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ARTICLE INFO

Purpose — This study describes farm-budget outcomes and separately
reported environmental indicators associated with chili cultivation in
Gunung Kerinci District, Indonesia.

Design/methodology/approach — A descriptive quantitative assessment
used 15 purposively selected 0.5-ha farm records for one cropping season
and six independent site-level environmental records. Production costs
and revenue were reconciled arithmetically, and the environmental
values were summarized without imputing missing inventories or
linking sites to particular farms.

Findings/Results — The mean recorded farm cost was IDR 14,385,000 and
gross revenue was IDR 23,040,000, yielding a mean accounting surplus of
IDR 8,655,000 and a mean revenue-to-recorded-cost ratio of
approximately 1.60. The six site records reported mean carbon and water
indicators of 2.65 t CO;-eq/ha and 3,300 md3/ha, respectively; their
measurement basis was not sufficiently documented to confirm a
complete LCA.

Originality/Value — The analysis juxtaposes local farm budgets and
environmental indicators while distinguishing supported descriptive
conclusions from untested causal trade-offs. Its principal implication is
the need for linked farm-level economic and environmental monitoring.
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1. Introduction

Agricultural intensification poses a practical dilemma for horticultural regions: greater
marketable output can support farm income, but the same production decisions may increase
pressure on soil, water, and surrounding ecosystems. Evidence from the global food system
shows that this tension cannot be evaluated by yield alone, because environmental burdens
vary across crops, places, and management practices (Beyer et al., 2022; Jwaideh & Dalin, 2025;
Abdo et al, 2025). Nitrogen fertilization is especially relevant because its economic
contribution must be considered alongside upstream and field-level greenhouse-gas emissions
(Gao & Serrenho, 2023). Research on small farms also indicates that farm size does not provide
a reliable shortcut for inferring either profitability or environmental efficiency (Ricciardi et al.,
2021). A local assessment therefore needs to consider the financial and ecological dimensions
together, while keeping their distinct measurement bases visible.

Chili cultivation offers a concrete setting for this problem in Gunung Kerinci District, Kerinci
Regency, Jambi Province. As described in the source study, the locality is an agricultural
production area in which farmers use purchased inputs, including fertilizer, pesticides,
seedlings, and labor, to maintain seasonal chili production (BPS, 2023). These expenditures are
directly reflected in farm budgets, whereas potential impacts on water, soil, and biodiversity
do not necessarily appear as private production costs. Research on Indonesian vegetable
production illustrates why this distinction matters: an LCA of farms in West Java identified
crop yield and fertilizer management as important determinants of environmental impact
intensity (Kashyap et al.,, 2023), while research on bell peppers and tomatoes shows the
significance of crop-specific LCA boundaries (Srinivasan & Yadav, 2024; Naseer et al., 2022).
However, estimates from a different province cannot be substituted for environmental
measurements in Kerinci. Site-specific economic accounts and ecological observations are
therefore needed.

The economic assessment of intensive cultivation must distinguish gross revenue from what
remains after paying for recorded inputs. Input-use research stresses that agricultural
performance depends on input combinations rather than on one expenditure item in isolation
(Suh & Moss, 2021). Recent work has likewise shown that a seemingly productive fertilizer
strategy may not coincide with the rate that minimizes external environmental costs (Baum et
al, 2025). Evidence from vegetable systems indicates that better-directed nitrogen
management may provide environmental and economic benefits, although such outcomes
depend on crop, baseline practice, and local conditions (Tian et al., 2025). Consequently, a
positive revenue-to-cost ratio can identify short-run accounting profitability but cannot by
itself establish long-run sustainability.

Environmental analysis introduces a parallel measurement challenge. Agricultural footprints
involve different dimensions, including greenhouse-gas emissions, water consumption, and
effects linked to nutrients or crop protection products (Tang et al., 2022; Schulte-Uebbing et
al., 2022). Water-footprint research has shown that irrigation pressures depend on
hydrological conditions and management design rather than on a universal volume that is
efficient in every setting (Giordano et al.,, 2023; Ketchum et al., 2023). Moreover, recent
evidence links pesticides to soil-fauna responses and the functioning of beneficial soil
organisms (Beaumelle et al., 2023; Koninger et al., 2026). These findings justify examining
several indicators together, but they also require care when interpreting site-level
measurements as environmental impacts.
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One strand of current research quantifies economic and ecological performance within the
same production system. For example, Zhang et al. (2024) adopt a life-cycle perspective in
evaluating environmental-economic productivity in vegetable production, while Touch et al.
(2025) examine differences among agricultural input strategies and their economic and
environmental implications. Studies of organic vegetable production further demonstrate that
environmental burdens may shift among cultivation, propagation, and postharvest stages
rather than disappear under a single label such as organic (Jensen et al., 2024; Krause et al.,
2024). Evidence from diversified landscapes similarly documents input-specific changes in
resource use, making broad claims that diversification reduces every environmental burden
inappropriate (Wang et al., 2024). This literature favors disaggregated measurements over an
undifferentiated sustainability score.

A second strand examines the mechanisms through which intensification changes ecosystem
function. Ecological analyses associate intensive agricultural land use with changes in insect
biodiversity (Outhwaite et al., 2022), while systems modeling identifies conditions under
which biodiversity loss can feed back into future agricultural production (Burian et al., 2024).
More recent evidence suggests that diversification can improve ecosystem services and
financial outcomes over time, but these gains may depend on the duration and form of
implementation (Raveloaritiana & Wanger, 2026). Such studies provide mechanisms and
plausible management options, not direct evidence that the environmental indicators
observed in Gunung Kerinci have already reduced chili yields or income. A study of the
present locality must therefore separate environmental concerns from causal claims that its
own dataset cannot test.

Against this background, the study aims to describe farm-level revenue, recorded production
expenditure, and environmental indicators reported for chili-growing locations in Gunung
Kerinci. The economic component summarizes 15 purposively selected farm records; the
environmental component summarizes six separately reported locations. The two datasets
were presented side by side to identify decision-relevant information, not to test a causal
relationship between management practices and environmental outcomes. This narrower
objective responds to the need for transparent, locally grounded accounting without implying
that the available observations establish long-term sustainability. The contribution lies in
identifying the economic position of the sampled farms and the information gaps that must be
addressed before an integrated valuation is possible.

2. Literature Review and Analytical Framework
2.1. Farm accounting returns and input allocation

Farm-budget accounting uses the amount received from sales and the expenses recorded by
each producer to describe a short-run financial margin. A ratio above one indicates revenue
greater than the stated costs, but this is not evidence of positive net social benefits or long-term
economic efficiency if other costs are excluded (Boardman, 2014; Mishan & Quah, 2007).
Research on agricultural input-output linkages cautions against inferring optimal input
allocation from expenditure categories alone (Suh & Moss, 2021). Recent comparisons of
nitrogen fertilizer use show that the rate maximizing economic return may differ from the rate
associated with reduced environmental losses (Baum et al., 2025; Tian et al., 2025). These
distinctions are essential for the Gunung Kerinci accounts, which record expenses but not
physical input quantities, harvest volumes, or all possible fixed costs.
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2.2. Agricultural environmental indicators

Life Cycle Assessment (LCA) typically identifies a functional unit and system boundary and
then characterizes emissions and resource use across defined processes (Kashyap et al., 2023;
Jensen et al., 2024). Such choices matter when comparing impact estimates across studies,
particularly where one result is reported per hectare per season and another per tonne of
output or per year. Fertilizer manufacture and application contribute to agricultural emissions
(Gao & Serrenho, 2023), while pesticide footprints and their spatial mapping represent a
separate set of ecological pressures (Tang et al., 2022; Douglas et al., 2022). Evidence from soil
ecology highlights the distinction between observing a proxy indicator and quantifying
biological change through repeated measurements (Beaumelle et al., 2023; Teng et al., 2024).
The present analysis consequently treats its six environmental measurements as study-
reported site indicators rather than a complete comparable product LCA.

2.3. An integrated decision perspective

Economic and environmental indicators may point in different directions, but a trade-off
requires comparable units and linked observations before it can be quantified. Studies that
combine life-cycle methods with economic assessments show the value of stating input
boundaries and clearly specifying the scale of analysis (Zhang et al., 2024; Touch et al., 2025).
Management changes can produce different outcomes depending on the crop and baseline
context, as illustrated by diversification experiments and synthesis research (Kasten et al.,
2024; Raveloaritiana & Wanger, 2026). For Gunung Kerinci, the available 15-farm accounts and
six environmental-site measurements support a juxtaposition of indicators, not estimation of
their farm-by-farm covariance. The analytical framework therefore separates descriptive
economic performance, the reported econometric specification, and environmental
measurements before considering their practical implications.

3. Methodology
3.1. Research design and study area

The investigation used a descriptive quantitative design to examine farm accounting records
and reported environmental indicators from chili cultivation in Gunung Kerinci District,
Kerinci Regency, Jambi Province, Indonesia. The available material contains 15 farm-level
financial records and six separately tabulated environmental-site observations. The analysis
proceeded through arithmetic reconciliation of farm input costs, calculation of descriptive
farm-budget outcomes, and summarization of the six environmental indicator series. The data
collection date and observation interval for the environmental measurements are not specified
in the supplied study report; accordingly, the analysis does not assign dates or infer seasonal
trends. These datasets were considered separate units of observation, and no causal, spatial
interpolation, or farm-level trade-off model was estimated.

3.2. Sampling and observed locations

Purposive sampling included 15 farmers who had cultivated chili for at least three years, used
intensive input-management practices, lived in the study area, and cultivated at least 0.5 ha.
The respondent list recorded 15 plots of 0.5 ha each across Siulak Deras, Sungai Batu Gantih,
Siulak Deras Mudik, Siulak Tenang, Tanjung Genting Mudik, and Sungai Betung Hilir.
Thirteen were listed as large red chili plots and two as bird’s-eye chili plots. Because the
economic records were not disaggregated by cultivar, the reported financial outcomes describe
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this pooled sample and cannot be interpreted as estimates for red chili alone. Six
environmental measurements were listed independently without respondent-to-site
identifiers or sufficient methods to infer direct correspondence with the farm accounts.

Table 1. Distribution of chili-farm respondents by study location

Village / locality Large red chili  Bird’s-eye chili Total farms
Siulak Deras 2 1 3
Sungai Batu Gantih 1 1 2
Siulak Deras Mudik 3 0 3
Siulak Tenang 2 0 2
Tanjung Genting Mudik 3 0 3
Sungai Betung Hilir 2 0 2
Total 13 2 15

3.3. Farm-budget accounting and arithmetic reconciliation

For one reported cropping season, each farm record comprised expenditures on fertilizer,
pesticides, seedlings, and labor, together with gross sales revenue. We first summed these four
expenditure components to obtain the recorded cost for each respondent. Accounting surplus
was calculated as revenue minus these stated costs, and a revenue-to-recorded-cost ratio was
calculated separately for each farm. The sample summaries report arithmetic means of the 15
farm-level values; the mean individual ratio is distinguished from the ratio of summed
revenue to summed recorded expenses. When a cost total in the source table did not equal its
printed components, the component sum was used; no underlying component or revenue
entry was changed. These are farm-budget indicators rather than a social cost-benefit
assessment, because land rent, depreciation, opportunity costs, and environmental
externalities were not documented.

Accounting surplus; = Gross revenue; — (Fertilizer; + Pesticides; + Seedlings; + Labor;) (1)
Revenue-to-recorded-cost ratio; = Gross revenue; / Sum of four recorded costs; (2)

3.4. Environmental measurements and analytical integration

The six environmental-site records (R1-R6) included figures described in the original study as
carbon footprint, water footprint, fertilizer-related N,O emissions, soil degradation, nitrate
concentration, and biodiversity loss. Arithmetic means and observed ranges were calculated
from the six listed entries, but original measurement protocols, calculation factors,
environmental baselines, and full life-cycle system boundaries were not provided.
Accordingly, these results are referred to as reported environmental indicators, not
independently validated life-cycle impact estimates or proof that a regulatory threshold has
been exceeded. Fifteen farm-location coordinates were also supplied in the respondent list and
were plotted only to illustrate the distribution of recorded farm plots. The environmental-site
indicators were synthesized alongside farm budget outcomes, without assuming that the
coordinate plot identified their six separate measurement sites.
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Figure 1. Analytical workflow separating 15 farm accounts from six environmental records.
Source: Adapted from the information presented in the original manuscript.

4. Results and Discussion

4.1. Farm-level economic outcomes

Table 2 reproduces the printed individual expenditures and gross revenues for the 15
respondents. Respondent-level total costs, accounting surpluses, and revenue-to-recorded-
cost ratios were recalculated using the reported components; the source totals were
inconsistent for respondents D, G, H, and M. The expenses presented here cover the four stated
input categories and do not establish full economic costs. All monetary amounts relate to one
recorded cultivation season for a 0.5-ha plot. As two sampled plots were classified as bird’s-
eye chili, the economic aggregate represents the combined sample rather than a single cultivar.

Table 2. Farm-budget items and recalculated accounting outcomes per cultivation season
(IDR per 0.5-ha plot)
Fertilizer = Pesticide  Seedlings Labor Total cost Revenue Surplus R/C
2,200,000 1,520,000 1,600,000 8,000,000 13,320,000 20,000,000 6,680,000 1.50
1,840,000 1,440,000 2,400,000 9,600,000 15,280,000 24,000,000 8,720,000 1.57
2,560,000 1,440,000 2,000,000 8,400,000 14,400,000 22,000,000 7,600,000 1.53
1,992,000 1,560,000 2,240,000 9,200,000 14,992,000 24,800,000 9,808,000 1.65
2,368,000 1,560,000 1,760,000 8,000,000 13,688,000 22,400,000 8,712,000 1.64
2,250,000 1,470,000 1,800,000 8,200,000 13,720,000 21,600,000 7,880,000 1.57
2,365,000 1,490,000 2,100,000 8,600,000 14,555,000 23,000,000 8,445,000 1.58
2,070,000 1,420,000 1,700,000 7,800,000 12,990,000 20,800,000 7,810,000 1.60
2,150,000 1,370,000 1,900,000 8,100,000 13,520,000 21,900,000 8,380,000 1.62
2,435,000 1,600,000 2,300,000 8,800,000 15,135,000 24,500,000 9,365,000 1.62
2,280,000 1,550,000 2,000,000 8,400,000 14,230,000 23,600,000 9,370,000 1.66
2,190,000 1,430,000 1,800,000 8,200,000 13,620,000 21,500,000 7,880,000 1.58
2,515,000 1,490,000 2,200,000 8,700,000 14,905,000 24,000,000 9,095,000 1.61
2,850,000 1,750,000 2,500,000 9,000,000 16,100,000 26,500,000 10,400,000  1.65
2,550,000 1,570,000 2,300,000 8,900,000 15,320,000 25,000,000 9,680,000 1.63
Mean 2,307,667 1,510,667 2,040,000 8,526,667 14,385,000 23,040,000 8,655,000 1.60

OZ R R—= =T O=mIN = >

Mean recorded expenditure was IDR 14,385,000 per plot and mean gross revenue was IDR
23,040,000, leaving a mean accounting surplus of IDR 8,655,000. The mean respondent-level
revenue-to-recorded-cost ratio was approximately 1.60, and all 15 farm records show gross
revenue above the four stated expenditure categories. This pattern indicates positive margins
within the recorded farm budgets, not independently confirmed total economic profits. The
different crop categories, the purposive sample, and the absence of fixed and nonmarket costs
limit comparisons beyond the observed farms.

2532



Journal of Economics, Entrepreneurship, Management Business and Accounting

4.2. Reported environmental indicators

The original respondent list supplies geographic coordinates for the 15 farm plots, displayed
in Figure 2 as a coordinate plot without a cartographic basemap. The environmental data,
separately presented for six sites labeled R1-R6, do not provide an explicit mapping from
those sites to individual farmers or to these farm coordinates. Accordingly, the figure shows
farm locations only, and the environmental table remains an independent six-record
descriptive summary. The available records do not support an interpolated contamination
map, spatial exposure estimates, or allocation of environmental indicators to particular farm
budgets.

Reported coordinates of 15 farm plots
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Figure 2. Coordinates of 15 chili-farm plots across six localities. The plotted farm sites are
distinct from unlinked environmental records R1-R6. Source: Respondent coordinates in the
original manuscript.

Table 3. Reported environmental indicators for six unlinked observation sites

Indicator R1 R2 R3 R4 R5 Ré6 Mean
Carbon footprint (t CO,-eq/ha) 24 2.6 2.5 2.8 2.7 29 2.65
Water footprint (m¥ha) 3,200 3,300 3,100 3,400 3,300 3,500 3,300
Reported fertilizer N>O (kg/ha) 1.0 1.3 1.2 14 1.3 1.5 1.28
Reported soil degradation (%) 14 16 13 17 15 18 15.50
Nitrate concentration (mg/L) 28 30 29 32 31 33 30.50
Reported biodiversity loss (%) 18 19 20 21 19 22 19.83

The site-level records list carbon-footprint values of 2.4-2.9 t CO,-eq/ha (mean 2.65) and water-
footprint values of 3,100-3,500 m%ha (mean 3,300). Reported fertilizer-related N,O entries
yield a sum of 7.7 and a mean of 1.28 kg/ha, rather than the original printed total and mean.
The mean listed values for soil degradation, nitrate concentration, and biodiversity loss were
15.50%, 30.50 mg/L, and 19.83%, respectively. These numbers reproduce the available site
summaries, but missing baseline definitions and measurement methods prevent interpretation
of the percentage indicators as verified changes over time. The nitrate entries cannot be
compared to a specific drinking-water criterion without knowing which nitrate species, unit
convention, and water source were measured.
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4.3. Discussion

All 15 observed farms recorded positive accounting surpluses over the four stated spending
categories, but this is not equivalent to a comprehensive profitability or social welfare
assessment. Because the calculations omit any unreported rent, depreciation, interest, family
labor opportunity cost, and nonmarket environmental damage, the ratio of approximately 1.60
is best treated as a short-run revenue-to-recorded-cost indicator. Classical cost-benefit analysis
distinguishes accounting transfers and private expenses from broader societal benefits and
costs (Boardman, 2014; Mishan & Quah, 2007). Empirical studies show that agricultural
output, farmer welfare, and environmental performance can respond differently to the same
production system (Ricciardi et al., 2021; Jwaideh & Dalin, 2025). The practical value of the
Gunung Kerinci accounts is thus an explicit and reproducible budget baseline. Whether
alternative input strategies would preserve margins after all relevant costs are included has
not been tested in this dataset.

Labor represented the largest documented production expense, averaging IDR 8,526,667 or
approximately 59% of the four recorded costs. Fertilizer and pesticide expenditures were
comparatively smaller, and their recorded amounts are monetary purchases rather than direct
measures of application intensity. A decision to reduce any one expense cannot be assumed to
raise net returns because crop yield, input substitution, and hired-labor requirements may
change simultaneously. The distinction matters when interpreting studies of nutrient
optimization, which evaluate both the agronomic response to physical fertilizer inputs and the
prices paid for those inputs (Baum et al., 2025; Gong et al., 2025; Tian et al., 2025). Farm-level
records of input quantities, product grades, sale prices, and labor days would be needed to
evaluate marginal returns in this setting. In their absence, the cost-share results identify where
farms spent money but do not identify the economically optimal input combination.

The mean carbon-footprint entry signals the relevance of greenhouse-gas reporting to the
farming system, but it cannot be treated as a verified product life-cycle footprint. The available
evidence lacks a defined functional unit, time horizon, activity inventory, emission factors,
and stated boundaries for fertilizer production, field operations, or transport. Studies of
vegetable cultivation in West Java and Denmark show how such boundary choices influence
the interpretation of environmental impacts (Kashyap et al., 2023; Jensen et al., 2024). Nitrogen
fertilizer assessments also distinguish upstream manufacturing emissions from direct and
indirect field emissions (Gao & Serrenho, 2023; Abdo et al., 2025). It would therefore be
misleading to present a numerical comparison with the cited ISO carbon-footprint standard as
proof of breaching a universal limit. A reproducible inventory would be necessary before
comparing the Gunung Kerinci figure with impact estimates from other production systems.
The water-footprint values provide an additional description of resource demand, yet their
interpretation depends on how water withdrawals, rainwater, and production output were
measured. An area-based figure alone does not establish inefficient irrigation or local water
scarcity, particularly in the absence of rainfall, crop yield, irrigation source, and growing-
period information. Irrigation and watershed studies have documented substantial variation
in water outcomes with management and location (Giordano et al., 2023; Ketchum et al., 2023;
Li et al,, 2023). Experimental evidence from other crops suggests that targeted water and
nutrient management may improve use efficiency, but those results cannot be directly
transferred to the chili farms without local comparison (Gupta et al., 2023). Future plot-level
records should distinguish water sources and report water use per unit of saleable harvest as
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well as per unit of cultivated area. This would allow resource efficiency to be assessed on more
defensible grounds.

The reported soil, nitrate, and biodiversity numbers describe dimensions of environmental
concern but do not identify environmental change caused by the sampled farms. The entries
labeled soil degradation and biodiversity loss are expressed as percentages, although no
reference state, observation period, or index formula was supplied; they should therefore not
be used to quantify deterioration attributable to chili intensification. Studies of soil fauna and
pesticide residues provide a plausible reason to investigate ecological outcomes of pest
management (Beaumelle et al., 2023; Koninger et al., 2026). Broader evidence documents
changes in insect diversity associated with land use and climate, while emphasizing
substantial contextual differences (Outhwaite et al., 2022). The water-nitrate figures also
require clarification of chemical expression and sampling context before any comparison with
drinking-water criteria can be made. These limitations call for paired baseline and follow-up
observations rather than stronger causal wording.

The economic observations describe 15 farm budgets, whereas the environmental observations
describe six unlinked sites. They cannot establish whether a particular farm received higher
income at the expense of greater ecological burden, nor can the descriptive differences be
interpreted as a statistical relationship. Integrated environmental-economic research makes
clear that linked units, matching periods, and equivalent production boundaries are
prerequisites for testing a trade-off (Zhang et al., 2024; Touch et al., 2025). Broader modeling
studies offer mechanisms through which biodiversity loss may feed back into output (Burian
et al., 2024), but they do not demonstrate that this mechanism occurred in the surveyed plots.
The more modest contribution of this article is to place documented private farm budgets next
to reported local environmental values and identify where more coordinated monitoring is
needed. Its findings should therefore inform research design and provisional management
priorities, not a claimed optimum between economic and environmental outcomes.

Policy options should be evaluated as hypotheses rather than as interventions already
validated for Gunung Kerinci. Global and regional studies suggest that crop diversification,
landscape features, and modified cultivation practices can influence pest pressure, agricultural
returns, and biodiversity (Zhang et al., 2025; Chandel et al., 2025; Klinnert et al., 2024; Kasten
et al., 2024; Raveloaritiana & Wanger, 2026). Their suitability for the present study area
remains uncertain because the current accounts do not record treatment protocols or
controlled outcomes. A useful next step is to record physical quantities of fertilizers and
pesticides, harvested output, sale prices, actual water use, and repeated soil or biodiversity
indicators on the same plots. Farmers should also be included when identifying feasible
alternatives, consistent with participatory approaches to environmental land management
(Hurley et al., 2022). Linked longitudinal data would enable stronger economic and
environmental comparisons than the present descriptive study permits.

5. Conclusion and Suggestion

The 15 reported chili-farm budgets showed gross revenue above the four recorded
expenditure categories in one cultivation season. Arithmetic reconciliation of component-level
costs produced a mean recorded cost of IDR 14,385,000 and mean gross revenue of IDR
23,040,000, corresponding to a mean accounting surplus of IDR 8,655,000 per 0.5-ha plot. The
mean farm-level revenue-to-recorded-cost ratio was approximately 1.60. Independently, the
environmental component provided six sets of reported values for carbon and water
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footprints, N,O, soil status, water nitrate, and biodiversity indicators. These findings are
appropriately interpreted as local descriptive observations; they neither validate a complete
life-cycle assessment nor establish that financial returns caused specific environmental
impacts.

Extension services and farm managers could prioritize standardized recording of production
expenses, marketable yield, input quantities, irrigation, and repeated environmental
observations. The results do not warrant recommending a particular fertilizer, pest-control, or
irrigation technique as demonstrably superior in Gunung Kerinci. Instead, paired field
comparisons could provide the evidence needed to assess economic viability and
environmental performance within the same farms and seasonal boundary.

6. Limitations and Future Research

The sample comprised 15 purposively selected farm budgets, including two plots classified as
bird’s-eye chili, and six environmental observations that were not linked to individual farms.
Only the reported four cost categories were available, so the accounting surplus excludes
unspecified fixed, opportunity, and environmental costs. The financial sample was not
disaggregated by cultivar, and neither plot-level physical yield nor a consistent observation
date was provided. The Cobb-Douglas results in the original report were omitted from
inferential analysis because their t statistics and p values were internally inconsistent and the
source records were insufficient for reproducible estimation. The environmental data lacked
documented inventory methods, baselines, and measurement protocols for a full life-cycle
assessment. These limitations preclude representative regional profitability estimates,
quantified ecological change, or causal claims about economic—environmental trade-offs.
Future research should observe the same plots over multiple cultivation seasons and record
crop type, harvested quantity, market prices, physical inputs, labor days, irrigation, and all
material cost categories. Explicit system boundaries, impact factors, and baseline procedures
would strengthen environmental accounting, and linked observations could support
estimation of how input choices relate to returns and ecological outcomes. A reliable Cobb-
Douglas or other production model would require original farm-level yield and input data, a
defined estimation specification, and complete diagnostics. Comparison of well-defined
management alternatives would then allow stronger tests of both financial and environmental
effects.
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language presentation, reorganize sections according to the JEEMBA template, and check
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