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Water scarcity assessment for oil development and utilization
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Abstract Oil is an important strategic resource for national security, but its development and utilization are restricted by water
resources at present. Some studies have measured the water resource use of oil development and utilization through water foot-
print and virtual water, but they cannot fully reflect the water resource vulnerability of oil development and utilization. Based on
the input-output analysis method and water resources pressure, this study develops the scarce water footprint assessment model
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and virtual scarce water trade estimation model. These models are used to analyze the consumption of scarce water resources and
the driving of virtual scarce water trade by regional oil development and utilization in China. The results show that incorporating
regional water resources pressure into water use assessment can better reflect the water resources constraints of China’s regional
oil development and utilization. For Ningxia Hui Autonomous Region, the amount of water resources used in oil development
and utilization is not large, but it faces serious water scarcity problems on account of water pressure. Especially, oil, coking
products, and nuclear fuel processing products of Ningxia Hui Autonomous Region are faced with greater pressure of water
shortage. To effectively mitigate the water resource vulnerability faced by the above regions in oil development and utilization, it
is necessary to identify and manage critical virtual scarce water flows at the regional and sectoral levels. From the results at the
regional level, it is necessary to focus on the transfer of virtual scarce water from net outflow areas of virtual scarce water such
as Xinjiang Uygur Autonomous Region and Heilongjiang Province to net inflow areas of virtual scarce water such as Zhejiang
Province and Liaoning Province in oil development and utilization. From the sector-level results, there is a need to focus on the
diversion of virtual scarce water from the energy sector and agriculture to oil, coking, and nuclear fuel processing products. To
effectively alleviate the pressure of water resources in oil development and utilization, this study calls for the establishment of an
efficient and collaborative water resources management mechanism, and the inclusion of water scarcity as a core consideration in
regional oil development and utilization strategic planning. At the same time, strengthen the cross-sectoral cooperation between
the energy sector and the water resources management sector, scientifically plan the layout and scale of exploitation, and ensure
that oil development activities do not harm water resources security. In addition, the sustainable development and utilization
of China’s oil resources are promoted through regional allocation of virtual scarce water, the promotion of water-saving and

recycling technology of water resources.
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Fig. 1 The analysis frame diagram of this study
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Fig. 2 Water scarcity footprint and water footprint of regional oil development and utilization in China
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SF51R 0.09 /Z2m*. 0.07 /Zm® F10.03 {Zm?, 3 X
ot IR SR I 2 o5 WA SN K 2 3 Y
55.93% X =43 HE B SR K I AS AR il 2 WV
A TF R AHAREZE, i HLAE XA i & A
UK Bl M A koK i e i HE A 5 — . S AR L.
Gh, XETFAMBIREOK R B HEA S i T A, AT
FE % R FH 3R 2 i 5 400 RR Bk £ 2 SR e T TR
BB R FIR XA, A8 0.06 /m,
0.04 1Zm® F110.03 fZm?’, 3 4~IX Ik Bk U Bl K 7
AL 1T TN EOK B 53.07%, FETE X
S5 9 T ) FH K Bl R LR SR K 3 v a3 HE 44 5 =
R,

XF AN XK B RUK T E, T EA X
AN R B HEA AT, WL L T4 AR T
KR IR B 1 SN AR AT SR R, 439

057 A2m’, 042 fZm®s SR, FARG BT XA
TR FI FHEK B (04 UK AR A — 2 X XF L
BWAMIEERANE, BIRITE . ILRE A
SEFE UK, 43510 0.15 42m*, 0.10 /4 m® Fl
0.06 f¢.m’ 3 AR R IR HUK I A 24 5 WA s
TR K R 1Y 52.79%, A T [ DX 3T 2 ) 3K 3
EROK T HEA 5 — . SRS, XTI TA
M RS, R TLA RS R FR X
S FER AR, 435124 0.12 {Zm*. 0.06 {Cm’.
P X3 BT UK A S 24 o 307 4 AR K A
44.11%, e [ DX T & R BR300 K o H 4y
SHEAEE . BB mrbnT L, R UK R R UL ik
X IRE BN A R B — 25, MR B 45 2R
WA K BRI A S Fr e, AT DU A & 1200
U1 i 7K VR 7 18 O e IX ek ) 37 5



848 MBS 2024 4510 A 5 9 55 S
., . it
44.07% . .93% 0.5 55.89%
0.3 20.56%
pEipan jides 0.4 S Eiipan
«:E SMERIERIK BT RR SN TR BT R mE ’ SMBFRERAK BIRRE  SMNESRRERIK B SRIE
2 2
5 0.2 D'H 0.3
= £
& o
X &
o 0.2
[
N
0.1
0.1

WL T IH IR 8% TE ME X bE Uit
B35
(a) AHFF AT B I SM SRR K B3 AT+ X 35

I I OTH FTE IR KE W LE 9 K2
DX 35
(b) A I LTI B HISMER K BT AT+ X 45

B 5 HERIMARFAEIMIHERKEZEIMEKE TR+ EKIFIERL

Fig. 5 Top ten regions in the external scarce water footprint and external water footprint of oil development and utilization in China
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Fig. 6 Virtual scarce water use of each sector driven by regional oil development and utilization in China
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Table 1 Top ten regional sectors in virtual scarce water use and virtual water use driven by oil development and utilization in China

PP LA 3T AR FHAKE) 4 R AU ik Hh [ A T R PR Sl B4 R 0L K

iz = =

% KR ﬁi; 2% B ﬁiﬁ 41 /%
1 Bifg Al AR AAZOEDIn T8 1.20 14.88 T4 Al RS FAZAEDIN TS 0.49 4.59
2 VLA WL BRI 037 452  LifF AUl AR TS 039 3.68
30 Ry Wy BOTnsE AR 035 430  HrEE AIFERERARIER 0.33 3.08
4 TE AW, HESSAEHN TS 030 371 BRI A FIRARSIFR S 0.28 2.60
5 THE  AOM SRS 026 320 iLT  AIMFKRIASIR 0.26 2.39
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9  TH HERCREE 0.15 1.86  BIJeiL ARbRHCn ™ SRS 0.22 2.02
10 VLR AOMRBatn™ S AR S 0.14 179 ILZR AR SRS 0.21 1.95
*2 HERXEABTLZNARIHER BT E B R EBKR

Table 2 Top ten virtual scarce water flows and virtual scarce water flows driven by regional oil development and utilization in China
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