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Abstract: Based on the uncertainty in the process of land development and the assumption of irrevers-
ibility of land conversion, the decision-making problem of land development is ransformed into an opti-
mal stochastic control model under the framework of real option theory, while allowing for a feedback be-
tween conversion decisions and the conservation benefits. A new variable ‘ecological value per unit ar-
ea’ is introduced to establish corresponding Bellman equation using the principle of dynamic program-

ming. The appropriate boundary conditions of the equations derived; and the finite difference method is
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used to solve the key equation numerically. The dynamic optimal path of land development and ecologi-

cal protection is discussed numerically based on the relevant data of the Three Rivers Source Region.

The results show that: (1) there is a non-linear relationship between the land option value and the propor-

tion of the ecological land area, which leads to an optimal conversion state in the process of land develop-

ment; (2) the increase of agricultural benefits will accelerate the process of land conversion, and the ar-

ea of agricultural production land will increase in the optimal conversion state of land; (3) the increasing

elasticity of ecosystem protection benefits will slow down the land conversion process; (4) the increasing

uncertainty of ecological value will accelerate the land conversion process.

Key words: land development decisions; ecological protection; Three Rivers Source Region; real option

model ; finite difference method
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Table 1 Input parameters values of the case study
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Table 2 Land values in terms of ecological value and reserve land area
R

Y 1 0.9 0.7 0.5 0.4 0.2 0.1 0
119.98 19. 054 18. 011 15. 775 13. 474 12.308 0 9.9519 8.7626 7.566 4
112. 06 18. 142 17.189 15. 147 13. 031 11.9550 9.776 1 8.6748 7.566 4
88. 44 15. 492 14. 803 13. 301 11.723 10.9120 9.2562 8.415 1 7.566 4
72.636 13.785 13.265 12. 094 10. 861 10.2230 8.9126 8.2433 7.566 4
61.26 12.593 12. 189 11.248 10. 251 9.734 1 8.6679 8.1210 7.566 4
52.476 11. 695 11.38 10. 612 9.788 3 9.3622 8.4810 8.027 4 7.566 4
45. 948 11. 043 10. 791 10. 149 9.4522 9.0907 8.3439 7.9586 7.566 4
40.512 10. 509 10.310 9.7718 9.178 6 8.869 6 8.2313 7.902 1 7.566 4
36.288 10. 102 9.9422 9.4838 8.9703 8.7015 8.1454 7.858 8 7.566 4
32.592 9.750 6 9.6257 9.2361 8.7915 8.5574 8.072 7.8216 7.566 4
24 8.9570 8.9109 8.6782 8.3903 8.2350 7.908 6 7.7393 7.566 4
18 8.4253 8.433 8.306 9 8.1250 8.0225 7.8021 7.6858 7.566 4
15 8.1682 8.2022 8.1283 7.998 1 7.9212 7.7517 7.6607 7.566 4
12 7.918 3 7.9782 7.9557 7.8759 7.8240 7.703 6 7.6368 7.566 4
9 7.6771 7.762 6 7.790 2 7.759 5 7.7317 7.6583 7.614 4 7.566 4
6 7.447 4 7.55717 7.634 1 7.6506 7.6457 7.616 6 7.5939 7.566 4
0 7.0572 7.2131 7.3770 7.4756 7.509 4 7.5525 7.5629 7.566 4
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