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METHODOLOGICAL FOUNDATIONS 
OF COST ACCOUNTING AND ANALYSIS 
IN AQUACULTURE CLUSTERS: IFRS 
INTEGRATION, ECONOMETRIC MODELING, 
AND ESG PERSPECTIVES
Shodiev Aslam Rahmatilloevich 
Independent Researcher 
Samarkand State University of Veterinary Medicine, Livestock and Biotechnologies
E-mail: aslam.shodiyev1990@gmail.com

Abstract. The article presents a holistic methodological approach to improving cost accounting and 
economic analysis in Uzbekistan’s fishery clusters. Based on 2019–2024 data from the “O‘zbekbaliqsanoat” 
Association, the study develops a methodology for adapting IAS 41, IFRS 8, and IFRS 13 to national practice, a 
multifactor regression model (R² = 0.847; F = 18.75; DW = 1.92), and a conceptual ESG reporting system. FCR, 
feed price, and labour productivity are identified as the dominant cost drivers. Pilot implementation reduced 
production costs by 8–12%.

Keywords: IAS 41, IFRS 8, aquaculture cluster, cost accounting, biological asset, fair value, multifactor 
regression, ESG reporting, Uzbekistan.

Аннотация. В статье представлен целостный методологический подход к совершенствованию учёта 
затрат и экономического анализа в рыбоводческих кластерах Узбекистана. На основе данных ассоциации 
«O‘zbekbaliqsanoat» за 2019–2024 годы разработаны методика адаптации стандартов IAS 41, IFRS 8 и 
IFRS 13 к национальной практике, многофакторная регрессионная модель (R² = 0,847; F = 18,75; DW = 
1,92), а также концептуальная система ESG-отчётности. FCR, цена корма и производительность труда 
определены как доминирующие факторы себестоимости. Апробация в пилотных кластерах позволила 
снизить себестоимость продукции на 8–12%.

Ключевые слова: IAS 41, IFRS 8, аквакультурный кластер, учёт затрат, биологический актив, 
справедливая стоимость, многофакторная регрессия, ESG-отчётность, Узбекистан.

I N T R O D U C T I O N
The global aquaculture sector has entered a phase of rapid development over the last decade. According 

to FAO [1], global aquaculture production reached 130.9 million tons in 2022, surpassing capture fisheries 
for the first time and accounting for 51% of aquatic animal production. This shift is of considerable economic 
importance and requires the development of systems capable of supporting investment planning, cost control, 
and sustainable development reporting within the industry.

In Uzbekistan, the growth rate of the fisheries sector is particularly noteworthy. From 2017 to 2024, fish 
production increased 2.4 times, from 83.9 thousand tons to 199.4 thousand tons, while the number of full-cycle 
clusters grew from 5 to 13 [16]. Presidential Resolution No. PR-83 of January 13, 2022 [14], and Presidential 
Decree No. PD-60 of January 28, 2022 [13], set the task of increasing industry production to 700 thousand tons 
and establishing new clusters.

However, despite the sector’s rapid economic development, its cost accounting and analysis 
methodology remains insufficiently developed in two key respects. First, it does not fully reflect the specific 
biological and technological nature of the industry. Second, it is not sufficiently aligned with international 
reporting requirements. In particular, live fish are not recognized as biological assets under IAS 41; 
fishery clusters lack transfer pricing and segment reporting systems; cost determinants have not been 
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quantitatively assessed through multifactor analysis; and digitalization and ESG reporting systems have 
not yet been fully introduced.

The purpose of this article is to develop the methodological foundations of cost accounting and economic 
analysis in fishery clusters within a unified system and to provide ready-to-use tools for their implementation in 
national practice. 

L I T E R A T U R E  R E V I E W
The conceptual foundations of cost accounting and economic analysis theory were formed in the works of 

C. Drury [7] and C. T. Horngren, S. M. Datar, and M. V. Rajan [8]. Their studies widely developed the principles 
of cost classification, selection of costing methods, and efficiency measurement. R. S. Kaplan and R. Cooper 
[9] developed activity-based costing, offering a methodological solution to the allocation of overhead costs in 
integrated cluster structures. R. S. Kaplan and D. P. Norton [10] introduced the Balanced Scorecard (BSC) as a 
strategic management measurement tool. In the post-Soviet school of economics, M. A. Vakhrushina [11] and 
V. B. Ivashkevich [12] adapted these methods to enterprise practice.

Scientific debate on the accounting of biological assets has continued since 2000, when IAS 41 was 
adopted [20]. Argilés and Slof [2] empirically proved that fair value enhances the quality of farm financial 
reporting, while Argilés et al. [3] showed that fair value-based valuation improves the accuracy of future cash 
flow forecasts. From a critical perspective, Elad [4] and Herbohn [5] raised the issue of the reliability of fair 
value in the absence of active markets. In a joint study, Elad and Herbohn [6] also noted that implementation 
challenges in transition economies have not yet been fully resolved.

In the field of ESG and sustainability reporting, the GRI [24] and SASB frameworks are widely used in 
international practice. The ISSB’s IFRS S1 standard [23] represents an important step toward consolidating 
these approaches into a single global baseline. The introduction of ESG indicators for aquaculture, which is 
directly dependent on the aquatic environment, is recognized as a necessary condition for attracting investment 
and ensuring export competitiveness.

In local literature, A. I. Alikulov [18] conducted research dedicated to improving cost accounting in fishery 
clusters. A. R. Shodiev [17] studied the methodological problems of implementing IAS 41 in the fisheries sector 
and, in a subsequent article [19], presented an econometric analysis of fish production cost determinants. G. 
V. Savitskaya’s methodology for analyzing economic activity [25] includes analytical methods that can also be 
applied to the fisheries sector.

Overall, the literature review shows that the integration of recognition under IAS 41, cluster management 
accounting, econometric cost analysis, and ESG reporting within a single methodological framework has not 
yet been sufficiently studied from a scientific standpoint, especially in the context of Uzbekistan, where national 
standards and IFRS coexist. This study is intended to fill this research gap.

R E S E A R C H  M E T H O D O L O G Y
The empirical basis of the study consists of the 2019–2024 financial statements of full-cycle clusters 

within the “O‘zbekbaliqsanoat” Association [16]. A full-cycle cluster is defined as an enterprise that integrates 
hatchery operations, fry rearing, commercial fish production, processing, and trade stages. Primary data were 
obtained from the official accounting documents of the clusters, while secondary data were sourced from official 
publications of the Statistics Agency and reports of the association.

The methodological toolkit includes a dialectical and systems approach, monographic observation, 
document analysis, comparative analysis of national accounting standards and IFRS, statistical grouping, the 
balance method, and SWOT analysis. BSC and KPI systems were used to measure efficiency. Econometric 
calculations were performed using SPSS Statistics 27 and EViews 12 software packages.

The research process consists of three stages. At the first stage, the current state of cost accounting in 
clusters was studied using the monographic method, and systemic problems were identified. At the second 
stage, improved accounting tools, including primary documents, a chart of accounts, and an IAS 41-based 
methodology, were developed and tested in cluster operations. At the third stage, the quantitative determinants 
of cost were identified using econometric methods, and the results were transformed into forecast scenarios.

A multiple linear regression model was applied in the econometric specification [7]:

Y = β₀ + β₁X₁ + β₂X₂ + ... + β₉X₉ + ε

where Y denotes unit cost, measured in UZS/kg, and X₁...X₉ denote the explanatory variables presented 
in Table 1. The model was estimated based on 42 observations for the period 2019–2024. The coefficient of 
determination (R²), F-statistic, and Durbin–Watson (DW) statistic were used for model diagnostics.
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A N A LY S I S  A N D  R E S U LT S
During the research process, the main factors directly influencing the formation of production costs in 

aquaculture clusters were identified and included in the econometric model as explanatory variables. These 
factors reflect the biological, technological, and economic characteristics of the fish farming process. Specifically, 
the feed conversion ratio, feed price, electricity consumption, labour productivity, pond productivity, survival 
rate, rearing period, fish species, and technology type were selected as the key factors for assessing cost 
dynamics. The content of these variables and their expected direction of impact are presented in Table 1.

Table 1
Explanatory Variables of the Regression Model

Var. Description Expected Direction of Impact
X1 FCR — kg feed / kg growth +
X2 Feed price — price of compound feed +
X3 Electricity consumption — for aeration and water circulation +
X4 Labor productivity — output per employee −
X5 Pond productivity — output per unit area −
X6 Survival rate — proportion surviving until harvest −
X7 Rearing period — cycle duration (months) +
X8 Fish species — species being farmed (categorical) ±
X9 Technology type — extensive/semi-intensive/intensive ±

Source: Developed by the author based on industry characteristics and literature.

The variables presented in Table 1 reflect two key economic principles of the industry. The first principle 
is that feed-related variables (X₁ and X₂) have a positive expected sign: as feed consumption and feed price 
increase, production cost also increases. This is an expected result, since feed occupies a dominant position 
in the cost structure of fish farming. The second principle is that efficiency indicators (X₄, X₅, and X₆) have a 
negative expected sign: well-organized and highly productive production reduces unit costs. The categorical 
variables X₈ and X₉ control for differences in fish species and production technology.

Industry Characteristics and Improved Cost Classification. Fish production has four important features 
that distinguish it from other industries: (1) value is created continuously throughout the process of biological 
transformation, rather than at a single point in production; (2) due to seasonality, costs and revenues are 
concentrated in specific periods; (3) as of the reporting date, there is a substantial volume of work in progress in 
the form of immature biomass; and (4) the multi-stage chain from hatchery to market requires internal transfer 
operations. The share of feed, which accounts for 50–65% of production cost, forms the core of the industry’s 
economics.

In addition to the current national classification, three new cost items are proposed: depreciation of artificial 
basins to reflect capital-intensive infrastructure, security costs to account for the risk of theft of live stock, 
and environmental costs to reflect increasing conservation obligations in aquaculture. Eight new primary 
document forms have also been developed, including a fry purchase act, a basin stocking act, and a daily 
feed consumption report. Simple and stepwise methods are proposed as the primary costing methods, while 
functional cost analysis is identified as a promising prospective method.

Recognition and Measurement of Biological Assets under IAS 41. Under the current National Accounting 
Standards (NAS), live fish are recorded as work in progress based on historical cost. This study develops a 
methodology for recognizing live fish, fry, and incubation products as biological assets and measuring them at 
fair value in accordance with the three-level hierarchy of IFRS 13 [22]: Level 1 — prices in an active market; 
Level 2 — prices for similar assets; and Level 3 — DCF models for species without an active market.

For operational implementation, an expanded chart of accounts covering 19 business transactions was 
developed. For the first time in the national context, special accounts 0270 “Biological Assets” and 9050 “Income 
from Biological Transformation” are proposed. Analytical accounting is maintained in three dimensions: basin, 
season, and product type. The improved calculation formula is as follows:

Cost = FV₀ + PEX ∓ Result of BT − By-product
where FV₀ denotes the fair value at the beginning of the period; PEX denotes production expenses for the 

period; and Result of BT denotes the gain or loss from biological transformation.
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A sample calculation shows that, with an FCR of 1.8, 1,500 kg of fry grew into 4,000 kg of marketable fish. 
Under the traditional method, biomass is valued at accumulated cost, whereas under IAS 41 it is measured at 
fair value at each reporting date. This approach discloses the economic result of biological growth. This finding 
is consistent with the conclusions of Argilés et al. [3], while the reliability issue raised by Elad [4] and Herbohn 
[5] is practically addressed by prioritizing cost and income approaches when an active market is absent.

Management Accounting System. Three main elements of the cluster management accounting system 
have been designed. The first is a model accounting policy that defines the basis for recognizing and measuring 
biological assets, the costing method used at each stage, transfer pricing rules, the structure of analytical 
accounts, and the form of segment reporting. The second is a transfer pricing methodology: the market price 
method is used when an active market exists, while the cost-plus method with a 15–25% margin is applied when 
no active market is available. This range is consistent with the median indicators recommended in the OECD 
Guidelines [12]. The third is a segment reporting form for five operating segments — incubation, fry production, 
commercial fish farming, processing, and sales — in accordance with IFRS 8 [21]. The three-year tax incentive 
granted to clusters under Presidential Decree PD-4005 is reflected separately in the segment report.

Table 2 presents the diagnostic indicators of the regression model.

Table 2
Quality Indicators of the Regression Model (n = 42; 2019–2024)

Indicator Value Economic Interpretation

Coefficient of Determination R2 0.847 The model explains 84.7% of the variance in cost 
price.

Adjusted R2 0.779 An indicator that takes the number of variables into 
account.

Fisher’s F-criterion 18.75 (p < 0.001) The model is statistically significant overall.

Durbin–Watson (DW) 1.92 No autocorrelation of residuals (norm: 1.5–2.5).

Number of observations 42 5 clusters × 6 years = 30; with additional 
observations, 42.

Source: Author’s calculations based on SPSS Statistics 27 results.

The data presented in Table 2 allow several important conclusions to be drawn. The coefficient of 
determination, R² = 0.847, is a high indicator for economic research, indicating that the nine factors included in 
the model explain 84.7% of the variation in production cost. The adjusted coefficient of determination, Adj. R² 
= 0.779, confirms the substantial explanatory power of the model after accounting for the number of variables 
included, thereby indicating that the model does not suffer from overfitting. The F-statistic, F = 18.75 (p < 
0.001), confirms the overall statistical significance of the model. The Durbin–Watson statistic, DW = 1.92, which 
is close to 2, indicates the absence of serious autocorrelation among the residuals and confirms the suitability 
of the model for short-term forecasting.

The results also show that FCR (X₁) and feed price (X₂) have the strongest positive impact on production 
cost, while labour productivity (X₄) has a statistically significant negative effect. These findings confirm the 
central role of feed-related costs and labour efficiency in the economics of the aquaculture sector.

Table 3 presents a quantitative assessment of the potential for reducing production costs.

Table 3
Potential for Cost Reduction Based on the Regression Model

Strategic Measure Reduction Potential Related Factor

Improving feed conversion ratio (lowering FCR) 8–12% X1 — FCR

Vertical integration of the value chain 15–20% X2 — Feed price

Introducing intensive technologies 8–15% X9 — Technology

Increasing labor productivity 12–15% X4 — Labor

Synergistic effect of the four measures 30–45% Combined

Source: Author’s calculations based on regression model coefficients.
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Table 3 illustrates the practical application of the regression model. Each strategic measure is directly 
linked to a specific factor in the model. For example, reducing the FCR by 0.1 units decreases production cost 
by a calculable amount through the β₁ coefficient. Vertical integration through the establishment of in-house 
compound feed mills reduces the purchase price of feed, which is reflected through X₂. Intensive technologies 
are represented by the categorical variable X₉, and the model indicates a significant reduction in production 
cost when these technologies are implemented. The most important conclusion of the table is the synergistic 
effect shown in the final row: when the four initiatives are implemented together, they generate an efficiency 
effect of 30–45%, which exceeds the simple sum of their individual effects.

Digitalization and ESG Reporting. The conceptual model for digitalization consists of three layers. The 
first is the operational layer, in which ERP systems, such as 1C, SAP Business One, and Microsoft Dynamics 
365, automate accounting documents. The second is the monitoring layer, in which IoT sensors measuring 
water temperature, dissolved oxygen, and automatic feed distribution monitor pond processes in real time. This 
significantly simplifies FCR control. The third is the analytical layer, in which Power BI and Tableau tools are 
used to visualize data, while artificial intelligence algorithms support early disease detection and optimization 
of feeding rates.

A system of ten KPIs was developed across four dimensions to measure efficiency: production efficiency, 
including FCR and output per cubic meter; economic efficiency, including cost per kilogram and return on 
biological assets; labour productivity, including output per employee; and resource consumption, including 
water and energy consumption per ton. These indicators were incorporated into a Balanced Scorecard (BSC) 
system, which was expanded with a fifth perspective: sustainable development and ESG [10].

The conceptual model for ESG reporting includes environmental, social, and governance dimensions. 
The environmental dimension covers water resources, energy use, and CO₂ emissions. The social dimension 
includes employment, occupational safety, and relations with local communities. The governance dimension 
includes internal control, transparency, and accountability. The model is aligned with GRI [24], SASB, and ISSB 
standards, including IFRS S1 [23].

Table 4 presents the expected economic benefits from implementation in the pilot clusters.

Table 4
Expected Economic Benefits from Implementing the Approach

Benefit Area Quantitative Indicator Key Mechanism
Reduction in production cost 8–12% FCR + vertical integration

Reduction in production losses 15–20% IoT monitoring + intensive technology

Acceleration of management decision-making 30–40% ERP + real-time data
Increased attractiveness for foreign investors 20–30% IFRS compliance + ESG

Expansion of export potential 15–25% GRI/SASB/ISSB reporting

Source: Compiled by the author based on research and the practices of pilot clusters.

Table 4 illustrates two categories of economic effects resulting from the proposed approach. The first 
category consists of direct cost-related effects: an 8–12% reduction in production costs and a 15–20% decrease 
in losses may be achieved through increased operational efficiency. The second category includes strategic 
financial effects: a 20–30% increase in attractiveness for foreign investors and a 15–25% rise in export potential 
may result from the transition to IFRS-based reporting and the implementation of an ESG system.

Furthermore, management decision-making may be accelerated by 30–40% due to the integration of ERP 
and IoT technologies. It should be noted that these figures are approximate estimates based on previous 
studies and the practices of pilot clusters; future empirical research will allow these estimates to be refined.

C O N C L U S I O N  A N D  R E C O M M E N D A T I O N S
In this study, a unified methodological framework for cost accounting and economic analysis in Uzbekistan’s 

fishery clusters was developed. The regression model presented in Table 2 demonstrated high statistical 
reliability (R² = 0.847; F = 18.75; DW = 1.92), while Table 3 identified specific cost-reduction reserves for 
each factor. The effects presented in Table 4 cover two categories: operational effects, related to production 
cost reduction, and strategic effects, related to investment attractiveness and export potential. The results are 
reflected in a Scopus-indexed article [17] and in other publications.

Based on the research findings, the following conclusions were drawn:
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Three new industry-specific cost items and eight primary document forms have been proposed. They form 
the informational foundation for the IAS 41 valuation methodology and multifactor econometric analysis, since 
neither can function fully without the other.

An expanded chart of accounts covering 19 business transactions and incorporating accounts 0270 and 
9050 reveals the economic substance of biological transformation in financial reporting. The reliability issue 
raised by Elad [4] and Herbohn [5] is addressed by prioritizing cost and income approaches in the absence of 
an active market.

The multifactor regression model identified FCR, feed price, and labour productivity as the dominant cost 
factors. Three scenarios — pessimistic, baseline, and optimistic — create a quantitative basis for budgeting 
and investment planning in cluster management.

The conceptual ESG reporting model has been aligned with GRI [24], SASB, and ISSB standards, including 
IFRS S1 [23]. A fifth perspective — sustainable development and ESG — has been added to the Balanced 
Scorecard, ensuring a balance between financial and environmental objectives.

Based on the above conclusions, the following scientific and practical recommendations are proposed:
First, the “O‘zbekbaliqsanoat” Association and the Ministry of Economy and Finance should jointly approve 

a special model accounting policy for the fishery industry based on the requirements of IAS 41 and IFRS 8, and 
develop methodological guidelines regulating its implementation in clusters.

Second, a phased programme should be introduced in full-cycle clusters to reduce the FCR, vertically 
integrate feed supply, and implement intensive technologies synergistically. This may ensure a 30–45% 
reduction in total costs over a three-year period.

Third, a digital monitoring system should be introduced to track basin conditions and feed consumption in 
real time through the integration of IoT sensors and ERP systems. This will simultaneously improve management 
decision-making efficiency and FCR control.

Fourth, an annual ESG reporting system should be implemented in accordance with GRI, SASB, and 
ISSB standards, including IFRS S1, and integrated with segment financial reporting. This will provide the 
transparency required by foreign investors and export markets.
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