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Abstract ; Urban metabolism is long-term regarded as a hot topic in the research field of urban sustainability, and it’s well-
running provides an important guarantee for urban development and residents’ livelihood. The improvement in metabolic
efficiency helps to alleviate the contradictions of urban resource utilization and environmental protection. This research firstly
analyzed the worldwide progresses in the research of urban metabolic efficiency over past 30 years, and then summarized the
research hotspots of metabolic efficiency accompanied with indicators selection for integrated efficiency evaluation. Take the
populous Shenzhen city in China as case study, which is regarded as the hotspots for urban metabolism research, and the
Data Envelopment Analysis ( DEA) model was adopted to evaluate the integrated efficiency of urban metabolism. The results

showed that; (1) The booming in urban metabolism research were emerging in the past 30 years, which contributed most by
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China, especially in 2011—2020, followed by America, England and Italy. Research on urban metabolic efficiency mainly
focused on the urban metabolism of energy, water resources, carbon element, nitrogen element and durable substances
(mainly building materials) and their environmental effects. (2) Based on the evaluation of the integrated efficiency
concerning above factors, the integrated efficiency of Shenzhen’s urban metabolism presented fluctuated. In most years, the
urban metabolic processes have achieved efficient operations, which were reflected by efficiency value >1, but there still
existed inefficient years, including 2006 ( efficiency value=0.96) , 2007 (efficiency value=0.76) , 2011 (efficiency value
=0.85) and 2013 (efficiency value=0.97), and the integrated efficiency of urban metabolism in Shenzhen has not been
significantly improved during the study period. In terms of the benefit outputs from the process of resource inputs, the
utilization efficiency of water resource in Shenzhen still needs to be improved. Based on current level of resource
consumption, it is potential for Shenzhen to further rise economic benefits. However, the efficiencies of reductions in carbon
and nitrogen emissions, as well as construction wastes, have been improved to a certain extent during study period. (3)
Hotspots identification in the research of urban metabolism efficiency can clear elements of urban metabolism for the
integrated efficiency evaluation, which contributes to the practical of integrated efficiency evaluation with the established
evaluation system. The case study showed that the feasibility of integrated efficiency evaluation of urban metabolism to reveal
the dynamic in overall resources use efficiency in a city, aiming at providing scientific reference for the assessment of urban

sustainability towards national sustainable development.

Key Words: urban metabolism; bibliometric; data envelopment analysis; efficiency evaluation; Shenzhen
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Table 1 Summaries of keyword clusters

S R (XHELR /P 1)

RIET jt./l\ %Eﬁ?fﬂl SEEIAE Ay Top terms XT%&{U\% It . P
Clusters 1D Size Silhouette Mean( Year) (log-likelihood ratio/P-level) Log-likelihood ratio

#0 77 0.751 2014 building stock 11.33 0.001
greenhouse gas emissions 9.69 0.005
material flow 8.37 0.005

#1 61 0.777 2012 urban metabolism 16.83 0.0001
ecological network analysis 12.55 0.001
urban ecology 12.01 0.001
water efficiency 8.99 0.005

#2 42 0.735 2012 industrial ecology 13.25 0.001
energy use 11.74 0.001
sustainable cities 11.74 0.001
emission 7.81 0.01

#3 40 0.782 2011 energy consumption 8.04 0.005
urbanization 5.92 0.05
climate change 5.92 0.05
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Clusters ID Size Silhouette Mean( Year) (log-likelihood ratio/P-level) Log-likelihood ratio
#4 37 0.83 2012 pollutant dispersion 12.08 0.001
urban street canyon 6.02 0.05
#5 34 0.718 2013 nitrogen 11.65 0.001
urban agglomeration 6.33 0.05
food system 5.81 0.05
waste management system 5.81 0.05
environmental nitrogen load 5.81 0.05
#6 30 0.906 2012 exergy 12.3 0.001
efficiency 11.51 0.001
construction and demolition waste 8.49 0.005
#7 28 0.84 2005 materials 7.16 0.01
urban material flow analysis 5.41 0.05
environmental impact 5.41 0.05
#8 9 0.99 2013 carbon sequestration 11.11 0.001
soil organic matter 11.11 0.001
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RIEHLT ; SHEAUSR LE (log-likelihood ratio, LLR) : IR E L2 —, 7EREH LLR BOR iR BE A AR
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Table 2 Input-output indicators for the integrated evaluation of urban metabolism
st AT RME RKE R gy
. . . .. . Standard .
Indicator Indicator name/ Unit Minimum Maximum . Definition
deviation
BT FKE/AC 16.77 20.16 1.02 AR K
indi T SR TR AR S RE AR Tl T AR i
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R R 242 503 162 051 Ejiﬁ?; Tl 5 10 4 8 kA1 5 7K 8 5 Tt 00 55 4F JE 77
s ’
I RS S AR B T 9 S, 2005—2009 473K FH 2009 4F A
T P B . 47. . — R
B/ T 363.19 538.68 7.36 2R 2010—2017 SR 2015 4 J B o 2 29
R R bR _
’EAEE it L GDP/{ZTT 4950.91 20490.06 534526 SRATAEEEZHAE AR
Desirable output indicators
E[B8:11 2= TRV =7 s AR BE TR VE AR (& A R R R R SR, DA
Undesirable output AR TT 1 2.00 425 0.56 I EE ) [
indicators I A 1 0.30 0.48 0.05 IR AR E Tl R RERR AT )
AR /A2 0.52 1.16 0.19 TR RS S R B A )

2.2 IR LE A BRI
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Table 3 Integrated efficiencies of urban metabolism and the potential increases and decreases for their optimal inputs and outputs

AT Input surplus FEHASAE Output deficiency

Tolkiigds i 490 B BHERK AR AFHIR
A %HME FHAK o feichie s FratiH 2k CDP i oty BB oty
Year Efficiency Water' Industrial Food ‘ Du.rable GDP growth Ca}‘bﬁ)n Nit.rogen Construction

value consumption energy consumption  material stock emission emission waste
(1x10*%) consumption (1x10%) consumption (1x10° CNY) reduction reduction reduction

(1x10%) (1x10%) (1x10%) (1x10%) (1x10%)
2005 1.08 0 0 0 654.27 0 468.07 0 569.07
2006 0.96 1576.90 37.18 3.28 0 209.58 413.87 0 0
2007 0.76 18323.63 313.78 31.71 0 800.55 969.58 1.24 0
2008 1.02 0 0 0 0 0 0 0 442.43
2009 1.01 0 0 0 0 0 174.64 0 0
2010 1.04 0 0 0 0 0 0 0.29 0
2011 0.85 4272.78 156.99 0 904.11 2417.49 148.77 0.70 0
2012 1.04 0 0 0 0 0 0 0 1027.07
2013 0.97 1145.55 0 1.60 72.32 1208.74 0 0.02 0
2014 1.03 0 0 6.11 164.26 604.24 156.22 0 0
2015 1.03 0 75.22 0 0 72.22 88.31 0 0
2016 1.06 9013.29 34.57 0 0 1561.85 0 0.18 0
2017 1.03 3801.02 0 0 0 2400.75 0 0 0

FAXS TREVR WS 1 P SO iH B, DRI T AE/K B IR FHACR EAA7AE 4R 25 (8] FEBF S HYIK R A
TUAEA W8/ AR AR T il 24 A1 e Al ol A QO R s i RN 225507t D7 A5 A s 0, RS 98
PO RPAFIRARGTT AT, JEHIETE 2011 4R )5, 3k — W], TR D45 5 R AR 152 TE R 2 TR 38045 O Tl
MIARBEN AL BE, X T 5 EHER, BRI T AR RIS HESCR A R e i, U 2007 4F IR TRINBHEAF 72850
PR ARG HLITR D8 HE B el D | 3 VA ) T (ORI [ RO 5% Rk 2 8+ — o pL 3 40 ) i ] g 7
A EEF AL 5 T AR IR 2B, HAR 080 A R VR B S HOAH G 15 Y HE RO PR 48 B T AR B vh 22 8
AR HE Tl Pt 2 A R A IR B o RIS , PRI PR RS D A e SR 3™ A At fBL7E 2012
ARSI D A AR TR D AR 2 de X AT RE S 4R B O UK T AE B 9 5 IH SR TR T R A 5%, i SRR
H 5 RABUOE F BOUCEE 1 428 5 AR S P PR A s

3 e

FIRTERIISR T BT A 25 RARUK , IR SMEBEAR K, TEHIE B W) REIR IRAK U AR A5 GBI, )L
PR X I 18] A B SR SCRFBR I T e, b3 BRI 3R A AT SR BT B e b 2 Ak H B T
N E M G IR R AR A PRI IR AL R R DGR T 762, AR A B TR T DX R TR R A 22 ) B (v 3
Hh gk [ 55 B 5 T SCRAR DI e B Rk E 2 32 SORAT /R JE XA UL ) S5 SO AR AR HG 15, X RN T p e 2
(R SEA T /R E A ERE— 2P 2R e B SR A ] 3RS TH SRR A T BE X 2R PRIk, 38 s kvl 0 oAt
RO AR HEGEIR A FF S B, X T ORI R XU BORTUN TR, AR SCHY AR AR 1A 22 RE B4 1o L3 B U
TR MR S W IR AR SR i AP DL AR TR PRI AR A T AR SRR A
THEARBR T HAL GDP A7 T B ZKHE | RERE S5 R HEOTT H A B ™ Hh LU, TR RS 21 R B R
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4518, HETE RN GDP KR AN A2 EFTH], HIHZ PR 5 3R 28 TR BUB B OC R M OCHTIRT 5T 8
it DEA BB AE 5 22 2B I ORI T A A4 3 b PR SR R0, AT — > B AR 2 i (H AT HD
T K AR R 56 LB e B S B i Y 84, AN BER T RGP RS T B ) BB IR 7K S5 A0 9 A
B R AR AR T A F AR XTI X S Z A b R 24 SR BT, LR R A 3k %
Ry AE AR BB AR T K AR AR AR T SR TIT R, 2 o ) 0 I L AR T T R A
FAa s i AR Ak L[] A a5 3 — 5T

A0 ST A AR A AR U, I R IBOC B8 AP 25 B ORIl F b iR & RE VI 24 1
ST A AR AT ST T | SCRE ARSIt 2 T AT Rl A R BESK , WRA EI7E (2030 4F T HF2k K R R ) i i 1
17 T Al £545% % % H 5 (Sustainable Development Goals, SDGs) el ARPEAL AR 2R AT 25 A R4y SDGs, il SDG
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