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[ Abstract] Objective To construct a demand-oriented fairness optimization model to provide decision-making
support for scientific allocation in response to the shortage and regional inequity in personnel allocation in disease
prevention and control institutions of China. Methods On the basis of the provincial panel data from 2006 to 2019, the
entropy weight method was used to integrate the indicators of infectious disease dimension (morbidity/mortality of five
key infectious diseases, such as plague and cholera) and population dimension (such as density, dependency ratio, and
topographic relief) for building the regional priority index. The index was embedded into the population-weighted Gini
coefficient function, and thus the improved fairness metrics was proposed. A multi-objective optimization model with the
dual objectives of minimizing the fairness coefficient and minimizing the amount of personnel adjustment was
established, and the nondominated sorting genetic algorithm II (NSGA-II) was used to solve the Pareto optimal solution
sets. Results The priority index showed that Sichuan, Xinjiang, and Guangxi were the areas with high demand for
disease prevention and control personnel. Through the Pareto frontier, 80 sets of optimal solutions were obtained,
revealing a significant trade-off between fairness and implementation cost. The cost of maximizing fairness (reducing the
Gini coefficient value by 0.066 8) was the largest adjustment amount (19 410 people). It was possible to only alleviate the
fairness issue to a certain extent (reducing the Gini coefficient by 0.014 4) with the minimum adjustment amount (1 660
people). Conclusions This study innovatively incorporates the quantification of demand differences into the assessment
of resource allocation fairness and employees a multi-objective genetic algorithm to generate the Pareto solution sets,
providing a quantitative tool for differentiated personnel allocation strategies in disease prevention and control
institutions.

[ Keywords] disease prevention and control institutions; personnel allocation; multi-objective optimization
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Table 4 Adjustment amount of disease prevention and control personnel per 10 000 population in each provincial-level
administrative region before and after optimization

K. E) RCAIRSYZPN A G T RA EINGE A 575 B J7 B R ACPESE GEIE
BB AGH T NEREN R LN 105 NN R LN 157 NI N G 8 TN
Jent 1.400 5 1.4332 71.8 1.4107 22.6 1.400 5 0.2
PR: 13329 1.402 4 96.3 13458 17.9 1336 0 43
B 1.156 7 1.406 5 1859.5 1.1876 230.1 1.164 4 57.3
g 1.1933 14110 761.3 12158 78.7 1.203 6 36.0
e 22621 22630 22 22678 13.8 22772 36.2
LT 1.403 3 14185 65.0 14135 43.6 1.4103 29.9
K 1.749 2 1.750 1 24 1.7549 14.2 1.754 5 13.0
Ey/AIN 1.723 8 1.7272 11.1 1.728 0 13.7 1.7279 13.3
i 12338 13885 383.8 12636 74.2 1.244 4 26.3
LI 0.967 5 12578 2458.6 1.161 1 1639.6 0.982 1 123.6
HHT 0.9393 12211 1796.5 1.1537 1366.8 0.953 0 87.3
2R 0.897 1 1.166 2 1639.4 1.1346 1446.9 0.9226 1553
Fizked 1.0174 13226 1262.6 1.0718 225.1 1.0250 31.4
AN 0.877 5 1.140 8 1189.1 1.043 1 747.4 0.881 1 16.3
th A& 0.9229 1.199 8 2798.4 1.156 9 23648 0.927 8 49.5
TG 1.6328 1.6332 4.0 1.637 1 4.6 1.6375 46.5
1k 1.368 8 1.4127 259.6 1379 4 62.2 13713 142
i) 1.400 8 1.426 3 169.3 1.409 6 59.1 1.404 1 21.9
AR 0.803 0 1.0439 3008.6 1.040 3 29624 0.8229 247.3
I 1.5532 1.563 4 50.8 1.560 2 34.9 1.556 4 15.9
i) 1.1437 13410 196.3 1.186 2 493 1.178 0 34.1
EilN 09137 1.1879 873.8 1.046 9 4243 0.9719 185.5
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Table 4 Continued

RIA IR SYIPN RCAEPEIN UEINE: R AW ES:] LES R Ak J5 i % C J5RCIRB

HHRX. BT
PREEANE TN DI LN [SYSPNSEINIL N BT NTREEN T ETIN

ya 1.618 1 1.6217 30.1 1.628 2 83.5 1.6516 278.9
el 13833 14722 341.7 1396 8 51.9 13886 20.0
P 1.8339 1.8355 7.5 1.8369 14.1 1.8359 9.4
[ 2.964 0 2.9757 4.2 2.9780 5.1 29731 33
(i 1.507 4 15186 442 1.524 1 65.9 1.5243 66.7
iR 1.870 5 1.8718 33 1.878 3 19.8 1.8779 18.6
HilF 25322 2.5370 2.8 25377 32 25338 0.9
TH 1.666 7 1.687 8 15.1 1.679°5 9.2 1.6726 43
e 2.1172 2.1178 1.3 21220 12.3 21220 12.0
SRR — — 19410.5 — 12 192.0 — 1659.9
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