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Fig. 1 Sequence of actions for the N-period game on disaster verification of two-level government
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Fig. 2 The influence of local governments’ concealing on the utility

function in single stage

ME1 PP BRI EA T, BEHE -
JRERS B B R TAEAS 138 5T BN, M5 BUR lis
e/ Vel ot Bl 2 4 K. b SBUR K3k
5 A% A S (55 X ML T U B8 KA Rk A7 o A
AL RAEN.

Xof 377 R B KR TAEAS T3 e 4 BOAT B
[AIDE, JEo4 1B 7 BUR AR R F A BT AR R
WUSTE. SR, X K EEHTAEATIMETTE,
175 SR A/ e 2 1 B Wi B v, BRIV B2 80™
H, 377 BUR s /P 4 s 2l Bl g MO, gL
FRBRZL. FEIL T 8. 47 KA F AT AU
30 A, LA SE IV Z N, M7 B ik
BT, NEEBUMIER, WEHGE ST, HEm
ERL, LBk, el SRR B2 A 2 o
BRS XCRT , FEIC I T AR, s A

o BRI T T B R AR B R A, X T
W75 BURT B AT A TSR A B 0 25 ) 2 SR A .

ZEEILT 8. 47 PR R, M7 BURF X B 2%
WURAZ A RE ST A1 &, 10 T 7 BURT I 4 T 32k i 1)
FYELR SEHEATRURIE T, AT L2 A 1] v 3t 77
I T4 AT 1 126 R W 1) ) 22 A R o3 B 24 47 73
Pras R sl 3 .

' - - 57
e e T e T '
= —— BRI ROl 4%
= 500 |

XIR3, WA P

~l
(=]
S

N
=
(=]

wn
(=]
S

Xig2, WMEERR{ES LR

IS
(=3
(=)

W AR LT3 3L B35 T TS 3

DXL, WEERIE55R

0.0 0.2 0.4 0.6 0.8 1.0
LR 2,

3 BMERTHABARNE SRR EN &R

Fig. 3 The effect of local governments’ belief and concealment income

on equilibrium strategy in one stage

WMEL 2 Moy BUN WG i/ Pt 2 1R BT 32
FOXF B U R AR RE T A5 &5 I/ e dl K
T8 B 4 (BRI EA 37 2 K AN 3 i 2 32 ) AT B 1)
o) LRI, SR I A 7 X 3 9 BN
SRAZ AT RE T AR S E L, 5 37 BOR W4/ 1
IR A U L.

3, 2L AR B SR I A LU e 7
B SEHRINT B ALk, 12k 2R 27 55 1 A SR
FE VAR M 5 B S N 1) i 4k 7 X 3 3
WG 1 A1 A TR TR 140468, 4t 5 AT MG i T 30T e i
B, AR R UL AL ARAR, BT LA 7 BUR
TCIE I b FHUR WL ] 35 A A A A5 5 i 5%
AR S A VR PRI AR I 5 78 X1 94K
O IR R, i T BUN 5w, #07 BUR
MG 41 2155 B B | PR MRS 3 1, I LG R AT Ry A
gt U, BT LA T5 BUR G A _E ZBUR H 0Li
Bfap A5 SR 2 IS E IS 5 AEIX I 2 1970 B
YA B0, J7 BOR WL 2 55 4% A 15 I i K
1, DR SR A% A 15 5 Sk, BEm, - BUR AT



56

BT MRS S B YUE B AR (5 S IR

— 155 —

VA3 2 35 30 5555 A2 A SRS 17T A A SR A A SR P SR
WA T, BEAT LA A AR ST LA 7 B
WL 4. ik, RAET TR R E NS
T AR AV 2 R ek s, (R BRI
XF B KA TAEANFIE TR, 58K ] LASEBLTE 24
R RE TGO T KA i A (5 5, R
BB R M55 ORI, TRERINS FEL4.
3.2 “84THKREEERESTHRMEEIEST

FEIL T 8. 47 Pk AU — Ll 22 B i
AL, e E AR BT AR T AN B R
BRI F A R AL W — it K E T, HE W
NS TAARET , WG R — 4 - ZBUR.
T IR T R %) T %o I 5 0 ik i o = A

A =R R W S R ST WA RN B 0 =i 5
i, e T WS R sh AL N AR 35 S5 ROk
AT LA AR Ay 19 90 B3 1 b SR 2 155 i 32% [ A

FE<8. 4" YK R FAG BME R, HhIr
XTI MEE R E 3 JIone #e2ER, DI B
V. AR SCH AT DA Ay My IR 4 e S
JIEAS B AR . 5 — B BE T A HE R A A gy, =
36 x3 = 108 JiC, & BB AT R i A
g, = 8x3 =24 770 BB, MBS L
P R TR B AE & p, , WERAT N
WA, B BEESEERN pL,
— f’r‘fla‘_)p[)c oy - PR L
8B, =0.8, HESHREF 4.1 797, 205 %t
H 7 BUREXT 9B T AERE 1 1015 & p, FIHL S
R R A 3R 25 HEA T BURE 0 T, e Bl SR an &
4 FIR.

MEE3 R B EAR A, AR B
AR, TS BB BN
BRI B P AR, B /INAY 3R 25 S5 2 SR My B
AN SR 2% TG R B

FEIL T 8. 47 WK h, T L RBUN
A TAEA ST, BAT G850 B 1 7 BOR 30 S
H, FECT ARG W R R MO
N 138 7 R 38 A R A G SR ]
A, BB SR nT LU R B 2 B B a5
L2 R, B4, LD LR SRR RIS I DLl
it b 7 ORI R AN (R I A2, IR AR R

S A A 1 AT o8 M 7 B RF T G 1 SR s P
AR AR X 2 3w P47 DX (R 5 B UL
PSS AR SR AN, B A5 5 sk
ARG ), 55 GBUR AT IR 0T LKA 38 A% A 5
WA, A R R TR A5 5 WY D7 kA Al
BURN HCFE I AR I . PRI BOR AR 1R ek B B R
A% AL A AE B ) R [T A0 X T A% A
iR GEISCIFF KAB AR 5 1835 S AT

550

e e

b 7
BOS00 T —k— %A RIS MO R 1

~
3
(=)

B3, BRI e

w A
[V =)
S O

XiR2, WMELF(E5 UL B

N
W
(=]

W AR I3 38 75 TV IS 3 A T B )
]
=]

—
W
(=]

X1, MRS E S R

100

0.0 0.2 0.4 0.6 0.8 1.0
LR 2,

B4 FRER T3 75 BORTBYE S AR R 3 X 1 E R B Y S I
Fig. 4 The effect of local governments’ belief and concealment income

on equilibrium strategy in two stage

4 ZERIE

HR R I A R 5% A 5 2R B 7 2
A St 28R BUR 9 2345 7. 7T i ORI Bk
kR KA TR T BB, DR R B
77 BURFANSE L4 G O 1 128 P8 R 2R T A B
IFFET, WA, A BTSSR 2
BT, DU E AR A% A 2 BUN T — 1)
O 0 57 T A MRS R B2, AE LT 5 R, Mt
T T BT 2 B BE 5 SRR 5 R B
S5 TR, B U s KR
THEZGRBERE D UL ER AL T BS54

ARG ERBURMRX T A S AR AA
FANAF I, T AT B IR A% A TR W2 L 5 BUR
AU R5 S, A T 07 KAk 5 B
A L 22 [y B 5 TR, M T7 UG
R HR R RO AT R R R DR R LA T/ e



— 156 — B OB o o 2023 4F 6 H

T B PR FIAS , XF B %4 TARRE RAGRZ A AR 1] LLAE DL J5 1 2EA T 1 RE.
MRS, S EREUN A TARS DR LUy, B0, SRl st AR ATz
MG 1/ AT A 2 b TT BURF B e DR B L, b 1A XU i 4 B2 ] BE SR AN AR Y, IR R ok
PTG ZHLTH L R AWML FIRAE S, T FFFE AT BE— 2L W AN R XS PO R RE 25 5 % K
HEZE MRS F R M AR T, 4RI WA R, LA, Ff D5 BUR 927 ~ BE 1 5
AR LA H7 BUN R R I Wviices. W, AZBrBdE S gRsisy, Jrbr B oy 5 4 5 T i
TE—REfFTMATEEIN, EHRBUGRBOGERSE KA ORI AR R T Z i i 55—
AL [F) I A A 5 A% A (5 5 9 B IR A EIL fm, BEAR JC ML TR 28l A B
U HISRNG, n DUERE R A AR RSO0 M B ARG , T BRI Rt A T e A
T U SR KNG . A2 B BUR I R TR A T SRBOE WAL FI TR 8 SN 5 s ). R e — 20
YErb, AT WL EEURREC e G 557 AR SRIERTEI MR BOR AL RS BORAE R AR 5 Bl
A SAT B T (e 7 B SRR A PR EIFE .

2 % X k.

[UTHD &, AR, BOGE, 5. TP ET ST IBUMIG B AP R[], SR E=ik, 2021, 24(8): 91 -
104.
Hu Yefei, Fu Liping, Jing Yijia, et al. Public governance and its scientific laws in the context of China[ J]. Journal of Man-
agement Sciences in China, 2021, 24(8): 91 —104. (in Chinese)

(2176, 51 %%, A8 f&, % HRRGEHENCSrEIRT]. EHEREER, 2021, 24(8): 1-9.
Wang Shouyang, Hu Yi, Xiong Xiong, et al. Complex systems management: Theory and methods[J]. Journal of Manage-
ment Sciences in China, 2021, 24(8): 1 —9. (in Chinese)

[3]Gupta S, Starr M K, Farahani R Z, et al. Disaster management from POM perspective; Mapping a new domain[ J]. Produc-
tion and Operations Management, 2016, 25(10) ; 1611 - 1637.

[4]Besiou M, VanWassenhove L. N. Humanitarian operations: A world of opportunity for relevant and impactful research[J].
Manufacturing & Service Operations Management, 2020, 22(1) ; 135 - 145.

[5]He F, Zhuang J. Balancing pre-disaster preparedness and post-disaster relief[ J |. European Journal of Operational Re-
search, 2016, 252(1) : 246 - 256.

(61 ERMR, B, i #E, . HERY TS DI B2 WUZ AR R ——% 1 S A 25 SRRl B B R XU T 32 B[]
EHRLAAAR, 2019, 22(9) : 113 -128.
Cao Cejun, Li Congdong, Qu Ting, et al. A bi-level programming model for relief trans-regional scheduling: Taking into
consideration survivors’ perceived satisfaction and risk acceptability[ J]. Journal of Management Sciences in China, 2019,
22(9): 113 =128. (in Chinese)

[7]Zhang Y, Richer A R, Shanthikumar J G, et al. Dynamic inventory relocation in disaster relief[ J]. Production & Opera-
tions Management, 2022, 31(3): 1052 - 1070.

[8]F=K =z, ZEGR. i 4 e B 2 X%t B K B 248 FLAR R AR F AL ). A5 AL, 2020, 36(8): 8 —18 +31 +
19.
Jiang Changyun, Jiang Huichen. The examination of the prevetion and control of COVID-19 epidemic on nation emergency
management and capacity[ J]. Management World, 2020, 36(8): 8 =18 +31 +19. (in Chinese)

[OJH %, 48 b, TERLI. BURNSE PERE ) AP T (1], B HRN 224, 2014, (11): 101 - 112.
Tian Jun, Zou Qin, Wang Yingluo. Evaluation of government’ s emergency management capacity maturity[ J]. Journal of
Management Sciences in China, 2014, (11): 101 —=112. (in Chinese)

[10]88—N, 5KAMG, v 3%, JET Swarm W EK R FE BRI 1], SHEREEM, 2002, (6): 39 -46.

Wei Yiming, Zhang Linpeng, Fan Ying. Swarm based study on complexity in flood disaster[ J]. Journal of Management
Sciences in China, 2002, (6): 39 —46. (in Chinese)



56 B TR M RGO S ERUE B A B S IR — 157 —

(IR, ISR, FHH8E. S80S RPN SBUNRLH] . IR A FF Ao ia[ )], RE TR
SR, 2021, 41(6) ; 1454 —1464.

Song Minxue, Liu Dehai, Yin Weiwei. Scenario forecasting model and prevent ion-control measurements of important public
health event based evolutionary game[ J]. Systems Engineering: Theory & Practice, 2021, 41(6) : 1454 —1464. (in Chi-
nese )

[12]Guo H, Liu Y, Nault B R. Provisioning interoperable disaster management systems: Integrated, unified, and federated ap-
proaches[ J]. MIS Quarterly, 2021, 45(1) . 45 - 82.

[13]Rahn M, Tomczyk S, Schmidt S. Storms, fires, and bombs: Analyzing the impact of warning message and receiver charac-
teristics on risk perception in different hazards[ J]. Risk Analysis, 2020, 41(9) . 1630 - 1642.

[14]Chan E, Huang Z, Mark C, et al. Weather information acquisition and health significance during extreme cold weather in a
subtropical city; A cross-sectional survey in Hong Kong[ J]. International Journal of Disaster Risk Science, 2017, (2):
34 -44.

[15]Lu L Y, Pedraza-Artinez A J. Social media for disaster management; Operational value of the social conversation[ J]. Pro-
duction and Operations Management, 2019, 28(10) ; 2514 - 1532.

[16] XA, ZHE. BUF TR &k BB SRR SERRE 1], SR, 2017, 20(2) ; 43 -52 + 62.
Wang Zhiying, Li Yongjian. Propagation law and coping strategies for public opinions in emergency with the consideration of
the government intervention[ J ]. Journal of Management Sciences in China, 2017, 20(2) : 43 —52 +62. (in Chinese)

(17 15K B ST HZE LM RS fll 2 A = il e B [ 7] AR, 2013, (9) 184 - 185.

Zhang Guoxing. Analysis of safety production control in coal mine enterprises based on game theory [ J]. Management
World, 2013, (9): 184 —185. (in Chinese)

[ISIXIZREE, 2 I, M ok, 4. TllBel XAl e A P iR hn SRS e PR AL I ——JE Tl SO A (], R
FRERIE 552, 2020, 40(12) ; 3284 —3297.

Liu Suxia, Cheng Yao, Mei Qiang, et al. Research on the evolution of strategy choice for work safety of enterprises in the
industrial park; From the perspective of spillover effect[ J]. Systems Engineering: Theory & Practice, 2020, 40(12) .
3284 —3297. (in Chinese)

[19]5kHati, PAZE. HET Stackelberg FZRERBIRL AL T Al 22 4228 45 BIALHNA BRI SE )], vh EE B 2016, 24
(3): 159 -168.

Zhang Yannan, Sun Shaorong. Research on safety production management mechanism in enterprise based on stackelberg
game model[ J]. Chinese Journal of Management Science, 2016, 24(3) : 159 —168. (in Chinese)

[20]Liu D, Xiao X, Li H, et al. Historical evolution and benefit-cost explanation of periodical fluctuation in coal mine safety
supervision; An evolutionary game analysis framework [ J]. European Journal of Operational Research, 2015, 243(3) .
974 - 984.

(21 ) fEKT. Sl Hin B 2 BB AL s T sUa AL [ N, rh 2 A FER, 2021 - 04 -21(003).

Zhan Chengyu. Accident Concealment Management Needs Two-way Optimization of System Design and Mechanism Opera-
tion[ N]. China Emergency Management News, 2021 —04 —21(003). (in Chinese)

(228 FE. JRRENGR, 75 Sl e MARARIE [N ] v B S R, 2020 01 - 18(003).

Zhao Lian. Severely Punish Concealment and Consolidate the Ideological Foundation of Enterprise Safety Production[ N].
China Emergency Management News, 2020 —01 —18(003). (in Chinese)

(23] BRI, DBTERIIRIOE, BMBIEHZ % [T]. ARIBIE, 2021, (20): 50 -53.

Zhan Chengyu. The mentality, performance and management strategies of a few cadres concealing reports[ J |. People’ s
Tribune, 2021, (20): 50 —53. (in Chinese)

[24]Chod J, Trichakis N, Tsoukalas G, et al. On the financing benefits of supply chain transparency and blockchain adoption
[J]. Management Science, 2020, 66(10) ;: 4378 —4396.

(2514 0, @utAl, PR, R ST E S 2R 0[] &3F05E, 2015, (6) : 162 - 174.

Li Li, Gao Hongli, Chen Jinghan. Signaling games for high-tech enterprises bank lending[ J]. Economic Research Journal ,
2015, (6): 162 —174. (in Chinese)

[26 ]Zhuang J, Alagoz O. Modeling secrecy and deception in a multiple-period attacker-defender signaling game[ J]. European

Journal of Operational Research, 2010, 203(2) ; 409 —418.



— 158 — (EAE S S 2023 4F 6 H

(27 | NP, B 7. MO BURFE S 55R MV R R BE A SRR [ 1], RE T AREHHR, 2020, 35(6) : 736 - 747.
Liu Dehai, Zhao Ning. Two stage signaling game model of local government donation problem[ J]. Journal of Systems Engi-
neering, 2020, 35(6) : 736 —747. (in Chinese)

[ 28 | Pedraza-Martinez A J, Hasija S, Wassenhove L. V. Fleet coordination in decentralized humanitarian operations funded by
earmarked donations[ J]. Operations Research, 2020, 68(4) : 984 —999.

[29 ]Ambrus A, Lu S E. Robust almost fully revealing equilibria in multi-sender cheap talk[ J]. Games and Economic Behav-
ior, 2014, 88(C): 174 - 189.

[30] Crawford V, Sobel J. Strategic information transmission[ J]. Econometrica, 1982, 50(6) ; 1431 - 1451.

[31]Skaperdas S. Contest success functions[ J]. Economic Theory, 1996, 7(2) : 283 -290.

(328 M. 10T7A MBI T RGO ST ]. PEBITRBTT, 2019, 29(3) : 24 -27.
Huang Meng. Design and implementation of flood disaster index analysis and verification system in Liaoning Province[ J].
China Flood & Drought Management, 2019, 29(3) : 24 —=27. (in Chinese)

[33 ). TR THEI R F G TR M H A hEAKRI =S, I TE KRS KGKEAR (53 )
[C]. ITTFRAHOR R, 2013 116 - 118,
Mu Lianping. Practice and Exploration of Flood Disaster Statistics in Liaoning Province in Recent Years[ A]. Chinese Hy-
draulic Engineering Society, Liaoning Hydraulic Engineering Society. Water and Water Technology ( Series 3) [ C]. Liaon-
ing Science and Techinology Publishing House, 2013, 116 —118. (in Chinese)

Signalling game model for disaster reporting and superior inspection

ZHAO Ning, LIU De-hai"

School of Public Administration, Dongbei University of Finance and Economics, Dalian 116025, China

Abstract ; Immediate disaster reporting and accurate verification are the prerequisites of disaster relief. In the
process of major emergency disaster verification, the superior government is restricted by the professional level
of personnel, testing equipment and verification time, so that some local governments intentionally take actions
to profit this opportunity. Assuming the superior government having private information about its own verifica-
tion ability and making the published verification strategy as a signal, a multi-stage signal game model for dis-
aster verification between the two-levels of governments is established where the local government decides its
submission strategy according to the signal. Bayesian Nash equilibrium is solved. The results show that disas-
ter reporting strategy of local governments is affected by the expected benefits, the costs, and the superior gov-
ernment’ s verification ability. When the signal cost is low enough, the “releasing high intensity signal” strat-
egy of the superior government, i. e. , choosing weak verification strategy and issuing strong verification signal
can reduce the cost of verification and force the local government to report truthfully. In the multi-period mod-
el, when the discount rate of local government is large enough, the superior government’ s verification strategy
of first strengthening and then weakening is more conducive to reducing the local government’ s concealment
and misrepresentation.

Key words: disaster relief; signal game; disaster report; information verification



