adoption 15 positively associated with education level, training participation, farm
size and labor but negatively related to household head age. Overall, our findings confirm
that mohile Internet adoption is not randomly assigned among farmers. This finding is
consistent with a large amount of existing literature (Penard #f al, 2015; Martinez-Dominguez
and Mora-Rivera, 2020; Tadesse and Bahiigwa, 2015). However, mixed results are found on
the impact of a certain variable on KT adoption. For example, using household survey data
from Cameroon, Penard of al. (2015) find that males have a larger probahility of adopting the
Internet. Another study suggests that the probability of Internet use is higher for women in
rural Mexico (Martinez-Dominguez and Mora-Rivera, 20200, In our case, we find no significant
mmpact of gender on mobile Internet adoption. Moreover, we find a significant impact of the
location ficed effect. In particular, compared to Zhanjiang farmers, farmers from Qinzhou and
Beihai are less likely to adopt mobile Internet devices while farmers show a higher probalality
of adopting them. In addition, the message variable serves as an instrumental vanable m the
ETPR meodel. The results suggest that mobile phone-savvy farmers are more likely toadopt
mobile Internet devices.

4.4 Determmants of technology adoplion extensity

The third column of Table 4 provides the vanable coefficients estimated using the ETPR
model. Since the varable coefficients of the count model camnot be directly nterpreted
{Cameron and Trivedi, 2009, the mcidence rate ratio ([RR) of variables is further calculated
and presented inthe fourth columnof Table 4. For purposes of companson, the IRRs estimated
usmg the Poisson regression model are presented in the last column of Table 4 Inaddition, the
variable coefficients estimated using the Poisson regression model can be found in Table A3,

In terms of the vanable of mterest, the ETPR model result shows that the estimated
coefficient of mobile Internet adoption is positive and the IRR s greater than 1. This suggests
that mobile Internet adoption hasa positive impact on the mumber of technologies adopted by
farmers. In particular, on average, mobile Internet users adopt 1122 times (or 122%) more
technologies than nomusers. Mohile Internet use facilitates mformation flow between litchi
growers and agricultural extension service workers, agriculbral cooperative members,
village cadres and elite litchu producers. The potential mechanism of the treatment is that
mebile Internet users are mcreasingly aware of the benefits of the technologes, Moreover,
they can recetve timely tailored recommendations for technology application, which helps
merease adophion rates,

The last column of Table 4 gives the IRR estimated using the Poisson regression model.
The result suggests that farmers who adopt mohile Internet apply 1.144 times (or 144%)
mare technologies than nonusers. Clearly, the Poisson regression model overestimates the
mpact of mobile Intenet adoption on techmology adoption extensity without taking
mobserved factors into account.

In addition to mobile Intemet adoption, the ETPR model results sugpest that factors
mchiding education level, traiming, share of litchi farming ncome, guidebool use and
cooperative membership affect famers' decisions regarding the mumber of technologies
adopted. In particular, the IRR for education level 1s greater than 1 and statistically
significant. It sugpests that farmers who are better educated use more technologies. Training
participants and cooperative members respectively adopt 74 and 89% more technologies
than their counterparts. It may be that traming and cooperative participation are the main
chamnels through which farmers access modern technologies. Fammers often learn about
modern technodoges from agricultural extension workers through taming. Moreover,
farmer cooperatives are also responsible for promoting new technolomes m rural China. We
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find that farmers who have a larger share of litchi farming mcome adopt 02% more  The effects of
technologies than their counterparts. This result suggest that farmers who are more reliant 1, hile Internet

on litchi farming tend to adopt more technologies. In addition, a positive and statistically
sigrificant [RR for guidebook use indicates that farmers who follow the official production
guidelines may be more aware of standard litchi production and thus morelikely to use more
technologies. We also find a location fixed effect on the extensity of technology adoption.
Relative to farmers living n Zhanjiang, those iving m Yuln, (inzhou and Betha adopt
277%, 98% and 26.5% fewer technologies, respectively.

4.5 Disagorvegated analvses

The 11 technologies identified for litchi production are further dividedinto 6 capitalintensive
technologies and 5 labar-intensive techmologies. Table 5 presents the results of disageregated
analyses. We find from the bottom of the second and fourth cohmmns of Tahle 5 that the
coefficients of pare positive and statistically significant. This fmding indicates the existence
of positive selection bias in estimating the effects of mobile Intermnet adoption on both capital-
and labor-mtersive technology adoption extensity. The third and fifth cohunmns of Table 5
present the IRR results of the determinants of capital- and labor-intensive technology

Capitakintensive Laborintensive

Mobile Internet technology adopton Mohile Internet techmology adopton

adoption Coef) extensity {[REs) adoption Coef) extenzity ([REs)
Mobile Internet 11417 {0.055) L1045 {(.054)
adoption
Gender 0013 {0.185) DST0{006T) (.00 (0.186) S rRand (1T VET]
Ape — T4 (00 (.56 (0.002Z) — 0T 4% {008) 1000 {0002
Education level QL0EE*F (00E2) 10165 {0U0E) D065+ (0052) 1000 {0,007}
Health status —U13S 0 131) 10T {0048} —135 {0.129) L004{0.037)
Offfarm work 0186 (0122 (.50 {0.056) 0185 (0.121) 0L98T (0049)
Traming 3a0 {(115) L0eaG* (DU0GT) (.352%F {(.116) L5 {0,044}
Farm year — {000 {uT) 100 {0 D02 — 00 {0.007) 1001 {0002}
Share of litchi — 0] {00y 100 (0001} — 00T {0.00E) L0 {0.001)
farming
mooIme
Farm size Q005 (0002 1007+ {0 000) 0,005 {0.002) 1000 {0000}
Labor (081 {(L005) 0958 (0.011) D.081%* {0.054) 1005 {0010}
nidebook wse —(U0T5 (0138 1.0T& {0058) —(0T5 {0.136) L 10k {0.045)
Cadre or party 0202 {0.145) 1010 {0058) (201 (0143} 0.935 {0037
membership
Cooperatives 0026 {0.103) 1.081* {041 (005 (010} 1068 {0047}
membership
Yulin —.166 {0215) 0.724%F {086} —0162 {0213) Q.721%F {0 044)
(inzhou —(. 477 () 199) D948 (0.048) —0 42T (0 133 (1840 () 058
Beilmi —QATFE=E {0179) 0.745 (0.007) —0ATI** 0177} 0.724%% [ (45)
Maoming 04457 {(.119) DEB+* (0.068) 04458+ {0.119) 11068 {0088
Shenzhen 0261 (0.234) DETF*{(0071) 0258 (0.232) 1008 {006 1)
Message 18 {1300 1854 (0.130)
Corstant 1 5+ ({1 528} 18017 {(1.500) 1655 (L523) 1 60P=* {().Z24)
i 162 {1 96) 1397 (0522)
Wald testiz=0) 211p= T156, Prob = 5* = 0.0000 21} = 717, Prob = ¥ = 0007
Observations a2 L v

Note(s): (1) *, ** and *** denote significance at 10%, 3% and 1% levels. {Z) Reference regionr Zhanjiang.
) Standard errors in parentheses. {) Standard ermors adjusted for 40 chsters by village

adoption
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adoption extensity. Inaddition, the variable coefficients estimated using the ETPR model can
be found in Table A3.

Interms of the determinants of capital-mtensive technologies, the IRR results suggest that
mobile Internet adoption increases the average number of capital-mtensive technologes
adopted by 14.1%. In addition to mohile Internet adoption, the IRRs for education level,
traming, farm year, share of litchi farmmg mcame, farmsize and cooperative membershipare
greater than 1 and statistically significant. These results suggest that farmers whoare better
educated, have more farming experience, participate in traming and cooperatives, are more
reliant an htchi farmmg and have larger farms adopt more capital-mtensive technologies.
Moreover, farmers from Yulin, Bethai, Maoming and Shenzhen adopt 27.6%, 25.7%, 166%
and 12.7% fewer capitakintensive technologies than those from Zhanjiang (reference region).

Regarding the determimants of labor-intensi ve technologes, the IRR result presented m the
fifth column confirms the positive role of mobile Internet adoption in the extensity of labar-
mtensive technology adoption. On average, mobile Internet users adopt 10.4% more labors
mtensive techmologies than those who do not adopt mobile nternet devices, Compared to male
farmers, female farmers adopt 143% fewer labor-intensive technologies. Moreover, the
findings show that the variables, mcludmg share of hitchi farming mcome and pidebook use,
are positively and significantly associated with the extensity of labor-intensive technology
adoption. In addition, compared to farmers living in Zhanjiang {reference region), those living
in Yulin, Qinzhou and Beihai adopt 279%, 16% and 27 6% fewer labar-intensive technologies.

Interestingly, upon combming the estimated [RRs for mobile Intemet adoption m the
nmumber of capital- and labor-mternsive technologies adopted by farmers, we find that mobile
Internet use has a greater impact in facilitating the spread of capital-intensive technologies
among farmers. It may be that rural farmers can easily access the tools required for labor-
mtensive technologies at local grocery stores and from the agricultral input market. I most
cases, the basic tools required for labor-intensive technologies are less expensive. Moreover,
labor-intensive technology is less complicated than capital-intensive technology. In this
regard, some laborintensive technologies can easily spread through existing nural social
netwaorks. For example, the purpose of fruit, tree and flower thinming is to make room for the
growth of other plants or trees. Litchi farmers can easily purchase srissors and Iadders to
remove flower clusters and small and shaded frntlets. However, tree thimning always
requires the use of specialized machines. Farmers can either purchase such machines on their
own or contact external technology suppliers. The use of mobile Internet can reduce the
transaction costs of tree thinmng by reducng mformation search costs and facilitating
communication between farmers and external service supphers.

5. Conclusion
Based on household survey data, this study uses an ETRP model to examine the effect of
mobile Internet adoption on technology adoption extensity. Our empirical results show that
mabile Internet adoption can encowrage farmers to adopt more technologes. In addition
tomohile nternet adoption, the extensity of technology adoption is determined by education
level, traming, share of itchi farming income, gaidebook use, cooperative membership and
location fived effects. The results of disaggregated analvses firther confirm the positive role
of mobile Intemet adoption m both capital- and labor-intensive technology adoption
extersity. Interestingly, we find that the adoption of mobile Internet has a greater impact on
the extensity of capital-intensive techmology adoption than on the extensity of labor-intensive
technology adoption

(O findings have several policy implications. To further promote agricuthural technology
adoption, pobecymakers should make efforts to mprove the avalabilty, commectivity and
affordability of mobike Internet for nural households. In particular, governments may collaborate
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with telscommmunication companies o expand the coverage of mobile Internet services, improve
the speed and stability of services and lower service fees, Smartphone is the basic device
required for a farmer to cormect to the mobile Internet. In this regard, policymalers can wark
with mohbile device suppliers to provide rural households with suitable contracts, Moreover, the
provision of agricultural extension services, such as training opportunites and guidebooks,
could enhance the penetration of agrncultural technologes. In addition, encouragmg
farmers to participate magru:ﬂtum]cuq(:\rmtmmn help promote technology adoption,

Although this study is limited to Guangxi and Guangdong, our findings may have
mmplications for other litchi producing areas, which are mamly concentrated in tropical areas
of southern Asia Moreover, we find evidence of a positive impact of ICT use on agricultural
technology adoption. This study can thus guide the design of policies aimed to promote
agriculhural techmologies through the use of ICT.
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Abstract

Purpose - It is imperative to achieve sustainable growth in farmers’ earnings to sustain poverty alleviation
efforts and achieve rural revitalization goals. The authors investigated the nature of the non-linear relationship
between farmers’ e-commerce participation and income growth, analyzed the rationale behind this correlation
and examined the moderating effect of digital finance on this relationship.
Design/methodology/approach — The authors conducted an empirical investigation using rural household
data from the China Household Finance Survey and the regional digital finance index compiled by Peking
University. The authors employed a fixed-effect model and a moderating effect model to identify the non-linear
influences of ecommerce participation on farmers' income and to analyze the positive synergies of digital
finance. The authors used identification and estimation techniques to mitigate the endogeneity problem,
specifically employing heteroscedasticity-based instruments.

Findings — There iz an inverted U<haped reationship between e-commerce participation and farmers
income, Digital finance reduces the declining trend in the marginal effects of ecommerce and increases
marginal values. Furthermore, the synergistic effect can promote the quality and efficiency of business
activities by easing credit constraints, reducing risk aversion and stimulating innovative activities, which in
turn can lead to sustained revenue growth.

Originality/value — Few studies have focused on the non-linear relationship between e-commerce and
farmers' income. This implies that achieving sustained income growth using e-commerce alone is difficult.
The synergy between ecommerce and digital finance is a feasible path for achieving this goal.

Keywords Ecommerce participation, Farmer's income, Digital finance, Synergy

Paper type Research paper

1. Introduction

Continual income growth for underprivileged strata has been a shared objective of
developing nations and is intricately linked to the stability and progress of society (Rothstein
and Uslaner, 2005; Benjamin ef al, 2011). In China, approximately 770 million rural residents
constitute 54.6% of the overall population; their per capita disposable income was $2,995.63
in 2022, with the ratio of per capita disposable income between rural and urban residents
being 25, signifying a substantial discrepancy 1 and 2. The Chinese government has
introduced a series of policies in the past decade to help farmers move from poverty to
prosperity, including the development of rural e<commerce, which was once listed as one of
the ten targeted poverty alleviation projects to be implemented nationwide and is now an
important driver of rural revitalization (Feng and Zhang, 2022; Li and Qin, 2022). However,
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anline marketing costs have surged. Some villages experienced a decline in online sales.
Villbge mames have even disappearad from the natioml Tackao Village lgt. The revenue
raising effed of ecommerce participation slowed. However, only a few studies have focused
on this aspect. To verify the nonlinear reltionship betwesen ecommerce maricipation and
meonme, webroadly divided the development of rural e-commerce inChina into three stapes—
mitial, expansion and self-renewal—with reference to Leong o ol (2016} Corresponding to
the different development stapes, Brmers’ income from e-commerce participation changes.

In the indtial stage of rural ecammerce development, an ecommerce ecosyslem centered on
eqmmimerce phtforms pradually emerped in response to ring online derand (Leong ¢f al,
2016 The use of ecommmerce allows frmes © wpass muddlemen and transaa with
cstomers without leawnng ther homes, thus reducmye trarsaction costs. Furthermore, fumers
have acess to tmey and accurate market mformation through e-wmmerce, reducmg
miormation aetz and mbgatng eficency logses and the ercsion of frmers” argmnng
pozition (Jensen, 2007). Therelwy, the initial phase of rral ecommerce development was
charactermed by a sigmbcant increase in frmers’ household incomes ([Peng ef al, 2021).

During the expansion stage of rural ecommerce, vilkgers participating in e-cormmerce
lad access to better Internet, logstes and esupply clamn zervices. In addition o sellng
agriculiural products online, smallholders have the opportumity to integrate mio the
ecommerce supply chain by particdpating in e-commerce production and service adivities
astich as production, padkaging, distribution and grading. In thie stapge, the e-mmmeroe
et ystemn evolves from growth to maturity, and farmers diversify the ways they can eamn
meome by participating in e-ommerce (Leme e al, 2016).

During the seli-renewal stage of rural e-commerce development, compsetition intensifies
betwesn e«mmmerce platforms and the emsystems dommated by these platforms.
Competition also increases among telecomminications, logistics and supply dhain service
ampanies, The number af online retailers grows mapadly because capital barners to
econmerce entry are bow., To potect cmsumer rights and maintain market order,
ecommerce platforms lave mpesed strider regulatons on merchants Ferrante, 2015).
The ncome diverpence effed of ecommerce skilk is emerping in an increasingely competitive
environment. The human capital constraints of farmers slow neome growth. In addition,
farmers have limited innovation capacity, and they often mitate each other, resulting in
increased hamogenized competition. They havediffiailty maintaining ther online reprita ion
i the e of infringement disputes and negative conaimer reviews, Finally, farmers may feed
armplacent after experiencing neame growth and unwiling to ke the risk of nnovation,
thereby reducmyg ther mativation to engage in skilk traming. Both objective and subjedive
fctors ometrain brmers’ innovatve activites, forcing them to rely on contnuous price
reductions to neantain market share, ullimately leading to excessive competition. Excessive
competition can trigeer negative externalities. Evidence from the town of Zeguo in Zhejiang,
Chirma suggests that new e-commernce entrants to the beal shoe industry have increa sed labaor
and land ecsts while also disrupting product prices (Tang and Zhu, 2020). There is an
myverted [Rshaped relationship between economic agelameration and farmers’ inoomes in
Taolao Villages. Thus, we formilated the followmng hypothesis:

HI. E«ommerse participation and Grmers’ income exhibil an inverted [slaped

rebtiomship.
The popular application of the Interne and smartphones bas promoted the development of
riral e-commerce while alzo enhanang the level of financial inchision. In the seli-renewal
atape of rural ecommerce, the demand for aptal from einess entibes rees doee to
expanding aompetiicn. At this time, digital finance can regilate rural e-omimeroe income in
the following three ways 20 that ncome m the phaze of dimmishme marginal effects doesnot
decline rapidly.
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(1) Imerensng opportwmbies fo oblam credil. The [undmp needs of ecommerce
particpants are generally dharacterized by high Hquidity and short lead times
(mestly 1=3 months) as well as urgent time requirements for the use of withdrawals
and high requirements for faclitation. Rural banks often have lengthy credit
approval processes, and cradit product sare penerally based on one-year leans, which
aredifficult o matchwith the emporary, urgent and short-term needs of ecommerce
operators. The development of digital fnance can effectively allevate the credit
constraints of ecommerce participants and mee rapid and fexible capital needs (Xu
el al, 2022). Sufficient funds can help rural online retailers avoid being diminated
from market competiym and provide a guarantee for laeiness transformation and
upgrading, therey alleviating the downward trend i thetr income

() Imipropmg farmers’ nsktaking Househodd rek avesion can severely oonstrain
howeeholds from particpating m Gnancial nockds and optimizsng asset allocation
(Duanand Cui, 2006). With the further penetrational digital finance n rural areas, Brmers
have frequently begun to use digital fundione (such as mobile pyments and online
shopping). Az households bemme accustomed o efficent services and nch products of
digrital finance, their risk aversion will drop and ther riek tolarance level will rise (Hong
el al, 202]), thie motvating households o particpate maore aften in nisky hranaal
markets Changes n rizkattinides can enhance fammers’ ability to withstand pressureand
adapt to changes, enablng them o survive m a bercely competiive enviromment.

(3 Support for imopation aclipiffes. Inmovation is a viable path for exiting a competitive
quagrmre. [nmovation 15 sulyed o uneertanty and a certain amount of tme for
terhnology mcubation and tme-to-market {Bessant, 2008, Townzend & af, 2018; Elam
et al, 120, 20 enterprizes nead adequate funding and personnel to keep innovation
achivibes running (Welblape and Fermande, 2019). Digial fmanong provades rural
business entities with the possibility of innovating produds and sevices On the
consumpltem =side, digital fnance reduces the ast of fmanaal services for corsumers,
improves the spatial and temporal allocation of credit resotrces and increases the
quantity and qua bty of resident comsumpbion (Lief af, 2020} Consumplbion m the long-
tail narket iz effectively expbited, mdicating the direction of product and service
innovations. Secimd, from the supply side, dipital fmance wealens the information
asyrumet sy between frms and investors in the finandal market (Berg, 2020), enabling
the precize matching of supply and denand for innovation funds and improving the
efficiency of mnovation fnancing (Teece, 2009} This =ituation enriches mmovative
fnancngchannels, accelerates bank credit approval{Fuster ¢f al, 2019) and reduces the
cost of mnovation hrememg for fimms Fually, the development of digial fmance has
recoreiruced the distribited business model, which faalitates the communication,
cooperation and colbborative development of immovation entities in the distributed
innevation networl. As such, we formed the followng hypotheses

H2 Ihptal fmance pesiiively moderates the inverted Ushaped relationship between
e-ommerce participation and farmers’ moomes.

3. Data, descriptive analvsis and econometric models

A1 Dala

The dataset was selected from three sources First, we used three waves of data (2015, 2017
and 2019) Fom the Chira Household Fimance Survey (CHFS), a mtional longitudinal survey
focused on the study of househald economic and financial behavior. We choze the rural
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howseholds engaped in business activities as our sample to amlyze the mmpact of e<commence
mricpation on household inoome To measure e-commmerce participation, we primarily
utihzed the ratio of mdividuals employed in e«ommerce activites {indudmg bath internal
hotehold members and external emplovees) o the otal household size. Az househald sizes
vary, we used relative values to assess the level of participation. Second, the index of digital
finance in Chira was uzed o measure the development of digital finanee at the provincal
kevel This index & guided by Peking University and has been compiled in two periods,
overing the years 2010-2021. Third, we compiled information from the Chim Statstical
Yearbook to obtain provindal indicators on the kevel of ecmomic develbpment. Finally, the
micro and macro data were nmiched together in 2015, 2017 and 2019, After excluding
samples with missing key varianbles, a total of 8043 samples were used.

2.2 Deseriplion of Focus variable

The exphmtory variable fncome is primarily measured as the logarithm of per cpita
howsehaold income, Table 1 provides an overview of the variables and their sunmary
statistics. The Cender variable reflecis the gender of household heads. The CHFS datalnse
defines "househaold heads" as the main breadwmnner af the household or the main director.
Chur =tudy follows this definition. Theaverage age of the household head & 49 vears, with the

Variables Tefinition Me=m =10 Min Max
Laghisienme Per capita howsehokd inmme (log) 933 a9 4 125302
Emplay Mumbser af ampleyess in e-commerce projectsS 0074 L3I 0 745

Family=iz
LT Total digital finamee Indes/ 100 2351 0518 1469 3T
Cover Coverage width/100 219 G2 1302 3539
ke Depith af wse100 26 0616 1003 41004
Drat Desgrrese: oo el et conf 1Y 15 057 2307 4403
Age Age af head of househald S 11mMs 19 45
Age Spuared age of head of howsehold H658 12149 38 G5
Cannder 1 = Household head & malks = fenale a#55 0351 0 1
Mavried 1= in manriage ( = gther 03 5G 0 1
Healfi 1 = healthy; 0 = ather (1721 A e 1 (] 1
Edu 1 = Educated to high school level and beyond: 02 03 ] 1

(= gther
Famdysize Number of family members 4018 1646 1 16
el Progeertion of children 0187 ©@ld3 o .75
e Progaortion of the alderly les M7 0O 1
Fro_lighadp Ter capita GDF at provincial kevellog) 0a7 0377 10035 11989
Fro_gerratio Provinctal urbaniz tion mie 0578 B (332 8
Fro_jolless Provinctal unemployment rate furban) * 100 a2 0574 13 45
Fro_plate Provincial mobile phone penetration rate IEME 22803 646 13046
Fra_ Provvincia] rura lrben consumption gap 48 B2 0971 0502
A ISR E
Landelit Househald delbst flog) 6473 569 0 16323
Teht_baak 1 = Have abank ban; ( = other 008 021 0O 1
Dehe_gifor 1 = Have aprivate loan; } = other 012 0335 0 1
Debe_siet 1 = Have an Intermet kan; (= other o2 T O 1
Lasinpest Innovation nvestment funds (log) [ R . F ] 13958
sk Hisk attitwde of housshald™ 2012 1173 1 5

Mote(s): " Riek attitwde level 1 = low, 2 = slightly low, 3 = average 4 = slightly high. 5 = high. Data sounee:
CHF =315 207, 2019
Source(sh: Authors” own work
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majority of the sample having no education beyand high school The overall health status of
the partiapanis 1= generally good. The averapge howsehold zize & approximately 4 persons
and bath the child support ratio and elderly support ratio are around 13%. The re
independent vanables are the reative number of ecommerce projects’ employment, the
digtal finance index (OFT) and ther interaction terms.

3.3 Eronometric model

S Ecommerce mpoloement and howsehold income: an mwerted Ulshaped fegl To test
Hypothesiz 1, we used a fxed-effects model to dentify the causal relationship between
ecommence parbiapation and household moome bazed on a Chinese household-level
perspedtive. First, the Employ and il= quadratic term were wged as the key exphmaiory
variables. The following repression model 13 presented:

= fo+ B Emplovi s + foEmplay e, + Xps ¢ + X'+ ay + 8 + £y (L}

Yips is the loganthm of the per capita houwsehold inpome of ruml hosehold o in provinee P
during yearf,}:.nﬂqrwmthelﬂdnf enmimence mrtiamtion for househaldd and the squared
term Erploy;, o, ¢ 2 & akoadded totest the nonlinear rebitionship in Hypothesis 1; Xipsasetaf
hesd -l hmsﬂm]ﬂmd hotsehold-level control variables that mav affect total howsehold incorme
leg. age, age squared, education, health status and honsehiold size), Xy, 12 a set of provinaallevel
aofitrol varables (eg GO per capda, smemplovient rate and JICT sfrastroctire) ap is a
provinaal-ficed effect wsed to amiral for some provinerl-evel differences that may impmet the
income af rural hmeehaolds; & 12 a tme-fced effect to amiral for unobserved tmevarving
fctors that help identify more accumately the caugal rebtonship between Emgloy and farmer’s
IO, £y B 81 ETH0r T m

Chr mam interest in Model (1) lies in the coefficients § and f. If f, is positive and
significant but S iz not significant, it indicates a single linear relationship between
eoormumence participa tion and the income of firmer households. However, if §; & positive and
significant, but Sz & negative and significant, this supports Hypothesiz 1, which suggests an
inverted U-shaped relationship. To account for arbitrary correlation within dties, standard
errors were clustered at the city level,

3.3.2 Testong the moderating effect of the inverted Usshaped relationsiap. To examine the
modeatng effect of digital finance on the inverted shaped relatiomshp described above,
wiee uzed the following model to analyze the marginal impad of e-commeree paricpation on
farmers’ household income at a speciic level of digital fnance:

TJ‘&J = ﬁa. + ﬁLEmm}-#J + ﬁ:ﬂﬂﬁkﬂ.‘ﬂqf 2 2 wﬁh}hg = J:H'_'jr#.d—'[
+ By Employ,,® X DFfy g + BlWly s + X /O + XS+ oy + B+ 815, €)

where ;g o Enploy g, Erploy ;,M,,glixpﬁ,mdswmﬁﬂiemtmmnmmm
Miode ﬂ.'ftn mrctr.ast to ]".-Iﬂc.‘i’:l (L}, we have introduced a new tem T, o along with its
irteraction terrn with ey, ,m’l!:mp.l:md,,f Thisisa starrlm‘dmﬂfla.ﬁtmgﬁremmng
the moderating effect of an mverted Ushaped relationship. It 12 worth noting that we have
employed a aneyear lageed digital france index (IFL, . ;) a2 a proxy variable fiv digital
fitance, This dectsion is based on two factors: fGrstly, the CHFS datalsse typically requests
irformation about the previous vear af the sampled households fe g their momme and expeises
fromm last year); seaomdly, the survey is wsally aonducted in the muddle of the year or durmg the
sumimer. Therefore, we believe that adusting the I¥FT with a oneyear lag is appropriate, [f the
previous Model (1) yielde an mnverted [-shaped reatonship, then testing Hypothesiz 2 i3
equivalent o ecumining the significnee of the coefficient 8. Generally, if 5, 15 positive, the
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moderatme effect of digital inance will Thtten the inverted Ushaped curve; if £ & negative, the
maderating effect will make the curvestesper. T herefore, £ 12 the primary oeflicient of interest,
However, thie does not mmply that §;, & and f are not eamomically significant. To better
vistalize themarginal impact of e-commerce partidpationon farmers” household mcome, Mode
) can be derived.
aE[Y|X)
dEmiploy

The marginal impact now relies on the values of Eapdey, the moderating term DT and the
four coefiicients. Therefore, to accurately estinate the marginal effect, we can obtamn the
result using Equaton (3) with the given values of the moderating variables and estimated
weffcents, Furthermore, the marial dersative of Equaton (3) concerning DF1 can be
calculated a= follows:

= By + 2fEmploy + BDFT + 26 Emplay X DFI @

PE(Y
e = s + 3 Employ @

When Emplay sirictly excesds zera, the direction of Equation @) depends on the coefhicents
fa and 5y Specifically, if fy+ 26,Emply is positive, the marginal imma of e-cmmerce will
merease with an increase in themoderating variable DFL Thisimplies that digital financecan
alleviate the diminishing margimal impact trend (inverted U-shaped) observed in Model (1)
Thi= finding 1= qucial as it confirne the exgtence of a synergistic relatiomship et ween
digital finance and ecommerce mrbcimton. In the subsequent empirical analysis, some
dear graphs will be given to llustrate the relationship among the three key variables
Ernployes DTy Vi

3.3.3 Solvie the endogensly problem. We argue that e-commerce partiapation may be
endogenois because there may be unobservable omitted wvariables that affea both
ecmmimerce partidpation and farmers’ income (eg. the digital iteracy of individiak and
ther ability to use digital technology to enhance ther eamamic wellbeing, eic). In the
wentification of causality, we emploved a panel fixed effects modd for estimation and
amirolled of az many obsavable vanables as possible, which can help us to miligate
endogeneity problers due 1o omitted variables, But that's not enough. Previows studies have
mestly allevated the endogenaty problem by finding instrumental var mbles. We tried touse
the traditional method of analysis, 1 adding the individual level o the macro level to obitain
msirumental variables. However, the outtomes were unfvorable as the mstrumental
variables did not pass the multiple tests Combining the above fctors, we used a
heteroscedasticity-based identification method following Lewbel {201 2) appreach. For more
detaik on this approach, please see the lierature by Lewbel (2012) and Baum and
Lewbel (2019).

4. Empirical results and analysis

4 1 Exconmnerce parlicipalion and honsehold icome

Table 2 presenis the results of the mverted [shaped rebtionship test between e-commerce
mrticipation and frmers’ household income in Model (1). Colimns (13) examine only a
angle peitive hnear effect of e-mmmence, which iz mmmonly found in the hterature.
We provide results whilke controlling for provincefioed effects, two-way fixed effeds and the
addition of contral variables. The resulis revealed that the coefficient of Emplay was
spnificantly pozitive, indicating a significant correlation between e-commerce mrbcipahon
and farmers’ howeehold meome Given the guadratie tam of Emiplay in aolumns @ -(6), the
quadratic coefficient is statistically significant and negative Additionally, the statistical
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apnificance of the core explanatary variables in the three calumns improves, indicating that
the estimation in Column (6) more accurately reflects the rebtionship between Eniploy and
farmers’ household income. Testing for an mverted [shaped relatiomship—incuding the
aquared terms of the explanatory variables in the model and testing the sipnificance of the
melficents af the squared termes—i a oommon practice in the exiting iterature. However,
Lind and Mehlum (2010} argued that this pracice may noarectly clasafy concave-lo-origin
monotonic relationships as inverted Ushaped ones. Thus, we referred o Lind and Mehhim
2010} and performed a [-test The fstatstc value & 269, corresponding to a povalue of
(39, The slope interval comtans negative valies, meamng that the effect of e-commerce
mrbcipation on farmers’ income s indesd mverted and U-shaped fthe null hypothesizs &
rejected at the 1% sipmificance kevel). Bazed on the estmmates in Column {6), we caleulated the
bcation of the tuming pont to Empley = 38 297, which is much larger than the mean, but
siill some distance away from the maximum This confirms the validity of Hypothesis 1; that
&, e-ommeree involvement has an enhanced marginal dereasing effed on armers’
hoeehold incorme

4 2 The moderating e ffect of digital finance
Table 3 reports the estimated results of Model (2) estabbzhed based on Hypothesiz 2, which
suppests that digital inchsive fnance can allevinte the dmmizshing margiml effect between
eqinmerce particpation and Brmes’ inoomes. The resulls are eonsistent with Shamin’s
007y findng of a positive association between ICT penetration and firancil development.
Calumns (1) and (2) show the moderating effedt of digital finamce on the mverted U-shaped
relatiomshipwith and without control variables, respedivvely. At this pont, thekey cosflicent g,
& prsitive and sigmficantly noeeero, implying that digital finance can “flatten out”™ the nverted
[Fehaped reatimship betwesn ecomimerce participation and farmers’ incomes. Then, by
calailating the result of G = B (=0), we know that the turning point moves to the right .
To illustrate the margiral effects of ecommeree on howeehald neome in the context of
digital firance development, we present four graphs based on the estirmation resulis of Model
). Figures 1 and 2 demarstrate the nverted U-shaped relationship between Employ and
mecime and depict the diredtion of the graph for different levels of digital fmance. At low levels

Varihles il 2) &) H)
Bmplay 04007 04804 417" 0mag
02546 02531 02510) i, i
Enplay’ —0.F 0017 —0156 0.2
L0 HHMGE) HLOGGE) HLO0E)
Buploy » DFT —()RT —0i1965 —007ET (17
i . i L] WL
Bmplay® x DET T (1 uum:}l umg?‘
m:egu ez ML) 0.0021)
oFr 0257 02 (L4 6 00764
00453 [iTiTe, LA50) i0254)
Control variahles No Moy Mo Wi
Provinee FE No Yes Wi Wi
Time FE Mo Mo Ve Ve
N A0 A3 A043 043
R _udy 012 00324 0361 (062

Mote{s): Coniral vanables include the set of varsblesin Table 2 Standand ermors in parentheses clusered to
the city level: p < @1, “p < 006 ““p< 001
Source(s) Authars” own work
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Figure 1L
Interaction effect of
Employ and DFT on

OF = meam + 1 =d)

Figure 2.
Interaction effect of
Eingloy and DFT on

(F = mean + .3 =d)

OFl = mean—1sd

Inpincome

DOF1 = mean+1sd

0 ™ an 8o
Erpkryme

Spuree{s): Authors’ own work

DFI = mean-3sd

Lnpincome

o 20 40 50
Empicioe

Souree(s): Authors’ own work

aof digital Grance, there & an nverted Uslaped curve between e-commerce partidpation and
household income, supporting Hypothesis 1. However, at higher levels of digital firance, the
inverted [Lshaped curve flattens The Y-axis values akoshift dightly upward at higher levels
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of digital fnanee, indicating that the pesitive promotional effect of e-commerce participation is
siromger. This reflects the synerpitic effect of digital firanee and ecommerce, in which the
digital {ootprint and ransactien information  gathered by farmers durmg e-commerce
mrtcpation can be wransformed mto oedit scores, effectively redudng micmmtion
asymimelry in the credit rarsaction process. Furthermore, microfinance expansion moreases
riral households’ acoess to fNirmancil services and suppons Bamers ecommace paricpation.
In additicn, we plotted the average margiml effects of Empley on househald inoceme,
Figure 3 shows the marginal effects estimated from the baseline model using Emiploy™. The
overall trend iz downward and ereeses the Ovalue line, indicating that the marginal effects
begin to dirminish after cree=ing a eertain value, This finding supports Hypothesiz 1, which
establizhes an mverted [shaped relatiorship. Figure 4 presents the estimated resilis after
amsidering digital finance and iz mteraction tems. As digital fnance inreases, the
margnal effect hine flattens and tends o be parallel to and above the Xaxs. This result
flustrates that digital fnance can turn a curve into a strayght one. Improvements in financial
markets can significanily enhance the revemue-raismyg effect of e-commerce participa tion.

4 3 Consider the endogeneity problem

In the previous section, the identiflication strategy based on heteroskedasticity was briefly
discigsed. Refer ring to thestudy of Batm and Lewbel (2019), we duse £ = jafof X} (except
the comstant) o use for omstrudng the instruments (L= f}e}TheBremdn—Fagant&;t WS
e 10 test whether the hetercskedasticity in first stage regression was satisfied, and the
results showed that in each case, the pvalue was 0000, significantly rejecting the null
hypothesis of homeskedastiaty of the error term. Une of the core assumptions for using the
Lewheal (201 2) estimator i= met. Table 4 repor = the result of modek (1) and (2) usng the two-
stage estimation proposed by Lewbel 2012). The control variables remain consistent with
theseuzed in Tables 2and 3. To verify the robustness of thedifferent choices of £ draw ng on
Mishra and Smyth (2015), we also report the estimated coefficients under different
ambanations in Appendix Table 1A

Average marginal effects of employesa with 5% Cls

0.2+

=
I

Effects on limear predicton
&
T <

0 10 0 30 40 &0 G0 o D
Employee

Sourceisy Authors” oan work
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Figure 4.
Marginal effect with
Employ” and

interaction fem
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Estimation resulis of
IV mosethund by
Lewhel {2112)

Average marginal effects of employees with 85% Cls

Effects on linear prediction

—2.04
0 10 20 30 40 50 &0 70 an
Employes
—8— indax=14 —&— indax=26 —%— index=3.8
Source(s): Authors” own work
i 2] 3 4
Variahles Twostep G Two-step G
Employ 01104 i) Ry ™ (1680 A0H
0025 0.0 011 (L1177
Engln?® T 0001 il' —mng“ —&mg:'l“
0003 00003 0.0031) (L0032
Ewgpiloy » [T 001 26 (L0042
(i) {Mss)
Ewplo® 0 DT 0001 00021
w00 (000100
OFr ﬂ-ﬂg' 01552
0.1537) L3
Contral varabls Yes Vs Yes Yes
Prowvinge FE Yes Vs Yes Mo
Time FE No Yes Na Yes
N A0d3 A0 A0 a4
B adi (064 0067 (063 D065
Kleibergen-Paap rk LM statistic 150198 161419 8 =
[ [
Cragg-Deanald Wald Fatatistic 670353 B3 555 6461243 TTATIS
Hansen fotatistie 4134 T 181 5834 191335
[0-£5) [uE3sa] [z183) [L2E3)

Note{s): Control varabls are consistent with Table 2; Robust standand ermrs in (); p-vahes in[ } Columns
(1) are estimaied based on the two-step GMMmahod “p< 01 p< 005, p <@l Z = {AFor X}, which
comtain provinee dumrmes and time dummies for the corresponding columns: The exogenous variable DFT is

alzoincheded n £ forcohmms &) and {)
Source(s): Authors” own work
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The core coefficient estimates assodated with the twerted U-shaped relationzhip and the
moderating effect of digital fmance remain robust. The test results indicate that the
matrumertal varmbles (IVs) based on hetercskeadasticity work well, demaonstrating sivong
capahbility in exphming the varation in ecommerce participation or digial fimnee.
The Crage-Donald Wald F statistic in all four columns is rebtively high, and the pvalues of
the Harsen fstatistics are all greater than 0.1, Therefore, the null hypothesis thatthe Lewhel
matrumental variable zet satishies exopeneity amot be rejected. Finally, the Rlebergen-
Faap KR LM statstic ndicated that the instrimental variables pass the weak dentification
tesl. The key coefficent estimates of Table 4 usmg the two-step GMM are very similr to the
OLS estimates bath in value and statistical significance, and this evidence sugpests that the
asehne regression findings are robust In particular, the coefficent of the sdquared
mteracion term & positive and significant at the 10% level, providing strong evidence of
aomplementarity between ecommence partidpation and digital fmance.

44 Further analysis
44 1 Analysis of the moderaling effect of digitel finance sub-ndicators. Tobetter understand
the repulatory hindion of digital france we examined the mfluence of theee sib-mdexes of
digital firance on theinverted U-shaped curve. The results show that coefficients of the squared
iteraction ermf, is all pesitive, but significant anly when the interaction term is the degree of
digitzation. Thedigitization af Anancerelies on theempowerment of digital technolgy, suchas
big data and cloud computing Thi embles the onlme processing of fnanaal services,
mpmves service efficency and enhances user momtorng and credit systens. Corsegquently,
digital finance faciliates inandang and lending for e-coommerce enterprees. The beeadth of
aover age does not eshibi a senificant modeatmg dfed, suppesting that digital fmnee has
tranationed from regiemal promotion 1o deep penetration. However, rural residents exhibdt
hmnited acteptance of money funds, inaurance nternet imvestment and wealth marmagement
ampared o urban areas Please see Table 24 in the Appendix for results.

4.4 2 Heteragenetlty effect of howsehold characteristics. To further analyze the inverted
1 lshaped relatomship between ecommerce participation and moeome we conducted sub-
sample regressions based on the gender of the household head and household income statis.
The results show that the positive moderating effect of digital fnance 1= only significant in
the sample where the household head iz male. Rural women are more likely to fee credit
amstraints compared to men with equivalent socioemnomic wnditions (Fletzchner, 20049,
Dhagne ef al, 2000). Such a gap may conimbute to gender dispariies n mathematical
technology and potentially marrinalize womes i1 the digital technology sector {Vitores and
GilJusdrez, 2015). Smilar patterns are olgerved in the subzample regression ased on
mceomne The moderating effact of digital finance 18 significant only among the fon-poor
sample Limited finanaal hteracy among low-income farmers may hinder ther acoess to
mclusive digital fnance services, Please see Table 3A in the Appendix for resilis

4.4.3 Heterageneily effect af the regionallevdl. The reailts show that the positive modeating
effect of the irwerted Ul-shaped airve & only observed in the sample from the eastem regon. The
easternooastal pion has a natiral advantage in ecommerce and digital finance development due
o its prosmmity o maritime poris and high level of economic development. Bural residenis in the
East demonsirate greater ubilzaton of tradibonal fmnce and the mtemel compared o other
megiores. However, the regression resulis differ in the central region, wherea Ushaped relationship
ernerges between ecommerce mriamtion and fammers’ household income, This fmding alignes
with Evang' (2018) study on the nomdinear assocntion between Internet use and apriculioral
development. The central region’s lez bvorable eammerce mirastnicire and mardost
envimmment i il early stapes may contribute to this rebtiorship. Moreover, being primarily a
gram-producng aren, many rual epons mothe cntral aren face economic challenges, low
business investment and nadequate nfastmcure, which require higher costs for sustaining
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eqmmerce activibies. As the market envionment mmproves and eoommmerce penetration
mereases, the wvemeragmg potential of eoommmence gradually becomes evident. Please see
Table 44 in the Appendix for resilts

4.5 Mechamsm analvsis

Avvess tocapitali= crucial for ecommerce players to theive. They needmmtmuaie mvestment to
improve their onlme products” quality and productity, enhance costomes service and maintain
a good reputation, enstiring a steady Qow of consuimer visits, The results in Table 5 show that
digital finance can norese aedit avadabiity for fural householkds, With mnproved aocess o
capital, ecommerce partidpant s can invest in online product produdion and store managenent,
enzuning the stability of their revenues. Then, we analyzed the impad of digital fnance on the
rigk attitudes and mnovation activities of ecommeree participants. Table 5 presents the resulls
regarding the effect of digial financeon innovation investinent and nsk attitude in ecommece
projects. The coefficients of the squared tteraction term Empln® % DFT are hoth statietically
significant and positive Funthermore, indeased investment in innovation and improved nsk
attitudes have a pesitive impact on household ncome.

5. Conchesion

Achieving sustamed growth n brmers household imeome & auadal for consobdating the resulis
of poverty eradication sirategies and moving toward rumal revilabzation and prosperity. The
rapid growth of ecommerce and digital fmanee m Chita's ruralareashas profoundly altered the
producton and busines behavior of frmas and thar soca] wellbemg, Curently, there 0o
gquamtitative ecomonmc research that explores the moderatmg effect of digital fnance on the
nomhnear income dffects of rutal households partapating n e-oomime o

, il @ 8) [ ] (8)
Variahles Livadeht Lighisieoine Linditvest FET P Risk Lipdiie aine
Exnpleny 13534 (L2535 21067 (L2850 015465 — 012

{81 L2527 . (L2510 1] (L75ET
Engplony® —nm?&‘l‘ -m;j 4%'3‘- —l&mm] -ugﬁ‘ J&m&s]

{21 LG 0may {u006R) 00193 {LOB52)
Ernplay = DFT —A73 —EaT —i a3 —EE —0.1251 B9

mlgzq_ f0a29) nﬁu {00919) 01530 (02419)
Employ® % DFT (i LS il (hi24 015 (Ln72

Qorm, gD 0069 {00022 0067 (Q0104)
FEo (5025 —( R4 (L1190 10701 15555

{13 !l-l'ﬂa WLE10H (L 4272) 244 {LE553)
Lanadehit (L7

W00E1) -
Liviirest T B2
{0 i
Risk (L1038
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Control varabls Yes Yes Yes Yes Yes Yes
Prorinee FE Yes Yes Yes Yes Yes Yes
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[ sing a combinatien of macro and micro data, this siudy provides insighis into the income e fliecs
af e-cormmerce partidmtion and the nverted Trshaped moderating effect of digital firanee. The
mesulis show a significant mverted [-shaped relabomship between farmers’ ecommerce
partcpmtion and ther inoomes, which makes 0 difficult for frmers o sEtin ther inooame
growth as their prrticipation deepens and ke aompetition mtersifies, ihsrating the need for
the central gpovemment o implment redevant polices o support the transfomation and
upgradmg of miral ecommence. Seamd, digital froncee has a sipnibcant moderatmg effect on the
myverted Ushaped marprimal effed curve. These mdmgs remam rehable after comsidering
poteritial inhevent problems. We also found that the moderating effect vared aooss the
dasafiation mdicatoes of digtal inclhusion Fnally, we found that the alleviation af oedit
ETAnlE, an inease in imovation ivestment and a deaease in risk aversion ave impartant
mths for ecommerce and digial Anance o pintly promaote the sistamable growth of Brmes’
TS,

Finally, we propoze that the government support the transformation and upgrading of
rufal e-commerce and we encolirage ecommerce entities to innovate products and services
o avoid falling into the quagmire of price wars. In addition, the depth of usage of digital
finance has a himited role, and the pendration of Internet investment and fnance,
inairance and other businesses 1in rural areas is insufficent. Hence, we sugpgest that
farmers should receve ongoing training in digital skills and finanaal knowledge to
gradually improve their risk attitude and guarantee the inomegenerating effect of
ECOITITETCE,

Motes

L Mational Bureauof Statstices, (e, Seventh Matonal Census Bulletin (NaT). ttpafwww s tat = gov.
et it hrpeghigerkpe gh' 2021 06/ 0628_1 818836 hrml

2 Matimal Buremsu of Statistics, China. Resident moome and consumer spendmg m 2082 httpobvww,
stats gov.cntjsyz i 0eI0 A 02301 17_1 S920688 him]

1 Xinhua Daily. Xu Guanying, Wang Xooxa, “Veitmg ‘Deappearing’ Tackao Villages How to
Address the Clallenges of New Pummess Formmts™. httpedjs xchbynet/s vstem/200807/ 14/
(EEGS0 T shitml

4 A~Tachao Village™ mfers toa village where the number of active anline shops excesds 109 of the
total mumber of households {or has at least 100 active online shops), and the anmeml e-commerce
transaction vohme reaches over 10 miltion yuan (appracmately 1 million 1S dollars) or mare.
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ABSTRACT

This article provides new evidence on the connection between e-commerce and rural household
leverage in China. We find that ecommerce activities increase the leverage ratio of Chinese rural
households significantly, especially in the west region, households headed by men, and house-
holds that have not experienced borrowing denials. The results are still robust when using an
instrumental variable approach to solve endogenous problems. The findings suggest that partici-
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pation in e-commerce may relieve the constraint of formal credit, which will boost the household

leverage.

I. Introduction

Rural areas are the stabilizers of China’s economy.
The debt situation of rural households isrelated to
the long-term development of the rural economy.
According to the OECD database, the asset-
liability ratio of residents in the world’s major
economies, commonly used as a measure of
household leverage, is mostly between 10-20%.
The ratio of Chinese residents increased from
4.42% in 2000 to 10.84% in 2019 (Li and Zhang
2020), which is on the low side of international
comparison. The rural credit market has been
facing severe credit constraints due to high trans-
action costs and the lack of particularity of tradi-
tional collateral (Stiglitz and Weiss 1981; Zhao
and Peter 2014; Li, Lin, and Gan 2016), so there
is still room for more leverage to improve the
property income of farmers. Credit access has
a positive impact on rural households’ income
growth, poverty reduction, and improvement of
economic vulnerability (Peng, Ren, and Li 2021).

Meanwhile, information communication tech-
nology (ICT) has accelerated its penetration into
rural areas. ICT helps to reduce the operating cost
of the capital supplier, the search cost and the con-
version cost of the capital demand side, and thus
improve the credit availability and lending scale of
borrowers (Shamim 2007). As a representative

application of ICT in the countryside, e-<commerce
makes it possible for digital dividends to benefit
rural areas better (Leroux, Wortman, and Mathias
2001). The introduction of rural e-commerce has
increased the sales path of farmers” agricultural pro-
ducts, promoted the growth of e-commerce sales,
and changed the unfavourable situation that farmers
used to be price recipients (Goldfarb and Tucker
2019). Furthermore, Digital information such as
sales data and payment records left by farmers on
the e-commerce platform can be converted into
credit scores through financial technology, thus
reducing information asymmetry and transaction
costs in credit transactions (Dong, Ren, and Zhang
2019). In addition, the development of rural e-com-
merce is typically aggregative and can generate
greater supply-side economies of scale, thus
enabling farmers to better access to digital credit
support (Dunt and Harper 2002; Zhang et al.
2018). E-commerce participation provides a new
opportunity for rural families to obtain digital credit.

Previous studies on household financial deci-
sion-making have focused more on the unilateral
inspection of assets or liabilities. This paper is more
in line with the actual situation by a joint investiga-
tion of them to analyse the impact of e-commerce
participation on the leverage ratio of rural house-
holds and explore the internal mechanism.

CONTACT Yi Cal @aiyi@saueﬂu:n @ College of Economics and Management, South China Agricultural University, Guangzhou, China
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Il. Model and data

To analyse the impact of e-commerce on house-
hold leverage, we choose the fixed effect model and
use clustered robust standard errors to eliminate
the influence of heteroscedasticity:

leverage;, = B, + B, x ECAw + 8, % Xaw + ¥,
+ Ejer

(1)

where leverage,; is the household leverage of
householders i in provinces in year t, which is
equal to household debt divided by household
assets.! The main explanatory varable ECA;is
the electronic commercial activity of house-
holders, which indudes the use of online bank-
ing, online payment, online shopping and other
online transaction activities. X, is a series of
control variables including individual character-
istic variables such as age, the square of age,
education, marital status, ect. It also contains
family and provincial characteristic variables. y;
represents  individoal fixed effects andegis
a disturbance term.

Data are mainly derived from China Family
Panel Studies (CFPS). We use three waves of data
in 2014, 2016, and 2018. The final unbalanced
panel data are obtained for 3713 rural households.
Table 1 presents the descriptive stafistics.

Table 1. Summary statistics.

INl. Results and discussion

We are concerned that unobserved factors such as
financial literacy could affect the probability of par-
ticipating in e-commerce and household leverage, in
which case OLS estimates would be biased. So we
tum to the [V method. The choice of instrumental
variables draws on Zhou, Cuoi, and Zhang’s (2020}
study, where we selected the average spare time
spent online at the village level and the number of
cell phone subscribers at the provincial level as
instrumental varables. The average spare time
spent online in the village reflects the online climate
and online interaction between acquaintances. This
will help the rapid transmission of commercial
information and can positively influence farmers'
e-commerce participation. The number of cell
phone subscribers in the province responds to the
size of online consumers, which helps the imple-
mentation of commercial activities. In addition,
both instrumental variables are macro-level factors,
and it is difficult for individual behaviour to influ-
ence macro-level factors, so exogeneity is satisfied.
Table 2 shows the main result. Column (1)
shows the OLS estimation results of Eq. (1). The
Durbin-Wu-Hausman test was used to test for the
presence of endogeneity in ECA. The results sig-
nificantly rejected the original hypothesis. So we
then report the 25LS estimation results. Column
(2)-(3) show that the coefficient £, is positive and

Vasiable Diessc riition Ot Mesn St Dew Min Max
Lever Houzehald keverags| HH debUHH asseq T2 0155 0405 L] 4106
ECA_dummy Durnmy af ecomments paricipsson 772 01 03 0 1
ECHA_freq Frequency of e-commerce panticipalion &772 037z 1123 a &
Age e ol howsshalder &FT2 45715 8954 18 &0
Edu Years of howssholde's aducaion &772 6539 4128 Li] 19
Masried Maritd status of howse halder | 1=Being masied ) 872 0200 il ] Q 1
Health Set-evalusted heahth status 1=good) 8772 085 0387 1] 1
Faire Farmily sire &7 ERE ] 1759 1 14
Lrhpincome Per capita net income of familyflagarithm) &7TZ2 Ba49 1.255 a 12767
Sacial Per capits socid snd gift enpern e (bogrithm) 772 SRER 2157 a 11156
Hehild Mumber of childen under 16 8772 0R06 0963 a [
Heldder Mumber ol chillden under & 72 ikl 0594 a 3
Hause _gman Resiclence owneship] 1=pes) 772 081 il a 1
Pra_pincame Pravincial per capita disposable income of rursl residents Jogarithm) 772 1137 0355 05628 3037
Pra_paonsume Prowincial per capita consumpBan af rural residems Pogasithm) &7 1449 Ll 0678 4530
[Pra_pin'eest Provincial per capits investment in fosd stsen ol rural residens Bogarithm) &772 0152 L=} 0014 0484
Vil _svgfime Aversge wesly spare time anline &1 the villsge kevel B7T2 3463 3784 0 HEEET
Lnpaser Provincial cell phane subsedhers {bogasithm) T2 BABS 0559 728 ar:
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Table 2. E-commernce and rural household leverage.

i} K] E1] 14 5] L] {7 [L1]
s s
HH HH dett/  HH bank HH nin bk HH time HH demand
detn/ HHdsb/ HHdelt)  HH debaf debiyf de pasin depasin
HH =% HH et HH et inaame HH = set HH st HH &t HH et
ECA_dumamy 003 0S4 1257 QIFT 0100 0348 0145
0019 {029 {0.758) 0137 {0233 10.265) 0178
ECA_fireq 0145
{ugBs)
Contral wasishles ¥ ¥ ¥ ¥ ¥ ¥ Y Y
I dividual FE ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥
Firdt-4tage:
will_svg ime 0003 Qo1 aoae 0003 o001 o002
{a01  (0u0os) {0.002) oo {a.0a1) wo0az 10.003)
Inpuser Q37 045 Q32T AT Q317 a3age- 0374
(ad7El (0305 {0083 WuaTEl {0.078) 014 0133
Caontral wakshles ¥ ¥ ¥ ¥ ¥ ¥ ¥
Indhividui sl FE ¥ ¥ ¥ ¥ ¥ Y Y
it en-Pagp o LM 12926 1Z5H% V14T 12926 12926 778 693
sratistic (00016)  (00019) (00033 0018) {00018l 00208 00311
Cragg-Donakd Wald F siatistic 1632 17305 1483 15312 16312 5ATD 5949
Hansen J siatisti a7e 1236 0735 0260 0398 2701 0583
(03715) (0262 (0A273) 106103) {0.5287) 01003 10.4085)
Oltsersation &7 & rpr] ] &772 #7712 3615 3485

Rabiarst $tan dard &nrans in pasen theses soe chustensd st the individusl kael *p <0L1, *p < Q05 **%p < 0.0 1. The bank debt hére does notindude housing boans.

statistically significant, with the household debt-to-  men, and in rural households without borrowing
asset matio as the dependent variables. Column (4)  denials. The unpaired sample t-test shows that
replaces the dependent variable with the debt-to-  rural households in the west have significantly
income ratio of the household. They suggest that  lower asset levels and income levels than rural
ECA will increase rural household leverage. households in the centre and east, but they are
Colomn (5)-(8) replace the dependent variables not very different in terms of debt levels. This
with the ratio of bank debt, non-bank debt, ime  makes the average debt leverage of western house-
deposits, and liquidity to household assets, respec-  holds higher than that of other regions. Farmers in
tively. The results show that ECA boosts household  the western region have higher credit needs, and
leverage mainly by increasing bank loans. participation in ECA can broaden their informa-
E-commerce activities have increased farmers’ tion channels and financing channels. In terms of
access to formal credit. gender differences, men are more popular in the

To analyse the difference in the impacts of  credit market (Wahidi 2017; Bahta, Strydom, and
e-commerce, we have a sub-sample discussion  Donkor 2017). They have a higher tolerance for
based on considering endogenous. Table 3 shows  risk, greater self-confidence, and more positive atti-
that the coefficients are more significant in the  {ydes in the face of uncertainty (Croson and
western region, in rural households headed by  Gneezy 2009). Therefore, male household heads

Table 3. Heterogeneity analysis.

i 2 LET] L 5 1l 7
i Y

Eant Center Wy Female Maje Lasn refused Ha boan sfused

ECA_dumany — 0647 0o Q426 0560 0432 0478 1154
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Individual FE ¥ Y ¥ ¥ ¥ ¥ ¥
Dimervation k] Pk 3375 4124 E5AT 1292 N

Robarst stand ssd enrars in parentheses ane dustesed a1 the individual level *p < 01, *%p < 005, ***p < 001,
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will be more receptive to e<commerce technology
and more involved in activities. Therefore, they are
more indined to broaden their credit channels and
expand the scale of reproduction through e-com-
merce activities. In addition, farmers who have no
experience of borrowing rejection tend to have
a better credit record in the credit market, with
more ample room for increased leverage.

V. Concusion

Using three waves of data of CFPS, we estimated the
impact of e-commerce participation on the house-
hold leverage of Chinese rural families. This finding
suggests that e~commerce may strengthen the lever-
age level, especially in less developed areas, in rural
households headed by men, and in mural households
without borrowing denials. Ecommerce activities
boost household leverage mainly by increasing for-
mal instimtional lending.
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ARTICLEINFO ABSTRACT

Keywords: Livestock has a considerable role in the well-being of poor rural households in many developing
Adaptation measures countries. On the other hand, its productivity is adversely affected by climatic changes mainly due
Climate change to the absence or non-adoption of effective and modem mitigation and adaptation strategies. The
Livestock losses geographical locations and socio-economic conditions of developing countries make livestock
Povezty . herders, especially the smaller ones, more vulnerable while their capabilities to mitigate the
Propengity seore matrhing (PSM) adverse effects with limited resources will exacerbate the situation in the future. Most of the

efforts to face climatic changes are directed at crop sector while only a few studies document such
actions to safeguard livestock sector with similar focus notwithstanding the huge impact of these
stimuli on this sub-sector of agriculture. This study uses propensity score matching (PSM) to
assess the causal impact of climate change adaptation strategies on livestock losses and poverty by
using the primary data set of 405 small livestock herders of Punjab, Pakistan. The PSM analysis
points towards a massive potential for reducing these losses. The livestock losses and poverty
index are shown to decline respectively by 30-48% and 4-22% for the farmers adopting a mix of
mitigation strategies. Such outcome is believed to sustain environment and livestock herders’
well-being. Results indicate that livestock herders easily adopt those strategies that have greater
linkages with accessibility and resource availability. Study reveals the significance of improving
infrastructure for speedy access to information, resources and uninterrupted flow of veterinary
services. The vet personnel also need to be equipped with precise statistics of disease existence,
impacts, dispersal, and costs for control by restructuring and advancing data collection efforts
that would entail coherent policy forrmlation amidst evidence-based outcomes. The results do
imply allocation of huge investment in the information delivery system; competitive institutional
services and particular safeguarding of the resource-poor farmers to sustain livelihoods, food
security and mral development.
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1. Introduction

Globally, ivestock system supports more than one hillion people (for food, nutrient security and income) (Hosegmnt ot al., 2009)
by affering 1100 million jobs all over the wordd. Among these, little over 70% livestock herders belong to ruml areas of developing
counitries (Herrero et al,, 2012 Thornon et al., 2009). In many of these developing countries, A significant part of income comes from
livestock (Thornton et al, 2009) and is considered as a pime asset for the majority of poor households within the most south Asian
comitries (Horst, 2005). It is further noted that roral communities® reliance on livestock has increased manifold in the past theee
decades (Thomion et al, 20014), In Pakistan, livestock sector has multifarious benefits both for the national economy (by its more than
11% contribution inthe country’ s GDF) and individual households in rural areas by being a sounceof investment with greater Hoquidity
for risk minimization and a source of nutrient-rich diet (GOF, 2018, Thombon e al, 2015). Generally, landless and small livestock
herders in the country generate a considerable part of their incomes from livestock (GOP, 201 5) who are prone to multiple risks in the
current erm of changing climatic scenarios,

At present, Bvestock systems are facing enormous challenge to fulfil the global demand because of two contrasting factors: First,
increasing demand due to population growth and wrhanization (Intergovemmental Panel on Climate Change, 2014; Thomton and
Gerber, 2010), and second, adverse climatic shocks disrupting livestock productvity —baoth in terms of quality and quantity (Thombon
et al, 2015). According to the Global Climate Risk Index 201 B, Pakistan is amongst the top ten most-affected countries due to climate
change (Davld Ecksteln et al., 2018; Faizal et al., 2021; Faizal et al., 2020). Extant literature shows that qualitative and quantitative
shocks on livestock productivity mesulting from climate change are mediated through poor quality fodders, forages and feed; and a
higher incidence of livestock diseases (Bettetal., 2017, Rigolotet al, 2017, Seerapu o al., 2015), Multiple factors such as inadequate
access to veterinary services, poor knowledge and suboptimal living conditons ete. do contribute to the occurrence, spread, poor
control, persistence and spillovers of livestock diseases leading to heavy livestock losses (Hahut and All, 201 8; Banik et al, 2015,
Bermabucrd, 2019, de Lavwere et al., 2012 Kauppinen et al., 201 2; Nardone et al., 2010; Senger etal., 2017, St-Pieme et al., 2003). In
addition, flooding and intermittent droughts have also been the sourceof physical damage and considemble mortalides of animals who
are less-resistant to such vagaries (Dublin and Cgurw, 2015).

Faced with such conditions, marnginal households in miral areas have consirained ability to finance the uptake of recommended
adaptation measures, modem strategles, while at the same time are destined to be poorly-served by institutional services either
because majority of them lives in remote areas (Bett et al, 2017 ; Falsal et al., 2020] or are ignored deliberately. However, if they are
able to access institutional services, theirguality might be compromised, to the most extent, leading to adverse outcomes instead of any
improvement thereof, In previous studies, adaptation to climate change mitigation strategies such as improved feeding practices
{grazing management, diet supplementation, prmcticing concentrate and bran feeding), provision of medical facilities (disease coniral
precantion, involvement in some sort of lvestock training), updating with seasonal and weather forecast information, uptake of
livestock diversification and improved /stress-tolerant breed/species, whether or not livestock herders formally adopted or not, have
almost remained ignored to be explored. Therefore, it is wital to study all key factors that cause livestock losses and thus necessitate
their mitigation ether by the farmers themselves or insttutonal interventon for effective adaptation campaign (Ksuppinen et al,
2012). Multivariate models are required to be used to quantify effect of these multiple factors, but insufficient data availability mar
such analysis (Henry o al., 201 ). In addition, the situation is further complicated vis-i-vis developing countries where Emited
knowledge prevails in terms of reliable long term climate and disease data, considemble influence from socoeconomic drivers and
disease ransmission mechanism (Pate et al., 2005). This situation has wide-ranging implcatons for developmental efforts by the
governments and intemational community (Thorneon e &, 2009). Nevertheless, it s pertinent to note that development in the
livestock sector can have mome favomble impacts on poverty reduction than the development in crop sector because livestock is more
dispersed and less-associated with culdvated land (Bangaloe et al, 2017,

Itis crucial in the context of climate change to enhance adaptive capacity, govemance structure, knowledge level, and adaptation
imelf to reduce adverse consequences by wtilizing traditional ecological facts and customs of the inhabitants in that areas to cope with
natural hazamds (Byg and Salick, 2000). Assuch, an extensive mnge of cholces are present, and livestock herders can choose those
optons whose dependence on accessibility and availability of resourcesis relatively less. However, developing countries’ geographical
locations and soco-economic conditions make them mome vulnerable, while their constrained capabilitdes to mitdgate these adverse
effects mainly because of limited resource endowments exacerbate the situaton (Mask ey of al, 2007). Thatis why poor people from
rural areas are highly vulnerable becanse of insufficient ex-ante risk managing capability and ex-post coplng capacity (Fahuot and All
2017; Faisal et al., 2021},

Policymakers and researchems stress that most substantal impact of climate change could be realized in livestock sector (Thomton
etal., 201 4), while, previously, most efforts have focused crop sector (Banik et al, 2015, Thornton and Gerber, 2010), Considering this
research gap, the current study imparts a substantial contributon to the prevailing literature from three different viewpoints First,
identifying the factors that influence the small livestock herders' adoption decision in response to climate change, Second, how does
climate change adaptation impact on livestork losses and poverty? Thimd, this study adds to the limited literature by providing some
insights that could be useful in policymaking.

2, Conceptual framework and methodology
2.1. Concepnul fromework
The conceptual framework of study isdescribed in Fig. 1. Inthe present framework, climate change mitigation strategy isdefined as

2
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Fig. 1. Conceplual framework of the sndy.

adaptation to avold livestock losses. A livestock hender will be considered as an adopter if 5/he adopts a specific strategy and non-
adopter if s/he does not adopt that strategy. By following previows studies (Abld et al., 2016; Liu et al., 2019 Mendola, 2007, Tes-
seqna et al, 2018) to model adaptatdon decsions of livestock herders, we employ & mndom wility framework, Here, we assume thatith
livestock herder will choose to adopt a climate change mitigaton strategy only if the expected net outcome ks valuable, For example,
reduction of lvestock losses and improved well-being of livestock hend ers result in poverty reduction (Hahut and All, 2018, Lin et aL,
2019; Mendala, 2007).

lifi = 0 and O iff=0

Here, #.depicts that the ith Ivestock herder will adopt a climate change mitigation strategy(f = 1), only if net benefits from
adoption are positive (# = 0), while the ith livestock hender will not adopt (% = 0) if net benefits are non- positive (#= 0}

Effective adaptaton strategies could belp to decrease livestock losses. However, it might be hard to distinguish between adopters
and non-adopters on the hasis of welfare. Contrasting with biological rue experiment, social science experiments often face problems
of randomnpes in the daia, either incontrol or experiment grou ps. It would be quite easy to chalk out the differences between adopters
and non-adopters if the data are collected through mndomization and counterfactual sitnation (Hahut and ALl 2017). As inour study,
where no counterfactual information prev ails for cros-sectional data, the direct impact of adaptation can be calculated by considering
the differences in outcomes of adopters and mon-adopters. But, it may result into misleading and hiased estimates. The following
equation is used for the estimates;

¥a = oy +48; +e; while §; = iXy + u, S0 ¥ =¥y + 64X + ) + 5

Here, Yais the vector of the outcome variable (livestock losses and poverty for the ith livestock hender) and the error termis £, e, 4
are the regression coefficient, Xyrepresents the vector of independent variables andi and u, are respectively the logistic regression
coefficlent and its ermor term. [t might be possible that the decision to adopt #is assumed to be independent, which may be influenced
by some unknown factor(s) that form the emor term . Momeover smay be correlated with i leading to biased estimates due to se-
lection hias,

In addition, Poisson model is used to discover the determinants of the number of sirategies adopted by livestock herders. The
dependent vadahle in this model was the total mimber of strategies ado pted by livestock henders; while independent variables are age,
education, experience, howsehold typessize, off-farm income, distance to market, operational landholding, area under berd and
availability/use ofinstituional services.

22 PSM (Propensity score mui hing)

PSM approach is applied to camry out empirical analyss for biasedness cormetion, which may arise due to systematic differences
between two groups (adopters and non-adopters) of ivestock herders. Unlike weak instruments assumption problems, the selection on
observables assumption isno more restrictivein PSM, allowing instrumental variable approach with the cross-sectonal data set (Bryan
et al, 2013) It is extensively applied in impact asessment studies where the expecied treated effect for the treated population is
meeasured (ALl af al,, 201 & Birthalet al., 2012; Iheke and Agodike, 2006; Lin ot al, 2019 Mango et al., 201 7). To generate the condition
of & mndomized experiment, PSM applies un-confoundedness (absence of selection bias or conditional independence) assum ption
(Mendola, 2007, hence ivestock herders' adoption is random and uncorrelated with livesto ok losses and poverty, once we contol for
other covarates. Contrasting with other pammetric methods, PSM entails no assumption regarding functional form in postulating the
relationship between outcomesand the related predictors. It compares the households with the same probability of adaptation strategy
and also lessens the dimensionality of the condidoning problem (Benfica et al., 20149). The propensity score obtained from this
conditional probability pemndits to identify similar households (Heckman and Navarro-Lozana, 2004). Following equation postulates
PsM applied in this work.
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plX) = Prip, = 1jx,] 1

Where p shows the propensity scores of pre-adaptation characteristics of X, Pris the probability and @& indicates the adaptation to
climate change. The conditional distribution X, is similar to both adopters and non-adopters (Mendola, 20071 The impact of adap-
tation strategies on outcome variables is demoted in terms of ATT (average treatment effect on the treated) or ATE (avermge treatment
effect) where, treatment means adaptation. The term ATE denotes the overall impact of adoption on the outcome variables by
considering all respondents, while ATT measures the impact of adaptation on the outcome varables only for treated respondents (ie.,
after matching) (AL and Abdulal, 20107, As weare more interested in ATT, it can be caleulated after the estimation of propensity scores
as

T=E{¥, - |# =1} =E[EF, — Y, = L plX]}] = E[E{V |8, = 1,p(X) } — E{V, 8, = 0,p[X) }2, = 0] [ #4]

Here T indicates the ATT and p(X)indicates the propensity scores, ¥, and ¥, show the values of outcome variables. For matching,
we applied NNM {nearest neighbor matching) method, which selects individual cases from both groups as matching parmers based on
their closeness to each other. The closeness is identified with their propensity scores (Abld et al., 2006; ALl et al., 20018; All and
Erenstein, 2017; Benfica et al,, 2019; Liv et al., 2019, Mendola, 2007, Bahut and All, 2017). NNM method matches both groups and
eliminates the unmatched cases (Smith and Todd, 2005). In another sense, we can say that ATT is attained after detecting the effect of
selection bias (Lin et al., 20149),

Meanwhile, the headeount index is wsed to measure the population that is counted as poor. P = ].]-’J".I'E?'_.J'LHc z)); = inoome/
expenditures, £ = poverty line, N= total population, lindicator function valie isone if (y; < 2) and household considered as a poor, and
0 otherwise (Mendola, 2007).

2.3, Dependens variahles

‘Wi inquired livestock herders® perceptions about climate change and the number of dmes they had met such climatc shocks (flood,
dmught, diseases, etc.) over the period of last ten years. According to their experiences, livestock herders were further asked to list
climate change mitigation strategies they had recently adopted to respond climatic dsks. Consistent with previous lterature (Banik
et al, 2015; de Lanwere et al., 2001 2; Herrero etal., 2012; KEsoppinen et al., 2012; Martdnee-Garcia ef al., 2013, Mardone et al., 2010
Rigolot et al., 2017, Thornton et al., 2015; Thornton, 2010; Thornton and Gerber, 2010; Thomton and Herrem, 2015), the most
adopted strategies were asked. These variables are considered as dependent variables in logit analysis: 1) Improved feeding (grazing
management, diet supplements, practising concentrate and bran feeding), 2] Provision of medical facilities {disease control precaution,
invaolve in some kind of livestock tmining), 31 Updated with seasonal and weather forecast information, and 4) Uptake of livestock
diversification and rearing of improved fstress-tolerant breed/species. Dependent wariable is coded with 0 {not-adopted) and 1
{adopted).

2.4, Independent warichles

Independent variables used in this study are: age, education, experience, household type and size, of f-farm income, distance foom
market, o peratonal land holding area under livestock-hend and the access to institutional services (Govt. vetednary center, livestock
helpline, private doctor availability, satisfactory veterinary services, extension services, and credit availability). The reasons for their
inclusion inthe model are based on their expected /anticipated impact on the dependent variable(s) as well as the insights from earlier
research work. For example, it was anticipated that older household heads would be more likely to prefer iraditional practices and
hence less likely to adopt climate change mitigation strategies (All et al., 201 & Rahut et al., 2017, Behot and All, 2017). Educaton is
most important especially for those matters which ame complex to learn (Foster and Roserewaelg, 2010). The level of schooling is likely
toaffect adaptation responses (Tan, 201 4). S0, itis a valid assumption that livestock herd ers with better education would benefit from
Access 1o infomation. Ado ption siudies show a positive assoriation between level of education and adopton behavlor (Akhiar et al,
2019, 201 8; Permadi et al., 2018), but show a different viewpoint on theeffect of age { Akudugu et al., 201 2; Uslene, 20087, Education
is also considered as A substitute to experience. However, it is expected to have a positive assoclation with livestock herders' prob-
ability of adopting climate change mitigation strategies. As consistent with previous studies (Akhtar ef al, 2019, 2018; Bastakot] of al,
2014; Haza et al, 2019), adopters are shown to have more seducation and experience being more observant and better informed abowt
continued variatons in the environment and thus lead them to effective adaptation practices in comparison with non-adopters. We
thus posit/expect a positive asociaton between the level of schooling and adaptation but are uncertain on age. Nevertheless, maore-
experienced farmers are expected to possess greater level of local and informal knowledge which is generally different from formal
education and hence can have conirasting outcomes in the nptake of climate change mitgation options.

There exlsis a varying opinlon as well as indeterminate association of adaptation actions vis-a-vis household type and size,
opemtional land holding area and distance to market (access to market) (Mulwa et al., 2017; Tesema e al,, 201 5). Better access to
labowr and resources are generally procded /represented by household size and landholding (Tessema et al., 2018). However, access to
the market can be interrelated with access to information and cost-effective adjustments (Molwa et al, 2007) Therefore, it is
anticipated that market access influences all categories of adaptatdon. We anticipate that livestock herders' off-farm work has a
negative influence on adaptaton because it would reduce ime. However, off-farm participation is shown to increase adopton trends
{akhtar etal, 2019), although Diiro (2013) shows an otherwise findings. Inother sense, the relationship between off-farm income and
adaptaton i somewhat indeterminate.
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Fig. 2. Data collection Famework and Sampling technique.
Table 1
Clima e characteriitics of the stuly area (2010-2019).
A Agro-soological zone Ammmal Min. Temp. C {mean) Annnal Max. Temp. @O {mean) Annual radngd] mill imeter {mm)
Diera Ghaed k han {DGE) v el oy 77 ekl 244 99
HRahim Yar Khan (RYK) Catonwhet 1894 3441 143 .43
Faisalabad (Fad) Mixed cropping 1401 3099 £
Average of thres zones 185586067 3258 sy

Soirree Palistan meteorokgical depament,

The campaigns on climate change mitigaton strategies has been essential for public institutional system {Abate o al., 2015
Berhana and Poulon, 2014), but such infomation has been reported to be very inadequate in developing countres (Deressa of al,
2011 Thornton et al,, 2014, Thomton et al, 2009), We post that adopters have more access to institutional services (Govt. veterinary
center, livestock helpline, private doctor availability, satisfactory veterinary services, extension services, and credit availability)
resulting in greater associstion with the probability of adopting climate change mitigation stmategies (Thomton e al,, 2015), In
general, institutional services are meant for informing livestock herders with new strategies along with assocated costs/benefits and
risks. Acces to institutonal services is directly mlated to information access regarding several Isues including climate change
mitigation sirategies and therefore, a positive relationshipis predicted (Akhtaretal., 201 8; Babut and All, 2018; Bastakotl ot al., 201 4;
Bryan et al., 2013; Simtowe and Zeller, 2007). However, livestock herders are compamtively less respurce-intensive and it is antic-
ipated that access to insttutional services will impart more obvious effect (Bastakotl et al, 2014],

2.5 Paricipyanis, dete collecrion technique and climate indicators of the region

Multistage sampling technigque (Distrct — Tehsil — Union council — Villages — Hespondents) was used for field reseanch to collect
primary data from three different zones (based on geography, climate and cropping pattem) of the Punjab provinee of Pakistan, The
sampling technique was followed from recent by -published lterature (Akhtar et al., 2021; Falsal et al., 2021; Falsml et al, 20200 From
each zone, one district was selected: First, Dera Ghazi Khan (from low-intensity zone], second, Rahimyar Khan (from cotton-wheat
zome), third, Faisalabad (from mixed cropping zone). In these three districts, sheep, cattle, goat, buffalo, and camel population is
dominant compared with mest of the provinee (GOFP, 2018). For the precision of collected data, face-to-face interviews were executed
because of the low literacy rate among livestock herders For data collection, we sought the help from extension officers within the
respective districts and enquired the list of ivestock henders. Thereafter, the sample of small livestock herders who raised animals in
their homes for livelihood was drawn from their pre-prepared list. Livestock henders were interviewed by the tmined interviewers.
Data collection was completed from 1st January 2019 to 20th June 2019, In total, 405 smallthalder livestock herders’ data collected
from the study area. The reseanch sampling technique of this study is presented in Flg, 2

The specific climate-related characteristics of the selected agro-ecological zones for the period 2010-2019 derived from the pro-
cessing of meteorological data are portrayed in Table 1. These zones are chameterized by a mean anmual temperature in the range of
around 18.6-32.6 °C while the total annual rainfall in the range of 143 mm to 434 mm over aforesaid period.

3. Resulis and discussions
3.1, Descripiive storistics

Table 2 shows the descrptive statistics of the variables used in ourstudy. The results show that the average ageof livestock herders
was 44 years, while livestock reardng experience was 22 years It indicates that middle-aged livestock herders had a considerable
amount of livestock rearding experience. The average mumber of housshold members was 9.94, which indicates that family size was
modermately large because 63% of respondents were living in joint fextended type of family system. As mentioned above, the sampled
households were involved in livestock rearing activity. The mean area under livestock herd was 6.67 Marla and the operational land
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Table 2

Deseriptive statistics of vardalles.
Variahle Variahl- descripgion Sl Dev.  Mean
Independent varishle
Age o mirma e vardsh b (Vegrs) 11147 247995
Edumtion i miirmo s vaniab ke (Years) A48 5504
Experience o ol rmo s vardah le (Years) 10456 22 047
Housshald v pe 1 if joimt family, 0 otherwise 484 &30
Hounsshold size Tiotal no. of members 7510 9949
{Hffarm income 1 if hiosehn b have off Jarm ok, O otherwiee neys [1 15
Distance o market Main masket distance from respondent home (Km} T H8h 1551
Operational landholding Aexes 1234 4718
Ares nd e heard Narky 7517 L]
Govi. vewer mary cenier 1 if the willage hax such fa lity, 0 otherwie L4 568
Livesiork helpline 1 if benefited from that service O otherwiss L3481 017s
Private doctor avadlabi liry 1 i private veterinary doctar avadlable, O otherwics 0485 ah25
Zatidfactory veterinary faclities 1 o satidachony veterinary senvices Lhle, 0 otherwise aas as7y
Exters fon servikes 1 if livestock herder has access, 0 otherwise a9 L
Crexdit avai ability 1 if livesiock herder has access, 0 otherwise LAy LA20
Dependent vadables (adaptation: 1 if adopted, 0 otherwise)
1} knproved feeding {grazing 3 dies suppk &, practicing concentrate and bran feeding) 0895 as73
2} Provision of medical Gcilit es {dissase coniro] pre@uton, imvolve in some kind of lvesiodk training) 0424 [1 e ]
3} Updated with sessonal and weather forecast i nformation La53 1=
@) Livestock diversifiraton and i mproved,siress tolerant breed fspecies 0374 L1 ]
Oteome var ahles
Livesiock lommes Pasi one-year livestod losses {Mumbers) orm [ e
Poor {Head couni index)h 1 if poar, 0 othersie (L] 519
Other climate related rsk perceptions aof Livestock herders (not used in empirieal analysisy
Hawe you ohserved any change in vegetation cover over the st 10 years? ass
Hawe you ohserved any diseace attack incresce in livestodk over the st 10 years? L
Do youn think Hvesiock medical cost increased becauss of new dseases asa
Do yom think the sndden death of animaks increased in the past 10 years 038

Livestoek disexses in study area: footand momh dizesse (9.9%), hnemorthagic sspicaemia (9.1%), black quarer (15.9%), PPR{1.5%), and rindempest (2.2
Dant lnow dizesce name (1939 ) have no experience of anmy dissase (4329%)

holdings wenre .71 acres. About 56.8% of the respondents had Govt. veterdnary center facility, 57.8% of lvestork herders testified
satisfaction from veternary services, and only 17.5% got benefit from livestock helpline. Moreowver, approximately 62.5% of the
liwestock herders had private doctor availability. Several questions assoriated with the lssue of climate change and relevant mitigation
sirategies were incorporated in the questonnaire. However, respondents in the study area generally adapted four major strategies: 1)
Improved feeding (gmzing management, diet supplements, practicing concent mie and bran feeding) (57 3%), 2) provision of medical
facilities (disease comtml pecauton, immolve in some kind of livestock tmining) (23.5%), 3) updated with seasonal and weather
forecast informaton (28.6% ), 4) uptake of livestock diversificadon and improved/siress-tolerant breed/species (16.8% ). Acconding to
livestock herders, the severe climatic conditions have resulted in livestock losses. The most common diseases inthe study areas are foot
and mouth, heemaorrhagic septicaemia, black quarter, PPR, and dnderpest (localnames of these diseases: mohara, gud ghoton, 2ehr baod,
ke, madaia, respectively). Most of the mespondents were unaware about which kind of disease led to the death of their animals. Results
in Table 2 also indicate the perceived sk intensity and it is clear majority of the farmers have eported an increase in all four risk
indicators over the past 10 years. For example, 64% and 59% respondents report an increase in livestock disesses and increased
medical cost due to disease attack, respectively, in the past 10 years Momeover, 38% henders report an increase in sudden death of
animals during this period.

3.2, Deremminans of the number of sroeges adopied by Bvestock herders

Poisson model 15 used to discover the determinants of the number of strategies adopted by livestock herders. The model results are
shown in Table 3. The dependent vardable in this model was the total number of strategies adopted by livestock herders; while in-
dependent variables ame listed in Table 2 In model results, the age coefficient is significant and negative, depicting that younger
liwestock henders nomually adopt more climate change mitigaton strategies. The coefficient of education and experience is positive
and highly significant, emphasizing the reality that educated livestock herders would likely adopt more strategies. The coefficient of
family type is significant and positdve, depicting that livestock herders living in a joint/extended family type would be tempted to
adopt more sirategies. The reason for this result might be that joint families have excess labour who is obliged to look after their
livestock . Momeover, the result of family size is significant and positive and is consstent with family type results, which depicts that
households with more family members adopt more climate change mitigation strategies becawse of the availahility of manpower
needed o manage the livestock. Distance to market, operational landholding and area under-heard are non-significant, implying that
thesedonot affect espondents’ adoption behaviour regarding climate change mitigation sirategies. The coefficient of off-farm waork is
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Table 3
Dt rminamits of adopred simtegies by Bvestock herders,

Variahles ol sson estimates PEM estimates

Adopied srategies 1" 3 ¥ o«

Coefficdent (Sil. Err) Coeffic ent (Sl Err.) Coeffident {Sid. Ex. ) Coefficient (5. Em.} Coefficient (Sid. Err}
Age =05 (L00H) =0017 (Lo} =047 (LT =024 {026y =003 {034y
Eduation nossT (w013 003y (L34} o200 (L 045 Q18T (0.043) it {0.049)
Experience o1y (oas) o3 {Lol7) o042 {7y iTik] {0,037 aoss {0035}
Haousshald iy pe nass (108  osesT (0249}  ohayT (L 340y s (03I7) i L] {0.406)
Housshald size e (Lo0%)  LossT (o) 0oi7 {EL 018y o1y {0019y 0n3e {002y
O farm income =0T L) =0 (0L286) <0739 (0361} <0478 (0362) =0937"  (0.447)
Distance o market T (Loo7)  =0.002 (LomE) =019 (LOZy =0034 {0022y =0028 {0.0E7)
Oiperational landhalding LiiLiE] (Lood) 019 (Lod) —00m {014y o {0014y il {0017y
Arem under heand =005 (ooay Qo2s {ooEdy =00ss {0y L] {05 wohs {0y
Gavi. veserinary cenier a3y (Liog) 0313 (L) 4 [(i%eri} 1017 {0329) sag” {0.404)
Livesiock helpline oS (L176) 0543 (oszS) L {0574y ik ] {0.573) 1001 {0.836)
Private docior avadlabi liy e (1) 0450 (L285) Q484 {0 39y asgIT  (03m0) 1380v  (0535)
Satisfactory veterinary nazaeer 119y b (2 0s07 (L 365 0sed {0362) L&l (0.509)

Eurdlites

Exienmion services L (121} o7 (L7} LI {0304 1363w {0358) 2335 (0.564)
Credlit avad kil ity 001 (111} -0s2sT (028H) 0504 L 358y asas (0346) =008 {0.416)
Dera Ghazi Khan wis? (L1ss) oio0 (363} 2084 (U507 =033 {0.464) =0471 {0.578)
Hahim Yar Khan T T (L137)  =0372 (0L368) 1057 (L6 =102 (0457} =121  (0.538)
Fai salabhad [ ] (o e (ol el (i ity o itied)
Canstani 13037 (Q34F) <2074V ([OL791) <484 (1085} 4516 (1085) 4802 (1.977)
Liog peend o likelih ood =492 337 =234 A5Y =150.785 =156.295 =115448
Wald chiz 259470 1510 139470 172530 135670
Frenda B ik ] sy 0317 035 [ ri]

Noge: * 1084, ** 5% and ***1%.
" mprove feeding (gracing management, diel supplementation, praclicing concentrate and bran feeding).
® provision of medical facilities (diseage contrl precaition, imiolve in some kind livestock training).
® Updated with seasonal and weather forecas infomation.
4 Livestock diversification and improved /stress-tolerant breesd /s pecies.

negative and significant thus having a great influence on adaptation indicating that off-farm work would reduce time allocated for
livestock upkeep. Moreowver, the vadables on institutional services [(Govt. veterinary center, livestock helpline, private doctor avail-
ahility, satisfactory weterinary services and extension services) are positve and highly significant except credit availability, which may
be linked with access to information. Above mentioned outcomes are aligned with previous studies (fahuor and All, 2018, All and
Rahut, 2018)

3.3, Propensity score estimales

The matching process was perfomed with the estimation of propensity scores for the treatment variable. The logistic model was
used for this purpose, where the probability of adopting & climate change mitgation sirategies was regressed one by one with
covariates, The outcome of estimat es of propensity scores is shown in Table 3. Our findings for all four adaptation strategies are mostly
similar to Poisson regresion estimates. Our dependent variables are defined as 1) Improved feeding (grazing management, diet
supplements, practcing concentrate and bran feeding), 2] Provision of medical facilities {disease control precaution, invalve in some
kind of ivestock training), 31 Updated with seasonal and weather forecast information, 41 Uptake of livestock diversification and
improved fstress-tolermnt breed species, whether or not Ivestock herders formally adopted some strategy for thelr livestock. The
results depict that covarates influence the probability of adaptation of climate change strategies. In the 2nd and 4™ strategy, the age
coefficent is negative and significant, depicting that young livestock herders adapt these sirategies to mitigate climatic risk impact on
livestock. Particularly, experdence, education, household typessize, and institutional services have positve coefficients and tend to
accelerate adapiation More experience, knowledge, awareness sbout climate change force them to adopt favoumble sirategies. These
outcomes confirm our antidpations and are consistent with other studies’ findings (Bryan et a1, 2009; Deressa et al, 201 1; Nablkolo
etal., 2012: Yu et al., 2010}

The institutional services’ (Govt. veterdnary center, livestock helpline, private doctor availability, satisfactory veterinary services
and extension services) coefficdents are positive and significant in maximum adaptation stmategles, However, off-farm income and
credit availability have a negative coefficient. Comtmsting with some other studies findings ([ heke and Agodike, 201 6), a negative
coefficent indicates that livestock henders are less likely to adopt these because of limited time and limited access to informaton ( Abld
etal, 20016). Regional dummdes® negative coefficients of Dera Ghaz khan and Rahim yar Ehan indicate that livestock hberders ame less
likely to adopt climate change mitigation stmtegles as compared to the ivestock herders located in Faisalabad district. This depicts that
livestock herders located in Faisalabad are more anxouws about climate change. These options are highly mlevant for the improvement
of livestock sector for the reglon as evinced by Banlk et al., 2015; Thomion et al, 201 4, Not surprisingly, study reveals some critical
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Table 4
Adaptation strategies impact on Bwestork lostes and poverty.
A dopted Straeges Chrteome ATT %l Err. Mo of reaed Mo of caniral
1 Livestock losses =3 136 o] 173
Poventy I aadas = 173
2 Livestock losss =i, ahgr L k] 27
Poveny =L 20T LiEiki] = 217
3 Liv estock bosses =f.314" 0138 iLi] 235
Poveny = oLy 15 a5
4 Livestock kass B 151 L] im
Poveny =047 017 L] 171

Noe: * 10%, ** 5% and ***1%.

Table 5
Covariates balancing indicabors.
Adaptation Zample Ps B2 LRchiz P> chi2 Mean Blas Med Biax B
1 \Linm asiched L1485 10250 0000 304 344 1o88*
Watch ed LiliE 53 [ Firc] 143 150 s
2 Lirem avie hied 031y 14013 0000 394 w9 1549*
Matched Liifowd 155 0524 141 13 S04
3 Linm aiched 035y 17154 0000 LLE 20 1&4a"
Match ed 0L0ss 2450 LUl 147 1.9 TS
4 \Lirem avie hied 03ra 1346m 000 477 4.7 17rar
Matchad 1aa 2543 0081 144 140 et

factors considered to be essential to facilitate adaptation proces in miral areas especially related to livestock sector. These include age,
education, experience and access to institutional services. These findings arein ine with the results of Abld et al. (2016) and Bahut and
AlL[2018). Although there exists a significant correlation between varables, we are restricted in terms of inferring causality, which
comes from potential self-selection and heterogenelty. Thus PSM is used to corect for any selection bias in the model.

Estimates of propensity scores used to assess the impact of adopton strategles on livestock losses and poverty, We used NNM to
demonsirate the matching effect, which was established on similar propensity soores. After the accomplishment of PSM, we found a
similar density of propensity scores between the two groups, NNM emov es the unmatched non-ado pters during the matching process,
results in a reduction in sample size for impact analysis in post-matching. Then, sample characteristics reasonably comparable in the
treatment and control group for the caleulation of average adaptaton impact on livestock losses and poverty.

3.4, ATT effect of adapsztion on [ivestock losses and poverty

Using PSM analysis, ATT indicates the difference in outcome for the livestork herders between two groups. We combined three
matching methods (NNM, kernel-based matching, and mdius matching) to caleulate ATT. The results of the NNM areshown in Table 4.
The significant results of ATT show that adaptation does have a considemble impact on the reduction of livestock losses and poverty.
The mesults for Uvestock losses and poverty are significant and negative, depicting that livestock losses and poverty index are lowered
tothe une of 30-48% and 4-22%, respectively for those livestock herders who adopted the climate change mitigation stmtegies For
adopters, reduction livestock losses and poverty also depicts a positive impact of adaptation onoverall well-baing of livestock herders®.
These findings are in line with previous studies (Abid et al, 2016; Lio et al., 2019; Mendala, 2007).

3.5. Balance test

The main task of PSM is to develop a halance test to assess the matching effect (mean /median absolute bias, the value of B ate)in
our model that creates a balance between two groups. Balance test outcomes ae shown in Table 5. The absolute mean/median bias and
the value of Himem:sldemh]} meduced aftermatching, demonstrating that both groups are similar to each other after matching. As
mentoned in resulis, the matching bias dropped after matching, which shows that there is no system atic difference between the two
groups’ (adopter and non-adopters) covariate distribution after matching. However, there exists a difference in the outcome that
would anly be due toadaptation. Moreover, resulis are significant before matching, and when matching ks performed, variables are no
longer significant or become less significant, The complete results for the halance test are shown in Table &, This is quite clear that our
madel corrected selection bias and well-matched the covariates with adaptation decisions.
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Table &
The resils of the balance test betwesn treatment and control group

Balanee tec (o - i 3° .

Vagiahle® Unmawched Mean Redore | Bas|%  T-west Memn Redoce |Bas|% T-est Mean Redmee |Bas|% T-west Wlean Roduce [BasPa  T-es
M Treated  Commal Treatad  Cominal Treatad  Comirol Treated  eominal

1 u 4354 45401 —15220 ] 4168 4573 el -Z75""" 4182 4543 T4F0 —295""" 40588 4511 ST )
M 4359 4018 274" 4179 L] =032 4213 4173 sl 403 3830 133

2 o R L Er =190 o ag 811 &7l s07Fa L-F-1 Rk 8.75 420 TEED 103&™* 550 EL ] 5310 a3z
M 47 868 —4gzver g a&n -ar 8.49 ads -85 B546 s -2497

3 o IZES i B — 540 123 2113 nm —30T0 ] 21.00 47 &750 -1z7 066 n=4 —101.80 119
M &2 1995 295™" 2118 ek ] =105 2016 069 036 2009 1683 aw

4 o o7z osl 7930 g [1 e o=a #5060 4w o 055 E7 50 g 0T L] &530 2.
L] o7z Ll -1 —1.a7 0.7a OET 145 o788 sl —051 078 LiF- 2 — L0

5 u 12 818 =90 4 1e™" 1259 suo SH80 43T 1217 s 830 kb 1288 aEs E550 Aogrre
b 1095 Bl gy 1293 1305 —L0E 1.7 1.7 La ki) 11594 13146 —0F0

L] u s 0se 3790 305" o&T sl ~S930 118 074 0sT 4300 e o7z sl 20Ta 84"
M L) 0TE -2 068 oTE ] 073 s —1&7" 073 L] ]

T o 1607 1L i) B8 40 162 1493 1570 5020 —084 1642 1516 =330 147 1691 1524 1210 1561
M a7 1647 =051 1502 1463 03 1690 1820 =123 1720 1573 Lz

g8 u Plak] ara 7820 3rrme 1345 T We0 43p 1258 TS E530 T 131 FE-c] S4.90 326"
L] 1nzg 938 L] 13328 1295 L1 L] 1158 ar3 1.4 1.5 1397 - 1104

a u m 478 B2 g aTr a0 B0=Z0 Jpame 93 559 B&TO e 1237 553 E450 T
L THS L] —i084 B85 .42 —i4n T, TA3 o053 10&s A58 L]

10 u a3 L] 1510 27 o.Te 052 9510 3mgee 0.Ta L] 100 00 ST L 053 5580 o4
M L sl FE 073 Lole ) -7 o074 oTe Ll i) 0TS onrFz L]

11 o a4 Ll 2400 3mamr 0z 4 100 00 L el o028 iz 9380 - F Rl o4 Lol bl fLoiali] Sager
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* Improved feeding {grazing management, dist supplementation, practicing concentrate and bran feeding), ® Provision of medical facilities (disease control precaution, invelve in some kind Bvestock
trsining), © Updated with seasonal and weather forect information,  Livestock diversifieaion and improved fetress-tolerant bresd fepecies, ® (1 = Age, 2 = Education, 3 = Experience, 4 = Housshold
ype, 5= Househaold size, 6 = Off-farm income, 7 = Distance o markel, 8 = Operational landhalding, 9 = Area dundecheand, 10 = Govi. veterinary center, 11 = Livestock helpline, 12 = Private doctor
availability, 13 = Satisfactory veterinary facilities, 14 = Extension services, 15 = Credil availability, 16 = Dera Ghazi Khan, 17 = Rahim Yar Khan, 18 = Faisalabad), Note: * 10%, ** 5% and ***1%.
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4. Condusion and policy suggestions

Itis projectad that climate change will have an adverse impact on livestock and rusml livelibheod in Pakistan, Few studies have been
undertaken about climatechange adaptation’ im pact on the reducton of livestock lossesand poverty. Taking a sampleof theee districts
within Funjab provinee of Pakistan, this study provides valuable insights for future adaptation planning and policy formulation. The
main adaptation measures across three reglons include, improved feeding (gmzing management, diet supplements, practicing
concentrate and bran fesding), provison of medical facilities (disease control precanton, imvolve insome kind of lvestock training),
updated with seasonal and weather forecast infomation, livestock diversification and improved Atress-tolemnt breed/species, [t is
concluded that adaptations are most desirable to lessen the potential losses brought about by climate changes, However, these
mitigation strategies, livestock losses, and poverty are so complex and we do not claim to have comprehbensively captured them all. We
elaborated adaptation of each sirategy’s impact independently butin reality, these interrelate in numerous ways with each other and
with other potential o pionsnot covensd by this study. Itis pertinent to menton that thereis range of options to counter livestock loses
bt the four strategies chosen in this study are based on their vast uptake. These strategies, however, can go futile or less-effective if
coneretemeasures and climate adaptation plans are not fully operatonalized at the natonal level. This is becanse one locality in 8 vast
geographical setting resorting to environmentally-friendly production and consumption would see it nowhere if policy fails to
popularize such options on & larger scale, Many of the outcomes of most-popular mitigation options need proper frameworks for input
procurement and output disposal. Any market failure can potentially lead to catastrophic economic consequences for the adopters of
erp-friendly andfor climate-change mitdgating optons. Furthermore, these adaptation decislons are comnsiderably affected by
numerous extemal and internal factors. However, poor societies have limited resources to invest in these desirable adaptations and
also poody served by institutonal services (extenson services, veterinary facilities, mowladge of diseases, ete.) because they live in
remote areas, Though, our PSM estimationanalysishighlightsthat theme existsa massive potential for redueing thess losses through the
adaption of these strategies, which will result inthe enhancement of livestock berders’ productive capacity. The outcome of this study
affers, better targeting investgation on esoumre-poor personnel which might be the main vehicle for reducing livestock losses and
maximizing direct poverty alleviation.

Creating an explicit reference to the fundamental relationship betwesn adaptation strategles and livestock herders' well-being, in
our study, we try to find cut the answer tocounterfactual questions that are most important for the formulationof favourable policies
(region-specific policies). The results have important policy implicatons: 1) Strong investment required by the government in the
information delivery system (seasonal and weather forecast information). It should incorpomte embedding of institutional services,
which will gear towards overcoming informaton and other constraintsthus fostering higher adaptation rates related to stress-tolerant
breed/species (trmits with inmate resistance to diseases) and disesse contmo] precautions that stabilize production and educe livestock
losses. This will lead to disease recognition and permit prompt response and management, whenever these cases arlse because most of
the respondents were unaware of local names of these diseases, and have lost their animals even though they have appropriately
pursued deworming and seasonal vaccination activity. 2) The positive impact of improved feeding adoption suggests polices that
encoumge livestork feeding practices among resource-constraint rural poor's, and this can be achieved through formal and informal
community groups teining. This is vital for information dissemination and fior mutual support to help them with needed resounes for
the implementation of these strategies. 3) In our results, of f farm income’ s association with less adoption suggests a policy intervention
that should encourage on-farm diversification through information related to o pportunity oost of on-farm improvements and resource
allocation. 4) Different adoption practices suggest that institutional services with livestork herders’ education should be tailored to
motvate them to adopt optimal combinations of strategies and not to rely on A single strategy. 41 New techniques should be developed
for the detection, responsze, and contml of infectious diseases becawse most of the respondents were unaware of disease pocurrence,
spread, persistence and spillover which resulted in livestock losses Eliminating the gaps in curmrent knowledge while equipping wet-
erimary personnel with precise statistics of disease presence, dispersal, impacts, and costs for contral can lead to better outoomes.
Multivalent vaccines or insecticides for multiple dissases (climate-gensitive infectious diseases) should beintroduced because it would
be cost-effective as well as useful Restructurdng and advancing data collection efforts that results upcoming policies to be scence-
based. 5) These policies should be updated on the base of ground realities and attention should be given to the esoumre poor lve-
stock farmers, whose proportion is more than two-thirds of the total farming populaton in Pakdstan.
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Abstract: Pakistan is an agrarian nation that is among the most vulnerable countries to climatic
variations. Around 20% of its GDP is produced by agriculture, and livestock-related production
contributes more than half of this value. Howewver, few empirical studies have been conducted to
determine the vulnerability and knowledge of livestock herders, and particularly the smaller herd-
ers. Comprehending individual perceptions of and vulnerabilities to climate change (CC) will ena-
ble effective formulation of CC mitigation strategies. This study intended to explore individual per-
ceptions of and vulnerabilities to CC based on a primary dataset of 405 small livestock herders from
three agro-ecological zones of Punjab. The results showed that livestodk herders” perceptions about
temperature and rainfall variations/patterns coincide with the meteorological information of the
study locations. The vulnerability indicators show that Dera Ghazi Khan district is more vulnerable
than the other two zones because of high exposure and sensitivity to CC, and lower adaptive capac-
ity. However, all zones experience regular livelihood risks due to livestock diseases and deaths re-
sulting from extreme climatic conditions, lower economic status, and constrained institutional and
human resource capabilities, thus leading to increased vulnerability. The results indicate that low-
cost local approaches are needed, such as provision of improved veterinary services, increased
availability of basic equipment, small-scale infrastructure projects, and reinforcement of informal
social safety nets. These measures would support cost-effective and sustainable dedsions to enable
subsistence livestock herders to adopt climate smart practices.

Keywords: perception; vulnerability; livestock herders
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1. Introduction

In the 20th century, climate change (CC) has posed significant challenges for nations
and the global community, in addition to posing threats for future generations [1-=3].
Climatic vardations, in the form of erratic rainfall, intermittent droughts, deadly cyclones,
and heat waves, pose threats to all sectors of the economy and walks of life, both marine
and land-based [4]. Due to its high dependence on natural resources, such as water,
temperature, light, soil, and oxygen, and vulnerability to events that may result from any
natural imbalance, the agriculture sector is one of the most sensitive to CC, thus threatening
millions of subsistence farmers who heavily rely on the sector’s performance [5,6]. In
developing countries, the level of vulnerability of small farmers bo CC is further intensified
because of their low adoptive capacity, poor institutional support, and the temporary
nature of resilience-enhancing infrastructure [7,8]. The current risk to households’ well-
being and food security is higher in these countries because smallholders” livelihoods are
more exposed to CC [9=11]. It is expected that CC will affect the occurrence of diseases,
increase the severity and frequency of floods and droughts, increase the probability of
crop failure, decrease vields, and increase livestock mortality [6,11=13]. Considering
the close association between individuals” income and agricultural production [14], the
negative impact of CC on livestock may increase the vulnerability of small livestock herders.
However, the degree of vulnerability of a location, system, or household is determined by
socioeconomic and environmental factors [15].

Understanding the vulnerability of smallholders’ livelihood to climatic extremes
against the background of broader transformational shifts in social and regional d ynamics,
in addition to the multidimensional perspective, has almost become a nommative priority
in recent years [16], although climate-related questions are debatable for a number of
reasons. For instance, a relevant question is whether individuals are capable of noticing ar
maonitoring CC. A second question relates to how individuals respond to climate-related
(formal or informal) investigations, given the fact that CC is a long=term phenomenon
and individuals have only short-term experiences. A third question relates to an individ-
ual's ability to detect changes in abmospheric conditions based only on past memories,
given atmospheric change is a slow process that can only be detected with meteorological
devices [17,18]. Despite these practical issues, previous researchers [19-23] have tried to
explain how individuals comprehend and interpret CC.

The main explanation for individuals’ poor comprehension, lack of concern, and lim-
ited evaluation regarding CC stems from inadequate and scantly available information [17],
and a lack of relevant and timely data from relevant authorities. This lack undermines the
ability to effectively adapt [1%,24]. To identify CC, individuals must know the significance
of CC perception and the adoption of mitigation measures. However, perception of CC is
a personal assessment [25] that comprises an individual's understanding, which in turn
motivates actions with respect to CC incidence and severity [26]. Thus, an individual
must perceive CC before responding to it, and this perception needs to be linked with
actual CC for effective adaptation measures. However, it is expected that some=—if not all—
farmers may not be well placed to detect the abrupt changes resulting from environmental
varation [27].

Due to the current pace of CC and its associated impacts, nations must consider CC
seriously [28]. Various approaches are taken by individuals and societies bo safeguard
themselves against the effects of the weather. The extant literature has examined the
multidimensional perspectives of CC with an emphasis on risk perception, potential
barriers, impacts, adoption intensions, and adaptations in different areas [6,11,29-356].
Ahmad and Ma [16] highlight individual perceptions of CC extreme events, and compare
these with meteorological data on temperature and rainfall. Hasan and Kumar [17] report
that Bangali (Kalapara) rural people's observations of extreme climatic events with regard
to CC perceptions are generally consistent with the scientific evidence. There is also
ample evidence on the potential role of region-wise vulnerability assessments to assist in
developing national strategies for CC adaptation and facilitating the development of the
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adaptive capacity of vulnerable communities [8]. To the best of our understanding, few
studies have considered CC vulnerability pertaining to Pakistan [1,16,37]. Surprisingly, no
study has been performed in Pakistan in the context of region-wise assessment of livestock
herders’ perceptions and vulnerability to CC, including a comparson to meteorological
data. Comprehending individuals perceptions of CC and vulnerability would be beneficial for
the formulation of effective adaptation strategies [5,8,14] that would ultimately help achieve
sustained social and economic development among nations and regions [6,11]. Moreover, CC
adaptation measures have numerous benefits [11]. Therefore, to expand the adoption and
promotion of CC measures, it is important o explore the determinants of adaption.

Against this background, this study aimed to explore the vulnerability of small live
stock herders from a multifaceted and multidimensional perspective, with the intention of
determining the perceptions of CC of respondents’ in three agro-ecological zones of Punjab,
Pakistan. The novelty of this study lies in its contribution to a deeper understanding of
livestock herders’ perceptions about CC indicators, namely, rainfall, temperature, droughts,
flood, and livestock diseases, by assessing their consistency with meteorological informa-
tion. Such an evidence-based comparison is generally rare in the case of Pakistan and other
parts of the world. Based on the vulnerability-level outcomes from the three studied zones,
the study suggests suitable policy options that may help the public and private sectors to
effectively plan for effective mitigation of the harmful effects related to CC.

Viulnerability Assessment

Vulnerability assessment is a complex and a multidimensional concept. Its level varies
across tempaoral and spatial scales while heavily depending on demographic, socioeco-
nomic, geographic, cultural, institutional, governance and environmental factors [38-41].
It is considered in various dimensions according to its requirements [£2,43]. There ane
numerous approaches and interpretations of vulnerability [41,44-£6], although there is
little consensus about its definition [47=44]. Brooks etal. [50] define vulnerability as a
degree of exposure/ risk and incapability to fight climatic variations. Regardless of the
different definitions of vulnerability, the most accepted and comprehensive definition
provided by the Intergovermental Panel on Climate Change (IPCC) [51]is: “The degree to
which a system, location, ar household is susceptible to, or incapable to cope with ad verse
effects of climate variability and extremes. It is a function of character, magnitude, and rate
of climatic deviations to which a system, location, or household is exposed, sensitive, and
its adaptive capacity.” This interpretation is also typically acknowled ged by the academic
community [52]. Thus, three elements of vulnerability are consistently considered in the
literature: first, exposure to climatic extremes; second, sensitivity to those climatic extremes;
and third, the adaptive capacity to cope or recover from climatic extremes [12,40,53].

Considering vulnerability dimensions, exposure is the extent or level to which a
system is exposed to major climatic deviations. Sensitivity means the degrnee to which a
system is affected (directly or indirectly) by climatic stimuli, either positively or negatively.
Finally, adaptive capacity means the capability of a system to effectively respond to climatic
variations, and may involve adjustments in behavior, resources, and technologies [8].
The most extensively-used approach for CC vulnerability assessment is based on the
framework suggested by the IPCC. This offers a suitable mechanism o recognize the
causes of environmental disaster [54] and proposes appropriate adaptation measures to
mitigate its adverse impacts [55,56]. The vulnerability assessment approach can be executed
at different scales, such as the household or individual level, community level, regional,
or country level [57=59]. However, as noted by Pearson et al. [60], there are numerous
concepts and means of assessing vulnerability that occasionally overlap with each other.
Nevertheless, the major aim of the vulnerability assessment is to focus the development of
approprate policies that may increase sectors” resilience against CC [50,57,61].
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2. Materials and Methods
21 Study Area, Sampling and Data Collection Method

The target population for the current investigation consisted of small livestock herders
from three agro-ecological zones (Dera Ghazi Khan (DGK) from the low intensity zone,
Rahim Yar khan (RYK) from the cotton-wheat zone, and Faisalabad (FSD) from the mixed
cropping zone) of Punjab provinece in Pakistan (Figure 1). A multistage sampling strategy
was used for data collection. Thirty villages were chosen through a field survey conducted
in each agro~ecological zone, and 4=5 households were then randomly selected from each
village (Figure 2). In total, field-level primary data were collected from 205 small livestock
herders using a pre-tested questionnaire. Responses were verified from key informant
interviews before final field observations. The questionnaire was primarily constructed in
accordance with the literature [62,63]. A structured questionnaire for data collection was
divided into different sections, including general information, household characteristics
(socio-economic characteristics), farm characteristics, institutional characteristics, acces-
sibility and availability of resources, assets (livestock and household assets), household
income (off/ on-farm income), and household perception of climate (risk perception, sk
experience, and impacts) o assess exposure to CC, adaptive capacity at the household level,
and intentions to adopt practices in resporse to CC. The indicators used in the current study
were primarily based on authors’ own understanding of the study location, in addition to
peers’ knowledge and the published literature [4=6,5,11,16].
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Data collection was undertaken between January and June 2019 by the trained inter-
viewers through face-to-face questioning in the local (Seraiki and Purjabi) languages. Because
the questiormaire language was English, this facilitated the interpretation of the message by
the respondents, whose literacy rate was low. On average, interviews took 30=40 min. A
confidential protocol was followed related to identification of respondents and the village
information, which were confined solely to the seral number of the questionnaire. For the
current investigation, meteorological data were obtained from the Punjab province's meteo-
rological department for the period 2010-2019 related to the selected three agro-ecological
zones, Quantitative (socio-demographic and economic characteristics, etc.) and qualitative
(risk perception of frequency of events /variations over the past 10 years, ete.) data were
used toanalyze the survey information. Statistical Package for Social Science (SPS5) 24.0
and an MS-Excel work sheet were used for data analysis.

2.2, Climate Change Risk Perception Index

In this study, we used the climate change risk perception index (CCRPI) for the
calculation of livestock herders” perceptions of climatic events/ variations that occurred
during the past 10 years but rarely occurred previously [64,65]. A five-point Likert scale
was used to collect risk perception data, from the past ten years (2010=-201%), of climatic
events/variations from 405 respondents. The scale ranges from very low /no perception to
very high perception. For the calculation of CCRPL, we assigned a specific value to each
perception scale: 4 for very high perception, 3 for high perception, 2 for medium perception,
1 for low perception, and 0 for very low/ zero perception. Respondents’ evaluations of
each climatic event were obtained by interview and recorded as frequencies. The following
equation was used to estimate the climate change risk perception score (CCRPS):

CCRPS=CCRPyy %4 + CCRPy 3+ CCRPy» 2+ CCRF # 1+ CCRPypg= 0

where CCRFyy, is the frequency of rspondents having very high perception, CCR P is the
frequency of respondents having high perception, CCR Py is the frequency of respondents
having medium perception, CCRP; is the frequency of respondents having low perception,
and CCRPy gy is the frequency of respondents having very low /zero perception. Moreover,
CCRFPS for any climatic events/variation ranged from lower boundary to higher boundary,
i.e., from 0 to 1620, respectively. For further interp retation, we transformed CCRPS into a
standardized index. The following equation was used for standard ization:

Standardized climate change risk perception index (SCCRPI) =
Total CCRPS{ Maximum boundary value

The SCCRPI values mnged from 0 (minimum level of risk perceived by livestock
herders) to 100 (maximum level of risk perceived). We then ranked this score.

2.3. Vulnembility Index

For the estimation of vulnerability, the IPCC framework was used [38]. This study
adopted the index-based method used by Dendir and Simane [4] to calculate small livestock
herders’ vulnerability levels. By the following vulnerability assessment module, relevant ine
dicators were calculated from major and sub—components of a specific dimension/domain.
Each major component included varying numbers of sub-components. All the indicators
were nomalized using a balanced weighted average approach, thus assuming that all
indicators contributed equally to the overall index according to the functional relationship
with vulnerability [4,14]. To standardize the indicators, Equation (1) was used as:

Xo— Xmin
xm.ux | X:m.m
where X, Xiax and X are, respectively, the minimum, maximum, and actual value of
specific indicator for a particular household, across all households [5]. For the calculation

(1)

indexes =
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Data collection was undertaken between January and June 2019 by the trained inter-
viewers through facesto-face questioning in the local (Saraiki and Punjabi) languages. Because
the questionnaire language was English, this facilitated the interpretation of the message by
the respondents, whose literacy rate was low. On average, interviews took 3040 min. A
confidential protocol was followed related to identification of respondents and the village
information, which were confined solely to the seral number of the questionnaire. For the
current investigation, meteorological data were obtained from the Punjab province's meteo-
rological department for the period 2010=2019 related to the selected three agro-ecological
zones. Quantitative (socio-demographic and economic characteristics, etc.) and qualitative
(dsk perception of frequency of events/variations over the past 10 vears, etc.) data wene
used to analyze the survey information. Statistical Package for Social Science (SPSS) 24.0
and an MS-Excel work sheet were used for data analysis.

2.2, Climate Change Risk Perception Index

Irn this study, we used the climate change risk perception index (CCRPI) for the
calculation of livestock herders’ perceptions of climatic events/ variations that occurred
during the past 10 years but rarely occurred previously [64,65]. A five-point Likert scale
was used to collect risk perception data, from the past ten years (2010-2019), of climatic
events/variations from 405 respondents. The scale ranges from very low /no perception to
very high perception. For the calculation of CCRPI, we assigned a specific value to each
perception scale: 4 for very high perception, 3 for high perception, 2 for medium perception,
1 for low perception, and 0 for very low/ zero perception. Respondents’ evaluations of
each climatic event were obtained by interview and recorded as frequencies. The following
equation was used to estimate the climate change risk perception score (CCRPS):

CCRPS =CCRPEy %4 +CCRPy»3 + CCRP,, #2+ CCRF % 14 CCRPy g0

where CCRFyy, is the frequency of respondents having very high perception, CCRF, is the
frequency of respondents having high perception, CCR Py is the frequency of respondents
having medium perception, CCRP) is the frequency of respondents having low perception,
and CCRPy gy is the frequency of respondents having very low /zero perception. Moneover,
CCRPS for any climatic events/varation ranged from lower boundary to higher boundary,
i.e, from 0 to 1620, respectively. For further interpretation, we transformed CCRPS into a
standardized index. The following equation was used for standard ization:

Standardized climate change risk perce ption index (SCCRPI) =
Total CCRPS/ Maximum boundary value

The SCCRFPI values ranged from 0 (minimum level of risk perceived by livestock
herders) to 100 (maximum level of risk perceived). We then ranked this score.

2.3, Vulnerability Index

For the estimation of vulnerability, the IPCC framework was used [38]. This study
adopted the index-based method used by Dendir and Simane [4] to calculate small livestock
herders” vulnerability levels. By the following vulnerability assessment module, relevant ine
dicators were calculated from major and sub—components of a specific dimension /d omain
Each major component included varying numbers of sub-components. All the indicators
were nommalized using a balanced weighted average approach, thus assuming that all
indicators contributed equally to the overall index according to the functional relationship
with vulnerability [4,14]. To standardize the indicators, Equation (1) was used as:

KXo — Xovin
xmax Lo xmm
where Xnin, Xmax, and X, are, mespectively, the minimum, maximum, and actual value of
specific indicator for a particular household, across all households [5]. For the calculation

indexy, =

(1)
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of each major component value, each indicator of sub-components was standardized and
then averaged using Equation (2):

Y IndexXy,

M. =
i i

(2)
where M; denotes one of the 11 major components of the vulnerability, namely, extreme
events, climatic variables, food and health, land and livestock, livelihood, belonging to the
vulnerable group, adaptation efficacy, self-efficacy, economic capability, human resource
capability, and institutional capability; the sub-components are represented by the index,
where the index is denoted by  and n denotes the number of sub=components for each major
component. Onee values for each of the 11 major components for three agro-ecological
zones were caleulated, they were then averaged using Equation (3):

-11;1 WITM Mﬂ
=11 Wn-m

1=1

LVl = (3}

where Wy is the weight of each major component. The LV] is scaled from 0 (least vulnera-
ble) to 0.7 (maost vulnerable). Because the IPCC framework was used for the estimation of
the contributing factors (exposure, sensitivity, and adoptive capacity) of vulnerability [66],
we placed exposure under extreme events and climatic variables. Sensitivity is defined as
the food and health, land and livestock, livelihood, and belonging to the vulnerable group.
Adoptive capacity is defined as adaptation efficacy, self-efficacy, economic capability, hu-
man resource capability, and institutional capability. For climatic variables, respondents’
perceptions of climate change during the past ten vears (2010-2019) and Pakistan rme-
teorological data (PMD) were used in the form of the mean and standard deviation of
monthly average minimum temperature, mean and standard deviation of monthly average
maximum temperature, and mean and standard deviation of monthly average rainfall
Equations (1} and (3} were used to estimate LV [;poc, whereas Equation (4) was used to
calculate the vulnerability contributing factors toward LV jpep,:

121 Wani M
Lily Win

where CF, represents vulnerability contributing factars (exposure, senditivity, and adoptive
capacity) among the three agro-ecological zones. Mg denotes the major components for
each zone indexed by i, and n is the number of major components in CK,. LVijpee, is
caleulated using Equation (5):

CF, = (4)

LVipee, = (CFy = CFy, ) = CFy, (5)

where CE,, CF,,, and CF,., represent factors contributing to exposure, sensitivity, and
adoptive capacity for each zone, respectively. LV Ijpee, ranges from —1 to +1 for least-
vulnerable to most=vulnerable, respectively.

2.4, Drivers of Adoption

We analyzed drivers of adoption of climate change strategies among the sampled
livestock farmers based on the information gathered about the nature of adaptation mea-
sures being followed by the farmers. Numerous local adaptation strategies were being
adopted by the livestock herders. Here, we categorized four major adaptations: (1) im-
prove feeding (diet supplements, grazing management, practicing concentrate, and bran
feeding); (2) provision of medical facilities (disease control precaution, involvement in
livestock training); (3) updating with seasonal and weather forecast information; and
(4} livestock diversification and improved /stress-tolerant breed /species. The values of
respondents adopting these strategies were 57 3%, 23.5%, 28.6%, and 16.8%, respectively.
Each adaptation received a separate response relative to livestock herders’ socioeconomic
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characteristics. Therefore, we used a binary logit model to analyze the relationship between
livestock herders’ adaptations and their socio-economic characteristics. These adaptations
wene considered to be a dependent variable and their values were recorded as 1 (if adopted )
and 0 (otherwise). The following model was used for analysis:

Yi=fpo+BXi+g

where ¥; = dependent variables (adaptation strategies adopted by livestock herders),
Bo = constant, §; = coefficient of independent variables, X; = explanatory varables, and
£; represents the error term. The explanatory variables used in the present research were
age, experence, family size, education, household type, area under fodder, farm assets,
basic repair facilities in the village, off-farm income, and distance from market. Numerous
studies have focused on drivers in different dimensions [11,67=69]. We included these
variables in our study due to their anticipated impact on adaptations in numerous adoption
studies [11,70,71]. Table 1 shows the anticipated signs of independent variables that were
used in the study.

Table 1. Description of model variables.

Explanatory Variables Expected Sign Reference
Age (years) -+ [7172]
Experience (Years) + [63,70,73-=75]
Family Size (Years) + [34.76]
Education . [F4.75,77 78]
Household type + [11,34,76]
Area under fodder (Aae) -t [11,34,70]
Farm Assets (number) + [79]
Cooking fuel —+ [&0]
Basic repair fadlities in village . [70]
Off-farm income -+ [70,74]
Distance to market (km) -+ [70]
3. Results

3.1. Socio=Demographic Characteristics of Study Participants

Table 2 presents selected socio-demographic characteristics of the respondent livestock
herders. The average age of the respondents in DGE, RYK, and FSD was 4555, 43.61, and
43.83 years, respectively, representing middle-aged respondents. The frequency distribu-
tion of respondents’ education level showed that the majority of the respondents belonging
to DGK and RYK were illiterate (53 and 42 percent, respectively) or had primary-level
education (51 and 59, espectively), and had an education degree below college level. By
comparison, in FSD, the education level was higher relative to the other two zones. In
terms of livestock rearing experience, nearly half of the livestock herders from the three
zones had more than 20 years’ experence, with average experience of 21.52, 23.32, and
21.30 years, respectively. The family size was large in all zones, i.e., around 12, 10, and
7 persons per household, respectively, of which with majority of family members were
middle-aged (16-65 years).

To assess vulnerability in the context of the identification of threats from OC, resilience
mustalso be considered in relation to the socio-economic status of the respondents, houses
hold characteristics, off farm income, and basic institutional facilities. Respondents were
asked about their type of lavatory in reference to their living standard. The majority of
livestock herders had flush-type lavatory systems in their homes. The results also revealed
that the majority of the respondents in DGK and RYK used wood for fuel with constrained
household amenities. In contrast, an opposite trend was evident in FSD where respondents
used Liquified Petroleum Gas (LPG) for cooking purposes with supplemented livelihood
amenities. Given the nature of the study, and because the sampled households were in-
volved in livestock rearing, the area under fodder of the majority of the respondents was
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approximately equal to or less than 2 acres. The majority of the livestock herders of the
three zones had to travel up to 20 km to reach different markets to sell their produce or
purchase household and farm-related goods/ inputs.

Table 2. Socio-demographic and economic characteristics of study participants.

Agro-Ecological Zones (Study Area)

Characteristics Group DGE RYK ESD
<30 11 17 17
Age (years) 3n-50 &2 89 86
=50 42 29 32
<X [ix] a1 74
Experience (Years) 21-35 &5 56 B2
=3 7 18 9
<15 471 396 24
Age-wise Avg. Number of 15 <age <65 73 604 4.54
Family Members (Years) * >65 0.41 026 0.42
Total 12.15 10.26 742
[lliterate 53 42 n
. Primary 51 54 149
Biduntiin High school 2 29 55
College/above 8 5 40
Nuclear [} 57 33
Hongehold type Toii 75 78 102
<2 ame 109 130 117
Area under fodder (Acre) =9 T i P 5 18
Zero asset 35 55 42
Farm Assets (number) 1-2 72 58 45
34 ] 22 45
p Wood 126 98 35
Cooking fuel LPC {and others) g 37 100
Basic repair facilities in No a5 92 3
village Yes 40 43 104
5 Mo 62 27 2]
CHftrn. oxting Yes 73 108 71
<10 45 64 8
Distance to market (km) 11-20 70 46 70
=0 17 25 57

Source: Field survey. Note: All the variables in this table report frequencies, with the exception of family size,
which is represented by the average number of family members in various age categories. * This information
is based on the average number of family members per household for the thmee age-groups, Le., <15 years,
15-65 years, and above 65 years of age. Summing the mean number of family members in each age-category
yields the average household size for respective agro-ecological zone.

In the study area, respondents were also inquired about their assets for supporting
their livelihood and farming operations. Here, we only considered agricultural equipment
such as tractors, trolleys, tube-wells, and threshers to gain insights into respondents’
economic condition. The results in Table 2 show that the majority of the respondents
owned only one or two pieces of equipment from the four machines listed above, with
most having their own tube-well for irrigation purposes. The survey's results also show
thata minority of farmers had their own tractor due to poor economic conditions. However,
it was previously established that ownership of agricultural assets stimulates agriculture
growth and reduces poverty levels [1,75,81]. The majority of the respondents of the three
zones were involved in off-farm activities for livelihood diversification. Having off-farm
income sources is considered to be an adaptation measure against various risk sources,
including CC, while also fostering adoptive capacity [6,74]. In addition, at the individual
and household levels, larger capital endowments rapidly help to mitigate risks associated
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with climatic extremes. However, in developing countries such as Pakistan, smallholders
remain at risk of climatic extremes due to having a poor resource base [31].

3.2, Livestock Herders® Clinute Change Perceptions and Meteorological Data

Study participants were asked questions regarding their concerns and perceptions
about the frequency and intensity of CC events they had observed in the past 10 years. We
only corsidered responses narrated by the majority of respondents who believed that CC
was occurring in terms of climate-related events that had not previously ooccurred. Table 3
lists these perceptions of the respondents in the study area. It is clear that, in the past
10 years, the majority of the respondents observed an increase in high and low temperature
variations. They also believed that the rainfall pattem had changed while noting a drop in
the frequency of extreme climatic events (droughts and floods), and thus corsidered these
events to be less threatening. As noted earlier, the majority of the respondents (174, 142,
and 122) mentioned that the frequency of high/low temperature and rainfall intensity was
high, whereas the remainder of the responses indicated the frequency was in the range of
medium to very high. Eespondents also observed abrupt changes in summer and winter
temperatures, as being higher and lower, respectively, compared with the past. These
finding agree with those of Abid et al. [37] and Ahmad and Ma [16] in the case of Punjab
province. Additionally, livestock herders believed that CC led to the emergence of new
diseases among their animals with an increased frequency and intensity, and indicated a
frequency in the range of high/ very high.
Table 3. Responses of CC risk perception events/variations during the past 10 years that rarely
occurred previously

Climale Changs s i CCRPS  SCCRPI Rank
Events VeryLow Low Medinm High Very High
Drought 154 95 &7 29 30 43% 26914 6
High temperatune » 50 77 174 82 105 65062 3
Low temperatun: 3l &5 106 142 &1 947 sA&T 4
Animal diseases z a7 a1 116 13 08 6T 2
Raingall Pariesm 7 37 76 122 18 15t TLO8 1
(hange
Flood 186 9% a7 5 31 4% e 5

Source: Fleld survey.

However, the measurement of climate change risk perception depends on demo-
graphic, social, economic, and cultural characteristics [70]. The perception of riskis a
mental construct and personal perception may vary among individuals [82]. The litera-
ture provides numerous evidence of perceptions calculated using the Likert scale [64,65].
In the present research, we used the Likert scale to assess livestock herders’ risk per-
ceptions regarding climate change. Table 3 shows the responses of CC rsk perception
events/ variations over the past 10 vears and the calculated values of CCRFS and SCCRPL
CCRPS values ranged from 436 to 1151 and SCCRPI values ranged from 26.914 to 71.049.
The values showed that livestock herders ranked drought at the lowest level and rainfall
pattern change at the highest level of risk perceived from climate change.

The responses relating to respondents” perceptions about temperature (high emper-
ature, low temperature) and rainfall pattern are shown in Figure 3. Similarly, livestock
herders’ perceptions about the above-mentioned CC indicators are compared with the
past 10 years’ (2010=201%) meteorological data for the study area. Results showed that
respondents’ perceptions of the trends in high and low temperatures were verified by the
annual mean plotted trends, as shown in Figures 4 and 5, respectively. The graphs show
that perceptions about temperature (high /low) were consistent with the metearological
data. The fluctuating trend in temperature is consistent with the stated perceptions of the
res pondents, both for summers and winters in the study locations. In the case of rainfall,
the majority of respondents perceived that the pattern had also changed. The metearologi-
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cal data on annual rainfall show a fluctuating trend each year during the period 2010-2019
(Figure 6), and are consistent with the respondents’ observations.
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Figure 3. Respondents’ stated perceptions about high flow temperature and rainfall during the past

10 years.
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Figure 4. Maximum temperature (mean) of study locations (2000-2019).
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Figure 5. Minimum temperature (mean) of study locations (2010-2019).
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Figure 6. Annual rainfallin the study locations (2010-2019).

The specific climate-related characteristics of the selected agro-ecological zones for
the period 2010-2019 were derived from the processing of meteorological data. The results
show that, from 2010 to 2019, the annual minimum /maximum temperature (mean) of
DGE, RYK, and F5D were 18.77 /3234, 18.98/34.41, and 18.01/30.99, respectively. The
annual rainfall from 2010 to 2019 of DGK, RYK, and FSD was 248,98, 143,43, and 434 mm,
respectively. Consequently, these zones were characterized by a mean annual temperature
inthe range of around 18.6-32.6 *C, and total annual rainfall in the range of 143 to 434 mm,
during the study period.

3.3. Contributing Factors of Vulnerability
3.3.1. Exposure Assessment

Exposure is considered to be a major dimersion of vulnerability, and refers to changes
in key variables of the climatic system (e.g, precipitation and temperature) and extreme
events (drought, flood, and animal diseases). In the present research, the exposure as-
sessment was based on respondents” perceptions and was compared with the regional
climatic data (rainfall, minimum temperature, maximum temperature) provided by the
Pakistan meteorological department (PMD). Within exposure, two major components were
categorized into nine sub-components (Table 4): extreme events (defined as past 10 years’
experenced animal diseases, drought, and flood intensity), and climatic variables (defined
as past 10 years’ observed min/max temperature variation, rainfall and region-wise PMD
data of annual mean min/ max temperature and rainfall).

Table 4. Vulnerability indicators {major components and sub-components) and functional relationship with vulnerability.
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Table 4. Cont.
[r— 2
o [ —— Salb o mpan s flad icatand [e— Relssombiy
1 s sbicest clmate thange sd opeon masun Ml i s 3 proing ewaly 1 e v s gy s
G i T, u.a.:ptu_.-u-d:n- nu::- bl !x“l o !mgﬂ d
|-m1g-upu-q.wh-l---:|n sdoptcimae hagemeermior i 2 Spoint ke 1 ubemphy gl ; +
Thawe w—-h-,-u:n rﬁ:ﬁ i ment clm ke s Ak bl S

L",.J,' . 'm-‘“m“-"--.F“'h‘_ ko dopt clerutn change Mol e i 1 3 i sl 1 fusn gy diosgve) 0 3 fun ghy sgpe) .

‘Totall b o Dvemtack fanng b

Adult ten iy e ems (coune) Maumber

Human Kesonu e Capabalsy IRy A ———— Yanrn
[ ——— Yanrn x
Dnstanar osmch e mad (km) Km »
I Capabaliy [ Em *
B o bacilits svsalahio tn illag o (1) Yo (1) otharwse -

* Pakistan meteorological department; * Kelationship between vulnerability and indicator: (+) epresents positive relitiorship between
vulnerability and indicator, and | — ) represents negative.

The analysis showed that livestock herders from DGK were more & to extreme
events and more vulnerable to drought (0.535), flood (0.543), and animal diseases (0.774)
compared with those in EYK and F5SD, who had relatively milder exposure to drought
(0.141, 0.131), flood (0.128, 0.285), and animal diseases (0.561, 0.689), respectively. The
average scores of the extreme events were 0,617, 0.227, and 0.369 for DGK, RYK, and
F5D, respectively, signifying a greater exposure of DGK's livestock herders to extreme
events than those in the other two zones. Similarly, district-wise average scores of climatic
variables were 0.584, 0.548, and 0.607 for DGK, RYK, and F5D, respectively, implying a
greater exposure of FSD to climatic stimuli than the other two zones (Table 5).

Table 5. Indexed sub-components and overall livelihood vulnerability index [LVI).
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3.3.2. Sensitivity Assessment

In the assessment of vulnerability, sensitivity to CC was estimated on the basis of
four major components: food and health, land and livestock, livelihood, and belonging
to the vulnerable group. These four major components were further sub-divided into
several sub-components, as reported in Table 4. The major components of food and
health were measured by the response to six sub-components defined as the past ten
years' observation/ trend /consumption, such as the depth of subscil water, dairy yields
and for milk production per family, milk in diet, meat in diet, child growth performance,
and amount of food consumed. The land and livestock component was accounted for by
the average land holding per household, past ten years’ livestock losses, fodder shortage,
and change in the quantity of livestock. The livelihood component questioned whether,
in the past ten vears, respondents removed their children from school, changed their
employment /work pattern, or applied for an extended loan term due to climatic disaster(s).
The vulnerable group was defined as family members who were below 15 or above 65 years
of age. The results in Table 5 indicabe that respondents were more sensitive to food and
health (0.503) in DGE, land and livestock (0.356) in FSD, and livelihood and the vulnerable
group ((.489, 230, respectively) in RYK. The overall score of the sensitivity index indicates
that RYK was more sensitive (0.395) in comparison with DGK and FSD (0.375 and 0.328,
respectively) (see Table 5).

3.3.3. Adaptive Capacity Assessment

Adoptive capacity assessment was undertaken on the basis of following major come-
ponents: adaptation efficacy, self-efficacy, economic capability, human resource capability,
and institutional capability, as illustrated in Table 4. Adaptation and self-efficacy were
measured on a five=point scale—1 (strongly disagree) to 5 (strongly agree). Economic capa-
bility assessed respondents’ financial and structural barders and total number of livestock.
Human resource capability was assessed by taking into account the household head's
education, livestock rearing experience, and adult family members (number). Institutional
capability was assessed on the basis of the distance of the household's residence from
main/link road and market, and availability of basic facilities in the village. The soores of
adaptation efficacy (0.559, 0.524, and 0.480), self-efficacy (0.456, 0.621, and 0.539), economic
capability (0.384, 0.391, and 0.345), human resource capability (0.302, 0.314, and 0.475),
and institutional capability (0.277, 0.351, and 0.477), estimated for DGE, RYK, and FSD,
respectively, show a mixed picture. The overall district-level scores of the adaptive capacity
index for DGEK, RYK, and FSD zones, respectively, were 0.375, 0.422, and 0.465, reflecting
a low level of adaptive capacity for DGK and RYK to cope with CC (Table 5). Therefore,
southern Punjab (DGK, RYK) livestock herders had low adaptive capacity due to a low
level of education, less-developed infrastructure, and poor household facilities, as noted
during the field survey.

3.4, Vulnerability Index Assessment

Based on the findings related to the contributing factors of vulperability, DGK was the
maost-vulnerable of the three districts, followed by FSD and RYK. The spider diagram of
vulnerability in Figure 7 represents the LV values encompassing all 11 major components
calculated from 36 sub-components (see Table 5 for sub-component results). LV1 is scaled
from 0 (least vulnerable) to 0.7 (most vulnerable). All sub-component index values and LVI
outcomes based on the former are shown in Table 5. Overall, LV1 outcomes indicate that
DGEK (LVI = 0.4309) was more vulnerable than FSD (LVI = 0.4237) and RYK (LVI = 0.4198),
DGE was more vulnerable in terms of extreme events (0.617), food and health (0.503),
self-efficacy (0.456), human resource capability (0.302), and institutional capability (0.277);
FSD was more vulnerable in terms of climatic varables (0.607), land and livestock ((0.356),
and economic capability (0.345); and RYK was more vulnerable in terms of livelihood
(0.48%) and the vulnerable group category (0.230) (Table 5 and Figure 7).
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Figure 7. Spider diagram of vulnerability based on major components of LVI of the study area.

The LVI-IPCC scale ranged from —1 (less-vulnerable) to 1 {most-vulnerable). Small
livestock herders in the DGE were vulnerable to CC in terms of exposure (0.595) with lower
adaptive capacity (0.378). Moreover, respondents in FSD were also vulnerable although
less exposed (0.528), having lower sensitivity to CC (0.328) and a higher level of adaptive
capacity (0.465) compared with DGK. The farmers in RYK were the least vulnerable, despite
being more sensitive (0.395) to CC with a lower level of exposure (0.458) and a higher level
of adaptive capacity (0.422) compared with the other two districts (Table 6 and Figure 8).

Table 6. Table LVI-IPCC contributing factors of three agro-ecological zones.

Contributing Factors DGK EYK FsD
Exposure 0.595 0,458 0.528
Sensitivity 0375 0.395 0.328
Adaptive capacity 0.378 0.422 0.465
LVI-IPOC * (L0581 0.014 0.020

* IVI-IPCC seale = —1 {less vulmerable) to 1 (most vulnerable).

Exposare
0.6

Adaptive capacity Semsitivity

Figure 8. LVFIPCC contributing factors of the three agro-ecologial zones.
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In total, DGE was the most vulnerable district of the three (Table &). The results imply that
the high vulnerability level in DGK is attributable to lower adaptive capacity, higher sensitivity,
and higher exposure to CC. The higher vulnerability in DGK is due to different factors, such as
the farmers” increased dependency on livestock and widespread poverty in the region [16]
Monetheless, the increase in the frequency and intensity of floods, droughts, and the incidence
of new diseases among livestock have marred livestock production. As a result, farmers are
maore vulnerable with respect to food, health, and livelihood sustenance. The other reasons
for increased vulnerability are subsistence livelihood options, such as small farm sizes, poor
self-efficacy, and low economic capability, leading to decreased livestock production and lower
farm revenues [70]. Moreover, the least involvement in off-farm income generation activities in
this zore, compared with the EYK and FSD zones, further intensify the region s vulnerability to
CC. Human resource capability and institutional capability in DGK were also lower compared
to those of the other zones. These factors render DGK inhabitants highly vulnerable, severely
exposed, and physically and structurally sensitive. As a result, these farmers have poor
adaptive capacity because small impacts on these livestock enterprises disturb the existing
balanoe of overall households” welfare within the mix of available resources[16].

3.5. Drivers Influencing Herders' Adnplations

Table 7 shows the results of drivers influencing livestock herders’ adaptations to climate
change. The results show that the coefficient of family size is positive and highly significant,
which indicates that livestock herders with larger family size adopt more adaptations because
of the accessibility of manpower required to manage the livestock. In addition, the coefficient
of education is highly significant and positive, which emphasizes that educated livestock
herders are likely to adopt more adaptations. The coefficient of household type s significant
and positive, which indicates that households living in an extended fjoint family type are
likely to adopt more adaptations. The reason for this also relates to the family size; joint
families have excess labor who are available to look after their livestock. The coefficient of
cooking fuel is negative and only significant for the third adaptation. The overall negative
sign indicates that smallholders have limited resources and suffer from financial constraints,
and that if they used LG as a cooking fuel, they did not have sufficient resources to spend
onadaptations. The coefficient of offfarm work is negative and significant, indicating that
off-farm work lessens the time allocation for livestock maintenance. Age, area under fodder,
farm assets, and distance to market are non=significant, implying that these do not affect
respondents’ adoption behavior regarding climate change mitigation strategies.

Table 7. Drivers influencing livestock herders’ adaptations to climate change.
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4, Discussion

The majority of livestock herders perceived climate variability during the last ten
years to be a major stimulus of increased vulnerability in the study area. More than 75%
of respondents perceived a medium to high level of variations/patierns within the study
district. This is expected because residents previously reported that numerous parts of the
province experienced such impacts [16,37]. In the comparison of individuals’ perceptions
with the actual meteorological data of the recent past, to confirm if the former were
supported by evidence, we found a genuine link between the former and the latter [16].
Respondents also reported the need for equipment and financial /technical support to
help in adopting climate-smart practices to achieve sustained farm production, and to
secure and diversify their livelihoods. In the study locations, CC mitigation measures were
inadequate due to widespread poverty amaong respondents, who largely depended on
livestock for subsistence. This inadequacy was exacerbated by lower education status, a
poor resource base, and constrained institutional support. Given these factors, outside
support from NGOs, and public and private sectors, is necessary for the implementation of
effective adaptations, which will achieve and demonstrate benefits for poorer areas or those
living in the vicinity [34,70,83]. The limited adaptation ability of rural households may be
further complicated by the multiplier effect due to the declining productivity per unit of
land. This results in a problem of food insecurity for the households themselves and urban
consumers, thus leading to a decline in health status. In turn, this places significant pressure
on foreign exchange to fulfil domestic demand via impaorts [84]. This circle will continue
until households are capable of improving their self-efficacy to adopt CC measures [70].
As reported by Rivera=Ferre etal. [85], adoption of new strategies can improve production
and food availability.

The previous literature has noted that rural people who are associated with the farme-
ing sector are severely affected by the negative impact of CC [86,87]. Ahmad and Ma [16]
reported similar findings, which indicated that a decrease in precipitation, longer sum-
mers, and varations in the grow ing season were verified by faming communities. The
magnitude and frequency of climatic extremes such as floods, droughts, and temperature
fluctuations have been anticipated and are realized in recent years [59,88]. Numerous ne-
searchers have argued that environmental factors are not only responsible for vulnerability,
but also the poverty levels of countries [41,52,58%,90]. Moreover, the majority of the popu-
lations in developing countries rely on small=scale livelihoods, and have lower adaptive
capacity, which creates significant challenges in coping with CC [5]. Large populations of
developing countries, including Pakistan, are poor and live in rural, disaster-prone areas.
Strengthening institutions and providing economic support are the mast-=effective means
to mitigate CC impacts under these scenarios.

The cument investigation revealed that livestock herders in the three study zones
observed regular shocks to their livelihood due to livestock diseases and deaths caused by
extreme climatic events. In particular, they were often faced with low livestock productivity
due to fodder shortages, herd size reductions, or livestock losses. They also experenced
food insecurity due to low crop and livestock vields. The strategies adopted by the livestock
herders were based on the reduction in livestock products’ consumption. These results
are in line with previous studies, in which significant impacts of CC on the livelihood
of smallholders are reported [5,8]. The generation of additional income by engaging in
off-farm activities or changing employment/work pattems is reported to be an effective
response. These adaptive measures evidently help to moderate the negative impacts on live-
stock herders; however, this approach is considered unsatisfactory in conditions of severe
insecurity [14]. Additionally, adaptive measures to earn additional income are considered
insufficient due to inadequate opportunities for off-farm wage laborers due to their poor
skill and knowledge capital [12,74]. Other reasons, such as poor infrastructure and lack
of institutional services, may also impact households” motivation to engage in alternate
eaming opportunities [6]. Significant efforts are required to improve the livelihood of small
livestock herders, with a special focus on increasing livestock productivity and reducing
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the vulnerability of their livelihoods to climate-related risks through a variety of other
interventions. These interventions may include the provision of improved or stress-tolerant
breeds and species, improving the institutional capability (infrastructure, markets access,
and hasic facilities), and the provision of human resource capability (technical ed ucation
and expertise). The results indicated that the provision of veterinary services to enhance
technical skills in these vulnerable zones, and the promotion of training programs related
to the best management practices for the adoption of new technology, helped to increase
livestock productivity and reduce vulnerability. The presence of functional facilities—for
example, social safety nets and access to credit during catastrophes—and educationin new
techniques, can provide the ability to mitigate risks and maintain livestock productivity. Ap-
propriate policies and programs are required to provide alternative measures for livelibood
support and livestock diversification to reduce farmers’ vulnerability. Omerkhil et al. [8]
and Jha et al. [91] stated that propery developed govemment<sponsored rural development
programs have improved welfare overall because these programs further support the ability
of smallholders to increase their resilience to negative impacts of climate change.

5. Conclusions

The present research evaluated the livelihood vulnerability (LVI, LVIpec) of small
livestock herders of three agro-ecological zones of Punjab, Pakistan. The LVI is a suitable
method for the assessment of critical factors in which equal weight is applied to all major
components and sub-components, and provides a better means of comparing the indicators
across different regions at the household level. Moreover, this approach can help policy
makers to identify the most vulnerable zones, and to develop response policies for the
allocation of maximum resources in areas that are prone to the challenges associated with
climate change.

Based on the results, this study offers the following specific policy recommend ations.
First, in the DGK zone, the priority is to focus on food and health, human resource ca-
pability, and institutional capability. Second, FSD requires timely information regarding
climatic variations and disease control precautions to red uce livestock losses, because it is
expected that the livestock sector may grow more quickly than crop farming in the future.
Third, RYK requires financial support, and technical and professional assistance, to curb
climate vulnerability. Poor food and health conditions, sensitive livelihood conditions,
and lower economic, institutional, and human resource capabilities, are the prime reasons
for small livestock herders’ vulnerability in the study region. The main risks are a high
frequency of disease outbreaks, varations in rainfall patterns, and temperature changes
due to CC. Therefore, it is vital to reduce the current and future livelihood vulnerability
to climate-related risks of smallholder livestock herders by increasing their productivity
and resilience to CC. This requires a small number of low-cost and local approaches, such
as improving veterinary services, reinforcing informal social safety nets, and applying
smallscale local infrastructure projects. These approaches may represent feasible, cost-
effective, and sustainable decisions, and encourage the development of a mindset of low
periodic costs and the minimum maintenance required. The vulnerability results show
that a large number of small livestock herders who are vulnerable to CC need educational,
economic, and institutional support to improve their coping capacity. The assessment of
critical indicators identified more specific future policy directions to combat livelihood vul-
nerability. From the assessed indicators, the policy targets comprise food and health projects,
awareness of climatic vulnerabilities, and institutional capabilities for under-developed
zones. Therefare, itis crucial to increase the adaptive capacity of small villages at the local
scale to increase the resiliency of smallholders to combat the global threat of CC.

Study Limitations

Different approaches can be used to measure vulnerability. In the present study,
an index-based method was used to evaluate vulnerability. Although this is a practical
approach to explore the conceptual framework and to monitor different trends, it has
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certain limitations, as follows. (1) Due to the analytical approach, we were confined in
the selection of variables, authentication of various measurement units, and calculation of
relative weights. We did not include all of the components that may affect the vulnerability
of the region because the necessary improvement required the construction of major and
minor components of vulnerability to enable a comprehensive evaluation. (2) Respondents
are better able to recall recent trends in atmospheric condition, rather than earlier changes
during the past decade, and CC is a long-term phenomenon. (3) Multidimensional data
to evaluate vulnerability was lacking because we were confined o the assessment of
govemment-provided indicators only.
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