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a b s t r a c t 

Water, energy, and food are indispensable resources for regional social and economic development. The 

cross-regional resource transfer can increase the complexity in the coordinated management of water, 

energy, and food in Guangdong, Hong Kong, and Macao regions. This study proposed a footprint account- 

ing framework for cross-regional water, energy, and food nexus, which incorporates direct flows within 

territory and nexus flows embodied in final consumption. An environmentally extended multi-regional 

input-output model was established to quantify water, energy, food, water-related energy, food-related 

energy, energy-related water, and food-related water footprints in Guangdong, Hong Kong, and Macao re- 

gions. The results indicated that direct energy footprint was 5.3 times of food-related and water-related 

energy footprints, and energy-related and food-related water footprints were 3.8 times of direct water 

footprint. Inter-regional trade plays an important role in the management of the water, energy, and food 

nexus in three regions. Hong Kong and Macao outsource huge water, energy, and food nexus footprints by 

importing freshwater, electricity, and food from Guangdong to satisfy local demand. The proposed foot- 

print framework could serve as indicators or tools for measuring sustainable development goals, and the 

results could provide the basis for the coordinated resources management of Guangdong, Hong Kong, and 

Macao regions. 

© 2021 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved. 
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. Introduction 

Water, energy, and food (WEF) are three essential resources 

riven by population growth, urban expansion, and climate change. 

lobal demand for WEF resources will increase by over 50% by 

050, compared to the 2015 level, and pose massive pressure on 

xisting urban WEF systems ( de Amorim et al., 2018 ; Yang et al.,

012 ). Urban WEF systems are dynamic and complex. Changes in 

ertain factors, such as climate, energy price, technologies, and 

opulation, impact the balance of supply and demand in a city. 

oreover, urban energy production and supply are often water- 

ntensive (such as coal mining and power generation). The extrac- 

ion, distribution, and treatment of water are associated with mas- 

ive energy consumption. Food cultivation, storage, and manufac- 

uring also require extensive water and energy ( Chaudhary et al., 
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018 ; Zhang et al., 2019b ). These complicated linkages posed sig- 

ificant challenges to local decision-makers and government man- 

gers dealing with WEF-related issues. To meet this challenge, 

he United Nations (UN) introduced the WEF nexus as a concep- 

ual framework to investigate mutual dependency linkages and 

onversion-process-coupling mechanisms ( Albrecht et al., 2018 ; 

eswani et al., 2015 ). The framework can help reduce unexpected 

ectoral trade-offs and promote sustainable development in urban 

EF systems. 

Urban activities (e.g., building, lighting, and cooking) consume 

ast amounts of WEF resources. Sustainable utilization of WEF re- 

ources is important for cities’ regular operation and future devel- 

pment ( Martín and Grossmann, 2015 ; Zhang et al., 2018 ). In 2015,

he UN introduced 17 sustainable development goals (SDGs). SDGs 

 (zero hunger), 6 (clean water and sanitation), and 7 (affordable 

nd clean energy) directly link to urban food, water, and energy 

ystems, respectively ( Fig. 1 ). These are closely related to the com- 

lex linkages of urban WEF systems. For example, urban energy 

ccess (SDG 7) is a critical driver in wastewater treatment, which 

s vital to water availability and the urban water cycle (SDG 6). 
reserved. 

https://doi.org/10.1016/j.spc.2021.09.022
http://www.ScienceDirect.com
http://www.elsevier.com/locate/spc
mailto:yazhou@gdut.edu.cn
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Fig. 1. The complex linkage of water-energy-food nexus and sustainable develop- 

ment goals. 
Nomenclature 

D Direct/physical water, energy, and food consump- 

tion 

ND nexus-oriented consumption - E-water, F-water, 

W-energy, and F-energy consumption 

HD hybrid consumption - the sum of direct and 

nexus-oriented consumption 

GD Guangdong 

HK Hong Kong 

MA Macao 

PI primary industry 

SI secondary industry 

TI tertiary industry 

H-water hybrid water - the sum of water, E-water, and F- 

water consumption 

H-energy hybrid energy - the sum of energy, W-energy, and 

F-energy consumption 

H-food hybrid food - food consumption 

E-water energy-related water - the water consumption in 

energy production, transportation, and consump- 

tion 

F-water food-related water - the water consumption of 

food irrigation, manufacturing, storage, and edible 

W-energy water-related energy - the energy consumption of 

water withdrawal, supply, usage, and treatment 

F-energy food-related energy - the energy consumption of 

food irrigation, manufacturing, storage, and edible 

IO input-output 

MRIO multi-regional input-output 

EE-IOA the environmentally extended input-output analy- 

sis 

EE-MRIO the environmentally extended multi-regional 

input-output model 

a direct flows (e.g., direct water, energy, and food 

flows) 

b nexus-oriented flows (e.g., E-water, F-water, F- 

energy, and W-energy) 

c hybrid flows (e.g., hybrid water, energy, and food 

flows) 

m corresponding consumption coefficient of nexus- 

oriented flows 

n material types (e.g., surface water, gasoline, and 

grains) 

IT total inter-regional trade flow 

EX total monetary export of region r 

IM total monetary import of region s 

d geographic distance between the region r and re- 

gion s 

θ1 weight index of flow mass for the original 

θ2 weight index of flow mass for the destination 

θ3 distance weight 

TC inter-regional trade coefficient 

SC self-regional trade coefficient 

T total monetary output flow 

s intermediate flow of MRIO table 

f final consumption of MRIO table 

μ intensity of material flow 

L Leontief inverse matrix 

I an identity matrix 

A coefficient submatrix of MRIO table 

IF the intra- and inter- regional embodied flow ma- 

trix 

TF total embodied flow 
189 
TEA per capita territorial footprints 

TEAI intensity of TEA based on value-added 

VA value-added in MRIO table 

CBF consumption-based footprints 

CBFI intensity of CBF based on final consumption 

FC final consumption 

he harvesting, processing, and transportation of food (SDG 2) con- 

umes a significant amount of energy (SDG 7), and crops (SDG 2) 

equire water (SDG 6) to grow ( Bieber et al., 2018 ). Furthermore, 

he WEF systems also indirectly affect SDGs 11 (sustainable cities 

nd communities), 12 (responsible consumption and production), 

nd 13 (climate action) through SDGs 2, 6, and 7. A secure and sta- 

le energy supply (SDG 7) guarantees a more reliable and cleaner 

ater and food supply (SDG 12). Meeting this demand with fos- 

il fuel-fired power generation instead of renewable energy (e.g., 

ydropower) will release more greenhouse gasses that exacerbate 

limate change (SDG 13). This could accelerate the evaporation of 

urface water, increase electricity demand and reduce food produc- 

ion to threaten the security of the WEF supply (SDGs 2, 6, and 7). 

ncreasing electrification could result in massive local and commu- 

ity power outages (SDG 11) ( Fang and Chen, 2017 ; White et al.,

018 ). The above examples show that a city’s sustainable develop- 

ent is strongly related to WEF systems and, therefore, quantifying 

he WEF nexus is imperative. 

In 2019, the Chinese government officially released the Outline 

evelopment Plan for the Guangdong-Hong Kong-Macao Greater 

ay Area. This area will eventually face tremendous pressure and 

hallenges from international competition. It puts forward a higher 

emand and poses significant challenges in the sustainable utiliza- 

ion of WEF resources in the Greater Bay Area ( Deng et al., 2020 ;

iao et al., 2019 ; Zhou et al., 2018 ). However, the regional charac-

eristics of the Greater Bay Area increase the complexity of WEF 

ystems. First, the WEF resources of Guangdong, Hong Kong, and 

acao are scarce. Local water resources per person in Guangdong 

nly constitute a quarter of the world. The self-sufficiency rates of 

nergy and food are only 13% and 23% in Hong Kong and Macao, 

espectively ( Owen et al., 2018 ; Wang and Chen, 2016 ). Second, 

ong Kong and Macao have long relied on Guangdong to sup- 

ly WEF resources. Cross-regional resource allocation makes coor- 

inated management of WEF resources difficult. Third, the differ- 
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nt social-political systems in the three regions make it challeng- 

ng to implement WEF-related policies. Therefore, taking the study 

rea of Guangdong, Hong Kong, and Macao regions, this study 

ims to quantify the WEF nexus and reveal the complex interac- 

ions. Results could support cross-regional joint management of 

EF resources and WEF-related SDGs in Guangdong, Hong Kong, 

nd Macao regions. 

. Literature review 

Many studies have attempted to capture a holistic view of the 

EF nexus system to support SDGs in recent years ( Chen et al., 

018 ; Walker et al., 2014 ; Zheng et al., 2019 ). For example,

asul (2016) proposed a policy framework for cross-sectoral co- 

rdination and managing nexus challenges. The study found that 

reater policy coherence among the three sectors was critical 

or decoupling increased food production from water and en- 

rgy intensity and moving to sustainable and efficient resources. 

lawuyi (2020) examined the legal, policy, and governance aspects 

f integrating and implementing the WEF nexus to achieve the 

DGs. These studies underscored the importance of understand- 

ng the complex relationships between WEF-related policy and the 

chievement of SDGs. It is critical to developing a sustainable and 

ecure WEF nexus ( Chen et al., 2019 ; Xiao et al., 2019 ; Zhang et al.,

016 ). However, the above studies are mainly in qualitative analysis 

rom a policy perspective, and lack quantitative analysis to describe 

he relationship between WEF and SDGs. 

To further clarify the linkages of the WEF nexus to support 

he SDGs, an environmentally extended input-output analysis (EE- 

OA) was introduced to evaluate the total environmental footprint 

mbodied in a product or activity of WEF systems ( Liu et al., 

018 ; Malago et al., 2021 ). It can link physical WEF with inter-

ectoral trade based on monetary flows, further revealing the WEF 

exus characteristics ( Chen et al., 2017 , 2020 ; Wang et al., 2020 ).

or example, Zhai et al. (2019) developed an ecological network 

odel based on an EE-IOA for an energy metabolism system. 

t aimed to quantify the urban metabolic processes and energy 

etabolism levels within the urban system and illustrate the in- 

uence of energy classification differences on the metabolism sys- 

em. Zhang et al. (2019a) developed a water ecological network 

odel based on the EE-IOA of Guangdong, aimed to analyze the 

ater consumption structure and interaction control relationships 

mong different sectors within an urban ecosystem. EE-IOA is an 

ffective measure for quantifying the WEF nexus, but it highly re- 

ies on the input-output (IO) table. There is no regional IO table of 

uangdong-Hong Kong-Macao, which makes it challenging to cap- 

ure region’s cross-regional WEF nexus characteristics ( Biggs et al., 

015 ; Vanham et al., 2019 ). 

Due to the lack of multi-regional IO table of Guangdong-Hong 

ong-Macao, some studies have focused on the WEF systems in 

ndividual regions of Guangdong, Hong Kong, and Macao. For ex- 

mple, Li et al. (2014) performed a comprehensive assessment of 

he energy embodied in Macao’s external trade based on the most 

ecent trade statistics and embodied energy intensity databases. 

hen and Li (2015) assessed a water system based on the lat- 

st water intensity databases. There is complex inter-regional co- 

rdinated allocation of WEF resources among the three regions, 

hich will bring about embodied WEF nexus flows. To charac- 

erize the inter-regional WEF footprints of the regions, this study 

onstructed an environmentally extended multi-regional input- 

utput (EE-MRIO) model to analyze cross-regional linkages in the 

EF nexus system. The EE-MRIO model was constructed based 

n multi-regional input-output (MRIO) tables of Guangdong-Hong 

ong-Macao compiled in this study ( Chen et al., 2018 ). It can quan-

ify the inter-regional linkages and is conducive to the coordinated 

anagement of WEF systems to promote sustainable development 
190 
f Guangdong, Hong Kong, and Macao regions. The accounting 

ramework of the WEF nexus system can provide the basis for 

ther regions at home and abroad, such as the Jing-Jin-Ji region 

f China and the European Union. 

. Methods 

.1. Study area 

The Guangdong-Hong Kong-Macao Greater Bay Area is located 

n South China. It is China’s economic pilot demonstration zone 

nd external window. The area covers 0.5% of the land area, and 

ontributes 12% to the national gross domestic product (GDP) with 

nly 5% of the total population in 2019 ( Fang and Chen, 2017 ;

hite et al., 2018 ). The growing population and economic activ- 

ties have increased the demand for WEF resources. Hong Kong 

nd Macao are extremely poor in WEF resources. They are typ- 

cal heterotrophic cities, relying heavily on WEF resources from 

uangdong Province. High resource dependency also puts great 

ressure on Guangdong’s WEF resource systems. The detailed in- 

ormation of WEF nexus characteristics in this region is listed in 

able 1 . This study proposes a WEF nexus accounting framework 

ased on the EE-MRIO model to reveal the three regions’ WEF re- 

ource consumption and cross-regional characteristics. This frame- 

ork mainly includes direct and nexus-oriented WEF consump- 

ion accounting and inter-regional WEF nexus flow evaluation. The 

ramework is expected to provide insights into the sustainable de- 

elopment of the WEF system in the Greater Bay Area. 

.2. Direct and nexus-oriented water-energy-food consumption 

ccounting 

This accounting provides primary environmental account data 

or compiling the EE-MRIO. Direct water refers to the total physical 

onsumption of surface water, groundwater, and purified seawa- 

er for irrigation, power generation, breeding, shipping, and other 

urposes. Direct energy is the sum of various physical energy con- 

umption types (i.e., gasoline, kerosene, diesel, petroleum gas, coal, 

lectricity, and natural gas) ( Bai et al., 2018 ; Clough et al., 2016 ).

irect food refers to the physical consumption of grains, edible 

ils, legumes, meat, eggs, dairy, and aquatic products (see Eq. (1)) 

 Xin et al., 2015 ). The nexus-oriented consumption (e.g., energy- 

elated water, food-related water, food-related energy, and water- 

elated energy) is measured using the direct WEF and the cor- 

esponding consumption coefficient obtained by Liu et al. (2020) . 

nergy-related water (E-water) mainly refers to water consump- 

ion in energy production, transportation, and consumption. Food- 

elated water (F-water) and energy (F-energy) are water and en- 

rgy consumption of food irrigation, manufacturing, storage, and 

dible. Water-related energy (W-energy) is the energy consump- 

ion of water withdrawal, supply, usage, and treatment, as shown 

n Eq. (2). Due to the lack of the corresponding consumption coeffi- 

ient, water-related (W-food) and energy-related food (E-food) are 

ot considered ( Mannan et al., 2018 ). Meanwhile, we combine the 

irect and nexus-oriented consumption to form the hybrid WEF 

H-water, H-energy, and H-food), as shown in Eq. (3). 

 

a 
r , i = 

n ∑ 

1 

a n r , i (1) 

D 

b 
r , i = 

n ∑ 

1 

b 

n 
r , i × m 

b 
r , i (2) 

D 

c 
r , i = D 

a 
r , i + ND 

b 
r , i (3) 



P. Zhang, Y. Cai, Y. Zhou et al. Sustainable Production and Consumption 29 (2022) 188–200 

Table 1 

The water-energy-food nexus characteristics of the case area. 

Study area Guangdong Hong Kong Macao 

Area (km 

2 ) 179,725 1107 33 

Population (10 4 person) 10,724 724 62 

GDP (millions $) 1,155,882 299,679 45,415 

Water-energy-food 

nexus characteristics 

1. Guangdong supplied 57% freshwater, 25% electricity (e.g., nuclear power), and 20% food 

(e.g., chicken, pork, and eggs) for Hong Kong; 

2. Guangdong supplied 96% freshwater, 25% electricity (e.g., coal, natural gas), and 30% food 

(e.g., fish, drinks, and fabrics) for Macao. 
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here a , b , and c represent the direct, nexus-oriented, and hybrid 

onsumption for n th type, respectively. m represents the nexus- 

riented flow corresponding to the consumption coefficient. D , ND , 

nd HD refer to direct, nexus-oriented, and hybrid consumption, 

espectively. r represents the region, i represents the sector, and n 

epresents the material type. 

.3. Inter-regional flows evaluation of water, energy, and food nexus 

EE-MRIO model can further track the interval flows based 

n the WEF consumption. The steps of constructing the EE- 

RIO model are as follows. We first compiled the MRIO table 

f Guangdong-Hong Kong-Macao, which is the basis of EE-MRIO 

 Fig. A1 ). Due to limited statistics data of Hong Kong and Macao, 

he original IO table was grouped into three industries: primary 

ndustry (PI), secondary industry (SI), and tertiary industry (TI) for 

ector consistency ( Tables A1 - A3 ). The gravity model was adopted 

o modify the interactions of economic flows at the sectoral level 

ased on bilateral trade statistics analysis. The formula for the clas- 

ical gravity model is 

T 

r , s 
i 

= e θ0 

(
EX 

r 
i 

)θ1 
(
IM 

s 
i 

)θ2 

( d 

r , s ) 
θ3 

(4) 

here IT r , s 
i 

is the total inter-regional trade flows of sector i be- 

ween region r and region s , e θ0 is the constant of proportionality, 

 

r , s is the geographic distance between the central cities of the 

wo provinces in this study, EX 

r 
i is the total outflow, and IM 

s 
i is 

he total inflow. θ1 , θ2 , θ3 are the critical parameters in which θ1 

nd θ2 are the weight indices of the flow mass for the original and 

estination, respectively and θ3 represents the distance weight. 

The estimation of the model parameters is key to the imple- 

entation of the gravity model. The parameters are estimated us- 

ng the ordinary least squares (OLS) method. The system boundary 

ainly focused on inter-regional trade (e.g., import, export, and re- 

xport) in Guangdong, Hong Kong, and Macao. Trade between the 

hree regions and the rest of the world is excluded. The equation 

f the standard gravity model is as follow ( Vioric ̆a, 2012 ). 

n F ij = θ0 + θ1 lnGD P i + θ2 lnGD P j − θ3 ln D ij (5) 

here F ij represents the bilateral trade flows between country i 

nd country j ; GD P i is the gross domestic product for country i ; 

D P j is the gross domestic product for country j ; D ij is the dis- 

ance between the capitals of the two partner countries. 

The inter-regional trade coefficient is then calculated, which is 

rucial for calculating the initial matrix of the intermediate flow 

nd final consumption. The trade coefficient includes the inter- 

egional trade coefficient and self-sufficiency coefficient, as shown 

n Eqs. (6) and (7), respectively. 

C 

r , s 
i 

= 

IT 

r , s 
i 

T 

s 
i 
+ IM 

s 
i 

(6) 

C 

s , s 
i 

= 

T 

s 
i 

T 

s + IM 

s 
i 

(7) 

i 

191 
here TC 

r , s 
i 

is inter-regional trade coefficient in region r and s , IT r , s 
i 

s total inter-regional trade flows, T s 
i 

is total input, IM 

s 
i is the im- 

ort foreign and domestic. SC 

s , s 
i 

is self-sufficiency coefficient, in- 

icating the percentage of self-consumption in the total input of 

ector i . 

The initial regional intermediate flows and final consumption 

an be calculated using the diagonal matrix of the self-sufficiency 

oefficient and inter-regional trade coefficient, as shown in Eqs. 

8)-(11): 

s r , s 
i , j 

]
n ×n 

= diag 

[
TC 

r , s 
i 

]
n ×n 

×
[
s s i , j 

]
n ×n 

(8) 

f r , s 
i , j 

]
n ×m 

= diag 

[
TC 

r , s 
i 

]
n ×n 

×
[
f s i , j 

]
n ×m 

(9) 

s s , s 
i , j 

]
n ×n 

= diag 

[
SC 

s , s 
i 

]
n ×n 

×
[
s s i , j 

]
n ×n 

(10) 

f s , s 
i , j 

]
n ×m 

= diag 

[
SC 

s , s 
i 

]
n ×n 

×
[
f s i , j 

]
n ×m 

(11) 

here [ s r , s 
i , j 

] n ×n and [ s s , s 
i , j 

] n ×n are intermediate flow matrices of the 

E-MRIO table, [ f r , s 
i , j 

] n ×m 

and [ f s , s 
i , j 

] n ×m 

are final consumption matrix 

f the EE-MRIO table, and diag [ TC 

r , s 
i 

] n ×n and diag [ SC 

s , s 
i 

] n ×n are the 

iagonal matrices of the inter-regional trade coefficient and self- 

ufficiency coefficient, respectively. [ s s 
i , j 

] n ×n and [ f s 
i , j 

] n ×m 

are inter- 

ediate flow matrix and final consumption matrix of the single- 

egional IO table, respectively. 

The initial matrix of the intermediate flow and final consump- 

ion can be acquired as described above. Since the multi-regional 

eneralized bi-proportional matrix balancing technique updating 

GRAS) model is now a widely used bi-proportional technique for 

pdating or balancing IO tables and can maintain the initial matrix 

tructure to enable it to reach a new balanced state ( Umed et al.,

019 ). The GRAS model is adopted to balance the initial multi- 

egional table. 

The EE-MRIO can be constructed based on the direct and nexus- 

riented WEF consumption accounting and MRIO table. We can ac- 

ount for the embodied WEF nexus flows based on the EE-MRIO. 

ere, the Leontief matrix quantifies the embodied flows triggered 

y final consumption. The formula is given by Eqs. (12)-(15): 

t 
r , i = 

D 

t 
r , i 

T 

r 
i 

(12) 

 = ( I − A ) 
−1 

, A = 

[
s r , s 

i , j 

T 

s 
j 

]
n ×n 

(13) 

 F t = 

(
IF t r , r IF t r , s 
IF t s , r IF t s , s 

)
= diag 

[
μt 

r , i 

]
× L × F 

= 

(
μt 

r , i 
0 

0 μt 
s , i 

)(
L r , r L r , s 
L s , r L s , s 

)(
f r , r f r , s 
f s , r f s , s 

)
(14) 

F t i = 

∑ 

j =1 

IF t r ( j ) → s ( i ) + 

∑ 

j =1 

IF t s ( i ) → r ( j ) (15) 
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Table 2 

Specification of collected data. 

Data Time Category Source of data Illustration 

Direct consumption All parameters 

measured on 2015 

Water Guangdong Province Water Resources 

Department (2015) , Hong Kong Water 

Supplies Department (2015) , and 

Macao Statistics and Census Service (2015) 

Surface water, groundwater, and 

purified seawater 

Energy Guangdong Province Statistics 

Bureau (2015b) , Hong Kong Census and 

Statistics Department (2015b) , and 

Macao Direct Services of Protect 

Ambiental (2015) 

Gasoline, kerosene, diesel, petroleum 

gas, coal, electricity, and natural gas 

Food Guangdong Province Natural Resources 

Department (2015) , Hong Kong Census and 

Statistics Department (2015a) , and 

Macao Cartography and Cadastre 

Bureau (2015) 

Grains, edible oils, legumes, meat, 

eggs, dairy and aquatic products 

Consumption 

coefficients 

Nexus-oriented WEF 

nexus 

Liu et al. (2020) Energy-related water, food-related 

water, food-related energy, 

water-related energy 

Single-regional 

input-output table 

Guangdong Guangdong Province Statistics 

Bureau (2015a) 

The database of Guangdong Provincial 

Bureau of Statistics 

Hong Kong Organization for Economic Co-operation and 

Development (2015) 

The database of OECD 

Macao Eora Global Value Supply Chain 

database (2015) 

The database of Eora 

Actual trade volume Guangdong Guangdong Province Statistics 

Bureau (2015b) 

The total interregional import-export 

trade monetary volume and GDP of 

Guangdong-Hong Kong, 

Guangdong-Macao, and Hong 

Kong-Macao 

Hong Kong Hong Kong Census and Statistics 

Department (2015a) 

Macao Macao Statistics and Census Service (2015) 
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here t is the material flow type (i.e., water, energy, food, and 

exus-oriented flows), μt 
r , i 

is the intensity of the flow of t type 

f sector i in region r , D 

t 
r , i 

is the direct consumption, T r 
i 

is the to-

al monetary output flow of sector i in region r in the MRIO table.

 is the Leontief inverse matrix which refers to all sectors direct 

nd nexus-oriented requirement coefficients; I is an n × n identity 

atrix; A is a coefficient submatrix that represents the direct re- 

uirement of the MRIO table, and it can be acquired by the inter- 

egional and inter-sectoral monetary flows ( s r , s 
i , j 

) divided by sector j 

n region s total output monetary flow ( T s 
j 
). I F t refers to the intra-

nd inter-regional embodied flows triggered by the final consump- 

ion ( F ), which includes the expenditure of households, expendi- 

ure of the general government, and gross capital formation. TF t i 
epresents the total embodied flow between regions r and s of t 

ype of sector i , in which IF t r(j) → s(i) refers to the flow from region r 

o region s and IF t s(i) → r(j) to the flow from region s to region r . 

.4. Footprints evaluation of water, energy, and food nexus 

The per capita territorial accounting (TEA) and consumption- 

ased footprints (CBF) were applied to quantify the footprint of the 

EF nexus. The TEA refers to the direct and nexus-oriented WEF 

onsumption footprints occurring within a region. CBF is the total 

mbodied WEF flow driven by final consumption related to inter- 

egional trade ( Chen et al., 2019 ). The ecological footprints of the 

EF can be expressed by TEA and CBF intensities by the value- 

dded and final consumption in the MRIO table, as shown in Eqs. 

16)-(19): 

EA 

t 
r , i = 

D 

t 
r , i 

R P r 
(16) 

BF t r , i = 

TF t r , i 
R P r 

(17) 

EAI t r , i = 

TEA 

t 
r , i 

VA 

t 
r , i 

(18) 
192 
BFI t r , i = 

CBF t r , i 

FC 

t 
r , i 

(19) 

here R P r is the resident population in region r , TEA 

t 
r , i is the direct 

onsumption footprint, D 

t 
r , i 

is the direct consumption, and CBF t r , i is 

he embodied flows driven by the final consumption; TF t r , i repre- 

ents the total embodied flows; TEAI t r , i and CBFI t r , i are the intensi- 

ies of TEA and CBF, VA 

t 
r , i and FC 

t 
r , i are the value-added and final 

onsumption. 

.5. Data sources 

As shown in Table 2 , the data on direct consumption of 

EF was collected from the annual reports of water resources, 

he environment, and energy in Guangdong, Hong Kong, and 

acao. Nexus-oriented consumption is measured based on direct 

EF and the corresponding consumption coefficient obtained by 

iu et al. (2020) . The Guangdong-Hong Kong-Macao MRIO table 

as compiled based on the single-regional IO table of the three re- 

ions (in 2015) from the Statistics Bureau of Guangdong Province, 

he Organization for Economic Co-operation and Development 

OECD), and the Eora global value supply chain database (Eora), re- 

pectively, which have been widely used for multi-regional IO anal- 

sis ( Giljum et al., 2019 ). The Eora is currently the only database

lobally that can obtain the single IO table of Macao. The IO table 

ypes of Hong Kong and Macao in Eora are the SUT (supply-use ta- 

le) and IIOT (industry-by-industry table), respectively, which are 

wo different methods for compiling IO tables, and were devel- 

ped based on the industrial sector process and product process 

ssumptions. The IO table types of Hong Kong in OECD are the 

IOT, and the OECD has no single IO table of Macao. The types of 

uangdong IO table is also IIOT. To ensure the consistency of the 

ypes of the three IO tables, this study used Macao’s IO table ob- 

ain from Eora database and Hong Kong’s IO table obtained from 

he OECD database to build the MRIO. The data in gravity model, 

hich mainly includes the amount of imports, exports, and GDP, is 
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rom the Guangdong Province Statistics Bureau, Hong Kong Census 

nd Statistics Department, and Macao Statistics and Census Service 

n 2011–2016. 

. Results 

.1. Direct and nexus-oriented footprints of water-energy-food nexus 

The direct and nexus-oriented consumption of the WEF is 

hown in Fig. 2 . Dominant consumption varied in different types 

f WEF footprints. For water footprints, Guangdong, Hong Kong, 

nd Macao had similar water consumption structures. Food-related 

ater had one of the largest proportions of hybrid water, with 

n average of 78%. Direct water also played an important role in 

hat it took up 21% of hybrid water. Compared to food-related and 

irect water footprints, the proportion of energy-related water 

as negligible (approximately 1%). The results confirmed previous 

esearch that food was the most important contributor to water 

onsumption ( de Amorim et al., 2018 ; White et al., 2018 ; Zhang

t al., 2019a ). The high water consumption rate of food is the 

ain reason for this result. To further explore food-related water 

ootprint characteristics, this study analyzed the main process 

f food consumption (i.e., irrigation, manufacturing, storage and 

ransport, and edible). The edible process accounted for the 

argest proportion of food-related water consumption; especially 

or Hong Kong and Macao, the proportion was 98% and 99%, 

espectively. In Guangdong Province, this proportion was 66%, 

nd the irrigation process took up 27%. This is mainly because 

0% of the food in Guangdong Province is produced locally, while 

ong Kong and Macao produce no food locally and import most 

f their food from foreign regions, indicating that the edible food 

rocess dominates food-related water footprints. Large imports of 

ater-intensive food may increase local water stress, and reducing 

ood waste would be an excellent choice to ease water stress. The 

rrigation process cannot be ignored in Guangdong, and efficient 

ater-saving infrastructure is necessary. Extensive management of 

he food-related water footprint may directly affect the sustainable 

evelopment of water resource systems in the three regions and 

ndirectly affect the security of the food supply. Especially for 
ig. 2. The direct and nexus-oriented consumption of water, energy, and food. Note: (a):

elated water; F-water: food-related water; H-food: hybrid food; F-energy: food-related en

s the relative value of water, energy, and food consumption, not the absolute value. 

193 
uangdong Province, the transfer of water pressure will directly 

ffect the realization of SDGs 2 and 6. 

For energy footprints, Guangdong, Hong Kong, and Macao had 

imilar energy consumption structures, but the structure was dif- 

erent from water. Direct energy footprint dominated in hybrid en- 

rgy, with an average proportion of 84%. The proportion of food- 

elated and water-related energy was lower than direct energy; 

heir proportions were 6% and 10%, respectively. These results in- 

icated that the energy footprint was dominated by physical en- 

rgy consumption. Although saving physical energy consumption 

s important, food-related and water-related energy footprints still 

lay an important role in hybrid energy, especially for Hong Kong 

nd Macao, their proportions had exceeded 10%. The fact that Hong 

ong and Macao import a large amount of freshwater and food 

rom Guangdong per year may be an important reason for this re- 

ult. In food-related energy, the storage and transport (e.g., refrig- 

ration, truck, train, and plane) and edible (e.g., cooking) processes 

ere important in energy saving. In water-related energy, the most 

mportant process was water usage, such as shower, washing, heat- 

ng, and greening. Besides, more attention should be paid to physi- 

al energy consumption, and some practical energy-saving facilities 

ould be adopted, for instance, solar street lamp, reduce the use 

ime of air conditioning, and green transformation of high energy 

onsumption enterprises. Reducing physical energy consumption 

ootprints can effectively reduce energy supply pressure and green- 

ouse gas emissions in the three regions, contributing to SDGs 7 

nd 13. Reducing the food-related and water-related energy foot- 

rints can serve as a complementary measure to enhance energy 

onservation; especially in Hong Kong and Macao, they should fur- 

her strengthen imported freshwater and food management. 

.2. Inter-regional embodied footprints of water-energy-food nexus 

Fig. 3 illustrates the inter-regional embodied WEF flows 

etween Guangdong, Hong Kong, and Macao. We found the 

mbodied resources transferred from Guangdong to Macao dom- 

nate in all types of WEF nexus flow networks. The biggest 

ifference was in Guangdong’s secondary industry, in which the 

ransfer from Hong Kong and Macao to Guangdong was 90 times 
 Guangdong; (b): Hong Kong; (c): Macao; H-water: hybrid water; E-water: energy- 

ergy; W-energy: water-related energy; H-energy: hybrid energy. The size of circles 
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Fig. 3. Inter-regional sectoral water, energy, and food flows. 
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igger than the opposite direction in the direct water network, 

hile the smallest gap lay in the energy-related water network, 

hich was 2 times bigger. Dominant exporting sectors vary in 

ifferent types of WEF nexus flow networks. 

Hong Kong and Macao were highly influenced by Guangdong’s 

rimary industry in all types of WEF networks. Especially in water- 

elated networks, secondary and tertiary industries in Macao were 

he largest importing sector, which took up approximately 80%. 

lenty of agricultural products are sold to Macao for reprocess- 

ng to meet the final consumption demand of local. This is mainly 

aused by the lack of primary agricultural products in Macao. Hong 

ong was relatively less dependent than Macao in all types of 

EF nexus flow networks. Guangdong’s secondary industry had 

 dominant impact on Hong Kong and Macao. The import of em- 

odied water was 90 times that of export. Hong Kong and Macao 

utsource huge products to Guangdong, originated from advanced 

anufacturing-related activities of latter. Although this transfer 

an effectively promote the economic development of the three 

egions, it may put more pressure on Guangdong’s WEF resource 

ystems. The flow distribution of embodied WEF resources was rel- 

tively dispersive in terms of Guangdong’s tertiary industry, where 

anufacturing and services sectors are all important in charac- 

erizing their embodied flows. The exports had a higher propor- 

ion than imports in hybrid energy, direct energy, energy-related 

ater, and food-related water networks. In contrast, service prod- 

cts export dominated in all types of WEF nexus flow networks 

f Hong Kong and Macao’s tertiary industry. The above results in- 

icated that the three regions were highly shared WEF resource 

ommunities. The primary industry in Guangdong was almost en- 

irely a net export of WEF resources to Hong Kong and Macao. This 

ill further increase the burden on the former. Similarly, embod- 

ed WEF resources transfer from Hong Kong and Macao to Guang- 

ong’s secondary industry may also negatively impact. Developing 
e

194 
ocal agriculture and manufacturing in Hong Kong and Macao may 

e a good way to achieve sustainable cities and communities (SDG 

1) and responsible consumption and production (SDG 12). 

.3. Inter-regional water-energy-food nexus footprints driven by final 

onsumption 

Fig. 4 shows the inter-regional WEF nexus footprints driven by 

arious final consumption categories. Dominated WEF footprints 

mbodied in final consumption varied in Guangdong, Hong Kong, 

nd Macao. For example, embodied footprints in gross capital for- 

ation were highest in Guangdong Province, with an average pro- 

ortion of 53%; Hong Kong’s embodied footprints were mainly fo- 

used on the expenditure of households (56%); the proportion of 

mbodied footprints in gross capital formation and expenditure 

f households in Macao were equal, approximately 43%. These re- 

ults are closely related to the industrial structure of the three re- 

ions. Hong Kong and Macao are consumer-type regions, and both 

esidents and tourists contribute huge consumption. Their embod- 

ed footprints in the expenditure of households were significantly 

igher than Guangdong (39%). Guangdong has relatively complete 

roduction chains within its territory, including resources extrac- 

ion, manufacturing, and processing industries, and has invested 

eavily in buildings and equipment to keep the whole industry 

hain running. In contrast, Hong Kong and Macao’s products are 

rimarily outsourced to other regions, and Guangdong is an im- 

ortant partner. Thus Hong Kong (29%) and Macao (43%) have a 

ower investment in buildings and equipment than Guangdong. 

Fig. 5 shows the per capita territorial-based accounting (TEA) 

nd consumption-based (CBF) footprints of Guangdong, Hong 

ong, and Macao. Guangdong and Hong Kong had a larger TEA 

han CBF regarding all types of metabolic flow. The impact of four 

nergy-related flows (i.e., physical, water-related, food-related, and 
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Fig. 4. The contribution of water, energy, and food driven by final consumption. Note: H-water: hybrid water; E-water: energy-related water; F-water: food-related water; 

H-food: hybrid food; F-energy: food-related energy; W-energy: water-related energy; H-energy: hybrid energy. 

Fig. 5. Water-energy-food territorial-based and consumption-based footprints. Note: GD: Guangdong, HK: Hong Kong, MA: Macao, TEA: territorial-based accounting, CBF: 

consumption-based footprints, H-water: hybrid water; E-water: energy-related water; F-water: food-related water; H-food: hybrid food; F-energy: food-related energy; W- 

energy: water-related energy; H-energy: hybrid energy. 
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ybrid energy) was higher from a consumption-based perspec- 

ive in Guangdong and Hong Kong, while the difference between 

EA and CBF was small in terms of four water-related flows (i.e., 

hysical, energy-related, food-related, and hybrid water). For in- 

tance, the energy TEA in Guangdong was 37 times that of CBF, 

hile the value in water flow was 8.8. These results indicated that 

xport production was the significant driver of Guangdong and 

ong Kong’s energy system pressure, which often includes energy- 

ntensive and high-carbon industries. On the contrary, Macao had 

otably higher WEF footprints from a consumption-based perspec- 

ive, among which the difference in energy-related water was 

argest; the CBF was 22 times higher than its TEA. The environ- 
195 
ental impact of Macao’s economy is mainly induced by the high 

onsumption by its urban citizens. The CBF intensities of WEF foot- 

rints in Macao were significantly higher than TEA and all types 

f metabolic flow in Guangdong and Hong Kong. The intensity of 

BF in energy-related water was 23 times higher than TEA. The 

igh CBF in Macao is mainly due to the consumption associated 

ith services sectors such as wholesale, retail trade, repairs, hotels, 

nd restaurants. The above results showed that Guangdong, Hong 

ong, and Macao were all consumption-oriented regions, espe- 

ially in food-related water, physical water, and energy consump- 

ion footprints. Relatively, there are shortcomings in infrastructure 

nd policy-making. The mismatch between excessive consumption 
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nd lack of savings measures can adversely affect the realization of 

ll WEF-related SDGs (i.e., SDGs 2, 6, 7, 11, 12, and 13). 

. Discussions 

.1. Increasing utilization efficiency and local water, energy, and food 

upply 

To reduce the impact of nexus footprints outsourcing on the lo- 

al WEF systems in Guangdong, the government should accelerate 

he structural upgrading of the WEF-related industries. Traditional 

ater and energy-intensive industries should be phased out and 

pgraded on priority in Guangdong, for instance, agriculture, food 

rocessing factory and electricity, stem, heat supply, and produc- 

ion. Hong Kong and Macao should strengthen publicity and edu- 

ation focusing on food conservation and develop advanced water 

nd energy-saving techniques. Fossil fuel subsidies for the produc- 

ion and supply of electricity, heat, gas, and water should be re- 

uced or eliminated. The government encourages related industries 

o develop renewable energy (e.g., wind, nuclear and solar power) 

y strengthening subsidies and technical support. Renewable and 

ther clean energy will result in a general net positive effect for 

he Energy SDG (SDG 7) and also for the water and food SDGs. As 

he access to clean and affordable energy increases to meet this 

oal, careful attention to synergies with water and food goals will 

eed to be pursued to increase the potential for positive synergies 

nd improvements over traditional energy sources. 

Furthermore, Hong Kong and Macao are very rich in coastal 

esources. Abundant seawater resources would be a good choice, 

nd Hong Kong has shown an excellent example of flushing toi- 

ets with seawater. At present, sea-rice technology has been put 

nto practice, and the regions can make great effort s to promote 

ea rice. Hong Kong and Macao have the advantage of being a vi- 

rant region and sufficient money to guarantee the implementa- 

ion of these technologies. Offshore wind and tidal power could 

lso provide more electricity for Hong Kong and Macao. Offshore 

ind power generation is a globally recognized renewable energy 

eneration technology and has been widely used. Although tidal 

ower is an expensive technology for generating electricity, it plays 

n increasingly important role in relieving global energy shortage 

roblems. Many countries/regions have built tidal power stations, 

uch as France, England, the United States, Canada, and China. It 

s helpful to develop tidal power for promoting energy structure 

ransformation and achieving sustainable energy supply in Hong 

ong and Macao. The authorities can propose policies of financial 

ubsidies and tax exemptions to support the development of re- 

ewable energy. The above technologies are beneficial for the sus- 

ainable utilization of WEF resources in the two regions, especially 

n achieving SDGs 2 (zero hunger), 6 (clean water and sanitation), 

nd 7 (affordable and clean energy). 

.2. Strengthen inter-regional cooperation 

The critical trade-offs and synergies of the WEF nexus play sig- 

ificant roles in achieving the SDGs. The externalization of water- 

elated footprints is prominent in Hong Kong and Macao, posting a 

ig challenge for promoting water sustainability within its bound- 

ry. The influence of upstream production efficiencies on water and 

ood footprint would cause uncertainty on measuring sustainable 

ities and communities (SDG 11) and responsible consumption and 

roduction (SDG 12) of the regions. It is necessary to establish the 

rganizations (i.e., United Nations and European Union) that are 

edicated to the across-regional coordinated management of WEF 

esources. A budgetary allocation system could be constructed for 

he management of WEF resources. By balancing many factors (e.g., 

nterests, regime, law, standard, and public opinion), the maximum 
196 
enefits can be achieved to effectively open up the production and 

onsumption of resource products in the three regions. Based on 

conomic means such as taxation and finance, the organizations 

an reduce the consumption footprints by conducting targeted de- 

and management for those products embodied with high wa- 

er and energy footprints and appropriately adjust the price of re- 

ated products. The complementarity of economic structure and 

onsumption pattern between regions can create opportunities to 

ddress environmental burdens and social inequality. 

.3. From incompact to delicacy management on food-related water 

onsumption footprints 

The research of nexus has been accelerating, but there is still 

ebate over whether equal attention should be paid to all types of 

exus. Our results showed that the energy-related nexus footprints 

ere only a small proportion of the total WEF footprints, either 

erritorial or consumption-based. However, the food-related water 

ootprint took up most of the total water footprints, and the spe- 

ific consumption of nexus flows turns out much more intensive 

han generic energy and water consumption, especially for food- 

elated water footprint. The direct intensities of food-related water 

re significantly higher than total water intensities. Such intensity 

ap is even more prominent in embodied flow intensities for Hong 

ong and Macao regions. This intensity gap implies our manage- 

ent of nexus flows is more incompact than what has been done 

n generic energy and water flows. For example, when consider- 

ng the technology of pumping water from Hong Kong and Macao 

o Guangdong, water resource volume and water quality usually 

ominate the decision-making process, while little attention has 

een paid to energy consumption. Also, not enough thought has 

een given to conserving water resources when using water in 

ood processing. The low efficiencies of nexus flow increase wa- 

er footprints faster than the regional economy on average. Espe- 

ially for Hong Kong and Macao, as global consumer markets, this 

nefficient management of the WEF nexus may cause even bigger 

roblems due to the amplified energy and water consumption and 

ndirectly transmit the risk to Guangdong. A shift from incompact 

o delicacy management on food-related water consumption foot- 

rints could positively affect SDG 12. 

.4. Limitations 

There are some limitations to the analysis and the data used. 

irst, due to the data availability, the WEF nexus analysis was only 

ade from three industries. Rough classification makes it diffi- 

ult to obtain more detailed sectoral WEF consumption invento- 

ies. Some sectors in the secondary industry with large WEF con- 

umption footprints cannot be conducted in-depth analysis (e.g., 

lectricity, steam, heat supply, electrical equipment, and construc- 

ion). Second, the IO tables of Guangdong, Hong Kong, and Macao 

ome from three databases. Uncertainties were artificially intro- 

uced when compiling the MRIO, which has an impact on the re- 

ults of interregional flows and footprint accounting. For example, 

he individual databases selected for this study are officially recog- 

ized and widely used in many studies, it is difficult to fully verify 

he consistency of the IO table since the way IOs are compiled. 

hird, water-related food (W-food) mainly refers to water quality 

ecline caused by food residues entering the water body. Energy- 

elated food (E-food) mainly refers to biofuels, such as biogas and 

iomass alcohol. As the corresponding consumption coefficient is 

ifficult to obtain, water-related food and energy-related food were 

ot considered in the WEF-related studies. The corresponding con- 

umption coefficient could be obtained by field survey in future 

esearch through the actual survey. 
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. Conclusions 

This study quantified the WEF nexus in Guangdong, Hong 

ong, and Macao by constructing an environmentally extended 

ulti-regional input-output model and realized the direct and 

exus-oriented consumption, as well as the quantification of inter- 

egional flows and WEF nexus footprints. Based on the results, 

hree main conclusions have been indicated by this paper. 

First, the dominant consumption in Guangdong, Hong Kong, and 

acao varied in all types of WEF footprints within their territo- 

ies. The delicacy management of food-related water and direct en- 

rgy footprints may be key nodes to solve the WEF resources con- 

traint conflicts, especially for consumption-oriented regions (i.e., 

ong Kong and Macao). More strict management measures of WEF 

esources should be formulated to avoid excessive waste. 

Second, Guangdong, Hong Kong, and Macao are highly shared 

EF resource communities. Hong Kong and Macao outsource huge 

EF nexus footprints by importing freshwater, electricity, and food 

rom Guangdong to satisfy the demand of local service industries. 

herefore, a cooperative framework for managing these footprints 

cross boundaries is required, and tertiary industry of Hong Kong 

nd Macao and secondary industry of Guangdong Province should 

hare the responsibility of reducing the WEF nexus footprints. 

Third, the vast gap in direct and nexus intensities implies that 

uangdong, Hong Kong, and Macao should make more effort s to 

anage nexus footprints. Developing water and energy conserva- 

ion infrastructure, promoting food saving promotion, developing 

ea-rice technology, flushing toilets with seawater, and developing 

enewable energy are options to reduce the impact of nexus foot- 

rints intensities gap in Hong Kong and Macao. 

This study could provide the following lessons for further re- 

earch in other regions (e.g., China, Asia, and European Union). 

irst, promoting coherence and coordination in WEF resources 

nd implementing SDGs 2, 6, and 7 requires a clear, comprehen- 

ive, and integrative accounting framework that explores the WEF 

exus. Our research can provide the basis for other areas based 
ig. A1. The framework process of the multi-regional input-output table. Note: G: Guangd

: total input/output. 

197 
n direct and nexus-oriented WEF footprints. Second, the resource 

onsumption embodied in inter-regional trade is important for 

anaging the WEF resource. The EE-MRIO could reveal this com- 

lex relationship and provide support for multi-regional coopera- 

ion. Third, footprint accounting is an important index for measur- 

ng the consumption level of WEF resources in a region. TEA and 

BF footprints can be used as vital parameters to reveal the rela- 

ionship between WEF utilization and SDGs in other regions. 
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Table A1 

Aggregated original sectors of the input-output table for Guangdong. 

Aggregated sectors Original sectors in Guangdong Original sectors number 

Primary Industry (PI) Agriculture, forestry, animal husbandry and fishery G1 

Secondary Industry (SI) Coal mining and dressing G2 

Petroleum and natural gas extraction G3 

Metal ore mining G4 

Non-metal minerals mining G5 

Manufacture of food products and tobacco processing G6 

Textiles G7 

Wearing apparel, leather, fur, down and related products G8 

Sawmills and furniture G9 

Paper and products, printing and record medium reproduction G10 

Petroleum processing, coking and nuclear fuel processing G11 

Chemical industry G12 

Nonmetallic mineral products G13 

Metal smelting and pressing G14 

Metal products G15 

General purpose machinery G16 

Special purpose machinery G17 

Transport equipment G18 

Electric equipment and machinery G19 

Electronic and telecommunication equipment G20 

Instruments, meters, cultural and office machinery G21 

Art ware and other manufacturing products G22 

Scrap and waste G23 

Metal products, machinery and equipment repair services G24 

Electricity, stem and hot water production and supply G25 

Gas production and supply G26 

Water production and supply G27 

Construction G28 

Tertiary Industry (TI) Wholesale and retail trade services G29 

Transport, storage and post services G30 

Accommodation and food serving services G31 

Telecommunication, computer services and software G32 

Finance and insurance G33 

Real estate G34 

Rental and business services G35 

Scientific research G36 

Water resources, environment and public facilities management G37 

Residential services and other social services G38 

Educational services G39 

Health, social security and welfare G40 

Cultural, sporting and recreational services G41 

Public management and social organization G42 

Table A2 

Aggregated original sectors of the input-output table for Hong Kong. 

Aggregated sectors Original sectors in Hong Kong Original sectors number 

Primary Industry (PI) Agriculture, forestry and fishing H1 

Secondary Industry (SI) Mining and extraction of energy producing products H2 

Mining and quarrying of non-energy producing products H3 

Mining support service activities H4 

Food products, beverages and tobacco H5 

Textiles, wearing apparel, leather and related products H6 

Wood and of products of wood and cork (except furniture) H7 

Paper products and printing H8 

Coke and refined petroleum products H9 

Chemicals and pharmaceutical products H10 

Rubber and plastics products H11 

Other non-metallic mineral products H12 

Manufacture of basic metals H13 

Fabricated metal products, except machinery and equipment H14 

Computer, electronic and optical products H15 

Electrical equipment H16 

Machinery and equipment N.E.C. H17 

Motor vehicles, trailers and semi-trailers H18 

Other transport equipment H19 

Other manufacturing; repair and installation of machinery and equipment H20 

Electricity, gas, water supply, sewerage, waste and remediation services H21 

Construction H22 

Tertiary Industry (TI) Wholesale and retail trade; repair of motor vehicles H23 

Transportation and storage H24 

Accommodation and food services H25 

Publishing, audiovisual and broadcasting activities H26 

Telecommunications H27 

IT and other information services H28 

Financial and insurance activities H29 

Real estate activities H30 

Other business sector services H31 

Public administration and defense; compulsory social security H32 

Education H33 

Human health and social work H34 

Arts, entertainment, recreation and other service activities H35 

Private households with employed persons H36 

198 
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Table A3 

Aggregated original sectors of the input-output table for Macao. 

Aggregated sectors Original sectors in Macao Original sectors number 

Primary Industry (PI) Agriculture M1 

Fishing M2 

Secondary Industry (SI) Mining and quarrying M3 

Food & beverages M4 

Textiles and wearing apparel M5 

Wood and paper M6 

Petroleum, chemical and non-metallic mineral products M7 

Metal products M8 

Electrical and machinery M9 

Transport equipment M10 

Other manufacturing M11 

Recycling M12 

Electricity, gas and water M13 

Construction M14 

Tertiary Industry (TI) Maintenance and repair M15 

Wholesale trade M16 

Retail trade M17 

Hotels and restaurants M18 

Transport M19 

Post and telecommunications M20 

Financial intermediation and business activities M21 

Public administration M22 

Education, health and other services M23 

Private households M24 

Others M25 

Re -export & re-import M26 

R
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