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Hé phuong trinh déng thoi/Hé phuong trinh cAu triic

Simultaneous equation model/Structural equation model (SEM)

> Sir dung dé md t3 cAu tric hosic hanh vi clia cic chii thé kinh
té.

» Diém can bing théng thudng 13 két qua cla tuong tic giia
cac hé thong (vi du cung/cau, gia va luong...)

» Théng thudng cac bién gidi thich va phu thudc duoc xéc dinh
dong thai/la ket qua IAn nhau, din dén cic diéu kién cta md
hinh CLRM bi vi pham, va uéc lugng bang OLS khéng cé
hiéu luc ndi tai.
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Hé phuong trinh ddng thdi

Gid st gid ca va lugng tiéu thu cta hang héa quan sit dugc trén
thi trudng:

Price = By + 1 Quantity + fox + u (1)

Quantity = o + y1Price + vy + v

(2)

vGi u, v 1a white noise. Gid st phuong trinh gid mé td ham ciu,
md hinh lugng md tad ham cung.

> x va y |3 céc bién ngoai sinh (c6 thé 13 bién gi?)

» Ching ta c6 thé uéc luong Bo va 81 khdng chéch va nhit
quan tir mdt trong cac phuong trinh trén khong?

> Ky vong gi vé& cac tham s6 hé sb géc (31 va 71)?

3/33



Thay phuong trinh (2) vao (1) va tim ham hdi quy gia theo cac
bién con lai:

Price = By + B1(v0 + 71 Price + 2y + v) + Bax + u

sau khi xtt ly, chiing ta c6 ham hdi quy gia theo cac bién gidi thich:

Price — Bo + B1vo B172 B2 prv+u
rice = y X+
1-pBm  1-PBm 1-p5B1m 1-p51m
=T + Ty + Mox +¢€ (3)

Tuong tu nhu vay, chiing ta thu dugc ham hdi quy luong theo cic
bién ngoai sinh:

Quantity = 6o + 61y + dox +n (4)
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M6 hinh cau tric va mo hinh rat gon

» M5 hinh (1-2) 13 mé hinh ciu triic (structural model):

Price = Po + B1Quantity + Pox + u

Quantity = o + y1Price + oy + v

» Cac tham sb 8 va ~ trong mé hinh chu tric dugc goi 13 cic
tham s6 cau trdc.
» M5 hinh (3-4) la md hinh rdt gon (reduced-form model):

Price =mg+my +mx+e

Quantity =g+ d1y + dax+1n

» Cac tham sb 7 va § dugc goi 1a tham sb rit gon.
» Cac tham sb rat gon 13 ham phi tuyén cha cac tham sb cAu

tric.
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Cé thé udc luong tham sb chu trac bing hdi quy OLS cla
mé hinh ciu tric khéng?

Tir phuong trinh (3):

/31 2
UV
1-Bm

» Do bién giai thich (gi4) tuong quan véi phan du (v) nén uéc
lugng md hinh (2) bing OLS sé& khdng c6 hiéu luc nbi tai.

cov(Price,v) =

» Uéc lugng clia 1 va 71 tir phuong trinh (1) va (2) bang OLS
bi thién l&ch, dugc goi I3 thién l&ch dong thai (simultaneity
bias).
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Céc phuong phép udc luong hé phuong trinh dong thoi

1. Hbi quy rat gon/hdi quy gian tiép (reduced form
regression/indirect least square-ILS)

2. H&i quy hai giai doan sir dung bién cong cu (2sls/instrumental
variables regression)

3. Hbi quy hé phuong trinh (hdi quy 3 giai doan, 3sls)
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1. Phuong phép hdi quy gian tiép (ILS)

Théng qua viéc udc luong cac tham sb rit gon dé tinh nguoc lai
cac tham so cau tric:

Price =7y +my + mox + €

Quantity =g+ 01y + dox+ 1

» Ching ta c6 thé uéc lugng md hinh rat gon bang OLS do x
va y 13 c4c bién ngoai sinh, khéng tuong quan vGi cac phan
du gbp e van (cac phan du gbp nay bao gdm nhiéu tring u
va v tir md hinh cdu tric).

» Tir cic tham sb rat gon 7 va 4, chiing ta c6 thé truy lai cac
tham s6 cau tric S va v.

> Ching ta c6 tit cd 6 tham sb rit gon = Cé thé tinh dugc 6
tham s6 cau trdc.
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VAn dé nhan dién (identification) trong udc lugng hé
phuong trinh dong thai

> Néu chiing ta c6 di 6 tham sb rit gon cho 6 tham sb cAu tric
= hé phuong trinh c6 nghiém duy nhat (exact-identification).

» Né&u tham sb rat gon it hon sb tham sb cAu tric, hé phuong
trinh hdi quy nhan dién thiéu (underidentification) = mét
trong cac phuong trinh cau tric ctia hé phuong trinh dong
thoi khong gidi dugc.

» Né&u c6 nhiéu tham sb rit gon hon tham sb ciu tric = nhan
dién vugt mic (overidentification) (cé thé cé nhiéu nghiém so6
cau tric hon s6 tham so rat gon).

= Khi nao thi udc lugng dudc tham sb gi?
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VAn dé nhan dién trong hé phuong trinh dong thoi

» Phuong phép ILS yéu ciu hé phuong trinh phai cé nghiém sb.
Néu hé phuong trinh nhan dién thidu hodc vuot mic déu cé
thé gip ric rbi.

» Chiing ta quan tdm phuong trinh ciu tric (1-2) vi né dién
gi3i hanh vi cha chi thé théng qua quan hé tuong tac giira
cac bién (gdbm ca bién ndi sinh nhu gid va lugng) thay vi
phuong trinh riit gon (3-4) chi giai thich trang thai can bang
thi trudng thong qua cac bién ngoai sinh (x, y).

» Phuong phép ILS khéng cho phép truc tiép uéc luong sai sb
chun clia cic tham sb udc luong.
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Vi du chiing ta chi c6 mét bién ngoai sinh y trong hé phuong trinh

dong thai:

Price = fBo + p1Quantity + u
Quantity = g + y1Price + vy + v

Sau khi chuyén d8i thanh hé phuong trinh rat gon:

Price =To+ Ty +¢€
Quantity =g+ 01y +1n

» Ching ta c6 5 tham sb cAu tric nhung chi cé 4 tham sb rat
gon = Khong thé uéc lugng dugc mot trong cic phudng

trinh cau tric.

» Nhung chiing ta vin c6 thé uéc luong duoc mét sb tham sb
cau trac! Trén thuc té, phuong trinh cau tric vé gid sé udc
luong dugc (mac du khdng cé bién y trong dé, con phuong

trinh lugng thi khéng)!
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Yéu ciu vé nhan dién trong hé phuong trinh ddng thdi

> D& uéc luong phuong trinh gid, chiing ta cn bién ngoai sinh
trong phuong trinh lugng nhung khdng n3m trong phuong
trinh gia.
> D& uéc luong phuong trinh lugng, chiing ta cin bién ngoai
sinh trong phuong trinh gid nhung khéng ndm trong phuong
trinh lugng.
Chiing ta goi cac nhan t& n3m ngoai cic phuong trinh cAu tric 1
nhan té dich chuyén (shifters). Chiing ta cAn nhan t& dich chuyén
dudng cung (lugng) dé udc lugng dudng ciu (gid) va nguoc lai.
Day goi 13 diéu kién loai trir (exclusion restriction), tuong tu nhu
hdi quy bién céng cu.
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Di&n giai vin dé nhan dién trong mé hinh hé phuong trinh
dong thoi

Dy
S1
D3
c
A B .
* S
L 3 F 2
D E .

» Cic diém A, B, C, D... 1 cic miic giad va lugng quan sat dugc
khi thi trudng can bang.

» Néu chiing ta uéc lugng hé phuong trinh cAu tric bing OLS,
ching ta khéng thu dugc mét trong cac dudng cung (S1, S2)
hodc dudng ciu (D3, D4).
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Do

(a) (b)

S \o D2

g
7 4. € 2 N , %
o Hinh (b): Néu cé nhan to dich chdyen dudng cung, ching ta udc
lugng dugc dudng cau.
o Hinh (c): Néu c6 nhan t8 dich chuyén dudng cAu, chiing ta udc
lugng dugc dudng cung.
o Thay d&i clia cic bién néi sinh (gia, lugng) chi dich chuyén doc cic

dudng cung/ciu c6 sn.
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2. Phuong phap héi quy 2 giai doan (2SLS)

Gia sit chiing ta c6 bién ngoai sinh Z dich chuyén dudng cung
nhung khéng n3m trong dudng ciu (théa man diéu kién loai trir),
chiing ta c6 thé st dung hdi quy 2SLS véi Z 13 bién cong cu dé
uéc luong ham cu.

1st stage : Price =y +vm1Z + v
2nd stage : Quantity = By + 61% +u
N&u ching ta mudn uéc luong phuong trinh ham cung, chiing ta

can bién céng cu dich chuyén ham ciu nhung khéng n3m trong
ham cung.
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Vi du 1: Udc luong ham ciu dién sinh hoat & Viét Nam!

InE; = Bo+ By X InPi+ B x Inlncome; + B3 x InP*+ > " XJ; x B +¢;
j

» E 13 lugng dién st dung hang thiang (KWh).

> P; |3 gid dién phai tra.

» Cac bién giai thich khc bao gdm thu nhap hd, gid cic mit
hang nhién liéu thay thé P;°.

> X; la cac bién kiém so4t khic trong md hinh.

Ham ciu log-log cho phép gidi thich cic tham sb f31, 3>, and B35 13 db co
gian theo gid, theo thu nhap, va co dan chéo. M& hinh nay thich hgp véi
ham cAu ngin han khi cic yéu t6 lién quan dén sé hitu thiét bj dung dién
chua thay d8i.

'Tham kh3o: https://rdcu.be/blnk0
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Van dé dong thdi (simultaneity) véi uéc lugng ham cau
dién sinh hoat
> Gi4 dién sinh hoat bi quan ly, tinh theo miic liiy tién = cang diing
nhiéu chi phi bién clia m8i Kwh cang dit.
» Gia va lugng dugc xéc dinh déng thdi = uéc lugng bang OLS gip
phai van dé chéch dbng thai.
Gia bién lily tién va gia dién trung binh.
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Mudn uéc luong ham cau dién, chdng ta can bién ngoai sinh Z
dich chuyén dudng cung dién nhung khéng tac dong truc tiép dén
cau dién:
» Z phai anh hudng dén gia dién
> Z khong anh hudng truc tiép dén luong dién st dung (sau khi
da kiém sodt tat cd cic nhan t6 khac anh hudng dén nhu cau
sir dung!)

Electricity
Consumption

Treatment

—
-
-
-
-
-

Cov(E,Z)=0

Instrumental
Variable

z
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Cac bién dich chuyén dudng cung dién

> Ho khau (thudng trd, tam trd)

> K&t nbi véi dusng dién (truc tiép véi cdng-to riéng, hay chung
véi chl nha...)

» Loai hinh thanh toan (trd tién dién truc tiép cho cong ty dién
hay trad cho cha nha...)

Thda diéu kién phii hgp cta bién cong cu (relevance condition).
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.,:’ N A N
Kiém tra hiéu luc cha bién céng cu
» Phai thda diéu kién loai trir (exclusion restriction).
» Thém mot sb gid dinh dé tdng hiéu luc cla bién cdng cu:

o Exchangeability: Khéng c6 su khic biét mang tinh hé théng
gilta cdc nhém doi tugng st dung dién vé cdc didc tinh quan
sat dugc va khéng quan sat dugc.

o Monotonicity: Lién quan dén Local Average Treatment Effect
(LATE), ham y ring tinh trang cb y lam dung chinh sich dé
han ché tién dién dién ra khéng nghiém trong.

FIGURE 2 Distribution of wages (in thousands of VND per hour) by registration status

2009 2015
(HCMC & Ha Noi) (HCMC, Ha Noi, Da Nang,
Binh Duong, Dak Nong)
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Uéc lugng ham cau dién sinh hoat bing 2SLS/IV

Giai doan 1: Uéc luong gia dién ndi sinh bing mét dén ba bién
cong cu:

InP; =ag + a1 X HHregis; + an x Grid; + a3 x PayMethod;

+...+ZXJ;Xaj—|—n;
J

Giai doan 2: Uéc lugng ham cAu véi bién gis tir budc 1:

InE; = Bo+ 1 % /;F,—i—ﬂz X Inlncome; + B3 X /nP,'S—I—Z Xj,' XBJ'—FE,'
J
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So sédnh uéc lugng d6 co dan theo gid, thu nhap, va dé co

dan chéo bang 2SLS/IV véi OLS

Ky hiéu AP va MP tuong ting véi mo hinh gia trung binh va gia

bién.
OLS (AP) OLS (MP) | 2SLS (AP) 2SLS (MP)
InPrice 0.2740 -0.6573
InMP 0.5555 -0.8198
Inlncome 0.0332 0.0221 0.0710 0.0769
InFuel 0.0496 0.0462 0.0551 0.0592
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3. HGi quy hé phuong trinh trong trudng hgp tong quat
(35LS)
Gid st chiing ta c6 hé théng phuong trinh déng thdi bao gbm M
phuong trinh, trong dé X; 13 vector cac bién gidi thich clia phuong
trinh 7. X; c6 thé bao gdbm cac bién ndi sinh y, va mdi phuong
trinh c6 K bién giai thich.
no =X+ u
2. =Xob+w

ym = XuBwm + um

viét dudi dang ma tran:

1 Xi 0 ... 0 51 uy
Vo B o X5 ... 0 57 u>
1Tl o o oo | T L
YMm 0 0 ... Xu 5M um
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Dic tinh cha hé phuong trinh hdi quy trong trudng hop téng
quat:
» Cac sai sb chu tric u;, uj cé thé tuong quan chéo véi nhau,
m3c du chiing khdng tuong quan chudi trong cling mét
phucng trinh.

Eluj|X1,X2...] =0
E[u,-uj\Xl,Xg...] =0jj

> C6 thé c6 van dé bién néi sinh hoéc,téc déng nhan qua dong

thgi trong cuing mdt phuong trinh cau trdc.
= Hau qua:

» Udc qung hé phuong :cr‘mh\déng thdi bE“a\ng OLS bi chéch va
khong nhat quan do van dé nhan qua dong thai.

» Uéc lugng cac phuong tr‘lnh, céu\tr(]c bing 2SLS nhit quan
nhung khéng h,iéu qua do van dé tudng quan chéo giita cac
phuong trinh cau tric.
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Hbi quy 3SLS két hgp giira hoi quy 2SLS/IV (d€ xit ly vin
dé néi sinh) va hai quy véi quyen s6 tong quat (Generalized
Least Square-GLS dé xit ly van dé tu tuong quan) = Uéc
lugng 3SLS nhit quéan va hiéu qua hon udc lugng 2SLS.

Céc budc ctia hdi quy 3SLS dbi v6i hé phuong trinh ddng thai:

1. Udc lugng bién ndi sinh theo cic bién cbng cu cia ting
phuong trinh chu tric. Budc ndy tuong déng véi buéc 1 trong
h6i quy 2SLS/IV.

2. Udc luong ma tran quyén sb dua trén cic phan du cla hdi
quy 2SLS/IV cla tling phuong trinh cau tric.

3. Thuyc hién hdi quy véi quyén sb téng quat (GLS) v6i ma tran
quyén sb & budc 2 va bién ndi sinh dugc du bio & buéc 1.
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Vi du 2: Ubc lugng hé phuong trinh cung cau

Gid sir phuong trinh cung va ciu clia mdt mit hang 1a:

gDemand = By + Biprice + Brpcompete + Pzincome + u

qSupply = Ba + Bsprice + Pepraw + v

Tai trang théi can bing cung ciu, gDemand = qSupply. Cac bién
gidi thich la:

o price: gid mat hang

o pcompete: gid hang thay thé

o income: thu nhdp trung binh

o praw: gid nguyén liéu sdn xuat
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St dung b dit liéu md phdong supDem.dta. B dit liéu nay dugc
md phdéng theo md hinh chuan 1a:

gDemand = 40 — 1.0price + 0.25pcompete + 0.5income + u
qSupply = 0.5price — 0.75praw + v

véi u ~ N(0,3.8) va v ~ N(0,2.4).

Uéc lugng hé phuong trinh trén bang OLS, 2SLS, 3SLS va so sanh
két qua vdi tham sb chuan.
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Regression Results

oLs v 35L5
b/se b/se b/se

gDemand

price 8.1186 -1.8158* -1.8143+*
(0.1716) (9.3905) (0.3742)

pcompete 9.8946 B8.3320 @.2647
(@.1201) (@.1804) (@.1464)

income 9.8785 9.5001* @.5200%*
(0.1160) (9.2003) (0.1898)

Constant 7.5633 39.8999%+* 40,887 5%**
(5.0195) (11.2424) (10.7707)

q5upply

price B.7247+** B.5773%+ @.57F3***
(0.1096) (9.1806) (0.1750)

praw -B.BETS*** -8.7835%+* -@.7835%**
(@.1066) (@.1355) (@9.1312)

Constant -6.9729%* -2.5587 -2.5587
(3.3231) (5.4423) (5.2731)

Obs 49, 0008 49,0000 49, 6000

RZ 9.0627 -9.8477 -8.8540

R2-adj

df(r) 91.0000 91.0000

S5R 346.4593 682.9428 685.2774

* p<@.@5, ** p<@.@1, *** p<d.eel
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Trudng hop dic biét: Hé phuong trinh gan nhu khong lién

quan - Seemingly Unrelated Regressions (SURE)

» Cac phuong trinh doc 13p, khéng c6 hién tugng nhan qua
déng thai.

» Tuy nhién sai sb giita cic phuong trinh ¢ tuong quan chéo
véi nhau.

= Hau qua:

» Udc luong OLS cla tirng phuong trinh chu tric déu khéng
chéch va nhit quén.

» Tuy nhién uéc lugng bang OLS tirng phuong trinh riéng biét
khéng hiéu qud do khéng tinh dén su tuong quan chéo giita
cac phuong trinh.
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Regression Results

oLS SURE
b/se b/ze
gDemand
price 9.1186 9.11480
(9.1716) (@.1523)
pcompete 9.8946 @.85a83
(9.1201) (0.0870)
income @.8785 @.08990
(@.1168) (@.0851)
Constant 7.5633 7.817@
(5.0195) (4.6340)
qSupply
price B.7247%%* B.5133%**
(9.1096) (0.0984)
praw -B.8675%** -8.5162%++
(9.1066) (@.8792)
Constant -6.9729+* -1.7256
(3.3231) (3.8634)
Obs 49 . G068 49 . 6008
RZ 8.8627 @.8583
R2-adj
dfir) 91 . G000
55R 346.4593 348.0768

* p<@.85, ** p<@.@l, **+ p<@.eel
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Hé phuong trinh ham cau - Almost Ideal Demand System
(AIDS)

Dua trén ly thuyét vé tdi vu héa dé thda dung theo diéu kién ngan
sach rang budc:

X
wi = o + Z’yulnP + Biln(—= 5 )+ Z)\,ka + u;
J
véi i =1,..,M |3 sb hang héa trong r8 chi tiéu.
trong dé:
o wj |3 ty phan ngan sich cho hang héa i

o P; la chi s gia cdc mdt hang tiéu dung
o X la tdng chi tiéu

o P 13 chi sb gia
o)

H 13 c3c dac tinh nhan khau hoc va kinh t& x3 héi
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Diéu kién vé hé ham cau
> Tinh dong nhit (homogene|ty of degree 0) vé gid va tong chi

tidu: néu gis va tong chi tiéu ting cing mot ty 1€ thi tiéu
ding khéng dbi.

> Téng ty phan ngan sich cla tht c cic mit hang bing 1.
» Tinh dbi xiing: do co din chéo bing nhau giita cic phuong
trinh.

Hé s co din co din theo thu nhap, co dan riéng phﬁn, va co dan
chéo dugc tinh nhu sau:

ni=1+ Eii
Wi
Eij = -1+ l — Mi
Wi
Wi
gj = Yij i Bi
Wi
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Vi du 3: Uéc luong hé ham cau chi tiéu dé danh gid tac
dong clia chinh sach thué xidng dau?
St dung b dit liéu demandSystem.dta dé wéc lugng hé ham cAu
chia 5 nhém mit hang: x3ng dau, dién, nhién liéu khéc, giao théng
cdng cbng, va thuc pham.
> D& uéc luong hé ham cAu, cin loai mét phuong trinh khdi hé
dé tranh ma trén hiép phuong sai bi suy bién (singular
covariance matrix). Vi du dbi v6i hé ham ciu 5 nhém mit
hang, chi can 4 phuong trinh.

> Ap cac didu kién rang bubc:

> =0
j

Yij = Vji

2Tham khao Chu Pham Ding Quang, Ludn vin thac sy chinh sach cong
2017.
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