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Fig. 1 Forg =1,1.5 and 2, respectively, the effect of the good agent’s
continuation value( W )on the total utility( #*¥ ) of the principal (see(13))
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Fig. 2 Foro =1,1.5 and 2, respectively, the effect of the good agent’s
continuation value ( W) on payment( ¢,” (W) ) (see(9))
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Fig. 3 Forg =1,1.5 and 2,respectively, the effect of the bad agent’s
continuation value ( W )on the total utility( F* ) of the principal
(see(14))
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Fig. 4 Forg =1,1.5 and 2, respectively, the effect of the bad agent’ s
continuation value ( W) on payment( ¢ (W) ) (see (12))
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Fig. 5 Forg = 1.5, the effect of the good and bad agents’

continuation value( W) on the total utility ( ¥ ) of the principals
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Fig. 7 The effect of the good agent’ s continuation

value( W) on the effort level ( a,” )

0w 2 4 6 8 10

B8 EREREBANZHNKTE(q )5
HESESME( W) ZEHXR
Fig. 8 The effect of the bad agent’s continuation

value ( W) on the effort level( a," )

4 LRIE

ARICHETE T AEE FE XS T 4l A Knight A6
SE B fe P3R4 ) L. B T 22 S SRR R ) B B
HEZRAISCHR [ 38 | 7E IR M2 T i BE AL AL 1
JEUER, S R AN B SE 22 A 1 50 ) 2 5 RE LA
TE IR T 228 N B RUTT O BT A, I %) B8 i
11 1T BUERIL. 0T, ZE 4B N B8O ANY
AT HIE FEK -5, 17 ELiE A2 Knight AN



— 94 — o R ¥ % M 2019 46 H

TERRFEME. SCHR[9,35,36 [ R BL, A ERILEABGTIREL 550, BE 2T AR, @
PIAAMUAALETENR B £, il R ERX &G R U5 28807 R 227 R,
VEFE A SCAGETEXBAHEZ T I ESERE— T Dbl JRAT PRt — A R 3 i RS G fif 52 ) 2= €
30 ) e B AE P XU AT T 2 T Knight A8 KRB Sh SR80

Z % 3 k-

[ 1] Holmstrsm B R. Moral hazard of observability[ J]. Bell Journal of Economics, 1979, 10(1); 74 -91.

[2]Grossman S J,Hart O. The costs and benefits of ownership: A theory of vertical and lateral integration[ J]. Journal of Politi-
cal Economy, 1986, 94(4) . 691 —719.

[3]Hart O, Moore J. Property rights and the nature of the firm[ J]. Journal of Political Economy, 1990, 98(6): 1119 —1158.

[4]Sung J. Optimal contracts under adverse selection and moral hazard; A continuous-time approach[ J]. Review of Financial
Studies, 2005, 18(3): 1021 - 1073.

[5]Sannikov Y. Games with imperfectly observable actions in continuous time[ J]. Econometrica, 2007, 75(5) ; 1285 —1329.

[6]Zhang Y. Dynamic contracting with persistent shocks[ J]. Journal of Economic Theory, 2009, 144(2) . 635 - 675.

[7]Spear S E, Srivastava S. On repeated moral hazard with discounting[ J]. Review of Economic Studies, 1987, 54(4) : 599 —

617.

[8]Sannikov Y. A continuous-time version of the principal-agent problem[ J]. Review of Economic Studies, 2008, 75(3) : 957
-984.

[9]Cvitani¢ J, Wan X, Yang H. Dynamics of contract design with screening[ J]. Management Science, 2013, 59(5) ; 1229 -
1244.

[10] Mt RAPNERRIR . KAL), Zirtt 2kl b, 2017, (1): 1-13.
Nie Huihua. Contract theory: Original, development, and divergence[ J]. Comparative Economic & Social Systems, 2017,
(1):1-13. (in Chinese)

(IR 35, BN, £, NEaRARa 0 mssmeel)]. fv#ahds, 2018, (1) 135 -145.
Zhu Qi, Wang Liuging, Wang Mansi. Behavioral logic and dynamic interpretation of incomplete contract[J]. Economics
Perspective, 2018, (1) 135 —145. (in Chinses)

[12]% 58, XN, B FT i 7PL0H A9 R 58 PPP B H R Zpr5e (], & e, 2017, 29 (3): 197
-206.
Chang Liang, Liu Fengchao, Yang Chunwei. Research of watershed management PPP project contract based on the market
mechanism[ J]. Management Review, 2017, 29(3) : 197 —=206. (in Chinese)

(I3]0 29, SRAE4. ARG A D) BEAE B G 22 5 70 A — B T Ak 293 ie M [ 1], &38R, 2012,
34(7): 193 - 199.
Liu Hongying, Wu Nengquan. Longitudinal analysis of the difference between human resource management and human cap-
ital management: Based on the enterprise contract theory perspective[ J]. Economic Management, 2012, 34 (7). 193 -
199. (in Chinese)

[14] SERE, & T4, A 5T A Vb 55 RN B Fe B R A BT [ )] Rg DR 55k, 2017, 37
(6): 1548 —1556.
Ma Guowang, Meng Weidong, Dai Jiansheng. The principal-agent contract design based on fairness preference and learning
effect[ J]. Systems Engineering: Theory & Practice, 2017, 37(6) ; 1548 —1556. (in Chinese)

[I5]E =, B, Re¥, % el AR T aRE sy AR —ET6 5 RAmie[J]. F e, 2016,
28(12): 75 -91.
Wang Yun, Li Yanxi, Song Jinbo, et al. Study on earning management under the corporate life cycle: Based on the debt
covenants theory[ J ]. Management Review, 2016, 28 (12): 75 =91. (in Chinese)

[16 ]k iatE, SR, Ml ZABEHMA T BB 55 RIS /3 Hr [ J]. 2 5 %, 2012, 28(6) : 70 -72.



61 2% RAE: BN T A Knight A0 E iR L sl S R 2t — 95 —

Zhang Zhaochen, Wu Yanlong. Motive analysis of tax planning based on the contracting theories[ J ]. Reformation & Strate-
gy, 2012, 28(6): 70 —72. (in Chinese)

(17180 5, Wk, B B il S EUFIEE . RAPLH STz An )], 8, 2010, (9): 98 - 106.

Qian Yong, Cao Zhilai. The game between coal, electric power enterprises and the government: Contract mechanism and
market sector J]. Reform, 2010, (9): 98 —106. (in Chinese)

(I81F  f, FEBTI. B 0oBIRZY ARG 28 OB AL S SB[ T ] i A LR, 2011, 19 (3) : 174 - 181.
Wang Jian, Zhuang Xintian. Research on the classification of incentive mechanism about money managers based on psycho-
logical contract[ J]. Chinese Journal of Management Science, 2011, 19(3); 174 —181. (in Chinese)

[191FR 1B, 3k A&, REEME. XSG Q6 A5 e Sim—2 A )], AR, 2017, 20(6) : 78
- 88.

Chen Chuang, Zhang Yan, Wu Xiaohui. Venture capital, founder and top management compensation: A view from multiple
agency theory[ J]. Journal of Management Sciences in China, 2017, 20(6) ; 78 —88. ( in Chinese)

[20] SRR, dsPhfd, FIRAL. 2 ml Al U R m 4 5 0 CROFF 22 E e [J]. A HRk oAk, 2018, 21(9): 105
-117.

Wu Haomin, Mo Shenwei, Meng Qingxi. Is the corporate strategy responsible for the CEO-employee pay gap? [J]. Jour-
nal of Management Sciences in China, 2018, 21(9): 105 —117. (in Chinese)

[21 ]DeMarzo P M, Fishman M J, He Z, et al. Dynamic agency and the Q theory of investment[ J]. Journal of Finance, 2012,
67 2295 -2340.

[22]H i, R4, PRC BTSN sSASHE Q Mit[J]. R LRSS 5EE, 2017, 37(8) : 2033 -
2042.

Gan Liu, Yang Zhaojun, Luo Pengfei. Dynamic agency and Tobin’s Q theory based on jump risk[J]. Systems Engineer-
ing: Theory and Practice, 2017, 37(8) : 2033 —2042. (in Chinese)

[23 ]Knight F H. Risk, Uncertainty and Profit[ M ]. Houghton Mifflin Company, 1921.

[24 ]850k, ARG ER IS, Tk KEXT]. PR 8ok, 2017, 47(10) @ 1223 - 1254,

Peng Shige. Theory, methods and meaning of nonlinear expectation theory. Scientia Sinica Mathematica, 2017, 47(10) :
1223 — 1254. (in Chinese)

[25]Chen Z J, Epstein L. G. Ambiguity, risk and asset returns in continuous time[ J ]. Econometrica, 2002, 70; 1403 - 1443.

[26 ]Fei W Y. Optimal portfolio choice based on a-MEU under ambiguity[ J]. Stochastic Models, 2009, 25 455 —482.

[27] 805, B =, BOE0E, 25 BORUAHAE NIk i 0 S B 4l G s e [ J]. 4B LR, 2017, 31
(2).: 177 - 184.

Fei Weiyin, Fei Chen, Xia Dengfeng, et al. Optimal consumption and portfolio under inflation and model uncertainty[ J].
Journal of Industrial Engineering and Engineering Management, 2017, 31(2) : 177 - 184. (in Chinese)

[28]2 M, #har. Knight A8 E Z&MF TR — SURIABCE M AEBL [T ]. A BERLA:, 2009, 17(6) : 9 - 16.

Li Wei, Han Liyan. The fuzzy binomial option pricing model under Knightian uncertainty[ J]. Chinese Journal of Manage-
ment Science, 2009, 17(6) : 9 —16. (in Chinese)

[29] B4, B0, JEALVK. Knight A0E S5EEPLEAR T AP B R A [ )] BB 274, 2016, 19(6) : 125 - 135.
Fei Weiyin, Xia Dengfeng, Tang Shibing. On study of a foreign investor’s investment with random exchange rate under
Knightian uncertainty[ J]. Journal of Management Sciences in China, 2016, 19(6) ; 125 —135. (in Chinese)

[30] A0, AN, R, 5. tPENESF 118 Knight A€ PR & KRBT @ M) ]. R LRSS 92k, 2015,
35(5): 1116 - 1122.

Wang Chunfeng, Yu Sijing, Fang Zhenming, et al. Measuring Chinese stock Knightian uncertainty and its asset pricing a-
nalysis[ J]. Systems Engineering: Theory and Practice, 2015, 35(5): 1116 —1122. (in Chinese)

[31] Koufopoulos K, Kozhan R. Optimal insurance under adverse selection and ambiguity aversion[J]. Economic Theory,
2016, 62 659 -687.

[32]% 20, TEWEHE, FRL0ME, A5, G TR KU AN ) SEFEA LA T ORI B2 29 [ ], A BRE24, 2016, 19(12) :36
-45.



— 96 — LT S 2019 46 J1

Cheng Hong, Wang Xianyu, Guo Hongmei, et al. Bilateral incentive contract with both moral hazard and adverse selection
[J]. Journal of Management Sciences in China, 2016, 19(12) ; 36 —45. (in Chinese)

[33]Chang H, Cvitanié¢ J, Zhou X Y. Optimal contracting with moral hazard and behavioral preferences[ J]. J. Math. Anal.
Appl. 2015, 428 959 —981.

[ 34 ] Piskorskia T, Westerfield M. Optimal dynamic contracts with moral hazard and costly monitoring[ J]. Journal of Economic
Theory, 2016, 166 242 —281.

[ 35 ] Maréchal F, Thomas L. The optimal contract under adverse selection in a moral-hazard model with a risk-averse agent[ J].
Games, 2018, 9/article 12, 1 —=22.

[36 ] Packham M. Optimal contracts under competition when uncertainty from adverse selection and moral hazard are present[ J].
Statistics and Probability Letters, 2018, 137. 99 — 104.

[37]Fei W Y, Fei C. Optimal stochastic control and optimal consumption and portfolio with G-Brownian motion[ EB/OL]. arX-
iv:1309.0209v1, 2013.

Dynamics of contract design with moral hazards under Knightian uncertainty
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Abstract ; This paper studies a principal-agent problem in continuous time with ambiguity, an uncertainty ex-
cept probabilistic uncertainty with the known probability distribution. The effects of an agent’s moral hazard on
the execution and lasting of a contract are studied. Firstly, the dynamic equations of the agent’s continuation
value as well as the principal’s expected profit are established. Then, according to the theory of stochastic op-
timal control and Peng’s sublinear expectation theory, the corresponding Hamilton-Jacobi-Bellman ( HJB) e-
quation of the principal’s value function, as well as the expression of the principal’s optimal payment and the
agent’s optimal effort level, is constructed. Finally, numerical simulations are provided to explain the effects
of Knightian uncertainty on the optimal dynamic contract and the two parties optimal strategies.

Key words: principal-agent; sublinear expectation; pure moral hazard ; incomplete contract theory; nonlinear

dynamic programming principle



