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Tab. 1 Forecast of secondary and tertiary industrial structure
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Tab. 2 Forecast of water use efficiency
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BLSLWRES A i
AT el AT &1 TRE el AT T3 TR
Pl A A FEL I A yN=Vi GDP/ Pl A P InAE N=V, GDP/
FH/K & /m? 7K /m? AN ¢t JH7KH#/m? JH7K & /m? DN {¢7t
AT /N 14. 2 118.1 903.7 5 862. 2 14. 2 139.0 763.5 5020. 3
AL 8.7 74.1 681.5 9 322.9 8.7 65.5 771.5 10 474. 3

M3 LA L BEE KGR ST R
DRI I ERH R A= 18 KPR B T RETS
SR T FAR AR AR T AL GDP 12 13 A 3 2

fE . FEATA/NEEASE T s e s i 7 ok 3
{EAAKE R 118. 1 m /INFEAT Ay 139. 0 m’ L 7K 3%
NI 903. 7 HANETEA LR 763.5 TN, FHA

KxKFR < 635



F20% B4 wmAE G AR BHECFEEI) 2022 4 8 A

BARAL AT et vk n] R R N O B EL B ik

/590.0 N,

2.2.5 ALHAKEREERELERE RN
REE SR F L PR Oy 1 A 0 AT R R

GDP B A K - FE T+ T3 i AH AT AR 20N 1 3

ARAEANTR] s et Ty vk AR AT AR D B b

T BRA 5 122 Al AR BN D B A AN S H R R e
TR At A o 7AW KA, = =
A ASRERS 5 A K S 1 B J5 ik B 25 A 3R
T Al 7K 98 20 I 2 B 3] I Ath 7™ (B e A ATl
AR PP 5 2350 Hh AT 2 3N 1 B0 B A ATl
HKaE, W3R 4.

R4 AMAFEAEHOTRBAORERENEITILAKE

Tab. 4 Water consumption by industry in both methods P A2 mB

[ &ii e AT Iy i
7?&7](%7— N e N a2 = N - S 9 =
AT /N 4. 04 61.43 6. 30 0.11 1. 39 73.27 3. 47 63. 21 5.32 0. 10 1.17 73.27
FHARFAL 4.15 61.43 5. 45 0. 08 2.16 73.27 4.65 59.91 6. 15 0. 09 2. 44 73.27

A T7 5 P A A K R R 5 A 38 e 2
AL AL » AT/ NKE AR 63. 2142 s
1 TERIE PR VK 61. 43 42 m?® . TRk T7
LA RS BRARAH ) R A1 B BUAR A F K 9
AR KA D = = K IR 2R S TR B R
B AR GDP 5 H B T A J5 61
HAYER . AR R  BUA A e 4
AV K 59. 91 42 m? /T BUARAO K 4
ERELNHIKEARL B 7R m i = =
Benl AR GDP M B R e ikt J5 47
HERFELRAO K, =P KR ST
PASCHENSY GDP (3K Pt n] R 2 H R0 R
V. 28 BTk BUA J7 ik s A OIL K ROR B 1
LKA L B 25 5 B S PR D B R A
8 SCHE AT AEAY K SR 753 AT R0 DR B A R AL 5 T e
PEIT T 3 A PR RO PR 2505 T B /K BE IR 20K
DU+ 48 7R K G PSS 58 19 10 5 A P X 2 K B
TRECARBL I o

RIS o

AR T AR T3 2K (10D o m] 1 FH /K 8%
B W, — BN A AR TS K E ST Es A R
E s F B R R AR K R WL A GDP
Voo LR =0 M IR Cu A S22 iGE 1 PR 8
Ut 3 T PR AR5 A /K G AR B RE T A5
3.1 AL LAK

TR AR R K B AT
AR A2 BEE AR BOKR E . 52bs 1
FEARMV RIBL B A 7 HARREA A5 L Bl R K
RORSRTHAON T K 2338 28 98 /0 -5 7 B T 3 1)
T AT DR R AR T . BRI I A A R
b /K G 7R ERBE TR 1k A PR SR SRR

+ 636 ¢+ KX KK R

PR IR T B 7K R Je 1) A B B P 4R R AR K
ANV TRl & RIS R S 3 DX I e Jo et S Py %
B o AR UK U R T A XK R
FE ARG 6. 07 J7 ho JE4H % 1.33 7 hm' s 3
WOk CT I A6 XA AT K E S BT )
CT IR L& 02020020 5 5 7K e i FRE 0E A 2
15 750 m® /hm?* , FEIE /K A FH R B0 0. 55, B AS H
AT B A K BRI > 13,6 4¢ m? . Rt B
P 17K H 61. 43 42 m® ¥ 5] 980 % 47. 83 /¢ m?,
FAREAKCE T AR SE S GDP 22 4L WA 3, 7]
U, T AR i R GDP B b FH K /0 34 5
HL FTHESE . SFTFRARBALACE 2540l K&
Hy 61. 4342 m® Wi/ & 47. 8342 m® G/ 22.1%) X
AT AR 5 6815 7 AN EE 1 488. 9 A
(80 118%) ,GDP | 9 322. 9 fZICH4K %19 769. 5/2,
JEAE K 112%) A H3IEE T GDP 1,

HIEAXAOFAD P WV, .C. EuTE
e HRBIK T Y (E BRI RT R H 5 GDP #
(W, —W.») RIEC R Wbl K& W,
AW =l AR K R AR AT AR ER
FIF GDP 2k 7t
3.2 AEAY GDP

T HSR Y GDP A2 4656 X 38 AT 2K £ GDP,
N B 052, A4 GDP % 8 50 % 1% 5h70
Fil s A THI /N AR A AR AL AR Ak Rl 430 02 3.3 T
J6~9.9 F1IC.6. 9 FHIT~20. 7 1 JC . & K # K F-1Y
AR M5 GDP B3 GDP 39878 16 WL 1&]
A, HHIE 4 TR X AT AR N H B GDP Jt 5
SRR 1R E GDP & I, 3T IEA
FRACTKT- s X3 0] 7 R N i iy 1024, 5 5 A
/L] 510. 6 5\, Al & E GDP | 6 880. 3 {2 cH4 N
10 666. 9 127G,



T 2 KB R RR AT RARG S = B KN T %

3 RIUAKESHAFADGDP BHXF

Fig. 3 Charts of the relationship between agricultural water use,bearable population and GDP
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Fig. 5 Charts of the relationship between water use efficiency and bearable population and GDP
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Improved three-level water resources carrying capacity method
based on classification of water use efficiency
YOU Jinjun', CAI Luyao' , LIN Pengfei' , WANG Yanbing® , XIE Jigiang'
(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin ,China Institute of
Water Resources and Hydropower Research , Beijing 100038, China;2. Ningxia Hui Autonomous
Region Water Conservancy Dispatching Center ,Yinchuan 750010, China)
Abstract: Current three-level water resources carrying capacity analysis method is not accurate enough to calculate the compre-
hensive water use efficiency,which is greatly affected by agriculture due to its high-proportion of water use and low water use
efficiency. It is difficult to truly reflect the water use efficiency changes of other high-efficiency industries. Under such mode of
analysis, It is highly possible that water for agriculture is occupied by other industries, which is not in line with the principle of
" water dominates land " and relevant policies for food safety. Therefore, in order to guarantee agricultural water demand and
more accurately describe the water use efficiency changes in light of the characteristics of regional industries,agricultural water
demand is analyzed separately, thus the bearable economic scale is figured out by water consumption per unit added value of sec-
ondary and tertiary industries and the available water resources with deduction of agricultural water demand. Further derivation
of the calculation formula simplifies the calculation process, eliminates the need for checking and iterative calculation, and im-
proves the accuracy of results. Through the formula and adjustment of parameters, the influence of regional industrial character-
istics on carrying capacity can be reflected more accurately.

In the case study of Ningxia Hui Autonomous Region, which has a high proportion of agricultural water consumption, the
water use efficiency and industrial proportion were confirmed for calculation of water carrying capacity by two carrying levels of
comprehensive well-off society and basic modernization. The population and economic scale that regional water resources can
support in different carrying levels were calculated by the original method and improved method respectively. The results
showed that the bearable population decreased by the improved method, while basically remained unchanged by the original
method. The reason was that the agricultural water demand did not change in the calculation of the improved method, while the
original method reduced the agricultural water consumption with the improvement of comprehensive efficiency, transferred it to
other industries with higher added value,and improved the carrying economic scale and population. However, it brought about
the problem of whether the agricultural water could be effectively guaranteed. The results showed that the agricultural water
use efficiency changed with the overall economic levels and lacked of mechanism of decision-making conditions in the original
three-level analysis method. The improved method could take the impact of the change of agricultural water use into account,
adapt to the analysis and calculation under the rigid constraints of water resources and the principle of "water dominates devel-
opment ", It proved that the impact of agricultural water on bearing capacity was more accurate and the result was more reason-
able, through the comparison of different boundary of agricultural water demand.

The formula for directly solving the regional bearable population was deduced to avoid the iteration calculation. Effect of
the major factors on water carrying capacity of this method was figured out by adjusting the three variables of agricultural water
consumption, GDP per capita and industrial water efficiency. When the agricultural water withholding was gradually reduced,
the carrying population and GDP showed a straight increasing trend. When GDP per capita increased gradually, the regional car-
rying population decreased, while the carrying GDP increased. When the comprehensive water efficiency of the secondary and
tertiary industries was gradually improved, the regional carrying population and GDP showed an exponential upward trend. The
analysis shows that in order to achieve the planned population target and living standard, it is necessary to reduce agricultural
water consumption and improve the water efficiency of secondary and tertiary industries under the condition of rapid growth of
per capita GDP. If agricultural water consumption and water efficiency of secondary and tertiary industries are limited, economic
development speed should be limited.

Key words: water resources carrying capacity; three-level analysis; water use efficiency; Ningxia
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