AP DUNG MO HINH GARCH TREN THI TRUONG CHUNG KHOAN VIET
NAM

LE VAN TUAN' va PHUNG DUY QUANG?

TOM TAT. Bai viét st dung md hinh GARCH dé mé hinh héa va thuc hién du bao cho chi sb
VNIndex, chi sb dai dién cho TTCK Viét Nam. Két qua thong ké cho thiy mé hinh phu hop nhat dé
md hinh héa sy bién dong cua VNIndex 14 GARCH(1, 1). Cac ciu 1énh R duoc cung cip day du toi
ban doc.

1. Gi6i thi¢u

M5 hinh hoa sy bat dinh 1a vin dé can ban cua tai chinh dinh luong, dugc mg dung trong ci ba mang
chinh: phan bd danh muc déu tu, quan tri rai ro va dinh gia cac hop dong tai chinh. Su mé hinh hoa
nay dem lai sy hiéu biét vé cac tinh chét thong ké cta sy thay ddi gia va cach dé du bao t6t hon. Cac
chudi dit liéu theo thoi gian duoc cho 1a phu thudc vao gia tri qua khir ctia chinh n6 (autoregressive),
didu kién cia cic thong tin trong qua kht (conditional) va ton tai phuwong sai thay doi
(heteroskedastic). Cac nghién ciru cho ring nhitng bién dong cua thi truong chimg khoan thay dbi
theo thoi gian va bién dong theo cum, trong d6 mot chudi thoi gian véi mot sé thoi ky bién dong thap
va mot s6 thoi ky bién dong cao dugc cho 1a ton tai bién dong theo cum (volatility clustering)

Mo hinh ARCH? (Autoregressive Conditional Heterokedasticity) va ho cic mé hinh téng quat cia no,
GARCH (Generalized Autoregressive Conditional Heterokedasticity), d@ mo ra mét ky nguyén méi
trong linh vuc mo6 hinh hoéa tai chinh (truong hop riéng la cho thi truong chirmg khoan). Péng gop
chinh cua cdc mé hinh nay 1a cho phép mé hinh héa su bat dinh 1a mot qué trinh dong, thay vi gia
dinh sy bién dong trong twong lai 12 hang s6, n6 1a qua trinh bién doi theo thoi gian.

O Viét Nam, cac nghién ciru vé ap dung mo hinh ARCH/GARCH cho thi truong chimg khoan xuét
hién tir kha sém. Hoang (2004) di tim kiém bang chimg khoa hoc vé hi¢u itng GARCH trén diy
thong ké loi suit cua chi sd gia thi truomg va 10 ¢d phiéu dang niém yét. Két qua kiém dinh dang
khich 1¢. Tién (2017) da thyc hién céc phan tich bang mé hinh GARCH can ximg va bét can x{mg.
Theo tiéu chi AIC va SIC, nghién ctru chirng minh raing GARCH (1,1) va EGARCH (1,1) dugc danh
gid 1a mo hinh thich hop nhat dé do luong cac dao dong d6i ximg va bat ddi ximg cua VN-Index.
Khoa (2017) da du bao nhimng bién dong co diéu kién cia thi trudng chimg khoan Viét Nam. Két qua
cho thiy, mé hinh GARCH (1,1) 14 phu hop dé wdc tinh sy bién dong cua thi trudng ching khoan
trong nudc.

Trong bai viét nay, chung t6i s& mé hinh héa sy bién dong cua thi trudng ching khoan Viét Nam,
duoc dai dién béi chi s VNIndex, qua mo hinh ARCH/GARCH. Két qua théng ké s€ chi ra mo6 hinh

1Tru‘c‘)fng Pai hoc Thwong mai - Email: tuanlevan@tmu.edu.vn
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® T4c gia cla no, Robert Engle, d3 nhan giai Nobel kinh t& n3m 2003 nho cong trinh nay.



GARCH nao 13 phu hop dé mé ta VNIndex. Bén cach do, thong qua gia 1ap su bién ddi cia VNIndex
trong twong lai, chung ti ciing dua ra dyu bao vé gid trj cuia chi s6 VNIndex. Cac cdu 1énh thuc hién
trén phin mém R dugc trinh bay diy du.

2. Co sé 1y thuyét*

2.1. Cac khai niém co ban

Ky hiéu chudi thoi gian 1a mot ho cac bién ngu nhién (X)tez (con goi 1a qua trinh ngau nhién).
Cdac mo men.

Ta dinh nghia ham trung binh (mean) va ham ty hiép phuong sai (autocovariance) ciia (X,)ez (néu
ton tai) 1a:

u(t) = E(Xp), tez
)/(t, S) = E((Xt - .u(t)(Xs - M(S)), t,sez
Tinh dirng.

Pinh nghia 1 (ding chat). Chudi thoi gian (X,)ez duoc goi 1a dimg chit (strictly stationary) néu:

d
Keyp oo Xe) S Ky o Koy

véimoi tq, ..., t,,k €EZvan €N,

DPinh nghia 2 (dirng hiép phwong sai). Chudi thoi gian (X,)¢ez dugc goi 1a dimng hiép phuong sai
(covariance stationary — con goi 1a dimg yéu hay dirng bac 2) néu cic md men bac 1 & 2 ton tai va
théa man

p®) =p tez
y(t,s) =y({t+ks+k), t,s,ke€Z
Luu y, chudi dimg chit c6 phuong sai hitu han 1a chudi ding hiép phuong sai.
Tu twong quan.
Gia str (X;)¢ez 12 chudi dimg hiép phuong sai, ky hiéu
y(h) = y(h,0), heZ
Luuy, y(0) = var(X;), Vt.

DPinh nghia 3 (ham ty twong quan). Cho (X;)¢ez 12 chudi ding hiép phuong sai, ham tu twong quan
(autocorrelation) dugc dinh nghia la

p(h) =y(h)/y(0), heZz

Qud trinh nhiéu tring.

* Phin nay tham khao trong McNeil (2005)



Pinh nghia 4 (nhiéu trdng). (X¢) ez duoc goi 1a qua trinh nhidu tring (white noise) néu né 1a dimg
hi¢p phuong sai va théa man:

(1, h=0
p(h)‘{o, h+0

Qué trinh nhiéu tring c6 trung binh bang 0, phwong sai 6 = var(X,) duoc ky hiéu 1a WN (0, 62).

Pinh nghia 5 (nhiéu trang chat). (X;)eez duoc goi 1a qua trinh nhidu tring chat (strict white noise)
néu no 1a day bién ngau nhién doc 1ap cting phan phdi (idd) co phwong sai hitu han.

Qua trinh nhidu tring chit c6 trung binh bing 0, phwong sai 02 = var(X,) dugc ky hiéu la
SWN(0,c2).

Luu ¥, qua trinh nhidu tring chat 1a truong hop riéng ciia nhidu trang.
2.2. Qua trinh ARMA

Dinh nghia 6 (qua trinh ARMA). Qua trinh (X;);cz dugc goi 1a qua trinh ARMA(p, q) trung binh 0
néu no 1a dimg hiép phwong sai va thoa min

Xe= @1 Xp 1+ o+ @pXepH e+ 0161+ + 046y, VLELZ,
v6i (&) ¢ez 12 qua trinh WN (0, 2).

Qué trinh (X,);ez duoc goi 14 qua trinh ARMA(p, q) trung binh u néu (X, — i) ez 14 qua trinh
ARMA(p, q) trung binh 0.

2.3. Qua trinh ARCH

Dinh nghia 7. Cho (Z;)¢ez 1a qua trinh SWN(0,1). Qua trinh (X;);ez duoc goi la qua trinh ARCH(p)
néu né 1a dimg chit va théoa man, Vt € Z:

Xy = 012,

of =ao+ Xl aiXi
Vo1 (0¢)¢ez 1a qua trinh c6 gia tri duong ngét; ¢y >0vaa; = 0,i = 1,...,p.
2.4. Qua trinh GARCH

Dinh nghia 8. Cho (Z;)ez 1a qua trinh SWN(0,1). Qué trinh (X;);ez dugc goi 12 qua trinh
GARCH(p, q) néu n6 1a dumg chit va thoéa min, Vt € Z:

Xe = 0vZy
— p q
of = ao + Xi_y e X{ + X, Bjot
vOi (0¢) ez 1a qua trinh 6 gia tri dwong ngdt; @y > 0,¢; =0,i =1,..,pvaf; 20,j=1,..,q.

Luu ¥, qué trinh GARCH (X,) ez 1 dimg hiép phuong sai khi va chi khi Y7_; @; + %7, 8; < 1. Khi

46, (X;) ez 14 nhidu tring,



2.5. M6 hinh ARMA véi sai s6 GARCH

Ta di biét rang qua trinh ARMA lién két véi nhidu tring (&,)ez, va qué trinh dimg hiép phuong sai
GARCH 1a m6t nhiéu tring. Vi vay ta c6 thé két hop moé hinh ARMA va GARCH bang cach xem sai
sO & ciia md hinh ARMA 14 0,.Z,.

Dinh nghia 9. Cho (Z;)¢ez 1a qua trinh SWN(0,1). Qué trinh (X;);ez dugc goi 1a qua trinh
ARMA(p,, qi) v6i sai s6 14 GARCH(p», q») néu n6 1a dirng hiép phuong sai va théa méin

Xe = U+ 0¢Zy
pe= p+ Y2 0 (X — ) + Z;{il 0;(Xe—j — He—j)
o = ag+ X2 ai(Xemi — pe-i)? + Z?il Bjot-;
Voiag > 0,0;20,i=1,..,p2;820,j=1,,q;vaX_ & + X1, B < L.
Luu v, gia st (F;)¢ez 12 loc tu nhién ctia (X;)¢ez, khi d6 pup = E(X¢|Fr—y) va 0 = var(X;|Fe_,).
3. Thuc hanh trén phin mém R
Céau lénh R: Cai dat & goi cac thu vién
install.packages("tidyverse"); install.packages("FinTS"); install.packages("fGarch");
library(tidyverse); library(FinTS); library(fGarch)
3.1. Dir liéu

Dir lidu mé ta chi s6 VNIndex (chi sé cudi ngay) tir 30/7/2007° dén 23/4/2020, dit liéu bao gdm giai
doan khung khoang tai chinh nim 2009 giai doan anh huéng cua dai dich Covid-19. Ngudn dit liéu
liy tir trang chu ctia Cong ty C6 phan Chung khoan VNDIRECT®.

Céau lénh R:

#Doc dit li¢u luu trong file VNIndex.csv trong thu muc D:\data\garch
vnindex<-read.csv("D:\\data\\garch\\VNIndex.csv", header=TRUE)

vnindex<- vnindex[seq(dim(vnindex)[1],1),] #Dao nguoc thir ty dit liu theo chiéu tang thoi gian
vnindex$DATE<-as.Date(vnindex$DATE, format = "%d/%m/%Y") #Quy chuan thoi gian
#V& d0 thi

ggplot(vnindex, aes(x = DATE, y = CLOSE)) + geom_line()

> Chung t6i chon thoi diém xuét phét ca dit liéu tir 30/7/2007 dé tranh nhitng nam diu chwa én dinh cua TTCK
Viét Nam, va day la ngay S6 GDCK TP. HCM (HoSE) chinh thitc ap dung khdp 1énh lién tuc.
® https://www.vndirect.com.vn/portal/lich-su-gia/vnindex.shtml
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Hinh 1. Dit liéu lich st cta chi s6 VNIndex

Nhin chung, hinh 1 cho thiy TTCK Viét Nam da trai qua hai dot suy giam manh, giai doan khing
hoang tai chinh nam 2009 va anh huong ctua dai dich Covid-19. Sau giai doan khing hoang 2009, thj
trudng chimg kién mot giai doan dai (khoang 9 ndm) ting truéng twong dbi bén vimg.

Céau lénh R:
return <- diff(log(vnindex$CLOSE)) #Tinh diy lgi suét
vnindexSRETURN <-c(0,return) #B6 sung loi suit ngay dau tién 13 0

ggplot(vnindex, aes(x = DATE, y = RETURN)) + geom_line()
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Hinh 2. Day loi suét caa VNIndex

Hinh 2 cho thiy loi sut’ theo ngay ciia VNIndex dao dong xung quanh gié tri 0. C6 nhing bién dong
manh ting/giam tap trung gan nhau, goi 1a hién twong bién dong cum (volatility clustering). Cac bién
dong cum xuat hién 16 rang ¢ 2 dot suy giam. Day 1 bang chimg cho thiy phwong sai ctia loi suat
thay ddi theo thoi gian va vai trd ciia md hinh ARCH/GARCH khi mé hinh héa chudi loi suét.

3.2. Kiém dinh hiéu tng ARCH

Trudc khi wdc tinh mé hinh GARCH, can kiém tra sy ton tai hiéu ung ARCH trong tap du ligu.
Chung t6i s& str dung kiém dinh Lagrange Multiplier (LM): hdi quy binh phuong sai s6 theo cac do tré
clia nd va kiém dinh gia thiét cac hé sé ciia cac do tré 1a bang 0. Phép kiém dinh ding dau vao la
chubi loi suét véi mot do tré cho trude. Gia thiét Hy la khong c6 hi¢u tng ARCH trong dir li¢u. Gia tri
p-value cang nho, cang chung t6 ton tai bang chimg vé hiéu itng ARCH.

7 Lgi sudt (return) dugc tinh theo céng thire: 7, = log (PPL), V@i P, 1a chi s6 cuBi ngay.
t—1



Céau lénh R:
# Kiém dinh cho d0 tré bé"mg 1, cac do tré khac lam tuong tu
test_out <- ArchTest(vnindexSRETURN, lags = 1)
test out
ARCH LM-test; Null hypothesis: no ARCH effects
data: vnindexXSRETURN
Chi-squared = 348.39, df = 1, p-value < 2.2e-16

Bang 1. Két qua kiém dinh hiéu tng ARCH cho VNIndex

Do ché Thong ké P-value
1 348. 0
2 506. 0
3 553. 0
4 590. 0
5 643. 0

Béang 1 cho thdy cac gia tri p-value déu nho hon 5%, do la bang ching cho thiy ton tai hiéu ng
ARCH trong chudi loi suit cia VNIndex.

3.3. Lwa chon mo6 hinh GARCH

Phan nay s& trinh bay viéc lya chon md hinh GARCH vé6i do tré thich hop nhat bang cach so sanh
mirc dd phu hop (Goodness Of Fit) ciia cac md hinh. Hai chi sé quan trong c6 thé dung 1a AIC
(Akaike Information Criteria) hodc BIC (Bayesian Information Criteria): Chi s6 AIC hodc BIC nho
hon thi mé hinh 6t hon.

Ta sé& so sanh mirc d6 phi hgp ctia viéc md hinh hoa chudi loi suat VNIndex: mé hinh ARMA(p;, q;)
cho trung binh c6 diéu kién va mé hinh GARCH(p,, q») cho phuong sai c¢6 diéu kién (d6 tr& 16n nhat
1a 5).

Céau lénh R:

# Ham do_single garch dé kiém tra cho 1 m6 hinh ARMA- GARCH

do_single garch <- function(x, lag_ar, lag ma, lag_arch, lag_garch) {

my_formula <- formula(pasteO('~arma(', lag_ar, ',',\Jlag ma,")', ' + ''garch(’, lag_arch,',', lag_garch, "))
my_garch <- garchFit(formula = my formula, data = x, trace = FALSE)

est_tab <- tibble(lag_ar, lag ma, lag_arch, lag_garch,

AIC =my garch@fit$ics['AIC"], BIC = my_garch@fit$ics['BIC'],

model name = pasteO('ARMAC(, lag_ar,',', lag ma, ')+, GARCH(, lag_arch, ',', lag_garch, ")) )
return(est_tab)

b



max_global lag<-5 #Quy dinh d¢ tré 16n nhit1a 5
df grid <- expand grid(arma_lag = 0:max_global lag, garch lag = 1:max_global lag)
1 out <- pmap(.1 = list(x = rep(list(vnindexSRETURN), nrow(df grid)),
lag_ar =df grid$arma lag, lag ma = df grid$arma lag,
lag_arch =df grid$garch lag, lag garch =df grid$garch lag),
do_single garch)
tab_out <- bind_rows(l_out)
# M6 hinh c6 AIC nhé nhét
idx <- which.min(tab_out$AIC)
best aic <- tab_out[idx, ]
best_aic
lag ar lag ma lag arch lag garch AIC BIC model name
<int> <int> <int> <int> <dbl> <dbl> <chr>
1 3 3 1 1-6.08 -6.06 ARMA(3,3)+GARCH(1,1)
# M6 hinh c6 BIC nho nhat
idx <- which.min(tab_out$BIC)
best_bic <- tab_out[idx, ]
best bic
lag _ar lag ma lag arch lag garch AIC BIC model name
<int> <int> <int> <int> <dbl> <dbl> <chr>
1 1 1 1 1-6.08 -6.07 ARMA(1,1)+GARCH(1,1)

Nhu vdy mé hinh tét nhat 1a ARMA(3, 3)-GARCH(1, 1) néu stra dung AIC va la ARMA(I, 1)-
GARCH(1, 1) néu st dung BIC. Vi m6 hinh don gian hon s€ dugc vu ti€n hon nén ta sé chon mé hinh
ARMAC(1, 1)-GARCH(1, 1) cho chudi lgi sut VNIndex. Céc hé s ciia mé hinh:

Céu lénh R:
my_garch <- garchFit(~arma(1,1)+garch(1,1), data = vnindexSRETURN, trace = FALSE)
my_garch

Coefficient(s):

mu arl mal omega  alphal betal



1.9097e-04 3.1102e-01 -1.4948e-01 3.4834e-06 1.3284e-01 8.5160e-01
3.4. Gia 13p theo mé hinh GARCH

Chung ta s& sir dung mé hinh ARMA(1, 1)-GARCH(1, 1) dé gia lap cho cac gia tri twong lai cta chi
s6 VNIndex. S6 ngay gia 1ap trong twong lai 1a 1000.

Cau lénh R:
df for <- garchSim(spec = garchSpec(model = coef(my_garch)), n = 1000)
df sim <- tibble(
i t=0:length(df for$garch),
ref date = last(vnindex$DATE) +1 t,
sim_log_ret=¢(0, df for$garch),
sim_arit_ret = exp(sim_log_ret)-1,
sim_price = last(vnindex$CLOSE)*(cumprod(1+sim_arit_ret)) )
pl <- ggplot() +
geom_line(data = vnindex, aes(x = DATE, y = CLOSE), color = 'black’, size = 0.75) +
geom_line(data = df sim, aes(x =ref date, y = sim_price, group = 1),color = 'grey', size = 0.35) +
theme bw()

pl
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Hinh 3. Gia 1ap cho chi s6 VNIndex trong twong lai



TAI LIEU THAM KHAO

Vuong Quéan Hoang. (2004). Hiéu tng GARCH trén day loi sudt thi truong chirg khoan Viét Nam
2000-2003. Tap chi Ung dung toan hoc tap I, s6 1, 2004

Pham Chi Khoa. (2017). Du bao bién dong gia ching khoan qua mé hinh Arch — Garch. Tap chi Tai
chinh, Ky 2, 2017, 6 6, tr38-39.

Alexander J. McNeil, Riidiger Frey, Paul Embrechts. (2005). Quantitative Risk Management:
Concepts, Techniques, and Tools. Princeton University Press, 26 thg 9, 2005 — 538

Marcelo S. Perlin, Mauro Mastella, Daniel Vancin, Henrique Ramos. (2020). A GARCH Tutorial
with R [https://docs.google.com/document/d/1BcIFoM25hax WIVtIQfzMMGPnPG--
gTt2f3XhGJISHQus/edit]

Ho Thuty Tién, HO6 Thu Hoai, Ng6 Vin Toan. M6 hinh héa bién dong thi truong chiing khoan: Thuc
nghiém tr Vi€t Nam. (2017). Tap chi Khoa hoc PHQGHN: Kinh té va Kinh doanh, Tap 33, Sd
3(2017) 1-11

Lé& Vin Tuén, Phung Duy Quang. Ap dung mé hinh GARCH dy b4o anh huéng cua dai dich Covid-
19 dén thi truong chimg khoan Viét Nam. (2020).



