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Abstract

The snowball option, fully known as the “Auto-Callable Snowball Structured Note with Knock-In and
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Knock-Out Features”, is a type of exotic derivative. Many investors seek attractive returns without
taking on excessive risk, which has made snowball options highly popular since their introduction.
Consequently, a series of financial products derived from them have secured a place in the financial
market due to their high coupon rates. This paper begins with an overview of snowball options,
introducing their fundamental components and conducting scenario analysis. Subsequently, a pricing
model for snowball options is established, examining discrete and continuous knock-out scenarios.
Each scenario is further divided into two cases: when the option has not been knocked in and when
it has already been knocked in, leading to the derivation of corresponding pricing formulas. The
paper also involves the estimation of pricing parameters, where volatility is determined using the
GARCH (1, 1) model, and all parameters for the snowball option are finalized. The pricing is solved
using both the Monte Carlo method and the finite difference method, and the results are compared,
showing general consistency. Additionally, dynamic hedging is performed. Finally, an investment
analysis of snowball options is conducted, leading to the main conclusions.
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Table 1. Basic elements of snowball option structured products
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Table 2. Four scenario analyses of snowball options
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Figure 1. Logarithmic return chart of the CSI 1000 index
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Table 3. ADF test for the return series of the CSI 1000 index
2 3. HiE 1000 YEE R FY ADF #18

it/ KT A
ADF 154t 1H & —9.213687
p1E 0.000000
1%l S48 —3.458128
5%llfs FH1E —2.873762
10%llf% 15 —-2.573283
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Table 4. Plot of autocorrelation and partial autocorrelation for CSI 1000 return series

= 4. HiE 1000 Y 3R F5E) B HE KRR B X E

AC PAC Q-Stat Prob
1 0.106 0.106 2.717 0.099
2 0.072 0.062 3.994 0.136
3 —0.109 —0.124 6.895 0.075
12 0.006 —0.006 12.977 0.371

ér:%in, 121,23, JoF e N I ASHIER . & o =r—F, o AU R B
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Table 5. ARCH effect test for the logarithmic return series of the CSI 1000 index
7 5. HiE 1000 BT U EFEFFIH ARCH SR HGL0

Autocorrelation Partial Correlation AC PAC Q-Stat Prob
1 0.589 0.589 84.768 0.000
2 0.402 0.083 124.268 0.000
3 0.163 -0.158 130.823 0.000
4 0.144 0.125 135.922 0.000
5 0.054 -0.056 136.639 0.000
6 0.009 -0.058 136.657 0.000
7 0.001 0.062 136.658 0.000
8 -0.002 -0.018 136.659 0.000
9 0.047 0.067 137.208 0.000

10 0.047 0.009 137.779 0.000
11 0.023 -0.061 137.914 0.000
12 -0.036 -0.051 138.245 0.000
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Table 6. Results of the GARCH (1, 1) model
52 6. GARCH (1, 1)#&8I%E

Variable Coefficient Std. Error z-Statistic Prob.
C 4.4e-05 9e—-06 5.0963 0.0000
RESID(-1)"2 0.199241 0.074671 2.66825 0.0076
GARCH(-1) 0.697344 0.055968 12.4596 0.0000
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Table 7. ARCH effect test for the GARCH (1, 1) model
2 7. GARCH (1, 1)#%8#) ARCH 3Rz #6 36

Autocorrelation Partial Correlation AC PAC Q-Stat Prob
1 0.025 0.025 0.148 0.701

2 0.014 0.014 0.199 0.905

l 3 0.115 0.114 3.439 0.329
4 -0.016 -0.022 3.501 0.478

| 5 —0.053 —0.056 4.198 0.521
6 0.021 0.011 4.311 0.635

7 —-0.01 —0.005 4.337 0.74

8 -0.08 —-0.069 5.929 0.655

9 0.068 0.068 7.094 0.627

10 0.127 0.129 11.156 0.346

11 0.055 0.067 11.921 0.37

12 -0.024 —-0.053 12.073 0.44

B, KI5 22 V) ATARYE Bk g Rt 545

~ 4.4x10°°
L 1-0.199241-0.697344

i RIE 1000 FE U H BN 2.0627%, HH AT 75 4iE 1000 TEE 450 A 32.0880% .
42. EHheH—i
ASCATH BRI ATE I S5 8 Ak,

=0.000425 (13)

Table 8. List of pricing parameters for numerical methods
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UHr, T8 KR AR BUE D — AR E SR AU RS A, B RIR T E B E SR, 9 2.1166%.

DOI: 10.12677/pm.2025.1511286 250 FEp R


https://doi.org/10.12677/pm.2025.1511286

Mt 4

4.3. REFBEUNGE
SR RIS B IEAL AR SRR BOE A, RIREE b8 OB R, S A RAERIR 5 HER P K
{22 KT T SE 20 € IIRE I & IO AT RETERORB/DN, SR4E T IR KA E LR IR -

o2
- dt+o~/dte

B BEAR B BT 7 B A A A2 AL i AR IR LT AT B Ia 3, A S 4 =Se »
dB(t)=+dte , &~N(0,1). FRAVEFEITFE 2 ChEIFA A, HILHAHERA 5000 4):

0.5 4

0.0 0.2 0.4 0.6 0.8 1.0
DR

Figure 2. Simulated path of the underlying asset
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Figure 3. Schematic diagram of finite difference
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Figure 4. Verification of numerical solution for knock-out
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5.1 FMIBRLEBMELEE

TR 9RAFHAEEE T S AR G, MRS IR LS g i

1) HEBRARRERIA R 5 JI 5k LA BN, SRR ROHESR G BB TR20E, RITAFEAS T AL
SORTEEATEENE, e R S S BR AR 0

2) EALmUN S L LR, AF] 64.47%, (HERENREHE FIBERIC, (XF 0.70%, HmiN)5
PRI = AAR T WA A% (S, < So )IIIE T i HL K (28.82%) [3],  LLRSN 5 A A B 7= 40 4% i T WA A% 1)
MK 70 5, SR BB T ERFF SR A S DAL, Rl TR A i e M K

3) —BEURERIN, $5E 3 T A o (A AR < 15 DU » AR M e e o s 1) 5 77 A0 6 1 T SRR TR 45 K

Table 9. Proportion of occurrence probabilities for each scenario under different path counts based on 2024 parameters
2 9. 2024 FEY T AR ERES BT LEME L

R\ AT H TN AT HY

BSES  BRRAGAEN  EERG GROERE (g o) (525
t t =

10,000 0.66% 64.32% 5.96% 28.63% 0.43%

100,000 0.71% 64.50% 5.78% 28.63% 0.39%

500,000 0.71% 64.52% 5.66% 28.73% 0.38%

1,000,000 0.70% 64.47% 5.63% 28.82% 0.38%

5.2. ST

5.2.1. Delta *}7#1[4]

1) BERRAtBARREH

S 1 FERIABUHAIN A 5-0.8370. X HE 1 Ji S ERIARL, MiZE A 8898 i ifa Ty, {1
7% 8369.89 JL. TLAFLFIFN 2.1166%, —RKIIFIEHAN KK 0485 Jt. 1 KLAGREMMIEFFIEE
0.9842 JUBFM. A TORFF A ik, FFEARLSLEAM B ER AT, LR, [F—RRH &
TS 2 O o S5 SRR AR BT AR B0 Bl AR SENEGEL R R B 2], DA, A
&R 2% R 4K 10,

Table 10. Delta hedging simulation (neither knocked in nor knocked out)

%% 10. Delta 3R EER BN B AR L)

RH S delta IS E PSS ] Y4 RitH&h
1.0000 0.8370 8898.0 8369.89 0.49 8369.89
0.9842 0.8977 643.0 595.76 0.52 8966.13
1.0113 0.8065 -972.0 ~924.85 047 8041.79
240 0.9413 0.0068 -3.0 ~2.48 -0.15 ~2651.10
241 09431 0.0019 ~50.0 ~46.68 -0.16 ~2697.94
242 0.9699 0.0001 ~18.0 -17.64 -0.16 ~2715.74
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TR 9 FH R 9498.29 T, LA 2.1166% (1) J6 AU A 28 W 21 25 — R 4 9299.36 T, -5 AL I FE 84/ {E 9204.19
JLEREZ)N 1.03%.

5.2.2. Gamma X Hi[5]
F—BANX 0 N2 E MRS
In=-V+x-F+y-C (22)

TR HREHERI A, M 80, 19)

{AH =—A, +X+YyA; =0 23)
Ir,=-I,+yl,=0
AR R
x:—r—V-Ac +4A,
C
o (24)
s
PRAERR S BRIAR ¥ A
C=5N(d,)-Ke " "IN(d,) (25)
2
In(&/K)+[r+iéj(r—Q
d, = d, =d, —oT —t (26)

T -t
Hodr SONPRIIBE PRI M, KONATRUN S, T AEZZIN ], NSRS R R 010
PR FrvERRE B IAALK) Delta. Gamma B AN :

delta = N (d,), gamma = N'(d) 27)

S,oNT -t
Delta X} 4 F1 Gamma X 4 () & R b fin R 2% 11

Table 11. Comparison of delta hedging errors and gamma hedging errors
5% 11. Delta XHF1 gamma X} 4iRZE Xt EE

PR\ AT H R AR H

J h== ) = hA hA
R BER RN R H B KRN ERH (S, <S,) (S,>S,)
delta X} iR 2= 1.03% —0.41% 1.21% 1.73% —2.29%
gamma iR 2 0.12% -3.61% 1.47% 4.63% 2.04%

M EZRTT LA H Gamma X R RCR AN — 5E L Delta i (R 25CR I, 3 AT R SR ) % A8 DA Bkt it
FE P SRR AR R O % (Ea Ak BF, X RCR R AR fFE T .

5.3. HRRBREY RIS EBEA delta J9f)
BEBLA K — 3 2R B B P AR A, S A I SR %, H AR 12 AT Y delta X ph 45 2R R AT

DOI: 10.12677/pm.2025.1511286 254 FEp R


https://doi.org/10.12677/pm.2025.1511286

LERESEE

Table 12. Delta hedging errors
%z 12. Delta I HIRE

B FAEEER) REME RZIIE(%)
RN B AR H 667 0.0667 0.94
B CRECIRE 6720 0.672 1.01
Fer N Ja R 94 0.0094 1.23
N BRI (S, <S,) 2468 0.2468 0.78
RN JEARFH(S, > S,) 51 0.0051 1.15
EXEFIN 10,000 1 0.95

6. BRI A D

R ST E O it 728 T RS PRI L, T SEPR BT R SR S0 A2 THLSEIMBE o A2 B PEIUEE R, AR
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PRGBS R, BT 1o o HE, AT ERABAE ST BT, R T =R AT A R
B RIL[2]

DREHEZIE BRI, AT @ TSP U R (P Payoff) SIS e F P 5B Ml i, Ferbileas &0t 5
ARN: WS = (V) Payoff — WIBUAME ) /IBUAE « [, BTG & M6 0 T AR 4 S R A
R, WRAHIHTHEBER IS 5 IR Eh 4 .
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Table 13. Investment performance of bull market snowball options
= 13, 4 FEREIMAIR BRI

u Sy Payoff K25 28 (%0)
0.06 1.0524 8.50
0.08 1.0583 9.10
0.10 1.0626 9.55
0.12 1.0654 9.84
0.15 1.0671 10.01
0.20 1.0651 9.80
0.25 1.0602 9.30
0.30 1.0539 8.65

Table 14. Probability of various scenarios for bull market snowball options

14 £ TSR EMIER L £

H REEARRLH HEMH  GRAERE  BARRBU(S <S,) RARRLH(S, > S;)
0.06 20.44 64.97 0.06 14.48 0.05
0.08 19.33 68.63 0.06 11.93 0.05
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0.10 17.97 72.23 0.07 9.69 0.05
0.12 16.46 75.66 0.07 7.77 0.04
0.15 14.04 80.37 0.08 5.48 0.03
0.20 9.86 87.06 0.06 2.98 0.04
0.25 6.33 92.15 0.06 1.43 0.03
0.30 3.75 95.55 0.05 0.63 0.02

M 13 AR, BEE u WIRTE, FERWIBKIT-1Y Payoff SURZER BT “J% LTHE R B, u
M 0.06 Z 0.15 I, “F#4 Payoff M 1.0524 J+ = 1.0671, Y75 M 8.50%ETHZ 10.01%, ik F 5 IEAE .
AR T “BEANRRH(S, <S,)” MIMEZR (N 14.48%% % 5.48%), /b TR HEASHRRAK . u N
0.15 # % 0.30 i}, “F¥J Payoff M 1.0671 B& = 1.0539, ULZiF M 10.01%]51 7% % 8.65%. uidESH “H

Eemih 7 SRS (A 80.37% 71 2 95.55%), HIBUFRATZA 1L, #BTHRERLSE “RETER” SRECEZE R M
Blgs: RIS “BERBN WA ” BEZ KR T FE(A 14.04% % 2 3.75%), #t—DHIgS 7 K87, &
A Rl .
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KEk: BE w98/, P35 Payoff Jdi/b, Wiai SIRAC, HIRBERE MM S K. A RS R(EERH . Jemt
NJGrH) AT G EEA 58.91% %% 35.61%, WA RIEKIRZES: 1M AFILE RELAREH S, < Sy )T+
£ 62.75%, HMONFEELGEREM, Hei NG S, [FIFHE S, UL LAY 0.08%~0.28%, A&:4i 2k )L T ik
[l s ok g B (R R RN R i ) A 2R 4 RF 1.56%~3.28%[FIHE /KT, %o g 2 TE SIZ i R o
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Table 15. Investment performance of snowball options in a volatile market
< 15. BFH™ N SEKEAM AR BRI

o SEH Payoff W25 2 (%)
0.15 1.0250 4,72
0.16 1.0133 3.53
0.17 1.0034 2.52
0.18 0.9944 1.60
0.19 0.9865 0.79
0.21 0.9736 -0.53
0.23 0.9635 -1.56
0.25 0.9557 —2.36
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Table 16. Probability of various scenarios for snowball options in a volatile market
2 16. BHm N SEREAA S FPIER & £

o REAKRRH  EEMH GRAER BOAKRI(S, <S)) FEARRLHI(S, > S))

0.15 22.37 48.60 5.05 23.94 0.04
0.16 18.86 49.21 6.31 25.56 0.06
0.17 15.93 49.55 7.57 26.86 0.09
0.18 13.32 49.59 8.97 28.00 0.12
0.19 11.08 49.47 10.38 28.93 0.15
0.21 7.58 48.66 13.31 30.23 0.22
0.23 5.13 47.33 16.28 31.00 0.27
0.25 3.39 45.59 19.36 31.34 0.33

H17¢ 15 AT %, B o K (T shinl), SRR 2 Payoff S aE R Rl Yt i R4t
FRAfEc=019~021 20, Emid, BEAEERE “BN” “RH” BT, REEI S 4ERF “ AR
AN B EEmGET , mEE S il RN, HETHRRXR . 55 16, BN A R I
SOMATEMT: AR E TSI R 64.95%, (HEERUEBERSETE R, SR a R R B BT
HIEWCER AR R ARSI, SEPRoTlRA R ARSI TE A 31.34%, BBz nBEER; ik
SRR IR R 3.39%, Al FHIBCERIIRRA,  “IREBR” Jom R T REMERRE

LREET. RETH. R AR, SRR SR ILAAT &3 (T B o, Bk A
W FERIAORAE CEEMN B TR, KSRy sty R ME S W (o <0.19 ) B A A T
(#=012~015, o /p); ERRTEEERG T, ARSI G, . BB AL R
A HEFIBT T I3 (1 5 o ), IFdia B S NSRAZE I SR ARERES 25,

7. A BIHTA

1) HBENLERE SR A D i i T R, PR h 2 2 e OV B B R B R, AT AT PR Z 73
(I HAE R A o

2) I PRZE 7 N T ERIIBUME AR A I 73 T REREAT B A AR, R R P SR I AR e A
AL RBERLL AR T T AL, TRANE IR ZEIMELE M 4E s A TR T IR, 3RTHEM RS L 5 RC%

3) MM ZARF RIS E K EA R AN A, A SEIBUME A F T35 . E3eE
0L T #0458 T s =5 BRI A RS A 2 4RFALE -

4) A BIRAWTIC T T ERIIBUH KOS HE A AL, R B 5 AT 1 delta 830

8. EXBLGE

AL M HT S SRR 5, 5 T UKo 5 R o P O SR 02 0222
P HERECRTRSE S, PSR RO L2 M SRR AR EAR . A SCHET T — RO IR AT,
AR T TR AR ot B A 2 VLM S R PRI
BN s R AL, AU T T0RE 10 delta %A1 gamma #fvh, Jf
HEF AT BLAMT R R 40 R 2T, 9t BRI 202 T S B 36 IR 04516«

B
ABRHGFITER, BAIFESELROB OIS EOFEEH, ROV ARIEH LS

DOI: 10.12677/pm.2025.1511286 257 FEp R


https://doi.org/10.12677/pm.2025.1511286

GERESEE

==
=

B, XA PERERA DR ST AT . ATEKIRNE, XMIRmE S R, BATRKIZE L.

E&InE
ATH HH E R ZE R E AR H 202510059169 S £F .

SEHk

[11 WL, 3T Black-Scholes AL 5E A 45 B [y AT % i f3 25 7 M e B0 1) 2 40E 49 7 [3]. o 6T 6D o A 428 (o 22 0),
2016(22): 105-108.

[21 FRE FET RS 7 PR S BRRGE M iF 98 [D]: (Bt 22608 0], 750 5 MK 2%, 2023.

[8] BREL. SEREEMIBITIN P2 5 0 2 I L —— DRI TAF B B 5 R 8 1 2 WBI[D]: [t c]. e JTF
W48 K2, 2022.

[4] F#E, FHMX. T Merton %5 Monte Carlo UGS HIBGE M X [I]. B BLEFE AR K 2E243R, 2018,
48(11): 906-922.

[5] HIEMY. T B-S BIAGHIAAE 5 RGBT TGRS [0]. & M 20t 23], 2012, 34(3): 1-4+10.

DOI: 10.12677/pm.2025.1511286 258 I


https://doi.org/10.12677/pm.2025.1511286

	雪球期权的定价机制与动态解码
	——偏微分方程模型下雪球期权定价与动态对冲机制研究
	摘  要
	关键词
	The Pricing Kernel and Dynamic Decoding of Snowball Options
	—A Study of Snowball Option Pricing and Dynamic Hedging Mechanism under a PDE Model
	Abstract
	Keywords
	1. 引言
	2. 雪球期权概述
	2.1. 基本要素
	2.2. 雪球期权的情景分析

	3. 雪球期权定价模型的建立
	3.1. 定义敲入事件、敲出事件
	3.2. 敲出连续观察
	3.2.1. 当前已敲入
	3.2.2. 当前未敲入

	3.3. 敲出离散观察
	3.3.1. 当前未敲入
	3.3.2. 当前已敲入


	4. 雪球期权定价的数值方法
	4.1. 波动率的估计
	4.2. 定价参数一览
	4.3. 蒙特卡洛模拟方法
	4.4. 有限差分方法
	4.5. 数值结果对比

	5. 雪球期权的性质
	5.1. 各种情形发生概率占比
	5.2. 动态对冲
	5.2.1. Delta对冲‎[4]
	5.2.2. Gamma对冲‎[5]

	5.3. 由单路径扩展到多路径(以delta为例)

	6. 雪球期权的投资分析
	6.1. 牛市环境下的投资表现分析
	6.2. 熊市环境下的投资表现分析
	6.3. 震荡市环境下的投资表现分析

	7. 本文创新点
	8. 全文总结
	致  谢
	基金项目
	参考文献

