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ABSTRACT

This study aimed to identify the key factors influencing the sustainability of beef cattle
farming under climate change pressures in Bojonegoro Regency. The research was
conducted in September 2025. The research location was selected using purposive
sampling, with selection criteria that included experts from the livestock and animal health
office and the head of the farmers’ group. The research method was a quantitative,
descriptive approach that surveys the field directly and interviews farmers using purposive
sampling. The data analysis employed was participatory prospective analysis. The results of
this study were the key factors that influence and support the sustainability of beef cattle
farming under climate change pressure, which are 1) forage availability; 2) water sources
availability; 3) Level of drought; 4) livestock Products marketing level; and 5) number of beef
cattle owned over time. Moreover, addressing challenges related to environmental and
economic factors requires strengthened measures to secure water and forage availability,
enhanced extension services, and improved policy interventions in the beef cattle market.
This study contributes to the limited literature on key factors for the success of sustainable
beef cattle farming under the effects of climate change and aims to improve policy
interventions.
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Climate change in Indonesia has increased the potential for erosion, reduced coastal
wetlands, increased the rate of seawater intrusion, decreased food production, damaged
infrastructure, reduced clean water sources, and increased respiratory diseases, floods, and
droughts (Abdillah et al., 2025). These impacts have affected multiple sectors, including the
livestock sector, with beef cattle farming being particularly affected. Climate change and heat
stress substantially affect beef cattle productivity and growth, resulting in reduced meat
production and changes in carcass characteristics (Anuta et al., 2025).

The livestock sector is part of the agricultural sector that plays an important role in
providing food sources, especially meat for the community (Novita, 2021). Beef cattle farming
businesses in Indonesia are managed both traditionally and using modern methods.
Indrayani, Andri, and Boyon (2022) explain that Smallholder beef cattle farming in Indonesia
is generally traditional, with management practices relying on simple technologies and
largely operated as a secondary livelihood.

Bojonegoro Regency is the westernmost region of East Java Province and is one of the
centers of beef cattle farming. According to data from the East Java Provincial Livestock
Service (2024) Bojonegoro Regency had experienced a decline in the beef cattle population
from 180,664 head in 2023 to 106,197 head in 2024. Among the subdistricts in the region,
Tambakrejo District has one of the highest beef cattle populations. Moreover, Tambakrejo
District has been designated as a breeding center for Peranakan Ongole (PO) cattle since
2015.
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In terms of climate change impacts, Bojonegoro Regency experiences high
temperatures, with average hot, dry air temperatures year-round ranging from 23°C to 33°C,
with a daily maximum of approximately 32°C (WeatherSpark, 2025). Heat waves and drought
reduce forage availability because drought, as a major abiotic stressor, substantially impairs
crop growth and productivity due to insufficient water supply. In dry-climate regions, limited
rainfall results in restricted water availability and reduced availability of feed crops, which
negatively influences the growth of beef cattle (Simmamora et al., 2024). Farmers who
operate livestock farms in dry climates are typically smallholder farmers, and these farms are
located in areas where the dry season lasts for seven to eight months each year (Burrow,
2019).

However, the development of beef cattle farming in Bojonegoro is constrained by
multiple challenges that limit productivity gains. Some of the key challenges faced by farmers
include limited feed and water availability (Sutaryono et al., 2023), feed quality, livestock
product marketing level, and the number of beef cattle owned over time. This disparity
underscores the importance of assessing the sustainability aspects of beef cattle farming in
the region, particularly in relation to environmental conditions.

This study was conducted to identify key factors for a sustainable business model in
beef cattle farming by evaluating current conditions based on seven sustainability
dimensions. The main objective of this study was to identify key sustainability factors,
particularly in Tambakrejo District, and to provide policy solutions to inform the development
of a more sustainable and adaptive beef cattle farming business model.

METHODS OF RESEARCH

This research was conducted in Tambakrejo District, especially in 5 villages: Turi,
Dolokgede, Napis, Bakalan, and Sendangrejo from September to October 2025. The
research site was selected based on several key criteria, including its role as a major center
of beef cattle farming and its location in an area characterized by prolonged dry seasons.
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Figure 1 — Research Location Area
Data for this study were obtained from both primary and secondary sources. Primary

data were collected through direct interviews and group discussions with selected
respondents. Secondary data were sourced from official records, climate and meteorological
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reports, publications of the Central Statistics Agency, site documentation, and relevant
literature. Respondents in this study comprised farmers and six experts selected through
purposive sampling. The experts represented the Livestock and Animal Health Office and the
group of farmers’ leaders. They collaboratively identified the key factors constituting the
sustainability dimensions.

Key sustainability factors were identified using Participatory Prospective Analysis (PPA)
to determine the critical factors influencing beef cattle farming systems under climate change
pressures in Tambakrejo District, based on Multidimensional Scaling (MDS) results. This
method involves expert participation to assess, anticipate, and understand system dynamics
and potential changes (Bourgeois & Jesus, 2004).

The stages of prospective analysis according to Bourgeois and Jesus (2004) are: 1)
Determining the research objectives to be studied in a specific manner that can be
understood by all experts whose opinions will be sought; 2) ldentifying the factors that
influence the achievement of these objectives, which are usually the needs of the
stakeholders of the system being studied; 3) Assessing the direct influence between factors.
All identified and defined factors will be assessed for their direct influence on one another.

Following Godet (1999), a score of 0 indicates no influence, 1) a weak influence, 2) a
moderate influence, and 3) a strong influence. The assessment of direct influences among
factors was conducted using a direct influence matrix (Table 1), with expert respondents
directly involved in scoring each interaction. The analysis was supported by Microsoft Excel
add-in tools to calculate the degree of influence and dependence among factors, which were
subsequently visualized in a four-quadrant diagram (Figure 2).

According to Bourgeois and Jesus (2004), factors positioned in Quadrant | (driving
variables) have a strong influence and low dependence, representing the most critical
determinants of system sustainability. Quadrant Il (control variables) includes factors with
both high influence and high dependence. Quadrant Il (output variables) consists of factors
with low influence but high dependence, while Quadrant IV (marginal variables) contains
factors with low influence and low dependence.

Table 1 — Assessment of Direct Influence between Factors on Sustainability Attributes
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Figure 2 — Level of Influence and Dependence between Factors in the System
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RESULTS AND DISCUSSION

Following the Participatory Prospective Analysis (PPA) framework, key variables were
identified through structured discussions with farmers and six experts. These discussions
focused on identifying factors that contribute to the sustainability of beef cattle farming under
climate change. Based on expert assessments, 18 decisive variables were identified and

subsequently incorporated into the prospective analysis, as presented in Table 2.

Table 2 — Variables Identification Result

Code \Variable

Description

A Forage Availability Availability of feed such as elephant grass, odot grass, and legumes.
B Water Sources Availability Availability of good-quality water throughout the season in the livestock
area.
C Level of drought The severity of water-supply shortages is attributable to infrequent
rainfall.
D Marketing level of livestock Marketing of livestock products around the livestock business area is
products well established.
E Number of beef cattle owned Average number of beef cattle owned by farmers over a period of 1
over time year.
F Source of business capital Capital does not come solely from personal funds; it is also provided by
other financial institutions.
G Time allocation for livestock The average amount of time allocated by farmers to manage their
business livestock businesses.
H Mutual cooperation among A form of mutual cooperation between farmers in beef cattle farming
farmers businesses located in the vicinity of residential areas.
| Family participation in running Family involvement or role in helping to run a beef cattle farm.
the business
J Ability to process manure into To determine the ability of farmers to process manure into compost.
compost
K Results of Al technology To determine the results of the use of Artificial Insemination (Al)
technology on livestock owned by farmers.
L Ability to use waste treatment The level of farmers' ability to use waste treatment facilities.
facilities
M Availability of Credit Institutions  The availability of credit providers as a source of loans for farmers.
N Availability of extension The frequency of guidance or counseling from the government to beef
services for farmers cattle farmers to help advance their businesses.
(0] Livestock Card Information Information regarding proof of livestock ownership, which includes the
System farmer's name, address, type of livestock, and breed.
P Livestock Marketing Information on livestock marketing, including current selling prices and
Information System livestock sales locations.
Q Farmers' skills in developing The level of knowledge and skills of farmers in implementing

livestock businesses
Age of farmers developing
livestock businesses

renewable business development systems and technologies.
To determine and assess whether beef cattle farmers are in a
productive age or not.

The subsequent stage involves examining the degree of influence and dependence
among the variables presented in Table 2. The analysis yields three matrices: the matrix of
direct influence and dependence, the matrix of indirect influence and dependence, and the
matrix of total influence and dependence (direct and indirect). Table 3 presents a matrix
summarizing the results of the overall influence dependence analysis across all variables,
including both direct and indirect relationships.

Based on the matrix presented in Table 3, the results are expressed as total global
strength scores, which are used to rank the variables. Variables with higher scores indicate
greater strength, reflecting greater influence accompanied by relatively low dependence.

Based on an assessment of 18 sensitive attributes in the prospective analysis and the
calculation of the total global strength score, five key factors were identified as having a
strong effect on beef cattle farming sustainability. The optimal future option is determined by
evaluating the key factors influencing future outcomes, including numerous variables that
significantly affect the development model, necessitating quick action (Taryono et al., 2023).
These five key factors exhibit relatively low dependence and exert a significant influence on
beef cattle farming under climate change.
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Table 3 — Matrix of Influence and Dependence Analysis between Total Variables

Influence

A B C D E F G H I J K L M N O P Q R
Dependence
A 3 6 6 6 6 3 6 6 5 6 3 6 3 6 3 3 5 4
B 6 3 6 6 6 2 5 6 5 5 3 6 3 6 3 3 5 4
C 6 6 |3 6 6 3 6 6 6 6 6 6 3 6 3 3 6 4
D 5 5 4 [3 6 3 3 6 6 3 5 4 5 6 6 5 6 5
E 5 4 6 6 3 6 6 5 6 6 6 5 6 5 6 5 6 6
F 3 0 1 3 3 10 3 o 3 1 1 3 3 0 3 3 5 5
G 5 2 3 2 6 2 |0 1 3 3 2 2 1 1 2 3 6 6
H 5 3 3 1 2 0 2 0o o0 2 0 1 1 3 2 2 6 4
| 5 2 3 3 2 4 3 1 o 1 1 2 2 0 0 2 5 4
J 4 0 1 5 1 1 5 4 1 /0 0 3 1 3 0 1 6 5
K 5 2 3 3 4 0 2 1 1 0 0 1 O 3 3 0 5 5
L 4 0 1 2 2 0 5 0 5 3 1 [0 1 3 0 0O 6 5
M 1 1 3 1 1 3 1 0 2 0 0 o0 [0 1 0 1 2 2
N 3 2 3 2 3 2 2 3 1 2 3 3 2 0 3 2 6 4
(0] 3 2 1 3 1 0 O 1 0O 0 3 0 O 0 0 2 4 2
P 3 0 2 4 3 1 1 1 1 1 1 o0 2 1 2 0 6 5
Q 1 1 2 2 3 2 2 2 2 2 3 3 1 3 3 2 |0 6
R 4 1 3 4 1 1 2 2 3 2 3 1 2 0 2 3 6 0

Table 4 — Total Most Variable Strength Score Results

Code Variable Total Global Strength
A Forage Availability 1,99
B Water Sources Availability 2,30
C Drought severity 2,43
D Marketing level of livestock products 2,00
E Number of beef cattle owned over time 2,46
F Source of business capital 0,65
G Time allocation for livestock business 0,73
H Mutual cooperation among farmers 0,48
| Family participation in running the business 0,57
J Ability to process manure into compost 0,63
K Results of Al technology 0,63
L Ability to use waste treatment facilities 0,53
M Availability of Credit Institutions 0,23
N Availability of extension services for farmers 0,75
(0] Livestock Card Information System 0,20
P Livestock Marketing Information System 0,46
Q Farmers' skills in developing livestock businesses 0,46
R Age of farmers developing livestock businesses 0,50

The five key factors: 1) code A (forage availability) total global strength score of 1.99; 2)
code B (water sources availability) total global strength score of 2.30; 3) code C (level of
drought) total global strength score of 2.43; 4) code D (livestock products marketing level)
total global strength score of 2.00; 5) code E (number of beef cattle owned over time) total
global strength score of 2.46. After assessment, these sensitive attributes were grouped into
five quadrants based on the extent to which they depend on and are influenced by the beef
cattle farming business under climate change pressures.

Based on the results of the total variable distribution map, water source availability and
drought severity are the driving variables, whereas forage availability, the number of beef
cattle owned over time, and the marketing level of livestock products are the leverage
variables. Water is the most important nutrient for beef cattle. It helps the body do its job of
digesting, absorbing, metabolizing, transporting nutrients, and eliminating waste and excess
heat (Benatallah et al., 2019). This condition is consistent with the characteristics of dryland
areas in southern Bojonegoro, including Tambakrejo District, which are susceptible to
prolonged drought due to low rainfall and a high reliance on surface water resources.

The level of dryness in the livestock farming area of Tambakrejo District is relatively
high, characterized by dry soil conditions and reduced soil moisture during the dry season.
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This aligns with the IPCC (2024) report, which finds that tropical regions, including Indonesia,
are experiencing increased frequency and duration of droughts due to global climate change.
Dryland areas are highly sensitive to climate change and are expected to face substantial
challenges under increasingly warmer climatic conditions (Koutroulis, 2019). Observations
related to air temperature show that the average air temperature in Dolokgede Village is
34.70 °C, Napis Village 34.80 °C, Sendangrejo Village 34.60 °C, Turi Village 34.50 °C, and
Bakalan Village 34.60 °C. High air temperatures can cause heat stress in livestock. Under
heat stress conditions, animals commonly exhibit lethargy, rapid or labored respiration,
reduced feed intake and growth performance, impaired meat quality, diminished reproductive
efficiency and immune function, and, in severe cases, mortality (Chen et al., 2021).
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Figure 3 — Map of Total Variable Strength Distribution

Forage availability is one of the most important factors influencing the sustainability of
beef cattle farming. Forage quality plays a fundamental role in maintaining ruminant health
and productivity, thereby contributing to the sustainability, productivity, and resilience of food
systems and food security (Cooke et al., 2025). The most sensitive attribute to ecological
sustainability in smallholder livestock farming is the availability of forage and local feed
sources (Asminaya et al., 2018). Forage availability at the research site is limited due to
severe soil dryness and insufficient water.

Livestock ownership levels across the five villages indicate a generally low scale, with
farmers keeping fewer than two head of cattle. Ownership at this scale can be considered
moderately viable for smallholder farmers. The prevalence of smallholder ownership reflects
the role of livestock farming as a secondary livelihood and limited access to forage resources
in several respondent areas. These findings are consistent with those reported by Chandra,
Alim, and Yunasaf (2024) attributed relatively low ownership levels to capital constraints and
the ongoing reduction of land available for forage production.

The marketing intensity of livestock products remains relatively low, as farmers are
typically able to sell no more than one head of cattle annually. This limited marketing
performance in the Tambakrejo District indirectly constrains farmers' income. This economic
hardship makes it hard for beef cattle farmers to manage their businesses successfully
(Simmamora et al., 2024). Marketing practices observed across regions suggest a strong
reliance on intermediaries, primarily due to smallholder operations and restricted market
access. The sustainability of beef cattle production systems is closely linked to their financial
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performance, with continued operation contingent upon revenues exceeding production costs
and overall economic feasibility.

Policy direction recommendations for the government. Government policies should
prioritize the provision of reliable, sustainable water infrastructure, as research indicates that
water sources in livestock areas are often unstable and of inadequate quality, particularly
during the dry season. Policy strategies may include developing village reservoirs and
rainwater harvesting systems to ensure water availability during dry periods, and addressing
equitable water distribution for farmers in rural and remote areas through dedicated clean
water networks in livestock production zones.

The availability of forage is essential for beef cattle as a primary source of fiber, energy,
protein, and other nutrients required for maintenance and meat production. Relevant policy
measures include developing drought-tolerant forage crops, distributing forage seeds
through farmer groups, and strengthening feed reserves through preservation technologies
such as hay and silage. The addition of concentrates should increase the use of forage feed,
given the higher protein content of concentrates relative to forage feeds (Pratami et al.,
2023). Forage quality describes the extent to which animals can effectively ingest forage and
utilize its nutrients for the production of outputs such as milk or meat (Wrébel et al., 2025).
Farmers hope that the next government initiatives will focus on enhancing forage production
by subsidizing high-yielding grass seeds, fertilizers, and acreage for grass cultivation. In the
study area, forage development policies have begun to be implemented through
collaboration between academic institutions and government agencies.

The direction of livestock product marketing policy should be geared toward leveraging
modern marketing networks enabled by digital technology. Within e-commerce systems,
green production is no longer viewed solely as an ethical or environmental consideration, but
rather as a practice that carries tangible market value (Li et al., 2025). The direction of future
government policy is that the government will import genetically superior beef cattle semen to
be donated to farmers or provided to farmers on a profit-sharing basis. The government can
also provide semen assistance through cooperatives and increase reproductive capacity
through Al services and improved livestock reproduction management.

CONCLUSION

Based on the research that has been carried out, it can be concluded that the key
factors that influence and support the sustainability of beef cattle farming business under
climate change pressure of Bojonegoro Regency, especially in Tambakrejo District are:
1) forage availability; 2) water sources availability; 3) level of drought; 4) livestock products
marketing level; and 5) number of beef cattle owned over time. Government policy should
focus on addressing critical determinants of sustainability in beef cattle production to support
business profitability and the development of an integrated and sustainable management
framework.
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