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Fl Hicks(1932) "/ FF @1 ¥ Hb 52 1 5 AR I 25 s 1) BE 28 2205, 2 R B X 1 5 A A 0 A 1) oA 158
A GERET B A U A AU R P AL e IR, Acemoglu (2003) 1 BE— A48 R T H R #E L
55 B B S5 A8 22 1) 77 76 36 TR 20 19 N AR SG T o B8R 1k 25 i 1o 8 B9 AR o 7 T A ] 2R 7 R
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FA, Acemoglu (2002a) K 4 AR 3HE B H] 43 Sy v M Y GE AR i 1] R 55 B fi ) T = R AR 2 1)
AR AP A A A — 57 BB He ) b T I 32 B R P 2D 5 B A 1) B AR AE s R 2, U R
BRI KITH K S e S o 17 4 5 N S 11 /S R R B <90 A NI DN [ e S Ao DI N T B RPN
ABESE, A FATHE— 20 % T BOR BE A 0 fi 1) 28 80, 4 738 0 AR X T AR B RE 95 3h i SR it P
(1 % B A ) CFE A% S0 B A8 R, 2021) 0, BARAR X TE A 3h Ak 55 A 0 5 R 20 A g fk i o) (T F
W 22 7%, 2022) 0 AR 25 D 1) M 119 43 28 HE 28 S A VSRR X 11 25 4 78 Ak 5 B R 25 D 1) Y
HIRKRBEE T Al
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Katz(1998"7;2009""*) #I BT T e A B AL 4] {12 3 25 1 BB 95 3 71 75 3K, 5 8 28075 A6 0 %o 2 8 A 1) £ R
AR ) B . Acemoglu(2002b) " FE 43 A1 2 AR 1E 25 Xl A 43 e A 55 20 17 3 ) 5 ) s, 4 T A
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HAR AL TT i 5 78 S0y 55 S i 1) o P T SR 2D B B8 A i o) S 2 LA BIL A 48 O 80K 7 B 5 e
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M2, Nl A R A HESh T BORBED BB RE i 1) 7 T 2R 2, M FHAIL ) fer 2 75 e MR 26 55 2 Jy i
T8O0E 7 % 3k S [va) 230 1 ] 24005 A B T T 0 BB N 0 38 07 A X B R 25 0 52 o) e 28 B A 2 00
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AR 4R R, 02 07 A ol 7 T T R O R R AL, DAL R A% Gt 55 B0 T AR . X I T AR 4%
A G HORIE R B AR T X — 7 3 1 1975 5K (Griliches, 1969) 7 7EiX — A #i i FE v, 44
RE 57 2l 77 P A 1 26 7 AR RN 3T BE 1, AN A Ay AR X s e 18 A 7 R A 1 Aol ] 4 2 Y
FO R A A B RE A M R AR WU . N R AL T B Al 55 B g LA B e R R A AL AR 1
Al B i ) T AR AT B R %A (Acemoglu Fll Restrepo,2022)"" 0 WA A (Hetn A shik ik % %) %
BEALRE ST 3 JI R VL IL , M0 55 30 J £ 68 A 42 TH (e i 51 T YA B0 55 ) o 7 258 A SCHF , X R 5 Ab
KR > 1E 1) 9 B, B BE A HE 3 B2 BE 4 T, B RE 52 T SUAE 1k 95 AS (8 A7 R0R) I AR AL (Autor 55
2003)", AR RACAEAF HOARFE D [ SR AR st R B R X B BE 55 sh W] WA . BACKR R, A D&
e AR i B AR B D B B8 D 16] , I 38 4 = b AL 1) F 3 3l B A HE 25 14 1 8 i 19 o

B BRI E AR o NI IR AL R BT B 0 T g AR W RE A v 57 3l ) A
E IR ORI R S I U A R v B o N9 A 2 | L R R A0 95 O ol A i | S N S IR R <l A B D 53
AL A BB R BE RS, X SRR T E A RE 57 3 ) BRAE AR, 2 Al I KR £ BE 57 3 )
1 15 % R 8 ) B (2R 2246, 2021) 77 4 Sh B 28 1) 12 BB A 1) K & o R) I, oMl kg B AR 57 3l 7 1k
AR EARBE R BN TF R @200 A 7= R (TR RIS F 1L, 2021) 7Y, 31X — i B 75 2 4 e 55
S 25 G — PR A BRI B BCRE A ) oAb, 55 Bl T3 AR T A Ml 7 5 5T ok SR e Bl
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I6] 52 B 55 30 J1 FH AR QB 5URE , 4 3h 5K BE 2D BB RE A 1 o A AR B X 55 3h AR B Y 5
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LN T 9 IR T SR s (B R R 2R R A, 2023) 1 AT 51 & Ak 4 BE 45 R A TR 2 A L HLAOR
A A TN 57 B ) B A Sy T SRR B T AR 7 RR 0 SRR B U T 22 M ) B RE O B 7
bR BE 55 B & B RE IR S 513 R, DA SR LA B AR i i N ) B RO A TS (2R AR A R
F,2025)" K — ik AR ey, il B Rl 2 A T I ) B RE Ak T 1) B R B AR O B I L AE Al A
J1 G VAR A AN B T B R 5 3l Y Lo U AR R R . BB DT B T R A Y Ll R F
ARBE T FR1E R AE , (f H AR BOR PE D G B b R 45 O B RO VR o AT RE 8 B AT Al v A I
B K F AR Al B 2 77 BE T B AR A L 51 ACE B Y JEE 5 RAS i B R Y 4 )
(Acemoglu Fll Restrepo,ZOlS)M]o [A] B, A lb X 57 BE 55 3h & 19 % FH M N 7 08 AR $ 6N Wt i, o 42
BELAL FE I B8 BB AR S 55, X BEF A AL B TH T HRE 57 3h & 009 A 77 8 A LA A A Ml A i AR Bk
A it AR P S IR A B R 55 B, i — 2B SR AL T R R HE 2D 1B BB R ] (Autor 55 ,2003) . kAL, 7 fig
95 2 F AL P AR AR T AR B SR S AU R T 2 R B R T R S
B AR A WY 3 R 1) B B AR U (R B RE AR, 2023) ) R alk oA Ry X 55 B 7 48t 4 0 ik R
R ¥ X BRE ST 3 ) oK A B REAE A S AR U X R R B TR T Al B BRI AL IR W RE T L 5
AT Al % B BE 55 3 #5 RIS, O 2 3E T QBT 5 BOR T Al A B e AT A 15 R 9E 25 B A ) T
B BE MW 17 o
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bias,, = B,Aging,, + B, X, + B X, + B, T +u Xy, +u Xy +¢ (1)
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b AR 2 i i) B TR 2R AR 22, X DL o A o A e DRI, AT S 8O0 o FE R w, Xy, RN IR
5 AF Ay 1) 58 EL T RE BB, LA T 2 1814 AR B9 28 57 5w, Xy, RN AT AT AR 4y B9 52 B T SE RN, 45
ATl 2 )R AF Y 28 5 0 O 1 A AN PR 22 ) B B 2 AR OG0 8 B A oMb 2= THT Y (81 DS AR o R 2 4 A
W R EARME TR AL B . O TE R BB, AL AL Ty ) b 3 A R N IR BN H iR Al
A5 R T H AR A 1 4 R i 1

2. 44T Sk R

AR SCHFFEREA A 2011—2022 4F v [5] A JRE ol b i 20 7] @, 9 5 30 1 23 1 4500 3R A7 DG I, 22 0
VAL BG4 3] 24025 N FEA o b, Al LA B ANV 55 1 EOR IR T v [ 22 5% 6 T 5 Kol
JE(CSMAR) , A 1 3 1 A0 UG 5K 5 T 2010 48 1 2020 45 W9 ¥k 4 A F 3% 2 B & 2015 4F 4 [ 1%
N ARE I A, 3T )2 T e R 1 B AR b Al T 8 A ) | i A0 T S R Yl SBOURT ) il | B
FRVE R UL R Ge vt A AR B, A T R B AT A0 R AR BB T AR E RS FE A (ST
*ST) s HIBR T Bk = B2 55 45 4 B REAS Chn 5 5877 i Aol B3 T ANBCCED A SR ) s Sl BR T 6
/AN T B BT REAS s BIBR T AV 2 B = 0 i+ P A B A AR 2 2R XA REAS 5 D Rl fE ek
B R SR TP N A A R R ISR RV R AT T R 1% B4R AR B

3.EEIRMA

(1) Bl A e A8 B« B FE AP Ml 1) o SR JFH B2 AR BB 28 i 161 8 8 (bias ) e A 5, 1246 b S e B50AR 3 28
i 161 £ 8 57 2 A FCRE D7 Sh YRR EE o A SEMOCATF 7T (5K H 22 55,2015 TR IE R 7%, 20221) , FI
I AR S8 A 7 e RSO 3R BEATL BT T A B R Ay I R A A 7 R O AR e T h

InY,, =ay,+ ankK,, + a,InL,, + a;InZ,, + a,T + O.Sas(anm)2 + O.Safj(lan)2

+0.5a,(InZ,,)" + 0.5a,7" + a,InK, InL,, + a,InK,,InZ,, + a,InL,_InZ,,
+a,TInK,, + a;TInlL,, + a,TInZ,, (2)
Hop v, sl 8= K, L2 R R AR AR RO SR A B B RE 5T s R AL
i, TN R A RIN  a, A AT RN PIE . Al B A BT A w1 E b A 1 Al BEA A i
A5 FH A4 Ml [ 5 9% 7 e i ok i B s AR 25 B B B T AR X e B e o5 3 1 S AR H B 55 B Oy H e oY
3 1 (Z) A £ R 50 & N b3 B s & AEHRE 57 30 1 (L) IR AR S0 & A5 DLAME il A 5

oo,
M52 (2) 7T LAAS B2 A 7 ok
e,=dnY, /dnZ  =a,+ a,InZ,, + a,lnk,, + a,InL,, + a,T (3)
&,=dnY, /dInL,, = a, + a,nL,, + a,nK,, + a,,InZ,, + a,,T (4)
HT003) (B BB RE ST 5 1 S AEHRE 7 3h 1y iy Br = 2Rk 0k
Mp, =e,x(v,/2,)=(Y,/2,) % (a; + a;nZ,, + a,InK,, + a,InL,, + a,,T) (5)
MP, =&, x (Y, /L, )= (Y, /L)% (a; + agnL,, + a,InK,, + a,InZ,, + a,;T) (6)

BEXF 2 B R PR AL A5 % Khanna(2001) 705, AR 3525 D 1] 46 B00T LA R A

D o TH AR A 16 1 B 0% 0 2 B AR 2 B B 95 3 3 I B 6 95 3 1 KR RE 3 H 6 0 1) 5 B EE | TR B e 5
AN A RE S B S A 2 W ETE VR BB, 9 TE (L 42 A 112 0 1 A5 R T AR 25 0 R 1

@ T AR LR 2010 4F 1 A 9% 3 1 SO BBk, IRt BT B AR R AL 2010 4800

@ DT BR B SG Ph E SCME 5 B LS T I 3 50 2 o
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MPZM MPL,_, &, e,

o bias, , S B AR HE 2D R 1) 18 550 CIRTRR M 1] 46 500 , 2 B0AR BE 28 XF H 68 55 20 71 Fn Ak 42 58 55 3
FIRRE T B 7 A R T ) SRR B L 2 bias, >0, 6 BB AR U A5 A5 4 58 55 35 1 A9 sk PR R
KT AEHBE 55 2h J1 i 0 B 7 1 1 4G S8 s I K R 9 20 Sk 1 B A 1) 5 G0 2R bias, <O, T A AE 47 BE A )
B bias, =0, W FRIR AR BEAL g eftk o B AR 200 10) 48 8 (bias, ) b I, U H R 3 20 ¥ 1) T 4
A& 57 3

() ffBEAE R N DB AL 4350 65 % LA BT (5 HL A % b R (Aging 1) L K 65 % L A
H 5 15~64 4 57 ) AF i A 1 LU AR 19 2 AR 55 LU (Aging2) i it o H1 T3t A 101 2 8 A0 85006 TG vk i 2
A, H T 2010 4E 5 2020 4F A H 3 2 B0 s M 2015 48 19 A Dl RE 38 2 B0 , A% % Hilary F1 Hui
(2009) “*'LA Bz Becker 1 Milbourn(2011) " (¥ fif7: , SR HI 4 P 4 B v #b 55 v ARy o HAR AR O
O PG 1387 K B2 A b 8 2 250908 48 B 1 2010 4F 12015 48 DL 2 2020 45 45 3% 7 )2 1 9 A 1
A AL KT 5 @8 T 28 P P 4 E Eb 55 2010—2020 4E A 17T 2 05 4k 10 Bl 2 (8, i ] 3 oh 4 v 15 3
2020 4EJ5 N T E I AR K, e K45 31 2011—2022 453 17 2 1 09 N 02 b 508 . 2 FOh E ST
AR ) B A G2 TN I R A0 R AR ST A L O R T T o Ak R B R AT A0 A L X, 25 R A
TR AT LA W 3T 2 T A 2 0 1 5 5 AR IR AR B AR HE 22 LS A Rl 5 9%
TR — B, K48 P WAL AR B2 5 BT 4 80 A 30T )23 10 2 8 A 7R 8 S A A %% BE TRL R LG, 5 SR 1
FER o v LA B, T ) T 5 8 B e bR DG 5 B R ST R A Y N 1 A R B = S B T
51

bias, , =

* 1 HTFMW 540 EmwEHLAKTHE
KA g ¥ ARk 10% 25% 50% 75% 90%
N A x 0.098 0.034 0.063 0.077 0.093 0.115 0.145
a FEFRRIIL 0.140 0.049 0.087 0.107 0.129 0.161 0.211
SR EE A E 0.099 0.027 0.070 0.080 0.093 0.113 0.140
o FEF IR 0.139 0.041 0.096 0.110 0.129 0.158 0.199
——— TR —— AR
15
% 10
£ 5
0 1
0 0.05 0.10 0.15 0.20
P I
(a) BRI
——— RS L —— BRI
10
8
% 6
2

0 0.1 02 03 0.4
Eeiaia
(b) FEFRLXS L
1 AR HERUEERZTER
PERER U - 1R 2 R B
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(3) 4 ) 728 < A oMl B A T 2 i 1) oK 22 32 B Aol 1 B AR 5 25 WL 8 U 3R B8 1) 52 M), 7R SCAE S 7Y
M — R AR AR Z T A SR AR AR A AL AR R (Age) \ ANBIFIE (Profit) WFRFEA
(RD) AR AE T (State) FAR M R (Size) o AR Z T, AR SCHE A0 F A2 5 - N H AL (Pop) 5 2 3%
KRE(PGDP) o R UEBHE TRk, Xof 3 25 78 B F AR % 4

VU . SRS R 55

LR M ST X RE O

TR R HOR G R 2 WK o F AR AL i 1] 48 F0 7 3508 4 0.003 , 158 B i 3 Al 4 AR i
A R e 1] T 1 RE 55 8l s AR iE 224 0.013, RNl Aok [ AE A8 K 25 5 . FERFSE 1N, o [ 65
B LL N A HE N 8.975% 1Tt 5 15.182% , [Al B, 77 48 . 35 25 57, B R AL Rt i 19.99% , Fe ikl
0.51% ; % P57 Lo 5 i 4 35.48% , Fe ik M 6.64% . BLAI AR SCRBLRY (1) v ) 748 s B A7 1 A D64 o
B IR IR (Aging 1) KT ZAE T I7 H (Aging2) 5 AR U D 179138 B0 (bias ) B9 AR 5 2 5053 31
40.033.0.029, B 7E 1% M /K7 b 58 2, Uk B IR 117 2 % 1H K S 5 4l 4 AR 38 25 (% 55 8 i 1 7 76 1E AH
KKFR . MO, A4 122 0] (A 5 R B AL T 15 5 30 BN oK & B8 ik 22 ) A7 7 o B3 AR DG ik 3%
B AT S A7 A 25 T L 2 Pk )

%2 FTELTENHRES T
T B4k TESE TEEX WAE | HE | FREZE | BRAME | ZAHE
B F e A bias TR 3 F 1w A R 24025 | 0.003 | 0.013 | -0.070 | 0.092
NS RS Agingl I 24025 | 0.116 | 0.039 | 0.005 0.200
ABEBFRL | Aging2 W R 24025 | 0.162 | 0.053 | 0.066 0.355
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(4.117) (3.678)
ging? 0.013™" 0.015™"
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*6 Ao B mALE A I T 5 R
T g (1)0OLS (2)0LS (3)1v1 (4)1v2
Avinal 0.020™" 0.020™
g (5.015) (4.617)
Avine 1XW 0.037™" 0.034™
gmgirage (2.882) (2.705)
Avingd 0.014™ 0.016™
s (4.831) (4.092)
Aeina Xl 0.026" 0.029"
ging2xWage (2.233) (2.382)
W -0.00027 -0.00032 -0.00026 -0.00034
a8 (-0.488) | (-0.587) (-0.472) (-0.619)
- 0.030™" 0.029"
& R
(5.198) (5.065)
UCI®HBEFERE—ALE [-0.009,0.034] [-0.011,0.026]
UCIERBEE X H—X AR [-0.314,0.103] [-0.459,0.094]
W AE 23281 23281 23281 23281
78 & R? 0.085 0.085
KPrk LM % it & 5.116™ 9.060™"
1H B FE 353.040™ 94.860""
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RE AN Z R R SO B

() HMES BTA —HLBEEAD o AN SO A b N B T 5 977 K F (Asser) Sz Bk A 08 A 2 SR R A
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UCIH % B 5 Kl —x L7 [-0.012,0.019] [-0.011,0.017]
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How Population Aging Shapes the Skill Bias of Technological Progress

XTAO Zhou-yan,MA Chang-qun

(School of Labor Economics, Capital University of Economics and Business, Beijing, 100070, China)
Abstract: Technological progress is the core driver of economic development and a crucial pathway for boosting
macroeconomic growth and enhancing firm performance. Given its asymmetric impact on factor productivity, technological
progress inherently exhibits a factor bias. Based on the inputs involved, technological progress bias is typically categorized
as either capital-biased or labor-biased. Further classification distinguishes between skill-biased technological change
(SBTC) relative to unskilled labor and automation-capital-biased technological change relative to non-automation capital.
Different types of technological biases are not only interchangeable but also mutually influential under specific conditions.
For instance, capital-biased technological progress reinforces SBTC by displacing low-skilled labor and increasing the
relative demand for high-skilled labor.SBTC has facilitated economic transformation and structural adjustment in developed
economies. Existing research primarily focuses on its macro-level influences (e.g., labor supply-demand, trade, human
capital) , with limited attention to the micro-foundations. Concurrently, population aging, an inevitable trend and defining
feature of China’s national context, is profoundly transforming labor market structures and inducing relative labor scarcity.
Consequently, firms are driven to reallocate factors to enhance productivity. Accelerated aging also elevates factor prices,
particularly unskilled labor costs, providing economic incentives for firms to adopt SBTC. This raises critical questions:
Does population aging shape firm-level SBTC? What are the underlying mechanisms, and what are the labor market
implications?

To address these questions, this study employs listed manufacturing firm data to estimate technological progress
bias using a translog production function. Using city-level aging indicators constructed from national censuses and
sample surveys, we investigate the impact of aging on SBTC and its transmission channels. We find that population
aging significantly promotes SBTC, with stronger effects observed in export-oriented and those with net population inflow
cities. These results withstand endogeneity and robustness checks. Aging primarily fosters SBTC through three pathways :
(1) enhancing skill-capital complementarity, (2) improving the labor skill structure, and (3) increasing labor costs. The
positive effect strengthens with greater skill-capital complementarity, higher skill levels, and rising labor costs. By driving
SBTC, aging enhances labor productivity while simultaneously curbing the skill premium and mitigating downward
pressure on the labor income share.

The study’s marginal contributions are twofold: First, by analyzing the influence of aging on technological progress
bias through factor allocation and labor endowments, it delineates the mechanisms (labor costs, skill-capital
complementarity, skill structure) linking aging to SBTC, enriching the literature on population dynamics and technological
progress. Second, by situating firm-level technological choices/behavior within the macro context of aging, it empirically
tests aging’s impact and mechanisms on firm-level SBTC and identifies a micro-level pathway for leveraging technology to
proactively address aging challenges.

This research clarifies the causal relationship between population aging and SBTC, offering insights for promoting
firm-level technological progress and enhancing productivity amidst demographic transition. Recommendations include:
(1) establishing region-specific support systems to enable SBTC as a driver for firm development amid aging; (2) deepening
the understanding of aging’s impact mechanisms to design more targeted SBTC promotion policies; (3) proactively
acknowledging demographic shifts and strengthening SBTC’ s labor market effects through policy design to address aging’ s
adverse socioeconomic pressures.

This study focuses exclusively on listed manufacturing firms. Given divergent factor endowments and technology
adoption patterns across sectors, aging’ s impact on SBTC likely exhibits cross-industry heterogeneity. Future research
should investigate industry-specific variations in SBTC mechanisms, critically examining the heterogeneous firm-level
effects of aging across sectors. Furthermore, while our analysis focuses exclusively on skill bias in labor , technological
progress manifests in additional biases—including biases towards capital, energy, and environment. Subsequent studies
should extend their inquiry into the determinants and economic implications of these alternative technological biases.
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