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Abstract; The water footprint ( WF) links the consumption of physical water with virtual water and can truly reflect the
spatial differences of water use. In this paper, we used the bottom-up method to calculate the WF and the WF per capita at
the city and district/ county levels from 2000 to 2014 in the Beijing-Tianjin-Hebei region ( BTHR). Besides, the temporal
and spatial variation characteristics of the WF were analyzed. The results showed that: (1) at the city level, the WF and
WF per capita in Beijing were the highest, followed by Tianjin. The WF and WF per capita in Shijiazhuang were relatively
high, while they were relatively low in Hengshui. The average WF of the BTHR at the city level increased from 3.588 billion
m? in 2000 to 5.082 billion m® in 2014, with the largest increase in Tianjin and Beijing. (2) At the district/county level

the WF and WF per capita of Beijing's six core districts were the highest, followed by Beijing's other districts, Tianjin's six
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core districts, and the Binhai New District. Besides, the WF and WF per capita of the core districts of Shijiazhuang were
relatively high. The WF and WF per capita of the counties located in the Yanshan Mountains in the north and Taihang
Mountains in the west, and Hengshui were the lowest. The average WF of the counties/districts in the BTHR increased from
230 million m® in 2000 to 316 million m® in 2014. The municipal districts of Beijing had the fastest growth in WF | followed
by Tianjin. (3) The composition proportion of the WF in the BTHR from high to low was virtual water consumption,
domestic water consumption, and ecological water consumption. The consumption of virtual water accounted for about 90%
of the WF. The proportion of ecological water consumption and WF in the BTHR has generally increased, and its proportion
in Beijing was higher than that of Tianjin or Hebei. The WF of the BTHR was calculated and the characteristics of its spatial
and temporal variations were analyzed in this paper, which aimed to provide a reference and basis for studying the coercive

effects of urbanization on water resources in the BTHR.
Key Words: water footprint; spatial and temporal characteristics; Beijing-Tianjin-Hebei; county
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Table 1 Virtual water content of the main crops in the Beijing-Tianjin-Hebei region

44T Province/ municipality /NFZ Wheat 7K F& Rice TR Fruit B3 Vegetable
dent 1.23 1.4 0.58 0.38
KA 1.25 1.19 0.48 0.35
L 1.38 1.56 0.68 0.56
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Table 2 Virtual water content of the main animal products in the Beijing-Tianjin-Hebei region
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Animal product Pork Mutton Beef Poultry meat Egg Milk Aquatic product
BB IK S

3.6 19.98 18.1 3.5 9.65 2.2 5.1
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Table 3 Number of permanent population and county administrative units of the Beijing-Tianjin-Hebei region in 2014

L LEYNIVIIPN Jrk B ST R A HHENE/ TN JrE R oA

it Number of ¢ ber of st Number of é Numt f
City umber of permanent Number of county City umber of permanent umber of county

population ( X10*people) administrative units population ( x10*people) administrative units
=[A-N) 2152 16 PrsE i 1185 24
PN 1517 16 [ 4=k 469 17
AR 1060 23 ARIE T 381 11
JE L 736 14 T 757 16
ZFE 289 7 JERL T 444 10
ISR T 1015 19 K i 438 11
yjis=ari 753 19 B 11196 203

4 FEHERE
Table 4 Data sources
B EZEA Data type FHE SRR Data source BE R E Data scale
WA £ MR DR Population of permanent residents of urban B E WA RSP RE 5587 RS T 220 e WY X B%%
and rural areas S5 AR GRS T E S AR A
W oM ERFEE M AN ey
i ) . . B

Per capita annual consumption of main food of urban and rural residents
H: 1 F7K & Domestic water consumption IR R niE3

HEASIREE HIZK A Ecological and environmental water consumption
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TUEELM X 13 AN 2000—2014 4F A XK R anE 3 fras . JERUHT AR K R i B e, 2000—2014 45
NI AEE A 814.92 m*/ N, REMIRZ , FHAFEK LB K 683.90 m*/ N, AFKIEN ZEEBTHFHA
PO A A i, B T 500 m*/ N KT I T NI AKOR 78 A X A AR, H R A K T NS8O S T

450 m’/ N,
'| N
A

=l 51 = 51

2000—20024EF- 7K 2 88/ 4Zm? 200320054 F- 347K S 28 / 4Zm?

= 13.55-20.00 == 40.00—50.00 = 14.04—20.00 == 40.00—50.00

= 20.00—30.00 == 50.00—80.00 = 20.00—30.00 == 50.00—80.00
30.00—40.00 == 80.00—113.78 30.00—40.00 == 80.00—124.36

e — |
P 451 P 5] &1 451
2006—20084F 247K S i/ {Zm? 2009—201 14EFH)K 2 88/ 4Zm? 2012201445 34K S 388 / AZm?
= 14.15—20.00 == 40.00—50.00 = 14.52—20.00 == 40.00—50.00 = 1532—20.00 == 40.00—50.00
= 20.00—30.00 = 50.00—80.00 = 20.00—30.00 = 50.00—80.00 = 20.00—30.00 = 50.00—80.00
30.00—40.00 ™= 80.00—132.09 30.00—40.00 == 80.00—153.92 30.00—40.00 = 80.00—170.79

B2 FEHETR 20002014 F KBk
Fig.2 Water footprint of the Beijing-Tianjin-Hebei cities from 2000 to 2014
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FURFL X 2000—2014 KR IBEE R YT 4) A0t iR XK R 78 SR w30 BH DA 347K R 8 38
26.38 /¢ m® (i JE UL IX B —  HUORIBE X KRl 24.87 4 m* . REEHTATRE XK R I TAb 52
5 X T X AE K R R4 12.05 42 m® A Ji R HiRE X AR —  ZER A0 el X B s T AR K
SRR, 5.43 42 m*, GFERFHELL L XS PEFERAT L XX Bl N R A A HOE AR KT I,
B KR A XA, Wk R O REE TG AT TR X E . kR O T R A XK R S R I, AR YK R
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200020024 34 N7k s/ (m?/ N) 2003—20054E 44 AR 27/ (m3/ \)
1 432.32—450.00 == 600.00—700.00 1 439.48—450.00 1 600.00—700.00
= 450.00—500.00 == 700.00—819.20 = 450.00—500.00 == 700.00—832.51
500.00—600.00 500.00—600.00

1451 [E1451] P&l 45i]

2006—20084EF-34 AF47K S 38/ (m3/ N) 2009—201 142334 AH7K S 38/ (m3/ N) 2012—20144 3 AR 38/ (m3/ N)

= 442.71—450.00 == 600.00—700.00 = 442.10—450.00 == 600.00—700.00 = 472.05—450.00 = 600.00—700.00

= 450.00—500.00 == 700.00—808.30 = 450.00—500.00 == 700.00—806.17 = 450.00—500.00 == 700.00—808.44
500.00—600.00 500.00—600.00 500.00—600.00

B3 REFETR 20002014 £ AHk BT
Fig.3 Water footprint per capita of the Beijing-Tianjin-Hebei cities from 2000 to 2014

104 0.36 12 m*, /KT % X BRI BEAR, ZERTE _E,2000—2014 4F ) B F N S READE R 1
BRI, S X LK 0 A R B 34, 203 A X BSR4 KO 2000 4R 2.30 12 m® 354K 2014 4R
(1 3.16 42 m® , Herpr b s i XK R S 4 e SR R, Rk 2 (B 5)

FUHBE X B 2000—2014 4F A KR 45 LW (& 6) , AL BT TS X (AR va 3k I fH e . E 6

Sl ) AR T8 7E U X B g g, A3 AR TR R AT 860 m®/ N b Al v A DX R

IS X (P B 0l TR TP ZOA X)) T XK Rk 2, 8 T 700 m/ N, AREE
X IR AR XS 5, 3478 T 600 m*/ N, HRHE T & PR B 1l DX X BB S AR A, 7K
T rE X BB K R I, BT 450 m*/ A,
2.3 K RIS RYLH A BT

UNAGSCHTAR , 7K 308 3 R A 36 K R R 2 RN A 25 R B K AL AR, He o KT 9% A0 45 4% 7= iy Al
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2000—20024E 37K & 38 /AZm? 2003—20054F 37K /& id/{Zm?
0.36—1.00 = 3.00—5.00 0.38—1.00 = 3.00—5.00

= 1.00—2.00 = 5.00—10.00 = 1.00—2.00 = 5.00—10.00
2.00—3.00 = 10.00—21.06 2.00—3.00 = 10.00—23.83

4 4

0 160km

P P& 4 & 41

2006—20084E -3 7K J 335/4Zm? 2009—201 AEF-HKBBAZmM® 2012201445 F-HI7K & id/fZm?

= 0.36—1.00 = 3.00—5.00 = 0.35—1.00 = 3.00—5.00 = 036—1.00 = 3.00—5.00

= 1.00—2.00 = 5.00—10.00 = 1.00—2.00 = 5.00—10.00 = 1.00—2.00 = 500—10.00
2.00—3.00 = 10.00—25.75 2.00—3.00 = 10.00—29.12 2.00—3.00 = 10.00—34.49

4 FEERXE 20002014 FK Bl
Fig.4 Water footprint of the Beijing-Tianjin-Hebei counties from 2000 to 2014

S A REAKIA B . AR SCLL 2014 494, 70 AT UHRESE 13 Ik R i S5 A 2R (181 7) o S5 R,
SRR DX K AL 38 B LA LG B MBI/ IR U T 9% M FUL K Bt A= 3% HIK B AAR 2SR K B TH 2 AR B
235 KRB 90% 31X 5 EHEBH B SRETS THR 0 UK 9 T o KR 8 Y B — B0, E R DK 9%
H BRAE R R A A ZR 5 S B S K AL KT LGB T I B AR B K ALK A R
TH RIS 7= dh HEAUK HE B AR T4 B RUK 505 Z 45F

A S IR KB RE S e — 3l st DX AR Sl I S I R B . ASCHHE T 2000—2014 4F
HUHESE = T A S IR AR T 5 2% F A AR I L] (181 8) o 25 2RI, AU at i AR A5 ER B K BT ok 7K A Y
P TR AT AL (RIS, SO HES A R PRE HIK BT o 7K A 38 B 1) A 52 B ) 4, 3 W] i 3
DX AR S PR R AP O AR AN BEAAT BTN, AE U B et 8 fe e, Rz, Horp sty AR S BR B HIK
JIt o 7K 2 38 FEAE 2004 4F 3] 2008 ARSI i T HABAE 0y, IR RUR AU BT O T %545 2008 4R iz 2, it
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Bl 5 FEHER=AT 2000—2014 F£FHX EKEE
Fig.5 Average water footprint of the Beijing-Tianjin-Hebei counties from 2000 to 2014

— IR T XA SRR PR T,
3 e

(1) BUHES D DR BER K SR TR 20 U8R . mUTRS iy 4 XK R 50 | AN B 7K AL 308 49 12 3 6
fR A H ST BE A SRR AT BB e, SRR A0S K B A J 30 R B A s T S s DR [ /K B8 i e
LR IX 2 — ST B SRR F AR e 257 K BRI — F 2 A R 1 PR 3R, b A IR B K ¢
URERIRBE S . BAR A 2014 4RI K LT TR IE AGE KB 4T PR, sUE 3 XOR BEIR IR 115 8] T —E R
FOZEAR . (ELZ ] S Sy e 2 53 iC R K A B IR K B IR R — > B A PR, AR SOK R I R IF S IR, Wl o e
IKACTEZK BEIRTE AU S X A B BCAR BES 25 . X TR R AR HLAS /K DB AN AL A T A DXL 7t
FAZK ALK BRI, BT AL o fr b

(2) BUHBEI X 5 B4R R A A PR FHOK BT i L), it — 2 IR AR S IR BT JEE A 3t X A A5 3R 858 UK
JIt ok K S ) EE A1) B AR AE AN I BT FLRMATE SRR . L 2014 4R 4], U A 8BRS HIK BT i 7K R 38 91
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Fig.6 Water footprint per capita of the Beijing-Tianjin-Hebei counties from 2000 to 2014
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Fig.7 Structural components of the water footprint of the Beijing-Tianjin-Hebei cities in 2014
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