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HTMZRTLEERBERERE, AEXRXTEATLEAAARAY
R EHKEAR, @ FEK@EE (Chener al., 2013; Ebenstein et al. ,
2015). ¥ # f# BE (Zhang et al., 2017a; Chen et al., 2018) Fuik %1 & 7
(Zhang et al. , 2018), T WHF %, = A5 43 DL B Fol o AP 0 E B
ADBRAWFR B EHIEEL, EhTHEMRINRE, PEAARXRXEZTA
FEMADRRAREN D, ARRNEZATEN T EFENYHNEEL
BEENEREM: —REFETOFEAKRKPNENNRETN TS A TR,
BEIFERKMIERS; —ERAFTEFEASE “FTHI” I “UITAHA”
FHAEESERANNTH, EEER, SR FEME R, YHABERF
I EEWARY M, FHHERAFTHFEENTHRE: WD F 3 #% (Hanna and
Oliva, 2015; Viard and Fu, 2015), #%3#xt & K@ F % 7/t B ¥ (Borgs-
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chulte and Molitor, 2016), #H# “H T A H 5" (Lazear, 2000), X %% 3
HHh CHRE AAEBREENTHRELEATHHF NN TR EREH
M E (Hanna and Oliva, 2015),

KT IR FHEFENEERGERRIEAA, AAEFHARRELAUT
HAEMNIHERML: F—XRZ 7 HELEERKO KA, Bl R ICH B8R
4 7 (Graff-Zivin and Neidell, 2012), # % ¥ i 8% # (Chang et al. ,
2019), X MKMW EMEERMLK TRAESEE, TAEUNEYZEA G LM
HEAHIRRD TERE; F-XZHHITHFMM N THERME (Chang
etal., 20165 Heer al., 2019), 5 Bt 3 &40 th, 3128 T 3% 6k 4 & 8030 AL #
“HWIARHAH” s (Lazear, 2000; Shi, 2010; Bandiera ez al. , 2005),
BR, AEXBEKRBEHMER “FTHIT” ft “HIFAHEA” WM “HHBE”

& Fu

=

g

BT, AXEAERT) &E, AARMAREFF W RHRE, 7
T “AEHL” o “HITAWA” eskmll EEA, BERi, AXH
FERINEE FHEMRA 2004 F£7 A F 2015 58 AMEPr A AT MAA RS A E
WHIRER. ST £ ZRAANREF BB W7 s ks ., £ ER
FPHRWEFEET, RAARTRETHEFIAMEST ET, X/MHEAET U
HRHERTHELN “BHE” MA, i, ZERXAN T HEIRNE S
AT AARAAE “WTAHA” WEA, A CRMAARFTEEX., £ET
FHARAEIHOMRT, AEHHIRTUENZTHAEFETHEENE.

EREBEETHAEFFENEM L, RINZAFERTHAEFENEARY
AT N AR AR, B, YHNEFEMAE, ELFRNT
EXRENEREAE, THERESAFTEEEMAX. X 54 FARNITE
HRAX, NTERRTRAAREF o & FF; s, TRFEPMETHE
BARERMNARNBRRATA T EFE AN, B THREFHFZ X
MAAG B ERERAE N, FERRFLZERNMA, I, AFHRLA
PEANG T SR T LK (APD #AEA N EHAN T i (Chen er al. ,
2012; Ghanem and Zhang, 2014), XA X% B & X @t (Jans et al., 2014;
Arceo et al., 2016; Chen et al. , 2017, 2018; Fu et al., 2017; Hicks et al. ,
2017, FIARAHEBAZHEZATEMNIEWR ERRITZATEE T A
RZEWHERXR,

RAXWHARERE R, ZRGEHHE (APD & LA 10 MEM, RAA
RMAETHIREEHRY A%, ZRFLENTHEFEZNATYHNETH
ANBZ B F AR EEKTEF Y BAERNT S 32 A7 50 R
FPEEBRENTHNENER; BHEREFH N T EZAFTLEHNEHEE L
WHERENZH A EAAL. s, KA XEMEE Graff-Zivin and Neidell
(2012) #n Chang et al. (2016) Hyfik, # B API#1 % — £ %] API X 4
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BWARUARERE, NTBTHERATREZHETRINBFEEFELEFN
BUBFEUEXRA —HMEZRT LAY ME, FohE 7 RE A EMRK, X
Bk, RAZBRGNZATERENARMRD BT LA T o £ F
Wy 5E R .

AXHTAMEZAUTIUATE. H0%. AXHERAAERRAA R £
FEHNEAEARMBERTAAR R Zo e m “AEE” FA. A
BRHMNETFoHEFHE, HA, A XARETEXRFLEEZ AR EMAK
HHWHE, AXREZAFTLEMEATENFESART, REEELTEH
BRAFREGT, BAFZHNXFTHEFRNLHRFER. "RE. AXHHR
BRTU-—MOENERHEL ST AERATA, NI EEFTAFHLRH
hE, EFHBRER, TERRLUKRZAREG . REZEAZATENA
FoAAXERRBTHX -—HEFHH N REMRSF.

AXWEMZHDT. F_B 2R XHER, & =3 231 KX ELIE
Kok, FUHPNARERE, REMERRITHR, FHELH 2L L LI
REHEEER, RS MELEXRRTR, RE-—Fos B R4k
B HE W

= TksER

HEEW, TRNLNEHARXETZATEGTHAEFEN Y, Gralf-
Zivin and Neidell (2012) # %7 B A RAHEARREHAF LN ERYH .
FRAEIN, #1024 (ppb) WREMEEFEHMBEKT XERR 5500 F 3
AR, PHRFARARICE BHATEZELN, B TERCHPRR ST 5 4#
LEUEMARK, NTT—ERBE LTS5 FRTERNTHHESL “8
wET EA, BE, XERRYIHE “ERXTR” M “UHHIR” HHL
Wk, HMTERXIREZHBEARAEEXRALSARR AV T RN L
hE, BEMAERAS I EARMNEGT S EFFH, MAFE “HITFEA”
MEsh®E “BHRE” A, ANTREZATENFTHAFTRN AT D W
(Hanna and Oliva, 2015),

Chang et al. (2019) FEREEN LN NERELFELR R HE, FL
TRAGEMBIEEEARTZHAFTRTNEH, T BNEERE, BiFsE
AALTHEAAZAFEMAEFS LI MR EEFREL2E LN, LiEH
RWEZATEL LM ALBFENITAEE, BT UA AR EELRER
BEHAERMNELFTHEFR, FARERI, APIEH v 10 M2 7B EL R
DEU 0.BNMBAAEE; BRNHENRD EER G TERAE TR FTZH
WEREEEA, MAFEEFRETRENFEAHENEKIEK, HAXLXA,
L APT i 100 B, RAFEMTHEFEN GBI WARE A, XRET
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FEMEHHLIERE., EHTREBELARNFA SHBERENAETESE
MK EAEFHRNNERAT, TAFLEHMFENELR D EN L F R
KENAREFHHATELAR IR N TR LW “BIFAEA”. BWMAEE
BURNEATERRT TS T ETRN T,

HT EFHME £ F R, Chang e al. (2016) F| FH % E 4 Ao M H# X
%@%flA%ﬁﬁI%ﬁ% %ﬁ TPM. BRI AT AEFENE
W, BTEETIANIR T AR XA E N ITHRM, ZEET UL
WHESZHEFR, BT FHH “BIAEAL” hFERNKE A, FRE
P, 410 B (pg/m®) W PM, ¥ GHEETANITHIRRD 606; T
HXABHELE PM,#it 15pg/m* T 2B K, RBFTZAFLEXF 5
NAEFEEEUEDHNGFE, REEAEAET, WEHI R TUES “H
IR, BEHERERAHRTHAAEZRFTLEFTAT “FHIT” hF R,
EmAn ekt ZAFENFTHAEFTETNA B,

Heet al. (2019) B THETH A MTH AN AN E L T # AN
BZE, AIAKANGEERBF ARG LEMAENEH, FEE 2014 F9 f
F| 2015 4 9 F 8 PM, ;B fuxt 126 4 #l L TAF s & FXHFH, AR
KA, X% PM, ¥ m 10pg/m*, H 3 Se Mt 25 Xet, £ 40T A% 5
NAEFEERBEZENATE W, EXRELOAFEMELTANEFAETE
1%, WA RER T AW T B IR KRBEEZTHETF, FE-—BRHHERA
(—%) WEEMNTITANMIE, AHIARE SN ®ERKE X B A AT M
RN, B2, ZHAREALERFERFTHSERENE W, “THI”
le] ATy 4K A7 2E .

Archsmith et al. (2018) WH R KX FTENZELEZ AT LT EHAS
GhHFHEFERNYH., BNEI G EEL2RRHARNAB AN ELZNEK
R, ZRFEHLLEERAAMBHEERANTRESEEZ LA, AHR S
R, FABRHARREEAGTHEFENEE, EEZFARXXEFKAT
VEFEXFEAE LRGN T HE, HHEER T EA AT L% #MK
BT o ) B m 4 B

EAREXHER L, AXXEZAFTLEHEGTERNFERIBE, RE
THZIZAGEIURALGZFZHGPOERALIA, RELS N AEMET ™ E
WEAFEERAT, RAFH AT EFEZIREN. AXEREHRIT
Bip, s THRAARLCAEZ T HE, PFERAERNZHFS) T, £&k
HEHRBFRTHGURTI M, ATAXT “FTHI” FEA; B RCHERR
AR HIREEZTHETF, TARBHERT “HITAHA” BHFEMA,
W, AAXMBEALEREZATEA BRI RERED M T ETFE, KX

VERRRELZE, BROAFIE, REFZRARMELF. REELARN IR T2 MATHE B X,
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BEFBEARRTENTIALE, HRTAEFEHMBEERAA DT, &
Flr BTy Ead, RATEAG TN EFETZHNERX R,
X8, AXU2 N T EZAFEMTHAEFRLENELEXR, TH
MAEZRRFRNMBGH A EFRZTHENBER L, —FH, AX2FFH
EFWIM, FREA[FREANZATREAERTHXTHETRNEHZ
F. FERAZATEY W R BHEHHK,

=, FIESMAER

AXEIEAREERINEEZATEMTHAEFETNLGTERYH. LK
HRAEW ZHAELHYREZAT LN - AN ENE (Jans er al. . 2014;
Arceo et al. , 2016; Chen et al., 2017, 2018; Fu et al., 2017; Hicks et al. ,
201, — BT, KABKMESHEE MW TR, T2, EELXRI 46
T, EELEZWAREMSEAABRGERL NAATHREAL, A& F
Mz h “HR”. FEREZEAPVRERAANL, FTERZAHREEAN KN E,
HEMBEAWELRR, TRITEDT &, AHTZAFEHLmE, B
A, FEWHEAFET, AVFHEL BT RATE.

ML, FREEMETEATE, BEHGH LN EFED ML,
R ER, WREBLPHEFTHAEFE, W RLBARRZAT AT
Mg —thiE R RE, A EHFENE, P REEXBELSRALAET. £
HREHMEXEALANKRAAL, BEMSFRBLERALAE. RAZRES
B R, TR KA R B R E 5 £ 5 R (Burke et al. . 2015; Graff-
Zivin and Neidell, 2014), FE, #EASFBEEVYZ AT LN T AL ES], T2
MEEH AN BEALHEZNEE DM (Arceoet al. , 2016), 5T ¥ 5 4% #
RENZAFTEN I AT ENH KR ERS (Imbens and Angrist, 1994), K
XHETEEE (IV) WEIEKe, REZw THENBEZRNZFREE (2SLS),

log(Wage;, ,) =B, +8 P, +g(TH+ S W)H+0, +g)te. > @D)

P =aita I, +g(TH+fW)H+0,+g@+¢... (2)

A (D X @) F T e Al kT BAARTEE, & TFRMAR
I T REA KK, EmLEEAGEE N ARREAE LR
EwAEE®E . X (1) HEBMBERN_FKEGE M BEEIT, ELEFR
KEWEREFTE, EFREZRFE P, it LK Wage,,, Wi lz®m, T}
BB REATHRAE B A ELLERE, X Q) HEHNERDNZFH

2 % I, https: //baike. baidu. com/item/ % E9 %80 %86 % E6 % B8 % A9/5217019 fr=aladdin, ¥ 5 B #]:
2018 41 A 29 ®,

SIRRARMFTH I RIEARK, BAMA—-RBET—DMAMITHEIR, HhAXHEE 2345 —
FEBI RO —ANA, BFETZRFTE, AFZ4 S RETATA TR Wk E (5,
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F—MEfit, FRAAEASBAZHALRTRE L, XAHRATEAKFP,
WEw., X (D AKX Q) FLARREHGIBESFE (T » W-PAR
FTREBEEXEE (Alod 1CHEEZRKE) R HANXE; LR 5H
FW) T ARMERRLEZFRAEFL LS, GHETAAENEE KN A
Rt R#$, URBEAEE., BEEK., FHNEN —RTWFF R4, 0 K
EANRE R, ATEBREMARZENEAZR; ¢@) RAEHFEEER
b, BEFHENREMALENRE.

SRR EFTREL » EREFEX . BRGEEH W 1 N EAL,
MBAARTHITE (BFshEmE) haohPw, —BHFEENTAEL
EWARMERERIE, A2 WARR AR EEHBERERERK R,

W, HKERRE T FHE

(=) BEREFL X EME

1. %53 & = %

AARXRARNES FRRG T £ H4E, @47 2004 7 A % 2015
FESAMEEGEMNMAAR LA R KT T REEUR MG £ =% HA
AEB, BEBRAMARFELRR, NEIH, £8%. ZHTER%E.

MR AL S EOHFE L EITE (WRE T, USB # 0 #l#%),
FHUNERX B ZHEF AR EFES, ELENERE AT RS ENIT
BES, RAMARB P RE “EERHR” M “EF R BAXTHERM
mT “FEEHR dra e r—TWER, et HENERE, )
ARE3SNHBAARNECETH KTk,

BTN Bsh BN B Bk 8 2 T % He, B BB 452 09 £ 5 KL HEAT 7 o
B, REARFERBABTEL, THEEAFRZEHT, A M EER
HOWIM, dFTHRAMARBEGRE, ERBE/ANHEREE, FHEA
EHERERANAMEFEAYE (WEAR, £&. FHE) NEEZRE, TN
e, MAARNZHERASHRA AP AN E AL EEHEX. Bk,
RAARERBRANFMEZBERANCEHD T, 2BRPHBTNAEFFE .

MAARM T TEH XA T I REBREA LK, AER LT 5
AR, A1 (A) #ET2004£7AF 215458 H, AW B ITEAHN
RAAREERFHNAFHIRAT., TUEE, 11 FHEY EFEHH
BAMARERBHKAES, B FHNE LT RGFEHK; 5] 2015 £, F
HATEAFAEE 100 T/A. BRAARNMNRBEEERAG TR EZE, TR
HHIRBEANEGR ERBRTERMAAR G EH A ET ARG T EE, B 1
B) #RTHAAGHKARRNARKA T H IR thom, AAAEHHIHR
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E: OB (A HRTEINEF FEMR2004 7 HFE20154£ 8 A MBI A EAFRIARSE XL
B IR S, B (B RHMIR (T/A) WEFE, HREAFTE. HEFEFH
BIEW AR, B (B) WEHERI T HITH OUNEHRAT,
2. BRIFH
AXHARERAN R FLEHRFERTHFEFRFEENE ST RLA N T =
AEREABMBPFEINFTH AT L% (APD', 2013 £ ML AT, API B % X\
A4y (PM,). Z&Wt# (SO, Mg A (NO,) =#iz Ly E s
Fr. 2013 DG, BAF LK (APD EL W EZA MEHRH (AQD, HFE
EWERFLEMERET AM CTRABR S PM, N # — % X 2 % PM,; fr

H\I

VR B g e B APL /- F 0—500 = 6, HE %% S W E W http: //www. cnemec. en/cskqzlrbxsb20
92932.jhtml, 715 B #. 2018 £ 1 A 29 H .,
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PMy, #H s MANT BE O, —E B CO). K %%k APL 37 5 #y — B i,
RXAF TR (PMy) . Z&MAH (SO, fmZf /A& (NO,) = f
g, EHITET 2013 LUEWAPP, EEREMELB LI, WELSE —
APl W Hl B AR, AXMERKRABE,

3. # KK

AXERFRRAGAE (AEEHTARE) EHRATLENIALE,
FEHEERETEEERMEM AR (NASA) ¥y MERRA—2 T E® K * &°,
MERRA—2 T B | F & 4 2k 56 B By = [0 M 4 B0 38, M4 8 & 4 % 50km X
60km, Z = SRMET 1980 FUU K, NETFHU L L2 AFTRANTEEES 6 /D
R FHREELE., AXEAREINTHAZN AT ME L BREHRATTY,
KREHBHERAZNKLE, FEiIFH A%,

EFFEAT, IHBARGETHESEARG, WX AREFERNL; €
FEAREHA LTS -—ENABRNTE_ERNARBNENL, WAL K
AT 1A#BEAL, #F MERRA—2 TERERRTH 6 ey LHEE,
ITR24MNEERTUHB 4 RFBAL, wREZR, FX24 M2 HA 04
KEBRAE, TR —HBAr k., RARERA BT HBREZ, KxXEXE—
REGKESEN, YRWARHAHBEAETHEAL., B2 iR T RXH
REtEW, RIWAHZAFTEHBELRBE TR BAHELS, HH LA
BEMEAMKME, 5B ARSUHTH — 3,
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B2 RYTEEASE SRS R EER
. ABEEHABE TR T 2004 £ 7 A E 2015 £ 8 A MBI A K EA T LK, o 5EN
BARty APL(E; T3 0® T FBEI T A B2 B R AK, *ELH LR,

P HEANRSNA R T ARES K (AQD #AME (HJ 633—2012), http: /www. cnemc. cn/jegf/
dqhj/201706/120170606_647274. shtml. ¥ 17 B . 2017 46 F 6 H.

0 A SCfE Al M2I6NPANA 7 & 8 5.12.4 Bk, MERRA—2 T E [ A 7 M A NASA & W 4 # (https: //
disc. gsfc. nasa. gov/datasets? keywords=MERRA-2&.page=1, |54 B #: 2018 £ 6 A 1 H) & & #
T#H.
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IR &N E &

AXALZEERE “BXRALZMFREXXZIRSF 7 RENALAR
HEEN, RALEW “PEBTAEXHEEKESE (V3.0 7 &7, &%
BERBETHERNEE, BAE, HXEBE, EBHK, AEMREXE,
AT RPBAELEELLZERTNELER T, KXEH Arceo et al. (2016) #n
Chang et al. (2019), ¥R BERXRERX X A ENBEXFH A KR X&. #
HEBEEX NG 100 HAYEEAFHAZRTRE, BAE. BEHHEHK.
AEMAELHERNLE -RARFFT R, AXFEPHMAAN, FTRBANA
BEREHRAF2RRAXMI L.

(Z) RERIT#H 7

RITLRTAXEZEFRW A B R ER T MR, KXEHRFA RN A
EUHHIREELZHETR, AATHETRZNREEME “PA—AR”
ERHE. A TAEFCEEHHMORAART2EE (KKD) HEET
FEARAT R, B X2 TA ARG S LA AT R BN B, k]
rr, EHEHRATFERMARELE X LER MGk, LFHITHF
(103.5 70/ A) @ THEEEF K,

MTHHIREAEEE, AXKEBERATE, LEMTAALELE
wFER AR EE: RRTREENAH APLAFE, #iEH A Bt k&K%,
RERERFMAARBE., AREKRE., ARHBEEK., AZMEXEREMA
HPHRNE, AXFEWLEF A FHELEMATF UCEE KB BEAE—N
ARWETRE, M AR AELTEZAFTEERRAWELES R £
W, HAEE MM SN EE R EAE MR EITRE (&
JUHE S 15 H R R4 & B R B 48 ] 2 — R BUf Z KT

x1 TESIHHER

TEHRIR TEEN (B4I) #1{E wfEE RML 2 &XE HERE
SENE R

Wage HETR (B/A) 68. 26 97. 90 2.00 3310 408 565
WageAdmin Hep, BEEEHH 103.5 102.7 4. 00 3310 23 830
WageProd Hep, EFEHA 66.08 97.17 2. 00 370. 5 384 735
=RIEH

API A EEHE (0—500) 53.22 15.91 27.13 102. 8 408 565
ASFERE

Inversion FEAE kA 3.26 3.85 0. 00 15. 67 408 565

T HENFERLHELEZH (http: //data. cma. en/)
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(%)

TEIRIR TEEN (B4I) ¥E REE  wRINME  BRXE HAE
S&&H

T ave FHEE GERE 23. 28 5. 06 12. 04 29. 65 408 565
Rainfall Mok BB (ZXK) 4. 87 5.43 0. 00 46.51 408 565
Solar duration HEE K OhE/ R 5.22 1. 66 1.28 9.51 408 565
Humidity AR E (M) 72. 66 8.05 50. 48 85. 81 408 565
Wind force FHRE CR/AD 2.25 0.25 1.67 2.87 408 565

E: BAREE B E M 2004 £ 7 A E 2015 45 8 A, AN K EH 408 565, &t 21 886 AR A
G, ERANEFHEEHKOI7T A, NEAFH 21269 A. #BAL A AEEZH R ES B MR, EH
REFANHHB —%k, FICEERBESFSUMANBE R ALY AERRESELHE L,

A, FAELZ R

(=) BRI RT3 £ R H

1. OLSH E&#
K2M|ETHEHBAHEAX () HOLSHEHER, X248 (1) — (5) 7
WAMANNEE Z R, BRERBE, MoK EHE LR EE &M,
OLS W& RKM THEHNTENEE, £ 3 — ) FAlEF, —Bi
HEBEHERZE, TAGLEEFHAFEFZ AN AAEAXXZRTRE,

R2 EEEEXNFHEFENZLE (OLS f4it)

T TR B x4 log (wage)

HWBELE
e (2) (3) 4 (5
=895 %4 % (APD 0. 0013 0.0011"*  —0.0022"*  —0.0017*  —0.0016"**
(0. 0001) (0.0001) (0. 0001) (0. 0005) (0. 0004)
WAEME (R?) 0. 5541 0.7121 0. 9077 0. 9604 0. 9607
ANERE E R (00) % % & £ =
BEREE (T o & & = -
EwAREEE W) s % % = b
B (g (1)) % & & & &

Ee EEMEAREY N 408565, M 21886 MRAARK., BEXHAEEFEMIALEENT LA

RAXEERZ T H R B, OB AN OEFHEERNMAEBEN N, F5ARF T ZRENR
R, p<C0.01," p<<0.05, * p<<0.1,
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2. IVEHPE% R
ETOLSHFANERFEM, AXKAHERAKENZAFTLEBEHNITE
TR, BAAFNEREAN AT CSLS), $—WEEZESBAEKNEZAF L
H‘HWEE, BHEEFRLK3, £3FW%E (1) — G ZIWEAFES %2
A, #R-FHXkW, FRESZAFEBFEEMRX, F—WREAN F %1t
ERFAHI AR ENEARME,
3 EENESTRMMM (2SLS F—MEHITER)

E AT gedrH. API

WHRELE
(D (2) 3 4) (5)
# 38 (Inversion) 2.8121" 2. 8202 0. 7547 0. 5246 0. 4897
(0. 0037) (0. 0038) (0. 0050) (0. 0040) (0. 0038)
WA E (R 0. 5478 0. 5540 0.7111 0. 9073 0. 9600
E—MEF 4%itE 136. 8 42. 44 344.9 120. 4 127.3
ANRE B (0 % b = & b
mEREE (T, & & = e =
HAEEE (W) % % * P P
BB A (g (1)) % % % % =

e EIAEAREH N 408565, BERMAESHMALXENENS N ALK BRI R B2, 0o
BE KRG E RN A AR E K. F5 AR ERBARER. p<<0.01, *p<<0.05,
“p<C0.1,

E_NBEETREGTERBEA T HIAN T LD TYH, ERLE 4,
F4dE (D — G AMEPEFEER 2K THTE, HFE (5 7
MERETRZENTELEH T ZE, BMEAXRRHENREELR, & (5
FlRR, ZRGEEHATHIHRNHNZE R HE N —0.0041, £ 5%8 %t
AKFPERZE, HEFEXE: ZAFTLEEH (APD F¥ w10 MM, B
RAANBRETFH IR (BTt EmF) BRAY; EARNITELTER
MTHERZE, ZAGEHBEEINERD ., - FPHRXNZLELERY
BFaN, EHMUBREN, ZATLERERMARN T EF X MY
0.22 (0.41X53.2/100); HArEZE/MBEN, ZATLEHM I M EZ
(15.91), RAANR M5 s & F=F M2 BEK 6% (15.91X0.4%); s, wF
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THE T RE X #: log (wage)
WHBELE
(D (2) (3) (4 (5
¥ -WEBF &+ E 53.97 490.7 439.8 186. 9 40. 47
HAE 3309 154 355 144 012 61 767 21 292
JRAA RA % 221 7667 7 882 3324 2175
TRWME [(FrE2] 92.5[79.8] 73.5[81.7] 62.1[72.9] 56.8[67.9] 64.2[265.9]
B. #W#HAREE INELTF N # & R KF R E
= A5 R4 % (APD —0.0174  —0.0079"*  —0.0106™  —0.0117"*  —0.0297*
(0. 0125) (0. 0025) (0. 0047) (0. 0033) (0.0133)
% —-WEF 4&itE 17.58 330.9 653. 1 115. 2 32. 30
HARE 6 288 104 231 212 932 40 127 12 671
JRAA RA % 365 5 500 11 088 2 191 664
IRHE (k] 44.6 [52.5] 64.9[72.8] 67.8[78.6] 59.5[72.1] 59.6 [74.0]

Ee: RV ANEEARETAEEFKRAENRAAREAR, Af BHEI 220 %k FRE L E T
BRI TFHANERER:, APLFIWEEHEA L E, AFEEHETE. BB URTE&HEHSE
RXHBEEFIRF-F, FENERFT 2 REFEIR, p<<0.01, " p<C0.05, * p<<0.1,

ik 6A#H 2% (D — 5 FITUAN, ZRFEFFHFAH (50
Bl ) MR ERE (1820%) MAARBENGTH LR YHE
mRE, A FHEABG LTSRN, BFRAAR DT ZEKEA,
AXEFERMNFTEAFDFOTH, WEFEEHEFAFELRAN; BELD
W, ROABLIWAAMATUATRFRBEABNEERERAZTATLENK
NZESEMEE., R L UH L () &0 Currie and Neidell, 2005; Arceo
et al. ,2016; Neidell, 2004), ZFTEAFLEY, FRKMFHHABHELEMN
B,

kX 6B#HL2E (1) — O FINEITRHRALEEELRA, ZATEXNE
REREABNGHEFFHYNER, AFARIEEL, BHRERENAHE
THNFLAEN AR EMERZ, RENFLEHESWAEERER, 01t
FRFEME NS E B, AR XNFERE4EEF (Borgschulte and Molitor,
20163 Chen et al. , 2017),

(=) FLEX AR

X EAME - R FE RN BT RA T ERRREZTNELE
% % (f|4n Gralf-Zivin and Neidell, 2012), A X4 K 5875 L4 %
(APD #1102 APIRE BEE - MAFWREITRE (ZESI
WRELAXHFE 2, BEEAEALR 5,



£ BRI, KARA: RRFREETHEFE 1329

log (Wage,..) =yo+ D7 XPbin,,+g (T, )+ W, )+0,+g @) +e., -
K

5
Ao ARENEL, BHEEBELA5EZRNAER (1) -, TH
ZRET, AHZRFREMRT k ANTEXE &SN A ZiF X &Pbin,, , %
ERE-RINGEIHRETARGHE 7. o HEMT—AHA ¢ RW, ATER
Bty Bt R 2 A > Poin, HEEME TS AWLIRRK, HkFHaiE

ERMELAHHANE AR EFE T2 ELME, ST APIANT S50 22 AR EMN
%) WREAFE, KX API/NT 50 W H Bt RE1E h g A A4 B )2
TEZN, HAWEANFTLREABENE TR v WEFEXNHERE L SR
4 (API<50) Z E 8P ER,

BEEA G WRHIZBEEARS: BANNENTAFTLEEEP, FEH
BRI, FATETEARRIBERXREL , FEAFRAN-RIZHF
YK B Bty Al EF K%K D) Phing AR BELME R, Hax— R F5TE
WHENELTE, FEFHNNIETEWMUR ., ERAERKKEZH L KR T
Bi# >, Poin, AT, £FHEAEdH., AXER OLSFiHR (5. #—,

W&k 1 k3 T, ERREHALAHHNRT, RE OLSIRME T XX
WA Zm, E5IVHGITTamEEEImE -3, &=, 2T% 1A
. WEOLS X 5 FHfrzlayy, hXWRETEEZYm, AT HE,
A Zy, ZEMHELIREXR, HAREETHEREXRZAFME, By X H
WA TR IE R SCIE R E B E R . A (5 W OLSEELREE 3 Ex,

0

|l 2%

N
e E e
HBIRE (R)

20 40 60 80 100 120 140 160
ZEATGHIEHL (APD)
| 059 8 FbIo) — A i m AP [ |
H3 HF APIXE B OLS it
Ee ERTHEMAET ZRTRRE LN A R R4, AXUE 10 M EAEH APT X 24 X &

FARFREREE, KENENAPIREEHIANREHATARwE. BY LB 53 HEAT L KE
Bt tE Ty OLS it R ¥, KB MR IT A MM 95 B E KA. APL/N T 50 & X A B 4 %
EAERM, THNEERE; HUTRXERGETRAEAABEN FREAHLEXR.




1330 Z % F (F D %19 %

3R OLSEHEWER, TEHLZ L ANAHEEE D) Pbin,,. E¥H
K
2% D) Pbin,, stlog Wage, DEAHE NMETH A%y, REBEEKE, 4

Ve RGN R: BRANAFLERABENA R T RBE LR, XtFHEF
RWMHMAATEE: Ty WEBX DB THEERXEE (API<50) ##¥
M ER, FRELEMYH, BTEAN y, HERLL LT EXEE (API<50)
WEmER, BhEN 7, ZHETUNEEH LR, v WEITERE R, MA
FARELZE, HXFHAEF RN ATE WL A, 287 85%F 04
FRERZERFHARE UBNEEIMEXR; HilE, YZATREKTFLEE
Eim4 (API>150) DLE, Fah &=k 2R BIK,

BREFARMELTHFLAKTLULLE (API=100) WX B+ R H R A 1.58
R (HF2), X L8 RNWERFLENFTHAEFFHRRNLFEHHART
RREZAME (API<100) By 4FU L, XE%RE, KRERD W EZEA
FRWRE, BRBRGEHE,

() £ Rt

AXMETERREHR I HELATATENRLZE, RETEA
FENGHRENDH, ARAEERAXNARERGCY SARAMBERT
EHMATW FHBE (BHEF 3 EFF) WU BIAT R AT,

FEEE KW I T, Graff-Zivin and Neidell (2012) #F X KW, B &K
RWNFHEFRN AT SR 0.26; MAEZEET LT, Chang er al.
(2016) £FPM, BT AEFR T AN sh £ =R, #EH 0.08, T4
MEHTEAFENTHE RN HMERN RN ARATLZHAFEZ 5.
Graff-Zivin and Neidell (2012) #H, @ TR L& =k, RRE P
FEWRERK, BMELEERA; MEBRXERABETEANRL, W2 £HE
X FHEFEKRFLAE (F3 PM, ;X h 10pg/m’), Chang et al.
(2016) fhit ey g o8 M B A A (k. 4 xt & B & #F %, Chang et al
(2019) AR LBERALEEBELAN T A ST A XA ZTAFTLENATH N,
B3 MR A 0.003, itk ZARBY B, — 07 T2 M35 8 & 54 2k B T 1F 1 T Ao
THWAEHS: B —F @, Changer al. (2019) i ¥5H, #A& W% ET B
MEFRZFEAFHTHRMAE, HUZT, AX0.22 hBEEAITNTEER LI
1T (0.26) 5T #I7 (0.08) 2, BARINTEHRXRZEHMEITE,
P ENTFRE -

ERBEEITHIRATLE (68.26 T/H), RAARHFHHAMME (AT
A AR AT E AT RN RN A KB, BT AR Y 3T 4R T LA
HRE-NMEBRENTH; o, AXUEINEE FRBRGMAAR KA KX
%, ERONAEUZERE ., OELNL, AXNHARLEBEIRE=ATTE



%48 BRI, KARA: RRFREETHEFE 1331

BATEE ARG H . F—, KUUKIT =AM K KT R R
2, AREUHERARTEATRNEL RABEERTRN LIEKE; &
. EVERSAMTE, RIUZAREFTEL, oL BEXETU
i, RINZAFEAGHETFN AT WA EELMRTHTR; &=,
BEHRBRAARWIHEERENTAEZ ST ER AR ELERNTA, XT3
BEA. REREK, TEXELSS, Tt ZANMHELETELHXE
HE-FFEFARFRAEH2ELZ—,

. LR ECR AL

AXUEREMAAR AT REAR, HHTEEE, RAT AT LA
THEFERORBEHE, BT REARHFELEEXR, FEAEX AT LN
BRRBXET: EEGRTERUNEARHEAN2TEHNNHELT, REZHBER
WMTRMEEMRENE, TUABRHBEZRATENTHEF RN AT
e Blim, E, WL, FEERFTARNZATRL2ATENS, EXA
RATBRABRBBEATUNEAT, RAXBMEHE LK. BEHKH
BB, RTRBRBGEZRATEANBREMFERE, IXNIHEEA
HHEEZDNEERA, Al FErRT, 2ATHERET, ET L
R LT, HX LT B HOR R AN TRAERD Foh &= RB RN
EIRGEIR -

AXAAARANARRET ZHFRXARRTRADIMERELZTFERA
BAR, FABRKHEZHEHBTRRNERGRENHABRET FREE,
EREAAXERART L HENARTR, XRXMFEESNHARREN
FARERZH . BHZATRARTEORRFALY R R A A% 7AW

IR,

[1] Arceo, E., R. Hanna, and P. Oliva, “Does the Effect of Pollution on Infant Mortality Differ Be-
tween Developing and Developed Countries? Evidence from Mexico City”, The Economic Journal ,
2016, 126 (591), 257-280.

[2] Archsmith, J., A. Heyes, and S. Saberian, “Air Quality and Error Quantity; Pollution and Per-
formance in a High-Skilled, Quality-Focused Occupation”, Journal of the Association of Environ-
mental and Resource Economists, 2018, 5 (4), 827-863.

[3] Bandiera, O., 1. Barankay. and 1. Rasul, “Social Preferences and the Response to Incentives: Evi-
dence from Personnel Data”, Quarterly Journal of Economics, 2005, 120 (3), 917-962.

[4] Borgschulte, M., and D. Molitor, “Labor Market and Program Participation Impacts of Health and

Productivity Shocks: Evidence from Forest Fire Smoke”, Working Paper, 2016.



1332 Z % F (F D %19 %

[5] Burke, M., S. M. Hsiang, and E. Miguel, “Global Non-Linear Effect of Temperature on Economic
Production”, Nature, 2015, 527 (7577), 235-239.

[6] Chen, L., M. Shi, S. Gao, S. Li, J. Mao, H. Zhang, Y. L. Sun, Z. P. Bai, and Z. .. Wang, “As-
sessment of Population Exposure to PM2. 5 for Mortality in China and Its Public Health Benefit
Based on BENMAP”, Environmental Pollution, 2017, 221, 311-317.

[7] Chang, T., ]J. Graff Zivin, T. Gross, and M. Neidell, “The Effect of Pollution on Worker Produc-
tivity: Evidence from Call-Center Workers in China”, American Economic Journal . Applied Eco-
nomics, 2019, 11 (1), 151-172.

[8] Chang, T., ]J. Graff Zivin, T. Gross. and M. Neidell, “Particulate Pollution and the Productivity of
Pear Packers”, American Economic Journal : Economic Policy, 2016, 8 (3), 141-169.

[9] Chen, Y., J. Zhe, K. Naresh, and G. Shi, “Gaming in Air Pollution Data? Lessons from China”,
The B. E. Journal of Economic Analysis & Policy, 2012, 12 (3), 1-43.

[10] Chen, Y., A. Ebenstein, M. Greenstone, and H. Li, “Evidence on the Impact of Sustained Expo-
sure to Air Pollution on Life Expectancy from China’s Huai River Policy”, Proceedings of the Na-
tional Academy of Sciences, 2013, 110 (32), 12936-12941.

[11] Chen, S.. P. Oliva, and P. Zhang, “The Effect of Air Pollution on Migration: Evidence from Chi-
na”, NBER Working Paper, 2017, W24036.

[12] Chen, S., P. Oliva, and P. Zhang, “Air Pollution and Mental Health: Evidence from China”,
NBER Working Paper, 2018, W24686.

[13] Currie, J., and M. Neidell, “Air Pollution and Infant Health; What Can We Learn from California’s
Recent Experience?”, The Quarterly Journal of Economics, 2005, 120 (3), 1003-1030.

[147] Ebenstein, A., M. Fan, M. Greenstone, G. He, P. Yin, and M. Zhou, “Growth, Pollution, and
Life Expectancy; China from 1991-20127, The American Economic Review (P&P), 2015,
105 (5), 226-231.

[15] Fu, S. ., V.B. Viard, and P. Zhang, “Air Pollution and Manufacturing Firm Productivity: Na-
tionwide Estimates for China”, 2018, Available at SSRN 2956505.

[16] Ghanem, D., and J. Zhang, “Effortless Perfection: Do Chinese Cities Manipulate Air Pollution Da-
ta?”, Journal of Environmental Economics and Management , 2014, 68 (2), 203-225.

[17] Graff-Zivin, J., and M. Neidell, “The Impact of Pollution on Worker Productivity”, The American
Economic Review, 2012, 102 (7), 3652-3673.

[18] Graff-Zivin, J., and M. Neidell, “Temperature and the Allocation of Time: Implications for Climate
Change”, Journal of Labor Economics, 2014, 32 (1), 1-26.

[19] Hanna, R., and P. Oliva, “The Effect of Pollution on Labor Supply: Evidence From a Natural Ex-
periment in Mexico City”, Journal of Public Economics, 2015, 122, 68-79.

[20] He, G., M. Fan, and M. Zhou, “The Effect of Air Pollution on Mortality in China: Evidence from
the 2008 Beijing Olympic Games”, Journal of Environmental Economics and Management , 2016,
79, 18-39.

[21] He, J., H. Liu, and A. Salvo, “Severe Air Pollution and Labor Productivity: Evidence from Indus-
trial Towns in China”, American Economic Journal . Applied Economics, 2019, 11 (1), 173-201.

[22] Hicks, D., P. Marsh, and P. Oliva. “Air Pollution and Procyclical Mortality: Causal Evidence from
Thermal Inversions”, Working Paper, 2017,

[23] Imbens, G., and J. Angrist, “Identification and Estimation of Local Average Treatment Effects”,
Econometrica, 1994, 62 (2), 467-475.

[247 Jans, J., P. Johansson, and P. Nilsson., “Economic Status, Air Quality, and Child Health: Evi-



%48 BRI, KARA: RRFREETHEFE 1333

dence from Inversion Episodes”, Working Paper, 2014,

[25] Lavy, V.. A. Ebenstein, and S. Roth, “The Impact of Short Term Exposure to Ambient Air Pollu-
tion on Cognitive Performance and Human Capital Formation”, NBER Working Paper,
2014, W20648.

[26] Lazear, E., “Performance Pay and Productivity”, The American Economic Review, 2000, 90 (5),
1346-1361.

[27] Neidell, M., “Air Pollution, Health, and Socio-Economic Status: The Effect of Outdoor Air Quali-
ty on Childhood Asthma”, Journal of Health Economics, 2004, 23 (6), 1209-1236.

[28] Shi, L., “Incentive Effect of Piece Rate Contracts; Evidence from Two Small Field Experiments”,
The B. E. Journal of Economic Analysis & Policy, 2010, 10 (1), 1-34.

[29] Viard, B., and S. Fu, “The Effect of Beijing’s Driving Restrictions on Pollution and Economic Ac-
tivity”, Journal of Public Economics, 2015, 125 (5), 98-115.

[30] Zhang, X., X. Zhang, and X. Chen, “Happiness in the Air: How Does a Dirty Sky Affect Mental
Health and Subjective Well-being?”, Journal of Environmental Economics and Management ,
2017a, 85, 81-94.

[31] Zhang, X., X. Zhang, and X. Chen, “Valuing Air Quality Using Happiness Data: The Case of Chi-
na”, Ecological Economics, 2017b, 137, 29-36.

[32] Zhang, X., X. Chen, and X. Zhang, “The Impact of Exposure to Air Pollution on Cognitive Per-
formance”, Proceedings of the National Academy of Sciences, 2018, 115 (37), 9193-9197.

M1 RIBEEXRERSENEEXERRNARITRE

4 6 —
-
33% B
K K —
= =
Bk B 2
gl u =
O,!—Wrﬂ_r‘j‘r L L Jd M 0 L _|I|

5 10 15 20 25 30 35 20 30 4b sb 6.0 70 80 9'0 100
SRR ($RIGEE) AEXHREE (%)
(A HICERAERMBEMAZFHRH (B F#5X0HAFTRERMEY A R RHK
ME1 REXEBESHMNEEREEMNARITXE
e HAEEE L 2004 £ 7 A E 2015 4 8 FI, BRI KL E N 408 565, 4 1°C iR X E A Ay
AZHRHENLE (A, E5%HtEEREENAZRRELAE (B,



1334 Z % F (F D %19 %

MR2 RINZT|FEAKEXBEERHARITREY

6 -
2 sl
~ ®
K
B 2f
) T
0 -_Ij | $1%500000000000000000000000000000
0 50 100 150 200 250 300

SEYARH (API)
| —— 95% X ——e 5 Yk K[l |
WHE2 ZS5REREARTRY
B APRERRE S S APTR I RH A R REWARAN M, BHA R RS RE R R
950t B 15 X .

Impact of Air Pollution on Labor Productivity
—Evidence from a Prison Factory Data

SHuAl CHEN
(Zhejiang University)
DANDAN ZHANG*
(Peking University)

Abstract This study examines the causal relationship between air pollution and labor
productivity, by adopting a prison factory data for a perfect measure of the labor
productivity. To address the endogeneity of air pollution, an instrumental variable strategy
has also been used. Results show that a 10-unit increase in air pollution index leads to a sig-
nificant decrease in labor productivity by 4%. An inverse-U shaped relationship between air
pollution and labor productivity has also been suggested, which implies that the extreme air
pollution reduces labor productivity heavily. This study emphasizes the negative externality of
air pollution on labor productivity.
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