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o HBIESHATRTF2 18 a2 &5, ik
WEEFTIERN (HEie) , KEi
o o WIESRW SAEN AR b, AHEEZ R, SE
o B B T BT ) S A B A e FRAN I
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o MM R0 b A
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o (BRI V2 SCHE BT 90 B A F — 99 LA,
o  SHERFTT BB, B0 616 48 4 K

Bl AT A 56 o X PP ARSI AL 5 fr]
o WA FZHREET AL LFEMRSE A7 (UTHEIRER, BATTRRSEH
BRI, Ead AR r R
o ~ FH/RH2IE (Gilles Duranton) 77 B, IAER RBUNEIE,
NI Z BT, TR IREFE A I
Him. AW, A ETGERRKY, ANRMAUMREREE 25, ghmigt 758 i 5= a7 e b 3
Wo DR, HIRHEE R B EED, X — AT MM X T FRhd 0 1) = 2
ST 2 WA o
BE & B mEL, FRAVIA 7 2Rt k. 78 2000 F 2071, KEZHETFE MK
T ARSI BT, RIS AR T rT e A BAA IR R AME . HIE, WRAU R, ¥
Z NN X ARG . H AT, AT T30 7 R OGR4, B9 St s 5 prBeoR,
BN R HEW AR, SR A K. 5T Kernel Matrix (RZEEFE) G FT T AERIE 22411, 3
A BARMTREBE IR ANAIT FT o — 8 DL 19 PR 50 50 28 TR il A B0, 8 SO0 B 22 73y o 2 () T st e DR R T
BAF AR o IR SRR FRA A PR T 2 i faf sl o B, AT TAERARRR A N
iR s, FEATIE . ZE BRI HIE E AR T E B S SR, X G B
RS AR TR IR, 4 B A S R TR B I U A
TEMRZ AT, WA R A —, BN SRR AR A
I . ZFEIREKZES NI L5220, IR 2B i Gilles Duranton (3T 22 5% 2%
2 EED PR, T G T AU — B W R AR R o To R AR D8 R I B AR AT
F AR SR AR, AT A B, TS R RS B T 2 A I R R .
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(EBSEE S8

FITBL, S RBATRE EVHE— L8 8RR, e SESENEEEG AR . 55
P gt RCR R, Pl E X Geik . B EdE N 2ok B T HBRM, B8 17—
S B e SR MR R . B0, BEXWEh BB B, WTRLRRIE T AR E, X
RAEFFEA M. 74k, miEh E GOt R AE B S R A

S RBAVR R ZIE DR, SR TR0 EdE . s IR B, X TEE,
FATHGI ], HInE R T RE A IR 2 A IS e, B 88 k. IR e 55 .
BRARRIT, AR AT R ARTIK RS Ji4h, R MW RERC A M A S, XL
& T AR A

BRAL, RS Rl S O e U B, sE R T 6Ps iU, B R AEFHL
SRR SN S FRA TR S BE A B A3 T B T REA SRR AE M A%, I e B A S 1)
7 JA L T A0 rp AN T JRE G bt WA AR PR i
PPT 03

ITEERE

WHEFZEERBERMEN, FERTWHFENIRBE

o [Pk ZR-BE KRR
o INWER

F—, 1TBEE
o HH:

= Duranton, G., & Turner, M. A. (2012). 38K 53 Mgk, Z20F Z0F
L HFiE, 79(4), 1407-1440. https://doi.org/10.1093/restud/rds010
o IRTTIA SN R A BRI R

E— IR R T &5 2wt 7 2k, MBGi (BT AR - administrative data) s21R
HHP . 4B FE BRI (model city) , PURIIVRZEAH W AW, BAET
ANEMT R EN U e ST OB . Fik, #75 R TH T R4, 7R
PN S H BTN, AREARH 2 7 KB R T — Lok, EhindeAg 14
>JiEH) Gilles Duranton 25 NS 1) (TG 57%2i8)  (Urban Growth and Transportation)
041, EIXGE SCHk A, TR — MR AT L A N s E A KR N EEN AL E (x B8
IRJEEETD TN BN AL, 33X & — Pl il B 1 2t A B 7 5K

PPT 04

e AN O EHHE (population census data) , ‘EEWTIHF AP ZIEH A K. HLk
N B HARE LS T — N G107 BT 7E R DL S Ath S AR B b A, TR AR i T DA J31) 6 L

4 Dyranton, G., & Turner, M. A. (2012). Urban growth and transportation. Review of Economic Studies, 79(4),
1407-1440.
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FiE# N1 (migration) o RA]PL T fi#3) NEAS ST BOSR

[F i [a] pr b A &, MAaEANFEAME B, AT o AOWE
HEAFKWN (income) « ANE I RER K LA o firm
TR O R E, J5c s 0T LU T 5 S
3R] Ja M 1) AL, H A A R T 8 5 A T e 2 R o A
ORI, Pl S AR RTBAR (How T
doe/s\educa/'ilon ach:bmlgratlon decmons)?‘ ZEI . BFUE
R T ISHOBA R, AT T — W% 5 Y WE, G GE!
=R CHHRIER) B, IR E R B RE TR o A
o (BUETIER T » X n] LAt 7. o il

oK, AR B E U R KB o HAH4E

Pz )5, WA —A A E OO Ml—NFEAR R (y),
WIEECENZ A AKFR WERRA R SCHFERFEUWILEA LB (hypothesis) ,
AT H E R — L \RAA 7, L35 M ARy “chicken think”  B{#  “monkey
regressions” o FRAZIE— HORPEREARTE BRI, AEAE —HETE (0 MELE (v,
BT DU — 2L B3 A o RATAZHOZ AR . XA LA AE (imitless number
of combinations) , FTPAFRATIL 2 B — L BIg & . (B T3ATHE — 23 (given the data
we have) , FAT DAY —Les208, BVFAR AL ORI — LA (pattern) .

FANE W EAE IS BIEA TS A s, KBRS IDs AL, XWIRAH . IRA]
PLENTE AP AT A Bl %, P RE 1 gl AL B 5% (location transfer) XNl HR5E
IREE [ BARRUL, At A ml ik, EqA0 T 2T % 2 AR R
X, XIRAE. ST — KRy, EdREEmEE A TIEIX, 25kl 2
i 2 B ARS, IX L T e SRt — L R IR

PPT5

ITEERE
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o BiSSEHE

o HE XA
o HtHH

%, WA ;
BB RMEFE R B T G R4 Figure 2b: Beijing arca .political geography. Red lines indicate 2005 definition prefecture
A QR E BRI TTAEI) , JXEEYE 1900 conre ot andyollow shadd eions e cnl oy cxponcions 19903005+
RIS TT DA R L f)— L IR AE R AL
CAREEABI, 2 i 1) — SERE TR SO 3R 21, R B 20 Bdle vl BRI T R0kl Ge vt ) i
REX GEvt, T — 28 B sk B W vl ek H B % o R ISR ER SR, AT DI A [ (AN
o X BEAT BN AT A TR bR R -
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o (hHEEBEgIHFELE) o B

o BiSHIE

o HFTIEEE: Blhn, PREEEL AT RE TG R AL AT N ?
o HEXHE

o HHnO

o WRFRIERE: Filhn, Ak e smE g 2

TR+ HAR B, beanis b 8ol , X Rl RE Il T A TR A e E R X .
PRAT AR, EE o gt e il S O PR SE B, B AE 2 KRR RE LR 1 Al AOAT 9. FEEE BNt i 55 3
P&, A TR COHEE, BATAT LA Al b P o sz e — A E A BRI S . A B 4
oK, TR AL R DA ) TR TR X TR (migration) , X ESHTREFATAT
LAE 3 B oK 012 1) 1)

PPT 07

R BREE

o FELRGFIAH N I VEEREY R
o WIAEHE
o HRKE®&
o IDEE®E + NTHEE

S RIBAVE B2 IEEENE (sensingdata) , FESANZAHE.
o ROLHUE
o [uHul
o TEHIES A

R T 285 2 S R A BB I 2 M BOG SR Em TR (1 - 24 B2 4R Bt BR b T B —

MiseEZ s, PlanEG A EARERE, AMGZEIEE, RIS A X ko AT H A
JaR, REKIARLEMBIEBMRA M. G, ROBETITAEMMEE L2
KERS, ATLE SR 2 YR58, XSl b B EE MW S E .
R, BAISHBIEELERS A 4G, Al FRISRAES 5 B TR R A48 5 n ok
A, XAELGAT TP MR A2 215G, Oy T — A EEZ AR 7T

— BOtHE

B IAMIM Henderson F1 Storeygard 2012 4F KK 7E {American Economic Review)
FISCEFIG, X LR EZ  “Measuring Economic Growth from Outer Space” (AR
TIRLTHEK) 051,

Bl

5l Henderson, J. V., Storeygard, A., & Weil, D. N. (2012). Measuring economic growth from outer space. American
Economic Review, 102(2), 994-1028
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o GDP RZAFIKHhiEE A E,
o (HEMEPHERME, THEERETER,

o BRI REBCA R I BT L I W Hdls

o BRZ 7Y GOP Hll, VFEEFHALE/ZmI GDP ¥
o ZUFEZH N GDP HIACHEIR R

o IBRFRfik &2 1 8 AT FL T AE
o ANH SR HIHE IR,
o LU BEEFMEE G

o HAREEEAR: BUHDEHE

T2t 4 B A A1 AR B RO A — TR i ? SRRz — & GDP 2k EE R r,
A FMAUE . AR R RAGIR 2, — 77 AT Be2 BURN A AH M I 558 50X A1) GDP
Mg, HanEE — 2 B KR A A XA T B ReE 2 E M 6P, FHEARHX X
BAEE T . e dEpR 2 E X E A A —H%N GDP ¥, Xpii k— AN (R
GRBURIS, ANFNE WS 7.

FERER, FErE, 2 pd s BEAEAR I L — MY JE R A “ e simda 20”21, R
Brgisi A T B . BT DARA S KE S B, A RHME T e EE e — e BB R E |
ST RN . ERE, A RHESRPE 20 HH B EE A FIE S N E B s . £—
6 JE P 1 A B R S OL R, ARATT AT B 2 R N R A R il sk i s R B
(consumption) EEFEHT S (NMBEATE. FRE) REFEHE /KT (consent level)
ERARIEEO T, R ERIEREEE .. X TaFLERmn S, Mi1EEYH—E
FAET B BN T A g sl S s E A GDP i biFa bR . 1X R 18 SCHI ST ERAE T & 30
ROt G SR — MiT/E GDP HUHEH Al H AW &bt ety

K

o IEENKISLPR GDP K.

o DL (NTL fE N & E K2 NG KRB I $e4s .
o HRE: BEHMAG?
o NG ERINEE—TE L.

o & GDP 5 NTL BGK: (55 .
o 03, NTLIEK 1%, GDP K 0.3%.

o THZRKVAMK
o MWiZ GDP

o i

B, AR S R 2, X R A OV E X ARG KA. BAR
75 [ LU AT REANAGE Y, (EAE B — [ XA, A TRT AT 70 B 10O 58 S RN L 225 O Jee IR
Blo BEAERIIVEAE, KRETRES B H R R G — MR %, fFERE, TCik2EH
fEEIER R NTEAR, EAIRAGRTESRM, FILE — MR Y. FRF, il T
GDP M K 5RO K Z [ 3k R 2R, KSR WL IR — B ? RIBE x AR K
1%, y RS KZ /D F Y MR 7 GDP ARXT T RO e, 4582 03. X
ERE AROCIRE G 1%, GDP &3 K 3%.
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FTEL, X —Eor B FUE ] T ROGHE Dy GDP fabr A k. tbAh, BOGEHE AR AN 1L
T, eI AT LA B S NI BEAT Mo AE— NBUNHELIT N, BATRTBURI
BOCE R AT E GDP M. T H, mT DR R, AT DO g3
HEZ A1) GDP K, HER LI H S H 2 A XL BOEEE L BT E

PPT 11
R

o fEAMEEIGUE: A NTL [RIZF =N in) @l
o VMR IX I R T BT AR X ?
o BRI L P Rl s X 1 KB P2
o AEIEIARE ) IEFIE BN G JEPR i R HL DX R B KH E R TS S R D H XA
BL?
o XTATAH Z=AN R @ R Z AR T BRI “NO”

FRF, AFRN— IR — ARSI, 1 R TR T =5,

® EUHNUTEHLIX (coast area) MIZATFIEKIE TS AR M X B

® EYNMY primate city (EEWTH) MIEKZAGE hinterland city (PRG3R SR,

® W FEAEIE AR E X SIE R O R BRIt XAH b, PR IGK & SAHAL?

X5 A ), FRATT BT b A T A ] R, 4R BN, 7EJEU primate city
(ST FE A% b A Bl I T B AR, XA — MR E . (HANE R BE, FATdd T B it
AT SEUERE UG R, DI o SXAE—E R AL EULR, IX SR T DU A TR i — Ll
W, ERTE A X B HIE I o R I ) BB AR

PPT 12

BTk

o WUONAF WU T USRS Fp AT NTL /N5t 2h S I AREE A1 3
o RINFRANEES N (2011) ARG AR
o JEEXS NTL i 1A REA ASFE VS

Fr DL 8 S —AMR K DTk , A E A S — R 8 SO IE 1 an el {8 A RO B Sl A A — A
BHREFRRPRLME . 2R, 1EE ARINER — KIS A S AR AR 8%, —
AR Ab I EIBL (Chen and Nordhaus 2011) , {HIX A 3 AT BE X AO'E B8 10448 FH &
AR, BUONEAFEW R, I AR ge A AR E . STHR A s
(Henderson) [ 305 F] g s die B BOGEAR 91 N5 5 7L

PPT 13

Ha kB ESEE?
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e M 1970 FFAEEER 14 X
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o BUFRIEM 1992 IR

o FHEHFR: WEANE

o EITan: NEERE R

e 8:30 pm-10:00 pm I —17 &
FeoRTIE: —> 0 B 63 Z [ A+,

IERATERA MRS, — T, Z o] REFEIR 15 A e tf] . BT &, PRI EHAle?
AT, EEFEREPARLETR (DMsP) , XBITE A 1972 g, & HoehEkiz
1714 8. H 1992 Fil, BTG ELIMIRGE R, FEIESHEIRA, sebr bt
TREHBR R TR ), BB RN Z0E, FNIX S5 KA
PR PR AR R (R AL, B AR R O R X T . X TR M - 8:30
% 10:00 [A] WERHE—Hh 2T, FULREE SREUT 2 R AR . AR X, it H
WSR2, Mk 8:30 & 10:00 B 7, KEIET OB, FIHEREEE 5% NI LG
W, BOGRUTH RN ? E&—MT 0 3 63 ZHIMEME. nTRIER, Xeiffmh
AL, TheedEw &atl, HERTEMBEAR A, HAgidk 0 2 63 XAEMEEEH .

PPT 14
FRBOLE
o ML CVEFERI AN o

o FEEADEIIIT AR
o {XHEAEE ZX N ERES I [A] 3EAT LEAL .

Robinson projection

W2, BBARZAE DL, SRR RZIEEGH A R, FRARERhER P
AN EEBRAE HE . (ERR X B PHERAE 5, Ua] DU A e BRAE — e I E) A I
BT ATATAE R, KEA T A LM, EEEEAM, EERD, a2k,
REX LRI, AR AEE R — LR R . Betn, eSO, HE
REAR DAL I 2 5o b, SERE 5 W G v TR o I R EL, (il 8 1y 5y -
A K MBI H5 SR AN 58 4 RENS EL4 WL GDP 7K.

AEKH BT AEHIARE. i, £3EH, ol gestH L ERFAER S IS ik
X, RARVERE I TEAE G, RS AT RE A DU B _E AT 4R S W o A ) SE R B
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SN E T E AR . AR — SRR IR E S, e b))\ LB AATRTRECLE BRI AR S, B FEH:
ARKRATEEL I 28

SR, FATZ AR, A “BrEZER"  (difference in time) [757%, AT LAERR
— LGN T AR, DT 50 B 3K 9B A T IR 36 o i SR FRA TR 5 — AN [ X B e A2 4k
Z /0] DL A B iz E 2 5K .
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B

e M 1992 4E3] 2008
o HEEM GDP KT 119%.
o HEERIHFIEIREEIIIN T 72%.
o HAERIEFIIREE FIE T 7.4%.

XK E R AT R KT AP E R E R, WERESWERIN—KE. CE
N T 1992 AN 2018 AFRAEEN: By JLEAEERI R EHEEROL IR . KK AT LLE B, 1992 4ERT,
JEFAEE RO B, T R A IR 2 00, X U B R R B ) 2 P ONTE R . PTG
16 4F, #2008 Fi}, JCEAEEKIAORFERARY, TR RS okt — P . R, R
£ () GDP B9K T 119%, TROCIIMEIN T 72%. AHELZ T, LIS X B35 bR B T R %,
GDP [#(K T 7.4%. +£ %1% Elon Musk B 21X 5K B J5, WAEMPIHERE Eo=T, I h—kE
EEREE=yalib] P

PPT 16

Bl 2. ENJERKIE M ERfENL

o 4n B LL L 1997 4 A
1998 4E ) NTL, %44
M D

* 5—3 rﬂj ‘Iﬂ:‘ : Digital Numbler

o jﬁﬁﬁiﬁleEﬁ;‘lﬁ -High:ea
ﬁﬁ?ﬁ‘z//l\o Low: 0

o UK AT X
b s DR

o IMWILHEZ
73R [8] A My
X?

Universal Transverse Mercator projection

0 S0 100 200 km
e I

ik E RN PR W SR a2 5 SR IE . FRATAT AR R, HhEE 1997 4FF1 1998
RGN A AL SR R S BT ARl . KKHAITE, 1998 R AE T &xatfall,
fadlidfa, R2 NTESRT BAERAR) TAE . Rk, Wil 1997 A1 1998 4 R kAT X T,
SR IR T M DX () 5 e ot B A T BRI, 1T — SR B X R e G BTN . IX R R A — g Ak
KA (migrants) 15 T A HIIX
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L) R Pren, a Changes
\/I L B “"\’_ B
/'_ ,5;;—3- -
) . - 3 15
=4 3-3 =4

352 e
35

34.8 B

= [ - - - AclalnGDF)  —— I(GDP) predicted by lights
34.6]—

1982 1994 1996 1998 2000 2002 2004 2006 2008
Year
& PPT17

AL, an SRARATTN EE 1998 4F 1 1997 - RO E s, i—ANi%, BRI 1998 M ROG
2 1997 FEMBOL, AR XBME A -, RABAEE B — RO BN T .
fltn, AAAEAE-3 B 3 Z M pHsX, wfPUR RN BROGAE N 0. Ti7E—LEHIX, AR fE /N
T-4, BoRHBOCRNERKPIE; AL XK T 4, RICNBOEBAE KM IEE. @it
XL, AT OISR B, By i RO ARG, 1] — L R AR R X, R AR
9T .

MR AE B st e B2, AT nT DUIE IS RO G Ed 7l GDP. 7 T Imx sk B, k2R
KL Fr GDP, EHLARTN GDP. MSHIEMERE, WHIES GDP Z [ S AEEIR 3%
ITRIMGE Sy . Bk, 7E 1997 £4EF1 1998 £EHAIR], 45Fr GDP FRERS, 3T ROBEdE M)
T ER T REEE. MfE, MESFED, ROEdEM N E R EF.
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Bl 3. pHEIATIR K 4

o M 1993 E 7| 1994 £ H I T SR B G PRI ES .
o TELTHRKRS, YeHRTREIREIED .
o JGHE FR R A e A

B =M TR T HREIR KB o FRATATLALLER 1993 4FF1 1994 4E1 TLE BME, KINTE KB
FREE, BOCEGHEILT HEAN. i, FEARERNEEPIR T ROCIEE HE, HR7T
1994 4, IXEEROEJLFE WA T, HE 1996 FA4H KA . WOk SEBr GDP ST
JEI GDP #EAT ELEL, BAMEAR BB WARAEML. SR, XEA—NAR, B ROGRN &
T, GDP KA PR RERIMBA L8 FRET, R MR ass 708
MR B, B4 RIE R A LPall, WA —E S ZIRFTA AT . Hik, 45 R
ITEY, RG] BE 2 R A J5 B MV 555

Bl a: SEMFMKIER

o 1998 K, KREMAEAMEEAN BAMRN KR (lakaka) # &M,
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o — A REMEEINRER T — AN 20,000 [P
o BRI I A E FR YRS .

XA TR DS I B A K. 1998 4, — RIMAE A FIE R ATEFH KR
CREF AR 22 N AD 0K Bl I 1998 SEHIBOEHEIRE ,  Hi X7 LB AT
o, ENAGE N REME . AT, BT 1999 ., B TR AN, XA R
TR HBL 7. #2003 5, BOCERGEMLE, FRAFROAOEKE 277N, HBOLH
VO R 7. RATATAE R, 1998 fEI XA T SEfr EC A, R
THEOT R G MBOCESES . BEED RN A, A RBROCAAG E A, Sk i3 X
SHRESIEIN T

MG RE, BATATEA i de— DI G B R AT RE S e N IR . A
ATHH 5 B I ) DX G 200 58T & Loy, MTTSERE 1 30T AR AN X I B R e

o BOEHEE IRGI AL ER I

BRHIRELTF AP RE L N A

e Donaldson, D., & Storeygard, A. (2016). M\ F77E: BIEEIEEL AR NE . 25F
AT, 30(4), 171-198.
o R EEBEE ARG A N PR R AR g

X SCE R RO 1 IR NGB AR S E RS, R e AR A O R,
BATE TR Z TR —HI N . 2016 G281, PPP (K J1°FA) AHICHIHE 5T & 2012
ERRM, HRIERER, TR CEEEJVERTN TERER 7. Pril, Btk 2005
RS, JUHZ 2007, 2008 FEEF, CAFFIEZBIRKMOE. ARIERFERAEL—H
ERINY (The Feelings) , HHH—HLMIET RS EAMIMESEHR T —NT), BRI,
AR T — K LEAFRUERXAN T, HF RIAEA LbRIES, 2HART, 20H
Mgt AT . il DR RGN A £/ R E. 4, (The Feelings) T4 L E
HIEIEE 7, FrLh, B£E 2007. 2008 4F, REAKIEAR CAITIEHN A . 0h b R4 2 i
CAE X TP ) R AT ER T

XS X RLAITE 2016 E kTR, B U LEBIBMEEFF =R 2R FECEA T K4 10
FERDIE. W, SRR TERYE TR TS M SRR .

PPT 21

BREHIRELT L RIS

o DRI MERAE HoAL T BORASIIAE B

116l Donaldson, D., & Storeygard, A. (2016). The view from above: Applications of satellite data in economics.
Journal of Economic Perspectives, 30(4), 171-198. Link

(171 Observations from a rapid period of expansion of the usage of satellite data in economics.

8 Donaldson, D., & Storeygard, A. (2016). The view from above: Applications of satellite data in economics.
Journal of Economic Perspectives, 30(4), 171 - 198. https://doi.org/10.1257/jep.30.4.171
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o I FR AR 1 TEIAR AL -
o HEEE: WIEDEHE. FKE. KOE. gk, B, HRWES. EWEEE. Rbd
PRI YRR S R
KA, B, GG
Wi, MREF L.
o fLefE B R REE I RE K
BREE
o AALLfE BB RN
T T 5 5 2 B A%
e GDP
o ERIFHMEMHG?
o MBIA] G I
e EISPNE

BA L, fEEU T DEBER— I, KBOTRUE S N =Ko 88— MR AR
AR, TEREMICER] — el W HAb T VA TR U s, B BOC I | FRKE . KU AE
il VL PG SRR T IR X, S TN BT e G T AT RE RO R R R S
EHPEE TR, By TR T AR SRR R

Ji4h, PR R H BBk K E a0 E M B R UK L. 2T A
MR, PR DAPFE A FALE MBURIR MR, X TR A 7 3R A 5 . il
TREEG, PR T LARHIE 7 2 il BRI, i b o b e 15 ORIk, BLAHEIK
IR o

TEHHEIET] U B o A S 5t I A A, e, 1 ARG DX R v
X5 7 T A 28 0% B L T AR MR ot FE AR AN R S5 i, B = RE T A ™ i AR (K A2
it BEE AR, — e AR BN T4, U AT RE R EAR I T2 M 18 S AR R A A
Yokhde. TEEHEICRER B AO AP 0, YRR RIS B0, AT RE M K SR 7 A ANk
T, K E I, X AR : g A
M 8 [ B i A1 o : 7

PR IR W] DL R Mt
K&, B niE e T R R LR
BRI EEORGL, HE
FEM P X o0 e X0 T [ bR B
WH o i) £ e
BC AN H R SR HAT B2 ; ;

,[Hjﬁl‘ , é%?ﬁ%%j{%%ﬁ% SRS NIRRERP RRIEFAZEN A EBRER. FHFBREETFT
VE IR, TR S e R IR SR SRR L, A B M S R R . ST BURF AR
AR ELAGEA, PRESIEAMSIIEEREA S Z AT, i, TR A 2
NS, SR 22 s A RE B o X5 2B o — M R E A
T TR, AT CAAE B A BT R B & AT o

e, DEBHEIETT LRI GDP & R AE il . X —E 7 w2 FATHINDR ), it
ROCEHE 3T, 2387 GDP AZALHIE BL, A4 SR i vl LA TR GDP Hudhei& i 1)t 1 .

20019
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H Stk

T, B ST ROCEER SRR E B, BAE, LEERAEE W H e s, sz
Y, B A EEGE RN S X EAE TRA-EANRG], BATRZE — Rt A H 222
PEHEATWETC, VA AE MR oA E 18 R BT R LI 3 158, PEEWRIN— R E B E T
R A, LUK e RE S U AR B e 1 Fo 75 VA XE AIRE A5 2, Bl BRAT 1 Z A S 2 e
T G AR S B AR

BN R A S el ) VA E 1 Y S o7 O 17 P = I = S PR M= =T N
DURAE T AR . X5t H 2000 4 LASK, AT 2 i B A e AT T A AR HO S B . 3RAT
ATUAMEER], BEE R RIRHERS, SRR I, WAL 1o BRI A O L 7 4
g, XSRS IR XY . WERDIRATATCLE B, B I (8] A3,
TR DX AE ANk, i 3 A T AR U e

B m@%T%m%I%%E%%m%%,Zw&m&ﬁmk ﬁ%Tuﬁﬁ it
I 18] FOHERS , B 2 (0 (R R IZ AT AE B 1 3 bl o SR8 B Y IX IR S AR X
DRIE, 38T 8 60 A 285 R G S MR U AT 1 o JRUAR ) R BRI ST A N ST B4R
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Figure 1

Forest Cover over Time in Riau Province, Indonesia

mm Forest loss == Non forest = Forest

Source: Burgess et al. (2012).
Note: Readers of the printed journal can check out the color versions of this figure in the article at the
journal website,
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Figure 3
Roofs in Kibera, Nairobi

A: July 2009 B: August 2012

Source: Marx, Stoker, and Suri (2015).
Notes: This is a 50-cm resolution panchromatic image from Kibera, Nairobi. Roofs in the lower left
rectangle dulled over time, while those in the upper right rectangle were replaced.
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Khandelwal. 2022. "Using Neural Networks to Predict Microspatial Economic Growth." American Economic
Review: Insights, 4 (4): 491 - 506. DOI: 10.1257/aeri.20210422



A BANLACEE  Remote Sensing meets Al g
177 —ueseas, filln, —RC

ﬁq:}iﬂEiUT{i)Eﬁ ﬁ)‘[ﬁiﬁﬁﬂé * Khachiyan, Arman, Anthony Thomas, Huye Zhou, Gordon
Hanson, Alex Cloninger, Tajana Rosing, and Amit K.

?ﬁ{ﬂﬂéﬁ/ﬁkﬁﬁﬁ%%o fﬂf, Khandelwal. 2022. “Using Neural Networks to Predict
%%EE; Efﬁﬁﬁiz%ﬁ%%’ Microspatial Economic Growth.” American Fconomic Review:

Insights, 4 (4): 491-506.D0I: 10. 1257/aeri. 20210422
B LR AE R EHA TR
FHWGETE, ACFRTVAEEZ B, 12, BATRTRE DR T [ S AR oA X e e, (2
PUAE, FATAT LLAE B Al EAT BE s R R AL P
Al R SRR 5 B R R, B X > — 5K By rh RIS R, X AREE ALY
MBI R 27 2019 4, EEIRBIEAR CLIRH foit. ENK—SRR M, WEHeHL
CZe ) BTy, HEGRMEARSE B H AG G2 72 B, v 2 7 BAE ] LSk
AN A B, WAERURZE A DAL, REHEHE A EEATFTARRE", IR NS
BRI, ABOR CERABAT H H AR
M2, RRLEMLERRAANE? EEERIHRE, AZEREREE TERENER
KT X GDPo S IUKIBOC B LL , XA 5T o et . BOEEHE (AL
SRR RBET, mEEREGOESHEREFERE . PERERDLESE A BT
JeiBsr (RTB) , A 16 MBL, ALV Z RIRTCIE S M HADEEE S . RLEHEHIR
TAFIMERRAE, AN F 7 imsoer (Pl R S5@EKXKER , Bk
S REEF X 0
X ol DERBHER, BATREG A Al RETEBUH L 2 R X LR mT g
FEATHE ATIURH) o Al S 75 RE 15 A1 X Le B SR T GDP, I X S 5 1 P g 1 il L
e The ancient deep learning mode as million para
e e
ImageNet

Image VGG16 CNN Class score
1

Prediction:
Class #2

AR EI T —DMBONRH A TR R, REE DA, KAHE 2016 /5
AN ERERAR . ARIEIFARLE T AR RE, (HIE R Z MR — T . AR R
CAHAN — MRSt (I R . IS AT R 204, JATA X FRLL g, b B 22—
Mg, 1Y, WX R WA, NTEBERR EZEIATHRMER: el Hh i
NEANFERE, ARSI M1, M2, ELEBHTIHRIER . B8, ATARRZ M)
Feik, MMM T —NELWAARE, BRI (evolution)

PAphZe g (N SRl mAIRSGEI— DR, SR, TCIRAMAER, eIt
[l AET s ARAFAE—LE L SEAS R . RS RISERRT Y WLIE . A R FE) Y _hat 55
SEH) Y AHZERE, AR AN T dOR X MR ZE R BRI M, (A I e R AN T
PARE, AT AR A TINS5 SR Y_hat 3BT HET LR Yo

FERNARERY o, A T2 A A 7 W R ok . IRTFSARZE T AL, SR A R
BHEAT IS, JEI LM IR AN, TENLER 2T, TRE A TR Sk . el s
BOORRE—ADHERE MR IEUE . XA ERE AT AR GC 12, e IE X SR R R
X AU Y Z A TGS 5C &R



ERKFEHE R R

National School of Development

AREE BBIGEACHRAERE M 5, RS- AS5, EEEARINN v %S
FSEH) Y ORI .

HABG IR R B FATE XM MH, EAERE 2R, B2
R RE RS, BARRAE] — DT, AR E e v 5B Y x5
A% Closs) o I HRRAE, VRTT LR RS B AL % 1] R a6 R ik, B SE— 21
HiRE. 2, WX TRHIHEE, IRAES TR B HA A e U R AL E (weights) o

PR I =
| = ] L
o r~| S p— l||
Eer gt | LS
Imagatit Databare Comoitan layers Full connectontayen  Predcied ok

rmined Weights T

T ransder
1, -
e
Imagetis Database Corrrobutont Fu

hayers, Ul comnectioniyers  Prockcied labels

Train fecm scraich
(1
ot

% Normal
3% Benign
1% Manigraaed

ZEA) T, FATTUAAT YIS — AN B RAR BRI, IX AR S 43 it B R B B« il
BRI A PRE E S, RN 64%, FIIMEZN 33%. RAEIXANAR, BATHIBHXIR
ArREE— R, e, AT HLsERRE ), R SE— R, xtes 1. 872 E, il
LT B . Qn SR R, TR, RATHUX AR .

BN, BAVER MM MREMBR, HEHE FREL. B4, EFEEE, GPT Al
REM/ B 4f . DTGB AY A 1.38 /0SS 4L, Thifit Facebook AT | — MMHTHIE SHAL, 4
Johi Gy (LlaMa). —METAGRRIELZY, H 282 2 /i 10 5L E.

B 7— M, SR EILF] 700 0. BRRRELR, Bt —RMEREEEWREZ.
Eedn, —a3K I 7E 2019 4TI AE R 256%256 155, HATRRAEK 24 GPU FFAT1EH, AP
AARAT DU N A R SCFE AR K B SR AT T o B ARTEAR WD, (B O HEARALT
TIAK . BRTTE, BT gE 8, PERERREE . 2458, AT
FEEEBRIEAARER, XE2—NMKHER, RITEEAE TR ARER, XAGH
SEAERERIT I, A2

0

-

Appendix Figure 1: Convolutional Neural Network, Landsat Imagery Model Architecture

Demographic Controls

ConvaD: ConvaD: Conv2D: Max-Pool 20x20x32 ﬂ
ACxd0x32 ) 2004032
R B "f‘ Vectorize: 3200x1
iﬁ"‘ EF%; {F'}_F-?:. E?fi;?_ P'F?*P |:> Fully Connected Network
A . N
Input: A0RA0KT gfl,_ ;j-;!:: f'!'fr:: : .
1 ] Predicted Value

R SR PR IR, ¥ e AR B RST O 40x40 R ITEG, A EEAER b
WA —A PR EFMHT 7 DB, B 7 ANAFET band. 8%, AT LR G EIE
H1 RGB = IEASABLAL 5111 1 -



ERKFERERFARR

National School of Development

Urban, Accurate Suburban, Accurate Rural, Accurate =

PRBT B HR SRR, AT REZ — PR B IR EL, B PIAR B T HO N — A rpg
s, e e 256%256 IR/, IBA B REMAEE R, ARBERIES. @i
R, EE R R R S N BB chb AT I, DA I6 BE7R  15 BE 6 1R H AR 5E 1Y
.

TEB T AR s rp 8] 2, X8R AE @ R BaRn R RS T, DA B
BEAR 5 SN A o I ANBATT AR AIL R R RE A o AN [RIR BRI A SR, AN (7] 20 B 10 % 2 R JEE 5
5t XM HGERI K T RATHRR DAL, RAF= AR B [FIRE, HLas 52 SRR
AR B A AR T, AT BER AR I BT A 48 0 7T RE TR a7 5 PR
o MHE FIHZ T AT RS R TE 2 2% B Gl 7 BT I Se i 22 70, JRATTAT BL T A2 (1%
B RAEREL . N, A BB i SEAF R e e AL A, BT S X ek
A e DX RIS 0 AR AT o 28R, AT AR AE AR R, PO EN IR T RIS H, (HEk L,
PEE NN AR S W] 5E 1

Income level: R* = 0.9 Population level: B? = 0.91
45

S on
a2 N
9
¥

<

Predicted log population

Pradicted log incoma
@
o & @

@

5 8
Log population

Population difference: R* = 0.46

change

45 dog.

e B S

Predicted log incoms change
Predicted log population

-2 =1 é 3 -2 4

0 i 0 2
Log income change Log pepulation change

Fioure 2. MoDEL PREDICTIONS AGAINST ACTUAL VALUES

Notes: Levels models include data from both 2000 and 2010. Extreme outliers are omitted from this figure to allow
visualization of the central tendency in the data.

SOOI, IR, ARAREE & SEBR AN, R SRR T R SN AT
PEL, KIPIE 2 RRRARE L, WA SR R BIH M HE 5 RE, B
R2 KRAREILE] 90%. XA XA ALK T NEBERREI, i RIEATH A H
B, nTULEEIREA L (log population) S ARLFIN AGN 1 2 18] (40L& FEAB AR & vy, LA wT
LAk %) 0.91.

BUEBATRNIE, sl Al BERLAE 2 U5 T R A AR LTS, HLAnfE GMAT A1 GRE 1K,
REAZIE T Q0% I HEMEZ, XAE NIRRT H . Mo, FCHA M ggiEN 7 Hr TR EIR,
PUNH A X GDP £ 2/, HEW AR M iR, KRR NETF. B8, X
PR AT RE S AFAE LS A, gt i, A AT RE HORACAE 1 SeRp g MR AL, T AS
FEAEHERR TN 22 F G K .

FATH H AR IHFA RN ESR] —5k PR KK, 55 HARM 7 T8 b, T izt X



ERKFERERFARR

National School of Development

AT o FRATHE GO HIZ, WERGTRAT—KINR TR EE, FATAE kN 12 X
KRG TE R W FE 2 ] o 3 2 FRATT B SR ) i 83

R, SRR AT Sl S A IRN B4, (income change) 2Bl g A 28 F000 Fy i A\ A
b, BT KM E R T, RESFMAIRIC, HUiReEs) 0.4, KRB HAR
SRICTTIGINRE 77, (HARE T AP0, TG M BE RIS 2 o e RN, AR AT
AL BRI B T e b — 28, (RHALA FE AL R] 0.46. FTLL, TRMZATHEK, MY
ZUFEFMAT], Al HBTHRIE TIEM .

14
— Income level

Population level

= Income difference

0.75+ Population difference

0.254

0

State Commuting County 24km  12km  Block Block
zone image image group

BEAN, XA T A AE B2 SRR, 5 AR T RO A BE I, 3 B 2 B4
FEIXRER R R B e b BEAT J00, Bl an N g, HAEmtEiE s B, N EURTSON i Tt
AR, R? HAEIE 0.9; M DG T ER KL 0.5, 2A1, — E R K,
THEI P AE B A ol 2 ORI R B o 2 20 A 0 B B A O 2 0 0 X s EL R, R A T
FER T, P RE 7 2 5 R o

ENF— MR, ZADTURIR IR L J7. RARZ AT ] el T e R i 2
AL DA ? BEE B IR, AT B2 R DU 45 B AT DU T A
il RBeARRAINENNERL EIE AT, A THT LIS A Bt i EA NRES), &
I EE 2R N2 H0 L GPs Hudl . EIULEAREFEE, RATTRREBIERIIKERT
R E R, R e At — AN R, B VR i e S I SN RN\ A S 2 5 K e
B, BIRRZITERBGRBLING, (HIRZ 8L MPELEINS QLB HROILSE. i,
B — A4 (PUEEEF) MR, R Al SORSREEAT R IEE,  Bed] 1 H R T <
iy, #ATEA T (HEEEEE RN, Al AMUBES TN R T e S, HEnT
CATIN AR N AT BHENIE o R PR (0 28 =] X SE BRI TR 2 4k, BB R A8 15 )L IR -
KA S ALBATERAEZIBLER) Al AFI3E3E, Facebook. Google AT ) 23 &) HAE AW A&
JEF BRI, Rk, BEERAMERLAI R, TRE & ORIRIZ K S .

T, RbIES

China's Journey to the West: Using

High-Resolution Satellite Imagery to Evaluate
Transportation Improvement in Central Asia

Gordon Hanson and Cong Peng

Harvard
February 26, 2022



ERXFERERFARK

National School of Development

REGETFE T — 0090, HAGEAEHEAT T, EEOF o0 SURh K, MIe? 9% 3m
T BN ML B . JRAT T LA B, o g BB B
TERIEM. BITE, LRALEE S E R R A F.

T

Figure 1: Gobal BRI Projects and CCAWEC

Mote:  The map shows planned, ongoing and completed BERl-related transportation projects identified by
(Reed2019) . The red circle in the Central Asia area indicates a 300 km buffer area surrounding key roads
linking Urumgi China, Almaty Kazakhstan and Tashkent Uzbekistan. It covers five countries: China, Kaza-
khstan, Uzbekistan, Kyrgyzstan, and Tajikistan. The area of the circle is 1.3 million square kilometers, which is
about a third of the size of the European Union.
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Figure 2: CCAWEC
Note: The red circle in the Central Asia area indicates a 300 km buffer area surrounding key roads linking Urumgi
China, Almaty Kazakhstan and Tashkent Uzbekistan. It covers five countries: China, Kazakhstan, Uzbekistan,
Kyrgyzstan, and Tajikistan. The area of the circle is 1.3 million square kilometers, which is about a third of the
size of the European Union.
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Research question

» Whether improving transportation infrastructure and connectivity
improves economic outcomes?

» What is the average return of investment in highways in this area?
> Answering this question is challenging:
P> Incomplete datasets on roads and slow update on ecenomic outcomes

» These projects go across multiple continents and make data inconsistent
across countries

» Individual transportation appraisal does not factor in global effects or road
development

» How are economic activities affected by the changes in connectivity?
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Figure 3: Planet RapidEye Product

Figure 4: Deep neural net model: D-Link model
Note: Radiometric and sensor corrections applied to the data. Imagery is orthorectified using the RPCs and an
elevation model

Note: Source: (Zhou2018)
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Using Al to generate features from these images

Figure 5: Built-up detection
Note: Source: Zhang et al. (2017)
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Figure 6: Roads detection
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Measure economic activities within markets

¢(lIn_gdp| X)
)

[}
e In_nBuilt | X }
5

oot = SIBTEN, (rokurst) 56 = 15605135, 1= 8. 3¢

Figure 10: Built-up and county GDP: Level

Note: This figures show the added-variable plot, We regress log built-up against log GDP at county level, while
controlling for the share of agriculture GDP.
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Traditional way of tracking roads development

Figure 16: Mapping roads using old maps



ERXFERERFARK

National School of Development

(b)
Figure 17: Mapping roads by manually checking satellite images
Nore: Source: Google Earth

Figure 18: Newly constructed road observed from Planet Lab satellite
images at 5 meters resolution

Note: Panel (a) shows the satellite image taken before 3 key BRI road being constructed; Panel(b) shows the
satellite image taken after the construction,
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Figure 21: All scenes
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Figure 22: Al-predicted changes in key road network

Note: The figure shows Al pmdtc!ed changes in the primary road network that intersects with the 300 km buffer.
Roads in red color did not des in surface diti Roads in green experience upgrades in
surface conditions. There are three types of road surface conditions: asphalt paved roads, dirt roads and no
roads. Prediction for the surface condition was made for year 2009, 2014 and 2019 separ:nteby before identifying
upgrades. The prediction was made by an Al, a wision based on . We adapted
the algorithm .'md raimed the Al on Planet satellite imagery with the OpenStreetMap data in 201‘] as the label.
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Figure 23: Primary Road Network growth over years
Nere: The figuie shews the length of reads of three types in the pimany road network by years and different
countries and with all countries combined. No roads are cumment road segments where the surface is identified
a5 not road in the past. Dirt roads are unpaved roads. Paved roads are roads with asphalt surfaces. The
sample includes five countries: China (iso: CHN), Kazakhstan (KAZ), Uzbekistan (UZE). Kyrgyzstan (KGZ),
and Tajikistan (TJK).
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Figure 24: IV constructed by masking out local roads

Note: The figure illustrates the instrument strategies as in (Jedwab2021) . We instrument the changes in market
access of the target market (red square) with the changes in market access due to road changes far away (out of
the mask as indicated by the blue circle) with the built-up of neighbor markets fixed at their initial levels. Panel
{a) shews the rosd nenwork close ro the targer marker, with initial conditions and upgrades in different colors,
Upgraded road segments are used in calculating market access in the current period. Panel (b) shows the road
netwark used to calculate the hypothetical marker aceess with road condition within the masked area is alvered
back 1o its initial levels, and that out of the masked area are cument level.
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