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A Robust Relative Efficiency Evaluation Method under Uncertainty in Decision-Makers'
Preferences

Liu Xiong %, Zhu Feng-Jing 2, Wang Ren-Long 3, Xu Bao-Guang !, Shao Xue-Yan ', Gao Min-Gang!
(1. Institutes of Science and Development, Chinese Academy of Science, Beijing 100190, China;
2. School of Public Policy and Management, University of Chinese Academy of Sciences, Beijing
100049, China;
3. School of Emergency Management Science and Engineering, University of Chinese Academy of
Sciences, Beijing 100049, China)

Abstract: Data Envelopment Analysis (DEA) is widely used for relative efficiency evaluation in multi-input,
multi-output settings. However, in practical problems such as energy governance, public services and regional
performance evaluation, objective input—output efficiency usually needs to be balanced with multidimensional
policy preferences. In traditional DEA models, the most favorable input and output weights are allowed to be
selected by each decision-making unit, which improves model flexibility but may also lead to zero or extreme
weights, thereby weakening the interpretability and robustness of the evaluation results. Meanwhile, in most
existing studies where preference information is incorporated into DEA, decision-makers' preferences are
treated as deterministic inputs, while possible fluctuations in preference rankings under different scenarios or
policy orientations are rarely considered, which may compromise the robustness of efficiency rankings when
policy priorities shift.To address this issue, the DEA relative efficiency evaluation problem under preference
uncertainty is investigated in this study, and a CCR-OPA-R model is constructed by embedding robust ordinal
priority analysis into the classical CCR framework. In this model, ordinal preference information is used to
represent decision-makers' ordinal judgments on the relative importance of indicators, and a budgeted
uncertainty set is employed to characterize the fluctuation range of preferences. Robust preference constraints
are then incorporated into the DEA weight optimization process, so that technical efficiency evaluation,
subjective preference representation and preference uncertainty characterization can be integrated within a
unified framework.Since the resulting model involves both a multi-objective structure and robust constraints,
the multi-objective problem is handled by the e-constraint method, and the deterministic equivalent form of the
robust constraints under the budgeted uncertainty set is derived. The model is finally reformulated as a
standard linear programming problem. In addition to efficiency scores and optimal weights, an uncertainty
preference effect index is further developed to measure the impact of preference fluctuations on efficiency
evaluation results, with lower values indicating greater sensitivity of an evaluated unit to preference shifts. In
the empirical analysis, the proposed model is applied to evaluate provincial energy accessibility across 30
provincial-level administrative regions in China’s mainland in 2024, using three supply-side inputs and three



demand-side outputs drawn from the National Bureau of Statistics of China. It is shown that obvious regional
disparities exist in both efficiency levels and uncertainty preference effects: Inner Mongolia, Ningxia and
Xinjiang are located on the efficiency frontier, whereas several other regions exhibit higher sensitivity to
changes in preference constraints. The ablation and parameter perturbation analyses further indicate that,
compared with the traditional CCR model, the CCR-OPA-R model mitigates the interpretability issues caused
by free weighting and maintains good stability under different preference constraint intensities and uncertainty
settings. This study extends the characterization of preference uncertainty in the integration of DEA and OPA,
and provides an operational robust efficiency evaluation tool for energy accessibility evaluation, regional
governance and public policy performance analysis.
Key words: Data Envelopment Analysis; Ordinal Priority Approach; Preference Uncertainty; Multi-objective
Optimization; Robust Optimization; Tractable Reformulation
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