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Abstract

This paper employs Python as the data analysis tool and the Cobb-Douglas function as the research
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instrument. By utilizing the Cobb-Douglas function for fitting, it selects fossil energy input, total fixed
capital formation, labor input, and gross domestic product (GDP) in Beijing from 2010 to 2022 as the
analytical objects. It preliminarily explores the factors influencing economic growth in Beijing, an-
alyzes its marginal rate of technical substitution, marginal output, marginal elasticity, and techno-
logical progress coefficient, and provides corresponding analysis and elaboration of the results. Fur-
thermore, it offers suggestions for Beijing's future economic development and energy strategy. The
paper concludes that from 2010 to 2022, Beijing’s economic growth was primarily driven by high
consumption of fossil energy and substantial fixed capital investment, which is closely related to its
high energy demand, accelerated urbanization process, and the development of capital-intensive in-
dustries. In contrast, the labor contribution was relatively small. Affected by population aging and
the transformation of the industrial structure towards technology and capital-intensive sectors,
Beijing needs to optimize its industrial structure, improve energy efficiency, strengthen technolog-
ical innovation and talent cultivation, and pursue more sustainable economic growth.
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2. WEKIE

ASCERAL T 2010 & 2022 FHIFHRA TS, BiEFH AR EE B E Rl AR
JENE LI GDP %5 778 HH A& DRI i & ihE N BB idd M ML N AR IR, BEAAFE =L
B FE I 8 TR ATE S RN, A BRI TN B L&A L A il LR AR S = KRR IR IR S 2 FI R .
Hd R BRI T AL T AR AR (2020 db Gt E%) 5 (2022 LR GEHES) o Frguit s
21 PR:

Table 1. Historical GDP of Beijing City and economic growth factor input table
F 1. bR GDP REFIBKERRAR

A HEHBNE(TN) 5 ¥ AT P (12 7)) RN RE B (T ) GDP ({Z.7%)
2010 865.3 5956.4 6359.5 14,964.0
2011 907.7 6670.1 6397.3 19,024.7
2012 951.4 7866.5 6564.1 21,134.6
2013 981.9 8642.2 6723.9 22,926.0
2014 1010.5 8954.2 6831.2 24,779.1
2015 1050.7 9225.8 6802.8 27,041.2
2016 1089.7 9951.8 6916.7 29,883.0
2017 1120.6 10,766.3 7088.3 33,106.0
2018 1121.7 11,488.2 7269.8 35,445.1
2019 1163.9 12,692.4 7360.3 35,943.3
2020 1067.2 13,542.8 6762.1 36,102.6
2021 1076.6 16,198.3 7103.6 40,269.6
2022 1052.6 17,1345 6896.9 41,610.9
3. =R

AT - SE RS R T R B — SR TR BRSO IE I 2 o B, R R E A F R RS « TE M ST (Paul
H. Douglas) R Z 4 475 (C. W. Cobb) 3 [FIFR 5 AR 1) ¢ R I A& 1 ek B, w22 N T A E K
A X AR 7= R I 2 5 AR, AR SCR R AT - S8 A% S 247 ek %5 (Cobb Douglas Product Function, CD k)
BEAT 5T o
F AT —3E M F 307 pR B FE AR R I A
f(X)=f (X, %, %)=AXX], a+B+y=0 @

SH8a, B,y PNETRBANER X1, X2 xa IAFRTENE, RIELTHEIRHE, —BONIES, H—M
BB TN G 8 TGS, ZHOR L o+ p+y=1. HH, X1, X2, xs RARANFERR L RNER,
y s =R EER PR L H

SR A FORER R EACTXS F 257 I, HOGERBED R 7o — B OLT, I R A [A]
BARW AR, BOGERBED R TR A () t (2 e s, B g = e90, DAULREH RIS R
TBER ) BA— € A FHAE. BT, CD M LR R A

y=1(tx % %) =" XXX, a+B+y=0 @
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3.1. ihERsEE
T BRSSP ARG N BRI KA KR, ERRNET RS o, B,y P

dy/dx1
R ®3)
N Y/ %
dy /d
o= [F=p @
Y/ %
dy /d
e3=y/x3=7 (5)
Y/ X

?%/%iﬁﬂpd—;,ﬁ%;ttﬂﬂ?%ﬁ@i{%%, RERTEFERNSE o, 8,y R, RAXK R —BAHR
NEREK RS0k Sl brai 4 EAE R B KRS, B a+p+y=1, WALbrFHE
a, B,y (BRI TN B Z0 = 1 DTk ZE BT o5 (A %00
3.2. R

A brr i (Marginal Product) 2 5 S B N ZEZIG N — BAALI, 5 B 7 AR B IEL, A SR AR BRI
IN— B AR P BRI B R B AL 5T GDP 9423

. a
MP, =%=an1 XX, =zy ®)
) By
MP, =— = 7
= o = A = ")
MR = S g =2 ®)

3.3. MBRRARERE

PN LR 2 (]34 BB R #5483 (Marginal Rate of Technical Substitution, MRTS), ‘E{CEIZX
PAFPEE R bR~ 2 (B A LA . 1X — PO R IR R R T AR N B R AR R = AR e I, W AR = BUR 2
We ) 22 S, FIBT AR S TR R B A R BRI R E LU G R R RS E R 1A BRI AH

Wié, BIRE NP ERRANERDE, T RE AL, 5—FERARARELIHE NI, MRTS
M ATE R T IX —&558 5, A= s i SR R AR A T AR -

MP,  ay/x Xz/ﬂ af X
MRTS, , = L=
MR Y/ xja Bl ©
MP, OfY/X1 X3/7 al X
MRTS, ., = L= 10
PUOMR v/ /e y(x (0
MP, _ BY/% _ X/r _ B[ X
MRTS,, =2 =YX X7 P %
a2 MP,  7y/% % /B 7()(2} ()

34. BRI R
FAR A 2B f 4> B K 42 7 % (Total Factor Productivity), FRAITH A SRERBARBE 28, ©F
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BN EZOREEROR, AFTURRWT:

y=f(X)=f (X%, %)=AxX)x] (12)
dy = A(MPdx, + MP,dx, + MP,dx, ) (13)
d_y: A(Mpl dx, + MP, dx, + MP, dX3] (14)
y y y y
MR _a MR, _5 MR _y (15)
y X% Y Xy X
d—y:A gdx1 Jrﬁdx2+ldx3 (16)
y X X) X
d—y:A(ad—X1+ﬁdﬁ+7dﬁj 17
Yy X X, X3
dy
y
A= (18)
% X, X3

4, 12BN A
4.1. PEEE

ASCET LR H 2010 4F % 2022 SEMEHEFEA, 12 H scipy.optimize.curve_fit o LA ThRE,
BTSN, B AR SR BEENAEE S GDP Z [ Cobb-Douglas 4: 77 B ERE A . DLR 2 HAK
(1) STl A R 5 T

F—5: BIETNESHERE

B, B 1L RIRIGEEE N Python TR SCARS S (dn.axt SCF), BEJSECE Python (11217
B, BRATA I NumPy) CIER 3. B4, Bidgm’s Python JIIA, FIF np.loadtxt %577 i%
BRI A B data o 9 TR AR HOAE YIS R 2 Db B e -1, 1], @ X T
AR & tfi], HAEH AN ti] =2 * (xO[i] — a)/(b —a) — 1, Hr xO[iREEMHEMEHE, a fl b 451K
SR X TR P fe /ML B KB . BEAk, 5 T Cobb-Douglas(CD) e i i B A& 2R deffunc() .

F 2 RABESEIEEER

1 Python A H, 15 S\ scipy.optimize.curve_fit #i5t, X /& SciPy o TAURE I A EE T A,
Bofe, SEHCELE ARG 978070, B BEAR . SR AR FE S [ GDP 570 & (AR SUIF o X S BR AR A
JE S A RN o

$F=2. WE Cobb-Douglas [ElJF#&%

LT AT E MR D TR RS (LA I BRI 7 ), BATRIEE T &5 HNS 401 Cobb-
Douglas BREEEAL. Horb, S48 a. by ¢ REBFARBGIIMICRE, 1 d. e WX RLFALEL A ) =AM~
BNBEZRK (7). BEEA. BRGEENEE). ©1T Cobb-Douglas REMER, ZH2 I8 %2
a+B+y=1HIZIR M, EG, SRR LACE PN S H0RR I I [R5 R

F0E. HEEESEREH

FIF scipy.optimize.curve_fit i, %} Cobb-Douglas B3 TS5 & . @ ¥E A HMYIIES

DOI: 10.12677/aam.2024.139396 4156 N H it e


https://doi.org/10.12677/aam.2024.139396

SRR, 16 R )

H, BRI FRBRSHS, (EAUR S ShR MR 2 I L A LR IR . (AR 2
b, 5 iF 57 Cobb-Douglas H¥LIOIFR HI(MPL, MP2, MP3), JHHIHES: it bi B 10 A
RHES RHMEA AN . T, RIF Python 922 BEDIRE, A4 LT G B T B L B
o ABTIRGAH S

I A ES B, ORI T AT 5 4R ) Cobb-Douglas 1k B ECHUE, IR NAMHT T 42k
FEEER GDP WK Tk B A A LA

42. WEHER

QOITERBE R IR, RATEN TN EOREREA TSRO, RS, RO T
U UR(E FUMERME L OB, H5HURSEIE T 953000, VA, RRURIfEM ML A RAOME, R
PRAUIC 8T 42 2

Table 2. Summary table of various factor coefficients

# 2 FRRRYPLEE

i1 0 1 2 3 4 5
HH a 1.1675 1.1675 0.2449 1.018 0.796 1.0523
A B 0.2528 0.2528 0.3321 -0.0479 0.2777 0.0071
RETR y -0.4203 -0.4203 0.4231 0.0299 0.0738 ~0.0594
W% R 0.9745 0.9745 0.9911 0.9793 0.9803 0.9785

BT n=2, dbntiih X AR SE AN

~0.106t2 +0.2588t +7.9394 |, 0.2249 |, 0.3321 ., 0.42306338
y=e * * XX T X (19)

FEVEAERE T, FATERE R g 0 I, RER AR IUE, X547 R B BB HESE L 22
DRI H RS TS , PRIZ R B . SM0it, B8 1. 3 M1 5 R th 73531 PR Dy E U i B A%
FHH ARG EUE (N T O) AR5 & -

2o e Ee RN P MR B D 1A R U AR BRG0P B TR ZE R2E AT
AT 5E 2 g EON 2 I, B RILE MR EE, IR TSN ER KRB REE SN, X
WAL AE MR SEPRZ B I R 7 T R e Ak

5. IEER DI
5.1. JBBREM S HT

TEARS kST, TAWHE T n=2 P R BRSNS, HPBRARM p . IR
B o FMEETE ZE0 y 73908 0.3221. 0.2449 F1 0.4231. X —455H %8, 1E 2010 & 2022 EHIN A EEFE N,
e T 2 GF G K BN 77 525 OB T A A RE SR ] 58 B AR PR B RSS2 ok, BRATRIR AN i — & 35F
R E RN ZEFRK.

R E N E R A, EAT A BRI 9K . B T A HERE I i A e i P K, BB
VR SRAWZE T . FEMLIAIE], A RRIRAVE AR AL s A G R e it T B S, Rl R el &
FUM Tl Ak, Rk, BedRECNHER AL AP K R Rz —.

BABANIEAL L AT KRy T HEEM G LW, TR R GG T KE
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ANHEZ) T IXREAT W B PO i, OGS T 5 0 K 3T 51 %

SR, S REIEAMBEAMLL, 573 AR AL T2 G T I TR IR X AT RE S AL AT 1 45
PRI R R AT . — 7L BRI i3 A MR, 3Gk 5730 N EEEAS R R, Xt
LUK SN A PTRES . DT, B AR SR AT, BT AR LA EA R 55k
B AP, TXEEATNL 57 B 0 R SRR AR, T BRI A 75K 5

ABSCT 225 8 K ah /1 32 EORE T A BEIR BV AR AN [ RE AR BOERN S 1057 30 77 ) S RAR X A2
RUR GNP Ry R DU AN R VIO . AERRAVR R, st
Rzt — B LSS, SR BEIRA IR, SRR QA A 5577, DASILSE I a] Ry S e 2 ) 42

i
5.2. WBBRAH O
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Figure 1. A summary chart of the marginal product of economic factors in
Beijing City
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BT R T, BATWERIFTE J1. BEA R RER =T L EER R 2 B K™ 8 T AR
ERT, HUbrrs N IER. #E— it EoR, S7Eh IR bR e 2B S, XA N
M 1 AE R AE 55 B0 3 A7 R SRR IR A R BT i T, SAbr KRR ARG .
5.3. JBFRBRARBRELH

L EAREEER AR, BATAT LR BT A N BE BATE RS A BRI R = KR
P2 T PR BARR K S L, anlA] 2 Fos:

120000 e MRTS of Labor and Capital e
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Figure 2. Marginal technology substitution rate between the three major
factors of production

2. ZREFERMMEAFRRARERE

57 N5 A b B AR B IR AR 2 BT S, S 4R R E MO0, selb— 5
K57 B 71 P T SN AN B EIE I, M, BEA S BRI b AR I R B 8l N BBz, 3X
s 1 2 RS AVARR U b — B BEAS B A AN B RER BB AR D . SR, 5725 AR NI
PR AR R DL AR S, B> — 573 e, P it A e B REJR BN I AR -

G AR AR AP B AREIBAE LT, WAL R, BRI M HERS 9857 3 77 3 I s A%
NGRS HE )7 R PR AR A B E A 0 . SX AT RE SR 157 80 Sy BRAS IR BT, 45 Aol SR 1) P 8 Ao
BAI7B1

FASRIREIR A PR B AR sl T B, SRR CRFFAR R i ACH BB OL R 3Bl BEARS AT 1 I ge I
BN RORAEB LI X AT RER R AL RTH K B AAE RIS TE, B BEUR 56 P A AR X PRI

DOI: 10.12677/aam.2024.139396 4159 N H it e


https://doi.org/10.12677/aam.2024.139396

57 8l JI RN RE YR L B B AR AL R BRI IR A S, R/ 57 3l S R N GEIR N CAZERE H
TEORTEIRD o X AT RE S T BEVEF FH A RCRAE R T, B3 REIEAR XS T 55 3 JT A NTE T [

IXSEARAY [ BT AL T PR A AR . B BRI R AR AL, 5780 JImT ReAE— e FE bk
BATREIR TR, T B A GEIR (1) 48 F AR AR AR W
5.4. FARHLZAB ST

S EE AL, FRAIAE R T HT 2010 & 2022 EE AL 2%, W 3 Fion:

Table 3. Technical progress coefficient table of Beijing City
3. ALmmRARHESRYE

N\ 7AN

h SR A ) RHA
2010 1947.99 2016 2805.57
2011 2100.82 2017 2920.6
2012 2252.32 2018 3022.5
2013 2400.58 2019 3109.58
2014 2543.56 2020 3180.38
2015 2679.23 2021 3233.69
2016 2805.57 2022 3268.59

3000 - = ol

2500 + r g

2000 4 .-~ 3 ==~ Dynemic technology progress

2010 2012 2014 2016 2018 2020 2022

Figure 3. Trend chart of total factor productivity from 2010 to 2022
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Figure 4. GDP growth curve of Beijing from 2010 to 2022
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BRBED KB ERIBGE D AT (237 K OB AR, AL 1 BRI 1) BN,
BRI T 2 AR GBI B ZON A G5 R IR . T AR SRS B, W LAt 2, BoR
BEA R L T AP A B TT iR R U IR AP IS, HHKE R REIB R, o T HoR
DX G IR KIKEN 7). W 3 FTR

FATRT LUE L FEAE 5T GDP AR I A 20355 16 K e 4] 4 o

BORBEG B TTIRAE AL BT 22 BRI P D AR B A TR, (HITAE AR EE 57 3 B A 5 REAE ™ L ST
P IERAR S, JLEAT R H 2, QSO RFE B B BRI . | SCREREOREEE, B
BORFR . 578 DR BURSTH RS B AL, IEHARE R ARG K5I AR, SR T4 N7
R FRRFA T . X RO AR T A AR R O K3 /), RSN 2 i KA
RAAZ . SEHL R o A R BRSNS, DAL (T RF SR A B 1 I SE AT

6. LS5

AICRH python 15, X 2010 4F 28 2022 4R AL I 18] 2 SR AT IR 0, Sl i ST A A
TEAS PR BT, RGERTT 1K 12 SR EAL R TSR B G IREN /T o BATTE BVl 1 A5 SRS A F
PP KRR TR, Rl R B R IR 2 M A AR AR HEATEE A R A
PRERIABRFE . AP JABREAR AR BORIED REG RN TS A BN TR (224
% 5 e H5%R AL BT 2 T KA 2R 6700 .

WrRa RN, &2 12 4, b e KN EE B LA IR E, HIGERA
AN, FHRRSTEN RN . R, BATHI Tt i, BEE R QU A A i 2R 557 30 0 A HAS
Wr b, At Ak TR IE — e Pkl . BRI, FRATEE— PR T At AR SE AR E . T
FREEZ GE K IR R A

ST LA, BATR W BU T BRI

— PULREIRSH, BRI A REIRIKA: £ T AR A K EEER, EEL
PACREIRGE N, BRI AT REVRIRIARASL, IR TS5 REVRAT T 2 REVR K T A AR, DASEBIL AT 8 22
THgK.

T REBEAR AR BWABAR A AT K AT B, K, M DR AR
e, RIS AEH, Al DRSS LA i R AT A JR T T ATk

= RILFTBIRPNBRE: BIRT BN ARG P K A AR, (AR T 55 B ) R AR e
PR R EE . FEUCINRPOLHE R, =57 30 1L RERZR & 3, LU R L S5 T M
it R ST AR I oK o

POy DRBHL BN BORBED X PRI stk BZ 4 BT, RUIBHL BB s 2 5 A e v
HAREZER . @RS KB IR BN, SRR M ESHES), SR R AL AR ] .

T BRI TN 2R GRS S L A R R, AERUT NS L R TR R
J& B B P ML AR 5 b 55 i o, BRI 55 20 85 B R A e e 7 M (R AR

7Ny DERECE S| S AR BUN R AAFEECR S SABE R, S8 Bk & B A R FURI AR
i, FEZHZR AR R BT S RN, Inssxs sV FEAIIA TS e M DI B2, (R Pk R S
ESIBL R O S TSR R

B O
FE ARSI T A SCHS Wi A DAL O, R AR A SCIIE 2, IR T 7). AR BT
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