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How do data elements drive the low-carbon production behavior of vege-
table farmers?

Liu Jun, Wang Xuewei

(Weifang University of Science and Technology, Weifang 262700, Shandong, China)

Abstract: Driven by the dual goals of the digital economy and “ dual carbon” goals, data elements are reshaping agricul-
tural production modes. However, their impact mechanism on the low-carbon production behavior of vegetable farmers is
still unclear. Based on in-depth interviews and field observations of 78 vegetable farmers nationwide, this study applies
grounded theory to analyze the internal mechanism through which data elements drive the low-carbon production behav-
ior of vegetable farmers. The research finds that data elements drive low-carbon production through a complete chain of
“supply-acquisition-cognition-decision-behavior”, among which the accessibility of data channels is the most critical fac-
tor. Cognitive transformation plays a mediating role between data acquisition and behavior implementation, while deci-
sion optimization plays a key bridging role. Furthermore, individual characteristics, resource endowments, institutional en-
vironments, and social networks significantly moderate these data-driven effects. Interestingly, behavioral changes can
precede cognitive updates. The economic, ecological, and social benefits generated by low-carbon behaviors reinforce the
entire driving process through a feedback mechanism, forming an upward spiral path of “behavior-benefit-cognition-be-
havior”. Therefore, it is recommended to strengthen data infrastructure, improve vegetable farmers’ digital literacy, opti-
mize policy incentive mechanisms, implement differentiated guidance strategies, and establish a mechanism for benefit
evaluation and demonstration.

Key words: Data elements; Low-carbon production; Vegetable farmers’ behavior; Grounded theory; Digital empower-

ment; Green transition
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Table 1 Distribution of basic characteristics of the sample

FHEAS & ; . ea FHEAR ; 1 ea
S ik . - Syl ekt .
Characteristic Proportion/ || Characteristic Proportion/
. Category Number . Category Number
variable % variable %
FhY 40 % LAF Under 40 yearsold 14 17.9 Tl B A <3333 22 38 48.7
Age 40~60 % 40-60 years old 50 64.1 Planting scale 3333~6667 m? 28 359
60 5 L)1 Above 60 years old 14 18.0 > 6667 m? 12 15.4
HERKE IR 30 385 P 256 5HELN 10 12.8
Education Primary school and below Planting Less than 5 years
level s 26 333 experience 5~10 4 23 29.5
Junior middle school 5-10 years
/T 18 23.1 10 4L 1 45 57.7
Senior high school/ More than 10 years
technical secondary school
KERUE 4 5.1 Hoey i ZE 26 333
Junior college and above Digital Frequently use
PR R 18 23.1 application B/ 36 46.2
Production Shouguang, Shandong Occasionally use
area TN 4 16 20.5 HERA 16 20.5
Sanya, Hainan Rarely use
LR 15 19.2 Nz R (B 43 55.1
Raoyang, Hebei Orgamzatlonal Cooperative member
PR S 14 18.0 participation RIS 35 449
Yuanmou, Yunnan Not participating in
IR 15 19.2 any organization

Zhanjiang, Guangdong
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Table 2 Examples of concepts and categories in open coding

JR UG TR 3% Excerpts from original data YIRS Initial concept B4 Category
PUEH BT 5G 5%, LA SR B BRI I £ 78 i 56 3% AE/TE g e 408

There is 5G coverage in the fields now, and it is convenient to search for information

and watch livestreams using mobile phones

AR VR AAT VRN R IR, i sh 2 HE R AT 25

The meteorological department releases detailed weather forecasts every day,

based on which I arrange fertilization and pesticide application

RBGHE) S I S B S IRAT, A IR B I e 7]

The agricultural extension station guides us through WeChat groups and we can ask

questions at any time
X BT HOR HR R, B R AR B e %

I am interested in new technologies and willing to try smart devices

WU RIANISBOCR AR SARLED], (M AR & 2

Information on government subsidy policies is transparent and can be accessed

online

G I e 75 AR AT, 42T DU I S R T S

The soil testing fertilization formula provided by experts is very accurate

Improved network Data infrastructure construction

coverage
I B A Hm A= 5T
Environmental data Data production and processing
generation

A AR LR e AL 4 RIE

Social media dissemination Data dissemination channels

BAREZ R B Ene

Willingness to accept Data reception capability
technology

B RIE D B IR v Bk
Transparent policy Accessibility of data channels
information

5 R B T

High information accuracy Perceived data quality
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Table 3 Main categories after axial coding

F iM% Main category

EJEW; Subcategory

&M B Concept composition

EEE S N
Data element supply

Bt ZEE I

Data element acquisition

B SR NS A
Data-driven cognitive
transformation

Bl ph e sk itk
Data-assisted decision
optimization

AR AL AT St
Implementation of low-carbon
production behavior

(g RIS by
Contextual moderating factors

LA 5t

Data infrastructure

Bl L e

Data production capacity

B ALk E

Data dissemination channels
et el o

Data reception capability
R

Accessibility of data channels

Kt o A

Perceived data quality

FEGA S E A
Reconstruction of environmental
cognition

BT NINGIEE

Updating of technological cognition

(N ki

Adjustment of economic cognition

BN B R FEFHELL

Precision of input decision-making

BARGEFRL AL

Scientific technology selection

T3 SRR

Rational market decision-making

AT

Reduction behavior

BARAAT N

Substitution behavior

BARWAT N
Technology-based behavior

PRIEAAT

Standardized behavior

MARFAE

Individual characteristics
Resource endowment
HEFRS

Institutional environment

W B8 K B B B S G 5

Popularization of IoT devices, construction of digital platforms, im-
proved network coverage

FAE WA AR BRI | T A R B

Environmental monitoring data, agricultural technical knowledge data,
market price data

BURFF & A H L BB

Government platforms, social organizations, internet media

HOF TIPS R R AR

Digital literacy level, willingness to learn, technology acceptance
HORMRSS AT b2 X 255 0  BUR A 0% P

Availability of technical services, social network connections, transpar-
ency of policy information

HOEAERE S RN R L A s A

Data accuracy, timeliness of information, applicability of content

W ORI T LS M E A R PR ST R o

Enhanced awareness of carbon emissions, recognition of ecological val-
ue, strengthened environmental responsibility

RBRHEAR T A BORBCR BUY S AT A7 PR PG

Understanding of low- carbon technologies, expected technical effects,
feasibility evaluation

FAWS R 3T T 0 A DA R S s T

Cost- benefit analysis, recognition of market premium, expectation of
long-term returns

D0 TR 5 I 93 1 T A 9 4 7 R A

Soil testing fertilization, precise pest control, precise water- fertilizer
management

RBRBE ARG AL A A S FH LA

Screening of low-carbon technologies, optimization of technology com-
binations, and control of application timing

mn I FRAL AL 4 B LRI AIE R 5 40 B

Optimization of variety selection, judgment of sales timing, and analysis
of certification decisions

AN it A 24 el A S PR K i A

Reduced application of chemical fertilizers, reduced use of pesticides,
and reduced irrigation water use

AHUEE AN LD AR AL A2 S REUR B AX

Organic fertilizers replacing chemical fertilizers, biopesticides replacing
chemical pesticides, and substitution with clean energy

IKAE— AR R S Bl s AR BRI AR )

Application of integrated water - fertilizer technology, green prevention
and control technologies, and adoption of conservation tillage
ZREVAEHE SRAELL R SRR 2

Application for green certification, standardized production procedures,
and participation in quality traceability

SR R TR R 2R e RS i 0

Age, education level, planting experience, and risk preference
IR 573 B R

Land scale, labor quantity, and capital availability

AN BRI RO A T Sk Tl 7 M 7

Intensity of subsidy policies, accessibility of technical services, and
strength of market regulation
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Table 3 (Continued)

V5% Main category i Subcategory M #4 B Concept composition
Fhe 2% EVEHAS G M AR F R R 7
Social network Participation in cooperative organizations, richness of social capital, and
peer influence
BRI L] LR R A5 AR B SRR BT A% i A S 3
Feedback reinforcement Economic benefits feedback Cost reduction, income increase, and realization of price premiums
mechanism HEAS R R A5t R BIE IS ) AN o D)
Ecological benefits feedback Soil improvement, environmental optimization, and resource conserva-
tion
theRad 5t [ IINTING - =/ 7 i 62
Social benefits feedback Social recognition, acquisition of honors, and demonstration effects

R4 OERFMREZOTOEERE

Table 4 Extraction of core categories in selective coding

RN THLH YEH 12 R N
Core category Sub-mechanism Path of action Theoretical connotation
HnRUE 5 BRI Hpn fheg— 5 BRI 5 B0 B FRARAS S AR FRAE T R SR
Bl Information transmission Data supply—information acquisition — Improve decision-making by reducing
Data element mechanism information symmetry information asymmetry
driving N Rkl EISE R e I S N A &3 T RN EI AT R
mechanism Cognitive reconstruction Information acquisition — cognitive Influence behavioral intention by changing
mechanism transformation — attitude change cognition
JORIALHLE] N AR — RS2 R AT i $% LSRR 51T
Decision optimization Cognitive transformation — scientific Bridge cognition and behavior through
mechanism decision-making — behavioral choice decision optimization
S AL AT ]S — R SR — AR A JE I R SRR A AT AR
Feedback reinforcement Behavior implementation — benefit Reinforce behavioral persistence through
mechanism realization — feedback reinforcement positive feedback
S TP AL TR Z IR B AR 72 A RUR ANTFIEBE R SRS RBORATAE 7 57
Heterogeneity moderating Contextual factors x driving paths — Driving effects vary across different contexts
mechanism differentiated effects
v
FRERGS BARERRM FRIBhN R BaRR BRI FEBREF=AT R LM
Data element supply Data element acquisition Data-driven cognitive transfor mation Data-assisted decision optimization Implementation of low-carbon
U ST iR el it BRI B ISR proouct Ol
Datainfrastructure construction Data reception capability Reconstruction of environmenta cognition Precision of input decision-making 'm%“:‘” N X
Reduction behavior
B 50T ™ BT R [T HARNIIT ™ HoRE R AL =2 Yy
X o essibili ) - - L . = :
Data production and processing Accessibility of datachannels Updating of technological cognition Scientific technology selection Substitution behavior
HARAL R HH o BRI i SR AL BTN
Data dissemination channels Perceived data quality Adjustment of economic cognition Rational market decision-making Technology-based behavior
H
HRATER
Contextual moder ating factors
AMEFAE FIERR I BEFRSE HEM
Individual characteristics Resour ce endowment Institutional environment Social networks
SRR
Feedback reinfor cement mechanism
SYR 3 26 <
Economic benefits Ecological benefits Social benefits

T SR AROR B IR AT, R 2 W SR T AR ARSI A -
Note: Solid arrows indicate direct driving paths, while dashed arrows indicate moderating effects and feedback loops.

1 HREERWRRRRRE 1T AHIEILIRE

Fig. 1 Theoretical model of data elements driving vegetable farmers' low-carbon production behavior
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