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Abstract

Purpose: Efficiency evaluation is a key instrument for optimal resource allocation and decision support in the agricultural sector. However,
many real-world problems are characterized by limited historical data, incomplete information, and a strong reliance on expert judgment,
restricting the applicability of conventional Data Envelopment Analysis (DEA) models. Although several studies have extended DEA
models to uncertain environments, the application of the Modified Russell Measure in uncertainty theory, based on belief degrees, has
received limited attention. Therefore, this study aims to develop an efficiency evaluation framework for uncertainty-driven environments
and apply it to assess the potential for Paulownia tree cultivation in Mazandaran Province.

Methodology: This study extends the Modified Russell DEA model using uncertainty theory. Inputs and outputs were modeled as
uncertain variables represented by degrees of belief, and the uncertainty model was transformed into an equivalent deterministic
formulation using the expected-value criterion. Efficiency scores were then calculated by solving the resulting model. To validate the
proposed framework, 12 regions of Mazandaran Province were considered Decision-Making Units (DMUs), and labor, machinery
utilization, timber yield, and oxygen production were used as evaluation indicators.

Findings: The results demonstrate that the proposed model provides effective assessments of efficiency in situations where precise data
are unavailable. Among the twelve evaluated regions, Ramsar, Tonekabon, Chalous, Noor, and Amol were identified as efficient units.
These regions achieved superior performance in timber production and oxygen generation with given input levels. The findings further
reveal that approximately 42% of the evaluated regions meet the efficiency and capacity requirements for Paulownia cultivation and can
serve as benchmark locations for future agricultural development initiatives.

Originality/Value: This study introduces a novel framework that integrates the Modified Russell DEA model with uncertainty theory
based on degrees of belief. Its primary contribution lies in providing a decision-support tool for situations characterized by insufficient
historical information and reliance on expert assessments. Beyond agricultural applications, the proposed framework can be utilized in
investment evaluation, regional planning, and a wide range of managerial decision-making contexts involving uncertainty.
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Table 1- Input and output indicators.
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Table 2- Zigzag numbers for input and output variables.

DMU; sl pb Veda Y09 V295 Y29#
DMUI1 ol (17.06,2534.13)  (9,12,18)  (300,400,500)  (70,75,85)
DMU2 oS5 (17.16,25,34.05)  (8,10,16)  (250,300,500)  (70,75,85)
DMU3  o9l>  (18.02,25,33.97) (7,11,17) (250,350,500) (70,74,84)
DMU4 sUisbe  (17.12,25,33.24)  (9,12,17) (230,350,500)  (68,74,84)
DMUS5 59 (17.09,25,32.89)  (8,12,16)  (210,290,450)  (66,75,83)
DMU6 3% (16.662532.12)  (6,9,16)  (200,300,400)  (65,73,83)
DMU7 KT (18.11,25,35.01)  (6,8,14) (200,310,400) (62,73.82)
DMUS kb (16.672534.11)  (6,10,15) (195,285,350)  (63,77,81)
DMU9  osSolsw  (16.69,25,32.73)  (6,12,15) (185,280,350)  (60,74,80)

DMU10 Gl (15.992531.99)  (6,9,14) (180,280,300)  (58,68,79)
DMUI1 S (15.96,2532.89)  (6,8,13) (180,270,300) (59,66,79)
DMUI2 s (16.73,253333)  (6,9,14) (150,200,300) (60,70,80)
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Table 3- Results using expected value.

DMUs <o &b lade 16/,
DMU, 1.00 L
DMU, 1.00 L
DMU, 1.00 L
DMU, 0.95 1,5t
DMU, 0.90 Lt
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Table 3- Continued.

DMUs <o &b lade 1,6/,

DMU; 1.00 L
DMU, 1.00 Ly
DMU, 0.93 B
DMU, 0.86 B
DMUj, 0.89 Lt
DMU,, 0.91 Lt
DMU,, 0.80 Lt
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