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At L FEZEBRIRE?

Everything is related to everything else, but near things are
more related than distant things. — Tobler

o ERFRHIILFERREXMAIWAVILTER. K, BERAILHE
ZAREZEENENE, BAXAMIHESSEKETT .

o AXHENMFXHIBMREL mERN AR ESFMEAHXIAMm
WmEAER, BRAMRBIAERE, BR—LTENNEINEET
RERTIEMEXH (PIanIFEisR, IR

Stata



A LEER B FEYIRE ?

o ZHPYLLRZEVAREY TR = BB R M E R k.

o ZFE|A[MEYIHEA! (Spatial Autoregression, SAR) AT L E3EZS(8)#E
KHETEMTEHEXAIRE .

o SAR RBEFENFH(TIEMRTEEEEN, X8 EEE A LUEH
HEEN LR, AR (Flantt 3z ML),

SAR &R EE BN TR A TER AR AN TS A ) R -
RENZERMHETE X WELNAFMEEZERVHEEE y ?

Stata
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Sl SREHTNIERER

Texas Counties Homicide Rates

o SILFREMNAVKRBTZSILFERMIX.
o RILFXEMEAM KIS ZMICFR MR



Sl SREHTNIERER

o —EFENESMEMBIRWRGICFERMNEIET. iRE— 2
MILFERSFWEEHE.

o fIFEE
Q Ey—MER, Hp—MENLRERAUZWATENIERER,
O FHEH—IMEAIERNTNAZEEERENIERER,

Stata
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o RMNFE—NMEELUEZEIILRERN=EEXM.

hrate; = o + (1 * unemployment; + A x hrategighvors of i + €r1ors

o HKNA—1NERE W KE X '"neighbors". W B1B 5 Bz [8)AY%3 1848
K MERYSEES,

hrate = 5y + 1 * unemployment + X\ « W « hrate + errors

Stata



) =2 B A E FEFE E X = (8] X ZR AU 35 55

— RN ERERE W BT n MNEEIRMZ BRI X RIEG.

0 Wi Wiz ... Wip
Wao1 0 Wos ... Wep
W =
_Wnl Wn2 e e e 0 1 nxn

o WRE—1 nxnrIsEREER w; > 0.
o wy RERT ZE B i XS IE BT j FIFZIA .
o WNMAEEBENZM, FRFUAXNALZTE W, BAE.

Stata



Z3 18] 4R4EFERE (Spatial contiguity matrix)

o RMNABZANRWMULMHE . FEER, FMNME(NA, B, #C.

A B C

o —ih=s (BN AR RE A (I ABIEFERE, H RN BEHE L AL
. i,

A B C

A0 1 0
W_B 1 0 1
c 01 0

Stata



3 18) ¥ ;2 BE 5 %Ef% (Spatial inverse-distance matrix)

o AERXNMIFH, HINNRKEBRRBEAREZIH (AZE BHEEM
B X ARESRE—HHD.

50 miles 5 miles
R

A B C

T

125 miles
o AT AR T B BIRRE N =M & BB AR .

A B C
A 0 1/50 1/125
B 1/50 0 1/75
C 1/125 1/75 stat)

W:



5 spmatrix KE X =B EFE[F

o itFHAVEBBHKE, Hb _CX M _CY Z— 1 EMIBEFILHEER
FE.

. use texas, clear
(S.Messner et al. (2000), U.S southern county homicide rates in 1990)

. list _CX _CY cname hrate unemployment in 1/7, abbreviate (12)

_CX @8y cname hrate unemployment
1. -100.27156 36.275086 Lipscomb 0.00 1.73
2. -101.8931 36.273254 Sherman 0.00 3.34
3. -102.59591 36.27355 Dallam 18.31 2.28
4. -101.35351 36.272304 Hansford 0.00 4.01
5. -100.81561 36.273178 Ochiltree 3.65 4.87
6. -100.81482 35.840515 Roberts 0.00 3.24
7. -100.26948 35.839961 Hemphill 0.00 4.14

o PHRIEMEE XM MBRI B R W/E

spmatrix create contiguity W
Stata



£/ spregress kit& SAR t&#!

hrate = 3y + (1 * unemployment + X\ « W « hrate + errors
spregress hrate unemployment, dvarlag (W) gs2sls

o 1EIN dvarlag(W) =& REZEE (dependent variable, hrate) HJZ
B EFHME (FEFERFM, spatial lag).

o i&IN gs2sls EREMIT AR XER M 5%
(generalized spatial two-stage least-squares estimator).

Stata



5 spregress kitH SAR =1

spregress hrate unemployment, dvarlag (W) gs2sls
(254 observations)

(254 observations (places) used)

(weighting matrix defines 254 places)

Spatial autoregressive model Number of obs = 254
GS2SLS estimates Wald chi2 (2) = 14.23
Prob > chi2 = 0.0008
Pseudo R2 = 0.0424
hrate Coef. Std. Err. z P>|z| [95% Conf. Intervall]
hrate
unemployment .4584241 .152503 3.01 0.003 .1595237 . 7573245
_cons 2.720913 1.653105 1.65 0.100 -.5191143 5.960939
w
hrate .3414964 .1914865 1.78 0.075 -.0338103 .7168031
Wald test of spatial terms: chi2 (1) = 3.18 Prob > chi2 = 0.0745
> .,x\ ,obe 7) A
o ATHBRIHEER, RINFEFABER=EGLNN (spatial
spillover),

Stata



PR E)iam R (1)

B —1EE. HERUT—MEEFRER.
INRIERH R SR I INE] 20%, HEBRIERESWAIEL?

J

o ET spregress HitELER, HANATLUAUT=ZZEZXAER.
Q ETEEMEE, TSN NEFIEREE.
Q WTIENHHIKWERE 20%, BRFMENERNIEREE.
Q HERATMMNENEE, BEELESEFEIINAME L.

Stata



3B iR = 8] i R (1)

preserve /* save data temporarily =/

/* Step 1l: predict homicide rate using original data x/
predict yO0
(option rform assumed; reduced-form mean)

/+ Step 2: change Dallas unemployment rate to 20%, and predict againx/

replace unemployment = 20 if cname == "Dallas"
(1 real change made)

predict yl
(option rform assumed; reduced-form mean)

/* Step 3: Compute the prediction difference and map it=/
generate double y_diff = yl - yO

grmap y_diff, title("Global spillover"

restore /* return to original data =/

Stata



38 i = 8] i U (111)

Global spillover

o FEAFELRE BN A UNBRAEFMARET EIFIFRNMER, i
B MiEE IR AR/ (global spilever).



= ()i H U YR

hrate = 3y + (1 * unemployment + X\ « W « hrate + errors

Q ERHRYERN R EFE 20%.

Q EHNHTMILRRIMEZHS.

Q MANHFEIRMMERMZ ZRFMm, ENVIILEREZ EF.

O MEERHMERERNMEMXRICEREIE L. XPTER
i, ERITAREHZEEMm, BEEEERENETHEEE
AR R AR 55

Stata
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{¥ F estat impact it &z [8)i& H &R

. estat impact

progress :100%
Average impacts Number of obs = 254
Delta-Method

dy/dx std. Err. z P>|z| [95% Conf. Interval]
direct
unemployment .4666538 .1539861 3.03 0.002 .1648466 .7684609
indirect
unemployment .1910068 .1565581 1.22 0.222 —-.1158414 .497855
total
unemployment .6576605 .2519366 2.61 0.009 .1638739 1.151447

o ¥ Bl RIHILREMINBRHRL -

o HIEMN (directimpact) /3 0.47, FRA—NEHIKIZFABHIIL
SERFENBBRYN A 0.47,

o [E)#E (indirect impact) & 0.19, FRA—1MEMEKIESGHER
AYIC TR AY B PR A 0.19. Stata



S E RN (Average direct impact)

o R\ EMEREY M RIE—NEMNKLEE—EHILFERNIBFR
WL
o AR R R BRI (Direct impact , DI)

d hratepgjias
d unemploymentp s

o PHEEMNRIEREERIRNERENNITFIE.

DIDallas =

1

254(D|Dallas + DIHouston + .. )

Average direct impactye, ;s =

Stata



SE18)3E5 R (Average indirect impact)

o [EEMRIE— N ERAMEENR L ESTAEMNIERRMNL
AR RA.
o JARIHRAYIEIEMRL (Indirect impact, IDI)

d hratepajias d hratepgjias
IDIDallas = d | t d [ t
unemploymentyuston unemploymenipg,,qs
" (1} H d hrateD Il
(where the "..." does not include gyreriormaes—)

o RN =I5 A BIEIE N A FIE.

I . 1
Average indirect impact g,as = 25—4(IDIDa”as + IDlyouston + - - -)

Stata



B (Average total impact)

o — M EMEHHMNRIERAERKI R ARILFERANDPRBN A
,Lju (Heh, REEEIFXE).

IEHEREY 2R (Total impact, TID

d hratepgjias d hratepajias
d unemploymentp, s d unemploymenty,sion

Total impactp,,s =

= Direct impactp, ;s + Indirect impactp, s
o BRI B4R T B IR RN 1 B R B F o

Average total impact = Average direct impact + Average indirect impact

Stata



{# F margins 0 predict MEEE SR

MRBNHEHRINFETEE 1%, LRELFZH)EHERIZM?

. margins, at (unemployment=generate (unemployment)) ///
> at (unemployment=generate (unemployment-1)
Adjusted predictions Number of obs = 254
Expression : Reduced-form mean, predict ()
1._at : unemployment = unemployment
2._at : unemployment = unemployment-1
Delta-method
Margin Std. Err. z P>|z| [95% Conf. Interval]
_at
1 8.352163 .6395964 13.06 0.000 7.098577 9.605748
2 7.694502 .6755559 11.39 0.000 6.370437 9.018567

o ki, ILFEREM 8.4% BE 7.7%.

Stata
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Stata B9 Sp R4 S HIHELA

ik

Preparation of spatial data
spshape2dta, spset, merge

Create spatial weighting matrix
spmaitrix subcommand

l

Fit spatial autoregressive models
spregress, spivregress,
spxtregress

l

Postestimation
estat impact, predict, maroggita




spregress: fi it E mAHER =8 5 B /IEE

@ spregress AJLATE I T XHIZ B HEIYIEE,

K P
y= Xﬁ+z WkX7k+Z/\prY+U
p=1
Q
u= quMqU+€
g=1

o U BRTENMBIFNREIN, AIFZTEIMEXEK,

o LI EHRBREIXH, thEER. HNATETIER, WHAEME
P

Stata



T=MT8)HE (Spatial lag of independent
variables, WX)

o fflF: — 1M ERNILEXRERATEGENEERSHEE.
o 12/F: spregress wiEIn ivarlag()

spregress crime police, ivarlag(W : police) gs2sls
o 1REL:

crime = [y + B1 * police + v « W x police + errors
@ Z=[8] Durbin %! (spatial Durbin model):

y = XB + WX~ + errors

FEEL I WETE y SWERTERUMNEETE X R, Hfie
e W EXT AR BB E SN

Stata



AR E)%E (Spatial lag of dependent variable
,Wy)

o flF: —MEMILREXZEAENILRENZIED. —MFRIEE—D
#HICHE, BUREREERGIXIESE.

o f£: spregress F1iE£IR dvarlag()

spregress crime unemployment, dvarlag (W) gs2sls

o 1HA,

crime = [y + f1 *x unemployment + A « W x crime + errors
o ZT|a)i# 58 A (spatial lag model):

y = X6+ \Wy + errors
FEBEM I HETE y SRFHETERUETE y (820,



I=ETHZE )% 5 (Spatial lag of errors , Mu)

o filF: AAHXMBMRBLHRERZEBHEXUFHBISRHZM,
MIHAVTEME L FHRTR-

o 1Z[¥: spregress F1i%&1i errorlag()

spregress leukemia , errorlag(M) gs2sls
o HRE:
leukemia = 5y +u and u=pMu+e¢
o Z|a)IREHER! (Spatial error model) :

y=Bo+XB+u and u=pMu-+e
FEBRA i WETE y FRGBXAATYNENEZE v 820,

Stata



[-X=z=E) B ElY31ER (General spatial autoregressive
models)

B TEMEXMRETIZIRELER. AEEREIRTE
EI’] E NEURTENBEE, REDHUR TAEIRET. &
1|],u1t1‘i§=£ijbtlj%’7f¢ S[E)HEKHIRIE .

o filF
crime = [y + 51 * police + B3 * unemployment
+ v W x police + A x W x crime + u
u=pMu+e
° &R
spregress crime police unemployment, gs2sls /17

ivarlag(Wl: police) dvarlag(W2) errorlag (M)

Stata



SMzE g eI EE

o ffIF: —1NERNILEREEWNS CIFENMEREURXLESER LN
B. BIPAAZERHIERS FARNIERREN, FEIEE
FRBY R I X FHZEF

o 1EFF:

/* create weighting matrix for direct neighbors x/
spmatrix create contiguity W1

/* create weighting matrix for second order neighbors =/
spmatrix create contiguity W2, second

/* fit higher-order spatial lag model =/
spregress crime unemployment, gs2sls dvarlag (Wl) dvarlag(W2)

o SMTEIFEERE —MERFTUFZ T Wy SU/F Mu.
ERLNE RTEEE-XE’J
Q EFMERAEIN=EMEXMYT BEEE, SF

Q TRIMZEMNEIEEE X T ARIHSBESEITEEE AR R X AISE
BRZERMm.



SAR #REIAY 5 Bl M (1)

o | XH) SAR AR LIE T A
y=X+\Wy+u

(B v AR ZEEXEM, X TS WX. )
o BELTE y fRLiNRA

y=(I-AW)"(XB+u)
o FTEMRMHIEN E(y|X)

E(y|X) = (I-AW)~'X5
= I+ AW+ NW? + .. )X3

Stata



SAR ##=RIpyzS (8] BN (1)

MRREANTERM | NETE X; (LT, Ba y HFUMEZHAIILE
%

I-AW)1 X8 — 1 —-AW)"1X3
I=AW) "1 (X — Xo)B3

E(ylXi) — E(y|Xo)

=1- W) 'axg
=T+ AW+ W2+ .. )AX3
= AXB + AWAXB + N W2AXB + ...

Q AXB BZEALL i W E BRI,
Q \WAXB RISEBAL i 3RS EHIEN.

Q N2W2AXB RIS[EBAL i 3T EANERISEE AR,
Q LULSEH TR Stata



estat impact: &= (8] 13

o HER, FEGHMNMEIEELTE x FET=E y BNIBFRME,
BNS%.
o EX x #y ZYImE, 3 2—MEMK, BIHERTLLIER (Jacobian

matrix).
[Oy1 [
R
o _ |ow i Yk
o R )
9Yn OYn
AR~
o1 i [ 0 o2
(‘)Xl DY DY DY 6Xn
_ (973 (973 (973
= e + 5% ... 0 ... %
Sltata .
OYn OYn 0
i ] ER |




EEYN R E R B F b,

[oy1

8X1

(973

OXk

OYn
Oxp |

P EREYN R A LB AR R) FE .

ISR =

150y
n & ox;
=1

Stata




[EIEE 354N

SEE3S R I o B S bra - vd: DEZ B

_ oy
Yk 0 Yk
ox; S Xn
ayn

B R = X A LR AR T E .
ST RS ol S/
n&« ~ 0X
i=1 j=1,j#i
Stata



B

R BN = B AT B SR H e B S Sm.
X ox1 dxn
i N 0|
T35 BAR K N 7 = B TR T 51E
T PRRT = Z S
0%

11/1
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At 4 Stata HE < 2B IE) RN ?

- oy

8X1

Yk
8Xk

o WTREZHZHARITERENKIR
o AL, EHEHNAE.

o SBMFMIN = EIEMN

OYn

OXp

_|_%

ox 1

6x1

(o)

’6x

7}

9o
E

Oxn

Stata



spivregress: Z=[8] IV [E])3 (spatial IV regression)

o spivregress 71 spregress RiE{U, ERAIE AIFAELTE
(endogenous variables).

o spivregress FJ AT H I TAIIRE
spivregress yl x1 x2 (y2 y3 = zl z2 z3), ///
dvarlag (W) errorlag (M) ivarlag (W: x1)
y2 My RRETE, Mzl 22, z3 RTETE.

o FKANATIHLHIRT AN BT spregress BUEIRERT LR A F
spivregress.

Q@ EFLUTE XH=E B EIER,
Q AFEMMZEIFEI.
© {#H estat impact, predict, #1 margins K2R+ ELER,

Stata



spxtregress: HR#E= 8] 8 [E])IHREY

o spxtregress AT it EERBIEM =B B EIIREL,

o TR TEEMN (fixed-effects) FFEH IR (random-effects) #&
7,

o BRI EAUTLATRIIEE

/+ fixed-effects estimation =/
spxtregress y x1 x2 , fe /1]
dvarlag (W) errorlag(M) ivarlag(W: x1)

/* random-effects estimation =/
spxtregress y x1 x2 i.year , re ///
dvarlag (W) errorlag (M) ivarlag(W: x1)

Febe

o £ estat impact, predict, 1 margins K ITHELER.

Stata
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AT HRIRA LA Bt — 25 7 % Stata B9Z= 8] B [B])31EHR,
@ webinar resource
@ Stata [SP] B F}

Stata


https://www.stata.com/training/webinar_series/spatial-autoregressive-models/spatial/resource/index.html
https://www.stata.com/bookstore/spatial-autoregressive-models-reference-manual/

+
IL,\Q

o FEFEIRAFAUB S
» ATENTEFRE (£ dvarlag())
» BEENTEFERE (GEIR ivarlag())
» REDZTEFE (GEIN errorlag())
@ spregress 7l spivregress £ IFETE, BT =, RENMNSHT
8% R T
o N4ET = (spivregress)
o HiRHEHM =B EEIIRE (spxtregress)
» EIEMRARE (EIR fe)
> FEARAER] GEIR re)
o Sy HfES (8] i
» BEMSMEEME (estat impact)
» BRSH (margins #1 predict)
o T[EWEEFE (spmatrix)
@ I shapefile (spshape2dta) Stata
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	为什么需要空间自回归模型 ？
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