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Abstract

Purpose — The main purpose of this study is to examine the impact of agricultural internet information
(All) acquisition on climate-resilient variety adoption among rice farmers in the Jianghan Plain region of
China. Additionally, it explores the influencing channels involved in this process.
Design/methodology/approach — Based on survey data for 877 rice farmers from 10 counties in the
Jianghan Plain, China, this paper used an econometric approach to estimate the impact of All acquisition on
farmers’ adoption of climate-resilient varieties. A recursive bivariate Probit model was used to address endogeneity
issues and obtain accurate estimates. Furthermore, three main influencing mechanisms were proposed and tested,
which are broadening information channels, enhancing social interactions and improving agricultural skills.

Findings — The results show that acquiring AII can overall enhance the likelihood of farmers adopting
climate-resilient varieties by 36.8%. The three influencing channels are empirically confirmed. Besides,
educational attainment, income and peer effects can facilitate farmers’ acquisition of All, while climate
conditions and age significantly influence the adoption of climate-resilient varieties.

Practical implications — Practical recommendations are put forward to help farmers build climate
resilience, including investing in rural internet infrastructures, enhancing farmers’ digital literacy and
promoting the dissemination of climate-resilient information through diverse internet platforms.
Originality/value — Strengthening climate resilience is essential for sustaining the livelihoods of farmers
and ensuring national food security; however, the role of internet information has received limited attention.
To the best of the authors’ knowledge, this study is the first to examine the casual relationship between
internet information and climate resilience, which fills the research gap.
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1. Introduction

Climate change profoundly affects the human environment and poses huge challenges to
the achievement of Sustainable Development Goals. The global average temperature could
rise by 4.4°C by the year 2100 under a high-emissions scenario (IPCC, 2022); meanwhile, the
severity and frequency of extreme weather events such as droughts and floods are on the
rise (Foguesatto and Machado, 2021). To address climate change effectively, countries
worldwide have embraced widespread cooperation. For instance, the Copenhagen
Agreement, proposed during COP15, stipulates that developed nations would offer financial
assistance to support developing countries in reducing carbon emissions and adapting to
climate change [1]. Similarly, the Paris Agreement sets the objective of restraining the rise in
global average temperature to well below 2°C above pre-industrial levels [2]. These
international collaborations and agreements have made significant strides in mitigating the
progression of this global concern.

As one of the fast-growing developing countries, China is also deeply impacted by the
serious consequences of climate change. According to the Blue Book on Climate Change in
China 2022 released by the China Meteorological Administration (CMA), China’s average
surface temperature, coastal sea level, permafrost active-layer thickness and many other
indicators of climate change have broken observed records in 2021 [3]. Over the past decade,
weather-related disasters have caused annual direct economic losses of over $50bn, about
0.4% of GDP (Teng et al., 2021). Therefore, it is imperative for China to promptly implement
measures to address climate risks and alleviate their detrimental effects.

Among the various impacts of global warming, the declining productivity in agriculture
and the rise of rural poverty have been garnering increasing attention (Hertel and Rosch,
2010). As the world’s population continues to expand and the demand for food production
rises, climate change is expected to bring significant uncertainty to agricultural production
and food security (Lobell et al, 2008). Moreover, farmers who have limited resource
endowments are among the most vulnerable to climate change and need more effective
adaptation measures to ensure sustainable livelihoods. Consequently, there is an increasing
number of studies focusing on climate resilience in agriculture (Tambo and Wiinscher, 2017;
Haworth et al, 2018; Liu et al., 2022). Resilience is “the capacity of social, economic and
environmental systems to cope with a hazardous event or trend or disturbance” (Pértner
et al, 2022). Nelson et al. (2007) pointed out that the phrase “climate adaptation” refers to
decision-making processes and actions that absorb shocks, meanwhile the concept “climate
resilience” encompasses both preparedness for unexpected events and system renewal.
Therefore, the notion of climate resilience involves the ability to maintain a capacity
for transformation. Among the various commonly used approaches to enhancing climate
resilience, the adoption of improved crop varieties such as those resistant to climate stress
has proven to be a particularly promising and effective strategy (Lobell ef al, 2008; Thornton
et al., 2009; Deressa et al, 2009; Vermeulen et al., 2012), due to its effectiveness in mitigating
the adverse impacts of climate change thereby minimizing losses (Acevedo ef al., 2020).

The literature on factors that influence farmers’ climate resilience is substantial, covering
psychological perceptions (Li et al,, 2013; Takahashi et al, 2016), individual and household
endowments (Roco et al, 2015) and external environmental factors such as policy
interventions (Eise et al., 2021). Despite a wealth of relevant research findings, the role of
agricultural internet information (AIl) based on emerging information and communication
technologies (ICTs) has received little attention. Particularly, empirical research on the
extent to which Al contributes to the adoption of climate-resilient varieties among farmers
is lacking.



Since the mid-1950s, the information revolution, which is characterized by the computer
and dominated by new information technologies, has brought human society to a new era of
information. Over the past few years, the integration of the internet and agriculture has
emerged as a new trend in modern farming (Ma et al, 2020; Zheng and Ma, 2021). In
addition, the effectiveness of farmers’ adaptation to climate change has been enhanced by
the internet, as shown in several studies. For example, Srivastava and Das (2021) have
highlighted the potential of smart agricultural systems developed through the internet in
mitigating climate change risks such as water scarcity. Previous studies also collectively
agreed that climate information access significantly influences farmers’ ability to adapt to
climate change (Kalafatis et al., 2015; Owusu et al, 2021). The internet can play a unique role
in this regard by offering high degrees of freedom, instantaneity, sharing and openness for
transfer and exchange of information (Adamides et al, 2020). Specifically, the internet can
enable more frequent communication among agricultural stakeholders, thereby reducing the
cost of access to agricultural technologies and relevant policies about climate adaptation
(Mtega and Msungu, 2013). Over the longer term, the AIl can help farmers to increase
agricultural productivity by optimizing the distribution of production factors and
cultivation structure (Nakasone ef al, 2014). Therefore, the utilization of internet-based
information is becoming increasingly prevalent in the development of climate resilience.

However, there is limited understanding of how All relates to the climate resilience of
farmers. Furthermore, there are certain questions that demand comprehensive research to
be adequately answered. For instance, to what degree does the internet facilitate farmers in
implementing climate-resilient practices, such as adopting new crop varieties? What are the
underlying impact mechanisms at play? Hence, conducting empirical research from a micro-
level perspective of farmers will greatly contribute to answering these critical questions.

To fill this research gap, this paper aims to investigate the impact of All acquisition on
the adoption of climate-resilient rice varieties, using a data set of farmers in the Jianghan
Plain, China. This paper contributes to the existing literature mainly by quantitatively
examining the impact of AIl on the establishment of climate resilience. It not only adds
value to the existing body of knowledge but also offers crucial insights for stakeholders,
such as governments, in designing effective strategies to combat climate change. The rest of
this paper is presented as follows: channels of influence are presented in Section 2. Model
specification and data collection are provided in Section 3. Results and discussion are shown
in Section 4. Finally, conclusions and implications are given in Section 5.

2. Channels of influence

The various channels, dimensions and levels of agricultural internet-based information
provide a solid foundation for enhancing climate resilience. More specifically, Al
acquisition can impact farmers’ adoption of climate-resilient varieties through three primary
channels.

First, the internet can facilitate information acquisition and eliminate potential barriers
such as high costs and limited availability. This broadens access to relevant information
and provides specialized support for farmers to build climate resilience. Farmers are often at
a disadvantage compared to urban residents in terms of information access due to limited
sources. As a result, the efficiency of collecting, processing and disseminating information
may be hindered by delays and distortions (Zeng et al., 2017). Such limitations are more
pronounced when farmers are responding to the impacts of climate change (Antwi-Agyei
et al, 2015). However, the internet can overcome for the shortcomings of traditional
information channels. For example, the use of internet technologies enables farmers to
obtain timely information on agricultural production from various platforms (e.g. websites
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and social media), thus facilitating strategic measures like switching to adaptive varieties.
The CMA has established an early warning information dissemination system that offers
up-to-date weather disaster notifications through various platforms including central and
local government websites, agricultural weather applications, as well as the 12316 network
television stations located in grass-roots rural areas.

Moreover, obtaining agricultural information through the internet enhances farmers’
awareness and cognition of climate change, which establishes a psychological foundation
for them to reinforce household resilience (Le Dang et al., 2014a). By accessing All, farmers
can gain insights into climate hazards and learn about the consequences of climate change,
which can lead to increased emotional resonance and crisis awareness. Consequently,
farmers become more aware of climate risks and the necessity for adaptations. In summary,
the internet provides farmers with additional channels to acquire information that can aid in
the adoption of climate-resilient varieties.

Second, farmers can expand their social networks and facilitate communication with
other farmers or stakeholders, thus increasing the likelihood of adopting climate-resilient
varieties. Chinese farmers’ traditional social networks mainly comprise members of clans
and those in the same villages. Communication among farmers, especially those living in
distant locations, is infrequent and often limited. The closed nature of these networks has
hindered the transmission of information related to climate-resilient technologies. However,
the internet platforms have the potential to not only reinforce existing social relationships,
but also increase external social interactions, thereby providing greater access to resources
for building resilience (Michailidis et al., 2011). Such peer effects have been widely confirmed
in previous literature (e.g. Niu et al., 2022).

In practice, farmers who have already adopted climate-resilient varieties can exchange
farming experience (e.g. the performance of resistance and yield improvement), suggestions
(e.g. the selection of seeds) and opinions (e.g. whether to adopt) within their own or nearby
communities through internet communication. Non-adopters can easily refer to the shared
experiences and feedback from adopters, thus increasing the likelihood of adoption.
Moreover, when preparing to adopt a new climate-resilient variety, farmers within the same
social circle are more likely to collaborate and act in unison by exchanging AIl, which
enhances the success rate of planting. To summarize, acquiring All can strengthen farmers’
social interactions and increase the likelihood of adopting climate-resilient varieties.

Third, the internet can enhance farmers’ agronomic skills by providing remote training
that transcends the constraints of time and space, thereby furnishing them with a sturdy
foundation of knowledge and technology to adopt climate-resilient varieties. Conventional
agricultural extension predominantly relies on field activities such as face-to-face guidance
and instruction. However, such field training can be expensive and may fall short of the
desired outcome because of restrictions on frequency and content. With the help of internet
information, contemporary distance education and online training can overcome the spatial
and temporal restrictions of traditional extension, creating a conducive learning
environment for farmers to readily adopt new varieties and other technologies (Bentley et al,
2019; Gao et al., 2020). Thus, acquiring All aids in improving farmers’ human capital and
provides a more flexible strategic space for strengthening climate resilience. Specifically,
farmers can acquire knowledge on various agricultural technologies with greater ease and
efficacy by accessing online courses and offline videos via regional or national agricultural
platforms such as WeChat official accounts.

The advantages of acquiring AIl are particularly evident when faced with travel
restrictions. For example, during the COVID-19 pandemic, the Jilin Province in China
organized a series of Web-based training activities to assist farmers in preparing for



plowing and sowing, highlighting the benefits of internet amid such challenging
circumstances. Agricultural experts from universities and research institutes were invited to
create training videos, which were subsequently posted on various online platforms along
with push notifications. Additionally, live-streamed lectures aimed at addressing farmers’
queries have garnered a significant audience [4]. To sum up, farmers who acquire
agricultural information via the internet are more inclined to use modern ICTs to gain
knowledge on climate-resilient varieties. This, in turn, reduces technical barriers and
enhances the likelihood of adoption.

3. Model specification and data collection

3.1 Model specification

The explained variable of this study is whether the farmers has adopted the climate-resilient
variety, which is a binary outcome. To accurately characterize farmers’ choices, the Probit
model was selected as the basic model following Owusu ef al. (2021), as it is commonly used
for dichotomous responses. Assuming that farmers are rational (Adesina and Zinnah, 1993),
the decision of adopting climate-resilient varieties can be expressed by a latent variable
function as follows:

CR_Variety; = By + yAll + Y _BX;+ &
1,z'fCR_Varz'ety;< >0 @

CR_Variety; = ]
0, otherwise

Where CR_Variety; is a binary outcome variable indicating whether the rice farmer 7 has
adopted the climate-resilient variety (i.e. CR_Variety; = 1) or not (i.e. CR_Variety; = 0). All;is
a dummy explanatory variable denoting whether the farmer acquires All, which is of most
interest in this study. The vector X encompasses a range of control variables such as
farmers’ demographic characteristics, household endowments and environmental factors. &;
is the error term following a normal distribution.

Generally, consistent estimates can be obtained using an ordinary Probit model
described above if the variable AIl is exogenous. However, there might be a self-selection
bias to include A/l in determining farmers’ adoption behaviors (Ma et al., 2020). Specifically,
some observable and unobservable traits (e.g. farmers’ intelligence and motivation) may
influence both the decisions of acquiring All and adopting climate-resilient varieties. Such
an endogeneity issue will lead to biased results and inaccurate conclusions.

Following existing literature (Ma et al., 2018; Wang et al., 2023), the researchers adopt an
recursive bivariate probit (RBP) model proposed by Chiburis et al (2012) to estimate the
impact of AIl acquisition on the adoption of climate-resilient varieties. According to
the economic theory of agency, a farmer chooses to acquire agricultural information via the
internet only if the utility increases compared with the situation of not acquiring AIL
However, the utility cannot be directly observed. Similar to the equation (1), the behavior of
obtaining All can be specified as a Probit model as follows:

1,ifAIl > 0

0, otherwise

AIl' = ay+ a X, + 01V + w;, All; = { @)

By using RBP, the treatment (i.e. AIl acquisition) and outcome (i.e. climate-resilient varieties
adoption) equations are estimated jointly. «, f; v, 6 are parameters to be estimated. The
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IJCCSM RBP model was estimated using the full information maximum likelihood approach. It
16,1 should be noted that at least one instrumental variable (IV) should be included in the
treatment equation to differ from the outcome equation for identification. A valid IV must be
uncorrelated with the potential outcome other than through the treatment variable.
As suggested by Niu et al (2022) and other researchers, the researchers used an indicator of
peer effects as our IV, which is represented by the rate of All adoption among farmers within
6 the same village. It is reasonable to argue that the acquisition of All by other farmers may
prompt similar behavior of a farmer, however, it may not necessarily impact his/her decision to
adopt climate-resilient varieties. Following Wang et al. (2023), the researchers also calculate the
average treatment effect (ATE) to measure the overall causal effect of All acquisition on the
likelihood of adopting climate-resilient varieties, which can be written as below:

1Y _ .
ATE = N;{Pr(CR_Vametyi = 1|AHi:1)—(Pr(CR_Varzety,~ = 1up-0)} 3

3.2 Data and variables
3.2.1 Data collection. The data for this study were gathered by conducting a survey of rice
farmers in the Jianghan Plain of Hubei Province, China, between July and August of 2019.
Known as “the home of fish and rice” in ancient Chinese history, the Jianghan Plain is a
significant grain-producing area of China due to its vast flat terrain. Five counties within the
Jianghan Plain have been recognized by the central government as the “Major Grain-
Producing County” due to their exceptional contribution in grain production. The Jianghan
Plain geographically lies in South-Central Hubei Province (Figure 1). Encompassing an area
of over 46,000km?, it is situated between the latitudes of 29° 26’ to 31° 37° N and the
longitudes of 111° 14° t0 114° 36’ E.”

Despite having advantageous conditions for agricultural production such as abundant
sunshine and precipitation, the Jianghan Plain has been plagued by climate disasters. Local
agricultural production is heavily reliant on surface irrigation through water pumps from

China
Hubei Province

Jingshan Vionngsi

Zhijiang
Qianjiang ;. ntao
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Figure 1. Note: The regions of lower elevation are indicated by darker shades of green,
Study area and with the deepest green area representing the primary Jianghan Plain
surveyed counties

Source: Created by the authors




nearby streams and ditches (Tong et al,, 2019), which can be significantly affected during
abnormal climatic occurrences. The major crop for farmers in the Jianghan Plain is rice.
However, the growth period of rice coincides with frequent occurrences of climate-related
hazards in the region. For example, waterlogging because of the plum rains has caused
serious losses in rice production (Cai et al., 2001). Due to its crucial role in agriculture and the
high susceptibility of farmer households to climatic disruptions, the Jianghan Plain serves
as a suitable and representative region to investigate climate resilience in China.

To determine the sample size, the researchers adopted a simplified formula proposed by

N

Yamane (1967). It can be written as n = NG where 7 represents the sample size, N is the

population size, and e denotes the level of precision or sampling error which is often set as
5%. To increase the representativeness, this paper chose a sampling error of 3%. According
to the researchers’ calculation based on the official data from Hubei Rural Statistical
Yearbook 2018, the total number of agricultural households in the Jianghan Plain was about
377 million in 2017. When the above formula was applied, the appropriate sample size was
1110.

To determine the specific areas for the survey, the researcher adopted the following
multi-stage sampling method. First, 30 counties/cities/districts located on the Jianghan Plain
were ranked from high to low according to the total rice production in 2018.

Second, six counties were randomly selected among the top ten counties, three for the
middle ten counties and one for the last ten. The counties selected for this study, along with
their production rankings, are as follows: Jianli (1st), Gongan (4th), Honghu (7th), Xiantao
(8th), Jingshan (9th), Qianjiang (10th), Wuxue (17th), Huangpi (18th), Chibi (20th) and
Zhijiang (24th). The geographical distribution of surveyed counties is also presented in
Figure 1.

Third, 2~3 townships/towns/streets were randomly selected in each county, and then 2
administrative villages were randomly selected in each township/town/street. Finally, 20-30
households were randomly chosen and interviewed in each village. The questionnaires were
completed through face-to-face interviews with the head or the main agricultural producer of
the household, resulting in a total sample of 1055 respondents which is very close to the
expected size. Finally, 877 samples (83.12%) were deemed suitable for further analysis, after
removing invalid samples with missing significant information and unrealistic responses as
well as outliers. It should be noted that, the number of valid samples is much bigger than the
required sample size given the 5% sampling error (n = 400). Therefore, our sample size is
adequate to represent the population.

3.2.2 Variables

o Dependent variable. The dependent variable of this study is the farmer’s behavior of
adopting the climate-resilient variety. It is measured by the answer to a series of
questions regarding whether the household has adopted the climate-resilient rice
variety in response to climate change and its consequences. Specifically, four types
of climate-resilient rice varieties were sequentially asked, including higher-yielding,
more tolerant, shorter-duration and longer-duration varieties. The dependent
variable CR_Variety is assigned the value of 1 if the farmer has adopted at least one
type of climate-resilient variety, and 0 otherwise.

o Independent variable. All acquisition is the core explanatory variable of this paper.
Farmers acquire AIl mainly through various internet channels by using mobile
phones, computers and other terminal devices. Therefore, the researchers designed
the following main question: “Do you acquire agricultural information from the
following internet channels?” The listed options included “Website,” “Mobile apps,”
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Table 1.
Definition,
measurement and

statistical summaries

of variables

“WeChat (e.g. groups and official accounts),” “Short videos (e.g. Weibo)” and
“Others” in that order. If the respondent answered “Yes” to at least one internet
channel for acquiring agricultural information, the variable Al takes a value of 1,
otherwise it takes a value of 0.

Control variables. Following previous studies, the researchers also added a series of
control factors in the equation. Those variables include individual characteristics
such as age, gender and education attainment (Below et al, 2012; Le Dang et al.,
2019), perceptions of climate change (Maddison, 2007; Le Dang et al, 2014b),
household endowments such as total income, operating acres and the availability of
agricultural labors (Croppenstedt et al, 2003; Deressa et al., 2009). Additionally,
annual average temperature and precipitation at the county level are included
additionally to capture the influence of climate conditions. Finally, county dummies
are incorporated into the outcome equation to control for fixed regional effects.

3.2.3 Statistical description. Table 1 presents the definition, measurement and statistical
summaries of all variables. The average age of respondents in the total sample is 58.8 years
old, which aligns with the current aging trend observed in China’s agricultural labor force
(Zou et al., 2018). Moreover, the average years of education attained by respondents is
merely 6.77 years, which is equivalent to less than two years after elementary school. This

Variables Definition and measurement Mean SD

CR_Variety 1 if the farmer has adopted at least one climate-resilient 0.609 0.488
variety, 0 otherwise

All 1 if the farmer acquires All, 0 otherwise 0.302 0.459

Temperature The annual average temperature of each county in recent 16.86 0.339
20 years (2000-2019), Degrees Celsius

Precipitation The annual average precipitation of each county in recent 12.30 0.921
20 years (2000-2019), in 1,000 ml

Male 1=male; 0 = female 0.659 0.474

Age Age, year 58.81 9.968

Education Education attainment, year 6.766 3.492

Healthl 1 if in “moderate” health and 0 otherwise. The base group 0.194 0.396
is “poor”)

Health2 1if in “good” health and 0 otherwise. The base group is 0.652 0.477
“poor”)

Non_farm 1 if having non-farm work in 2018, 0 otherwise 0.253 0.435

Perception_temp 1 if perceiving that the high temperatures have become 0.812 0.391
more extreme and frequent, 0 otherwise

Perception_pre 1 if perceiving that the pattern of precipitation has 0.359 0.480
changed, 0 otherwise

Income The total family income in 2018 in 10,000 Yuan 6.153 6.008

Area_paddy The total acreage of paddy land, mu 16.62 53.88

Area_dry The total acreage of dry land, mu 1.543 3.989

Labor Number of agricultural labors 2.103 1.124

Machine 1 if owning large farming machines (e.g. tractors, 0.434 0.496
harvesters, etc.), 0 otherwise

All_village The percentage of All acquisition for other farmers in the 30.22 18.43

same village, %

Source: Based on authors’ design and calculations




number is considerably lower than the national average of 9.96 years among individuals
over 15years of age in China (National Bureau of Statistics [NBS], 2021). This may be
explained by the limited availability of educational resources and high dropout rates which
prevailed during the 1960s and 1970s (Wang and Yao, 2003).

The average operating acreage per household for paddy and dry land are 16.62 mu (1 mu =
1/15 hectare) and 1.54 mu, respectively. The data are consistent with the reality that farmers in
the Jianghan Plain predominantly cultivate paddy crops, such as rice. Notably, our sample’s
total operating land per household largely exceeds the national average. According to data
from the latest national survey, the average area of arable land per capita in China is 1.37 mu
[Ministry of Natural Resources (MINR), 2021]. Within the context of the contract responsibility
system, households in our sample are allocated a larger amount of land due to the high
resource endowment in the study area. Additionally, farmers can further expand the scale of
agricultural production through land transfer which is encouraged by the government (Wang
etal,2019).

Figure 2 presents the percentages for the adoption of climate-resilient varieties. More
than half of the farmers have adopted the higher-yielding variety (59.21%) and the more
tolerant variety (53.97 %). Meanwhile, only approximately 10% of farmers have adopted the
longer- or shorter-duration varieties. Consequently, farmers prioritize the selection of high-
yielding varieties most in response to climate risks. Besides, varieties that are more tolerant
of adverse consequences such as heat, drought and flooding have also attracted farmers’
interest. However, the adoption rate of varieties with longer or shorter durations is pretty
low, probably due to the additional adjustment costs. Due to some collective agricultural
activities (e.g. mechanical harvesting), the schedule for rice production in a specific area is
typically predetermined. Modifying the growth period may lead to the unavailability of
centrally supplied services. As a result, farmers are hesitant to adjust the growth cycle of
rice to avoid delays in agricultural production.

The percentage of farmers who acquire All is relatively low at around 30%. This could
be attributed to the aging of China’s agricultural labor force, as they may face challenges
when it comes to using internet devices such as smartphones and computers (Ma and Wang,
2020). The percentages for different sources of All acquisition are shown in Figure 3.

70 7
60 A
50 4

40

10_ -
0 A T T T |

Higher-yielding More tolerant Shorter-duration Longer-duration
variety variety variety variety

Source: Based on author’s calculations
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Figure 3.
Percentages for
different sources of
All acquisition

25 §

20
15 A
(%)
10 A
§ .
0 ; ; : ;

Website ~ Mobile apps ~ WeChat  Short videos ~ Others
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WeChat is the platform with the highest percentage of All acquisition with a share of 23.6%.
As the most extensively used social software in China, WeChat enables official accounts (e.g.
those of central or local governments) to distribute and recommend agricultural information
to users. Additionally, it provides social platforms (e.g. WeChat Moments) which allow
people to share their views and repost news, facilitating the dissemination of agricultural
information among farmers. Interestingly, although short videos are widely used in China,
slightly over 10% of farmers acquire agricultural information through short videos,
indicating a relatively low proportion. This is likely due to the fact that most people use
short videos for entertainment purposes, such as watching funny clips, rather than for
acquiring agricultural information.

4. Results and discussion

4.1 Empirical results

Table 2 presents the regression results for the RBP model. Columns 2-3 display the results
of the All acquisition equation, while columns 4-5 present the results of the climate-resilient
varieties adoption equation. The correlation between error terms of the treatment and
outcome equations, p, is statistically significant at the 10% level, implying the necessity of
accounting for the endogeneity issue in this study (Chiburis et al., 2012; Ma et al., 2018).

4.1.1 Determinants of agricultural internet information acquisition. Results in Table 2
show that AIl acquisition is associated with certain individual and household
characteristics. The coefficient of the education attainment variable is significantly positive,
indicating that better-educated farmers are more likely to obtain agricultural information
via the internet. The result is in line with Ma and Wang (2020) suggesting that better
education increases farmers’ ability to use the internet. This is probably because certain
internet information is presented in written form which necessitates reading and
comprehension skills. Consistent with Wang ef al (2023) who found that richer residents
have a higher tendency to use the internet, household income has a positive and significant
impact on All acquisition, probably because households with higher incomes are more likely
to afford internet devices such as broadband, smartphones and computers. Besides, the high
costs of mobile data discourage access to the internet for low-income households.



Dependent Dependent variable:

variable: AIl CR_variety
Variables Coefficient Robust SE. Coefficient Robust S.E.
All - - 1,159 0.297
Temperature - - 0.9427%#% 0.197
Precipitation - - —0.213%%* 0.079
Male 0.090 0.099 —0.089 0.118
Age 0.030 0.037 0.087* 0.050
Age*Age —0.001* 0.000 —0.001 0.000
Education 0.0543%k 0.017 —0.020 0.017
Health1 —0.309 0.220 0.192 0.169
Health2 0.027 0.155 —0.054 0.150
Non_farm 0.138 0.105 0.049 0.126
Perception_temp 0.067 0.124 0.041 0.120
Perception_pre 0.133 0.134 0.066 0.116
Income 0.017%* 0.007 —0.022 0.014
Area_paddy 0.001%* 0.001 0.006%#* 0.002
Area_dry —0.008 0.013 0.024 0.016
Labor —0.040 0.057 —0.040 0.038
Machine 0.158** 0.072 0.001 0.164
County - - Fixed Fixed
All_village 0.01 2%k 0.003 - -
Constant —0.640 0.876 —15.765%+* 2,513
p —0.596* 0.235
Log pseudolikelihood —958.315

Notes: *, ** and *** denote significance at 10%, 5% and 1% levels, respectively. Cluster-robust standard
errors at the county level are presented
Source: Model results based on authors’ work
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The coefficient of paddy acreage is positive and statistically significant, while the very small value
implies a limited impact that is economically insignificant. The effect of owning large agricultural
equipment on All acquisition is significantly positive because farmers who purchase machines are
more likely to use the internet for searching information on the appropriate usage and
maintenance procedures of their equipment. Finally, our results also show that the coefficient of
the IV (L.e. AIl_village) is positive and significant at the 1% level, indicating that that peer influence
plays a discernible role in the acquisition of AIl among farmers within the same community.

4.1.2 Determinants of adopting climate-resilient varieties. The coefficient of All
acquisition which is the primary explanatory variable of interest in this study is
significantly positive, indicating that farmers who acquire AIl are more inclined toward
adopting climate-resilient varieties. However, the estimated coefficient for the RBP cannot
be directly interpreted as the marginal effect. Therefore, the researchers calculated the ATE
according to equation (3) and the results are reported in Table 3. It can be found that AIl
acquisition can increase the likelihood of adopting climate-resilient varieties by 36.8%. As
discussed in Section 2, the internet has enriched the information channels and provided a
more flexible decision-making environment for farmers to cope with climate change.
Furthermore, All acquisition facilitates social interactions that enable farmers to understand
the technologies and evaluate the effects of adopting climate-resilient varieties.

In developing countries like China, the main workforce in agriculture predominantly
comprises traditional farmers who lack systematic and comprehensive knowledge of
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Table 3.
Results for the ATE

agronomy due to poor education (Mwangi and Kariuki, 2015). As a result, they face high
barriers to adopting new technologies in the face of climate risks. This paper finds that ICT-
based internet information can effectively increase the adoption of climate-resilient
strategies by enhancing farmers’ human capital and social capital. Earlier studies have
predominantly examined how farmers’ climate change adaptation is influenced by their
access to climate information such as disaster and extreme weather forecasting (e.g. Ngigi
and Muange, 2022). This paper offers a broader perspective on the potential of ICT in
managing climate risks. Through internet platforms, agricultural information related to
climate, policies, technologies, economics and relevant supporting resources can be
disseminated instantly at very low cost. Consequently, AIl acquisition improves the
decision-making process for farmers who have limited access to information in a
conventional information dissemination environment and incentivizes proactive
adjustments to strengthen climate resilience (Boon et al., 2022).

Among other factors on the adoption of climate-resilient varieties, both climate variables
have significant coefficients while with different signs. Averagely, farmers in counties with
higher temperatures and lower precipitation are more likely to adopt climate-resilient
varieties. Probably because farmers tend to adopt new varieties that are adaptable to
temperature changes to ensure normal germination of rice seeds at higher ambient
temperatures. At the same time, the demand among farmers for enhanced varieties will be
more robust in areas with scant rainfall, owing to the heightened risks of inadequate surface
irrigation.

Regarding the age variable, the coefficient of the primary term is significantly positive,
whereas that of the square term is insignificant. This suggests that older farmers are more
disposed to adopting climate-resilient varieties. Our finding contradicts with that of Khan
et al. (2021) who found that age has an adverse effect on farmers’ adoption of new seed
varieties because they lack relevant information and are more dependent on conventional
practice. As for this study, one possible explanation could be that older farmers possess
extensive farming experience and are more adept at making cropping adjustments to
contend with climate hazards (Thennakoon et al, 2020). Similar to the results for the AIl
acquisition equation, the coefficient of Area_paddy is economically insignificant.

4.2 Mechanism tests

Based on the empirical evidence presented above, it can be concluded that AIl acquisition
has a significant and positive effect on farmers’ adoption of climate-resilient varieties. Next,
the researchers test three influencing channels proposed in Section 2. The mechanism
variables are measured by farmers’ responses to three questions, scored on a five-point
Likert scale: “To what extent do you think that agricultural informatization broadens
information channels?”, “To what extent do you think that agricultural informatization
enhances community interactions?” and “To what extent do you think agricultural

# of samples in # of samples in 95% confidence
Dependent variable  the treatment group  the control group ATE SE. interval
CR_Variety 265 612 0.368*** (0,078 0.216 0.521

Note: ***Denotes significance at 1% level
Source: Model results based on authors’ work




informatization improves agricultural skills?” A response ranging from 1 to 5 indicates the
level, from “Unaffected at all” to “Totally affected,” respectively.

According to Zhang et al (2016), agricultural informatization is defined as “the extent
and methodology of revolutionizing the agricultural industry by efficiently using ICTs in
farming production, operations, and management,” which can be a proximity of All
acquisition. Thus, the mechanism variables gauge the degree to which Al acquisition has
diversified channels of information, boosted social interaction and enhanced agricultural
skills among the respondents. As the explained variables are ordinal, the three mechanism
tests were conducted using ordered probit (Oprobit) models. As presented in Table 4, the
coefficients of AIl are significantly positive for all equations, confirming the proposed
influencing channels.

5. Conclusions and implications

Although the internet’s impact on agricultural development has been extensively discussed
recently, its influence on building climate resilience has received little attention in the
literature. In particular, there is a lack of empirical analysis on the causal effect of
agricultural information acquisition through the internet on climate resilience. Using survey
data for farmers in a representative rice-producing region of China, this study used an
econometric model to quantify the impact of AIl on the adoption of climate-resilient varieties
while also addressing endogeneity issues. In conclusion, the researchers found that the
acquisition of All significantly increases farmers’ likelihood of adopting climate-resilient
varieties, with an ATE of 36.8%. Three mechanisms are proposed and tested, namely,
broadening information channels, enhancing social interactions and improving agricultural
skills. Furthermore, educational attainment, family income and peer effects are found to
facilitate farmers’ access to agricultural information through the internet, while climate
conditions and age significantly impact the adoption of climate-resilient varieties. The
conclusions of this paper have several policy implications.

First, the government should continuously increase investment in the development of
internet infrastructures, particularly for communities at the village-level. Grassroots
organizations such as village committees and local governments, should be responsible for
ensuring full coverage installation which builds the “last mile” of internet information to
both households and villages. To overcome possible market failures due to their nature as
public goods and the associated costs (Greenstein, 2020), increased government intervention
is essential in ensuring the development and success of internet infrastructures. According
to the latest official data, as of June 2022, the number of China’s rural internet users reached
293 million, accounting for 27.9% of the total internet users nationwide. However, the
internet penetration rate in rural areas remained significantly lower at 58.8%, as compared

Broadening information Enhancing social Improving
channels interactions agricultural skills
Variables Oprobit Oprobit Oprobit
All 0.347°#% (0.090) 0.294°#* (0.088) 0428 (0.091)
Controls fixed fixed fixed
Log pseudolikelihood —1179.727 —1279.875 —1184.529
Pseudo &2 0.069 0.032 0.050

Notes: ***Denotes significance 1% level. Cluster-robust standard errors at the county level are presented
Source: Model results based on authors’ work
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to the rate of 82.9% in urban areas (Office of the Central Cyberspace Affairs Commission,
2022). Therefore, there remains tremendous potential for increasing the audience for rural
Web-based information, which can be significantly expanded with the aid of existing
infrastructures. Additionally, lowering internet usage fees such as data costs, may serve as
an incentive for farmers to become more involved in the digital world.

Second, farmers’ digital literacy should be enhanced through various approaches such
as training, education, publicity and guidance. As the internet is a valuable source of
information for farmers, their ability to effectively search for and use climate-resilient
agricultural information is heavily reliant on their level of digital literacy. For instance,
the ability to process information is crucial in identifying the authenticity and
applicability of received information. While the internet has effectively eliminated the
time and space constraints of conventional agricultural training, there is still a need for
additional measures to provide intellectual support to Chinese farmers (Qian and Zhang,
2022).

Third, the agricultural department and organizations should reinforce the dissemination
of climate-resilient information like climate warnings and suitable responses over internet
platforms. To educate farmers on climate change, it is crucial to use the existing online
platforms fully. Moreover, using popular and easily understandable forms such as videos
and pictures will be highly beneficial to farmers with limited educational backgrounds.
Finally, it is essential to supply comprehensive information that thoroughly fulfills the
needs of farmers. For instance, for farmers who shift to climate-resilient varieties, providing
pertinent information such as the price and locations where they can purchase is important.

Notes
1. https://unfccc.int/resource/docs/2009/copl5/eng/107.pdf
2. https://unfccc.int/sites/default/files/english_paris_agreement.pdf

3. Available at: www.cma.gov.cn/2011xwzx/2011xqxxw/2011xqxyw/202208/t20220803_5016624.
html

4. A typical news report can be found at: http:/k.sina.com.cn/article_6456450127_180d59c4
102000z19j.html
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