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Estimation and spatial heterogeneity of urban mineral steel in-use stock-A case of Hunan Province. CHENG Shuangl, CHEN
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and Technology, Ganzhou 341000, China; 2.Department of Geo-informatics, Central South University, Changsha 410083, China).
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Abstract: Taking Hunan Province as a typical case area, this paper integrates heterogeneous data such as iron and steel product data
and social variable data, and adopts a bottom-up approach to estimate the steel in-use stock in the five end-use sectors, namely,
buildings, infrastructure, transportation, machinery and durable goods from 1990 to 2021, and analyzes the driving mechanism by
innovatively integrating the IPAT model, the LMDI model, and the multivariate linear regression method. The results of the study
show that the steel in-use stock and the steel in-use stock per capita in Hunan Province have increased by 12 times and 10times in the
past 32 years, and will reach 260 million tons and 3.6 tons per person respectively in 2021. In terms of the sectoral distribution of the
steel in-use stock, the share of construction steel in-use stock reaches more than 56% every year. The density of the steel in-use stock
shows regional unevenness, and the spatial heterogeneity shows "core-edge" gradient differentiation, with the high value area of
stock density (>240000 t/km?®) expanding along the vertical axis. Detection of driving factors shows that population growth,
economic development and built-up area are the most important driving factors for the development and change of urban steel in-use
stock. It is recommended to guide the industry to expand to the backward areas, give policy support, promote industrial integration
and cluster development; accelerate the transformation of low-carbon industry, encourage technology research and development and
application, and promote energy substitution; implement environmental protection related systems and mechanisms, and strengthen
environmental protection publicity and education.

Key words: urban minerals; steel in-use stock; bottom-up method; driving forces; spatial heterogeneity

BT A B [ S A A M AR R A
KRR AR — ) AT HliE .
T REAN AR 58 22 A A A Dy Nk A (1 B
BERORL E MR JE 2y 16km (¥ 5LV [l 9 Bk e 3%
18 B2 7 5.6% !, IR AR RIS 2 5 S5 DU Kt
RAGEA RO SR SR R,
IR LA A I RE S 5 A b b AN AR 3 AR A5 2
J N B R 2 PR R, R RN B

VR )5 skt LB B o U K N 2000~2015 4R, 58
i 15a ], o [E BRI TS N 0.7 44 ¢ AR 9.53 12
3K T 13 45 R A FE RN 1.75 12 t 3%
WA 11.9 42 t B9 K T UL 7 A5 1T Pl o FE K B PR A ik
E R, 2 ] 1 A R R RN BR8E  oR EDOR Bk N

IgFE BHE: 2025-04-21
EEB/N: We A R R KA TR0 H (2020SK2007)
* SUTAER, #d%, gis_public@163.com



12 44 FE RS SRR AN AR AR A R ) S SRV E ST — DL e 4 O 41 7045

TSR ARI R A g AR B B 4 S5 A o N AR
AT IR AL S AT R KA AR T 0
“CUNERAT R XS AT R 2R BRI T K
JA RSN e 7 1 — s PR U

T 3 [P SO R P 5 2K R 3 R 7
ST A RERE R S T 7= 0L L T e 4
FENER. A OEE . R BAR RS R, e A i
U5 AR . WA ST R BE AT A T A ok,
223 (A Ak 3 i B8 P UCEE N A A, SR U (1)
FEEAA LA, 8 A T T AT R R B
S FE R R 45 T RIS W 5K, 1E 2008 45 A 3576
kAT BAE 11~16t/ A2 18] B 7 2009 45 Tk
TR 1) AR A7 & s ) T 8890 J7 t Al
5140 J3 P[] IR 3 2738 o 3l T AN Ak 28 3 7 b K0 A7
R ITIFE N R DL DG T A SN A FLAE 2014 45
9 0.59 A2, Kb RO EESRAN A7 B A 2020 4F
%3 66 J7 t2,

T AE Ok, AN 2D 238 SR T A 7= [ 5K 50 DR 35 Ak
AT TR LS R W, 0% R 2 i ™
AR s 1 LN s g T v
YR 5 1 A 2 38 T G B AT T ik, R L
0k T R K 1) 2 LK B g 2 A AT IS W
L OT ASAS B b 3k T % 943 ) 23 AT RIE 9 R I T
W7 TR AN AR H A 2 42 00 5 24 F AR 9%
J7 b A BT BR GE 0 H b XA B A = 1
1) 3 A7 A8 Ak 2 Bk 1 DL AR A, th g BT
BT e B 20 R HA A G 7 9P, 2 10 9% 3
SIPREA Tkm P YEIEAT RIS 25 0 A i

g5 LTI AT O I A AT R AT,
2 AR PR A BRORI ] 512 T, 1B e Lk 7 2 T
(KI5 S A A 25 20, I HE 2 DA v 4 2 R Ay i
5 B 1 45 B A 5 L e A, 5 T AR AR AE T AE A
AT )y DR 25 PR AT AR 8k 99, % AR A7 K =
IR AL (R 984T AN A 3 T U, AR SO R
B R b7k LR A Sk A %A 1990~
2021 “ERNERAE A7 &, 4 Ot S g iR B 5 B
F IPAT F1l LMDI V& A58 DL [ Y455 788 6k 40 2k A
FAE B 1A 3R 3l DR 38 AT IR N AT 3 1 IR 3 DK 35 4
F T T A AN A T A AR IR AT R B 1IE, A
SIS 500m (175 1] 43 A7 V8 7 905 11 2 )
ST, A I R A S AR R ANk YA R RN T RE AL

KRS R 3.
1 HIERESMRAE

1.1 Hdlikys
1A B B ANBR AT — P R
BRI, FL DO Y — LA 2 O AT W AR AR AR

T2 b b A B AT R ) VB 0 i, R 2 X AN TR
A [ b7 ey (RN ER A B [RDSe R DL R L i
JE AR 1 T SCRRFI G v I i AR UL AN [
FURS G 1] (¥ 22 S P AN A8 1k A7 B, Bl o i) AR
Z NN TR RIK i i, BT R A HE A AT AT
1 AF R, A SCHE 3T 4 L Ml SCRR AT BB 2 - 4
S 200 LI R A A 1K AR Ak A AR
ORI RO SOE TR WU A N
P K8, 25 18 7 it Bl A A7 5 ke v R,
GEvh TR 81 PN Bk A ki .

R1 ERYMKERD LB R KR (kgm’)

Table 1 Classification and unit iron content of steel products

in buildings(kg/m?)
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Table 2 Classification and unit iron content of urban mineral iron and steel products

i TH AL 5 Tk LA

SEml Bt
1 TR 190t/km 14 Mgk iE 20t/km
2 YN 1.5t/km 15 HEEOA 240t/
3 7N 1.25t/km 16 KR LA 18t/MW
4 SR A 1.05t/km 17 KR A 35/MW
5 EHMA R 0.07t/km 18 500KV K LA 4y A2k [FT % 42t/km
6 BRI HE 68t/km 19 220k V % LR [F] % 20t/km
7 ok 90t/km 20 110k V 4y L2k |n] % 12t/km
8 RN 30t/km 21 35KV % L £k [l % 5t/km
9 WA E 30t/km 22 500kV K LA AR R AR A 4/MVA
10 HeK i 8t/km 23 220kV AR A 2/MVA
11 BT 1t/km 24 110kV 78 [ 45 75 5 1.4t/MVA
12 N TR 15t/m 25 35KV AR R A A 0.5tMVA
13 25 s B 1.6t/m

253 T H
1 REBRIRG 7.6t/5H 9 PEFELE 0.085t/4j
2 PRI 3.2t/4 10 A 2.5t/4%
3 INRIREGE 0.94t/4% 11 7T 2.5t/4%
4 RIS 0.59t/4% 12 BN 0.42t/1%
5 P IRS 9.2t/4 13 Ligi 0.38t/A%
6 PRI 3.7t/4% 14 AN 100t/4%
7 BRMPIRS 1.6t/%% 15 L 80t/4
8 WA 0.78t/4% 16 BRI E 261/

Bk %
1 Kb BRI 3504 9 RNV HEREN bR 0.44/5
2 ANBL T F PR 1206 10 AL 12794
3 B, 0.8t/ 11 BUBH 0.6t/
4 KPR LA R AR H 20188 12 TR L 0.85¢/4
5 AN R RC B AR H 0.8t/ 13 R ER S 25
6 RIFKERE 0.05¢/4 14 iyiipetine s 0=
7 BUEEE L 20188 15 THLIR
8 5L 0.05t/%

i} JH

1 AAT %4 0.008t/4 12 A BE 0.040/53
2 11N 0.02t/5 13 21 0.026t/4
3 VEAHL 0.018t/4 14 L 0.0015t/4
4 F AU 0.0008t/43 15 WK AR 0.012¢4
5 HLUKAH 0.03t/4 16 JBEHEHGEAL 0.020/43
6 F AL 0.0008t/& 17 TH AL 0.015¢/%4
7 T AL 0.0008t/& 18 BEBIAL 0.015¢/4
8 202N 0.003t/4 19 T 0.008t/3
9 5% JH i 0.0015¢/& 20 B ik 0.00005t/%3
10 AT 0.0035t/4 21 [i] 5 LT 0.00005t/ &
11 JEAHAL 0.00005t/4
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Table 3  Statistics on social variables

g " TAR PR f[ iiij P ;c;'nf; : i
JiN)  (deoo) AL1(%) BT i) F(km?)
1990 6110.89 744.44 16.1 1.06 0.1126 528
1991 6166.33 833.3 15.5 1.06 0.1174 546
1992 6207.78 986.98 15.3 1.06 0.1572 583
1993 6245.58 1244.71 16 0.96 0.2766 642
1994 6302.58 1650.02 16.4 0.99 0.162 643
1995 6392 2132.13 16.9 0.91 0.1515 644
1996 6428 2540.13 17.5 0.90 0.13 645.42
1997 6465 2849.27 18.1 0.92 0.13 690.55
1998 6502 3025.53 18.1 0.97 0.16 713.08
1999 6532 3214.54 17.67 0.43 0.25 743.4
2000 6562.05 3551.49 17.24 0.43 0.26 799.27
2001 6595.85 3831.9 16.74 0.42 0.24 854.16
2002 6628.5 4151.54 16.34 0.43 0.23 897.63
2003 6662.8 4659.95 15.97 0.40 0.32 959.38
2004  6697.7 5542.62 15.31 0.40 0.33 1002.7
2005 6732.1 6369.87 14.67 0.41 0.37 1032.93
2006 6768.1  7431.55 11.53 0.41 0.56 1037
2007 6805.7 9285.45 11.03 1.45 0.57 1111.9
2008 6845.2 11307.36 10.87 1.45 0.61 1195.25
2009 6900.2 12772.8 14.09 1.44 0.83 1238.54
2010 7089.53 15574.32 13.8 1.42 1.39 1321.05
2011 7135.6 18914.96 15.05 1.43 1.61 1408
2012 7179.87 21207.23 14.6 1.42 2.32 1465.07
2013 7147.28 23545.24 17.82 1.74 2.44 1504.95
2014 7202.29 25881.28 18.02 1.69 2.66 1540.21
2015 7242.02 28538.6 18.56 1.78 3.41 1572.52
2016 7318.81 30853.45 18.9 1.67 3.41 1625.64
2017 7296.26 33828.11 19.32 1.65 3.79 1709.35
2018 7326.62 36329.68 20 1.63 4.90 1837.14
2019 7319.53 39894.14 20 5.72 5.47 1855.94
2020 7295.58 41542.57 21 5.60 7.87 1959.38
2021 7246.26 46063.09 22 5.57 9.89 2065.56
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Fig.2 Changes in the building area and steel in—use stock in Hunan Province from 1990 to 2021
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Hunan Province from 1990 to 2021
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Fig.8 Correlation between the steel in—use stock and social variables in Hunan Province
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