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Evaluation of karst water resources carrying capacity
of Xin’an spring basin based on DPSIR model

ZHANG Yunfei, GAO Xubo* . WANG Qian

(School of Environmental Studies,China University of Geosciences (Wuhan) , Wuhan 430070, China)

Abstract : [Objective] The "driving force-pressure-state-impact-response" (DPSIR) model has been widely used in various fields.,
such as sustainable development, soil and water resources and environmental management science. It has become an effective tool to
evaluate the degree of coordinated development in social economy and ecological environments. However, few indicators can
effectively reflect the capacity of local departments to regulate and store water resources,especially in areas where water quality and
water distribution differ greatly. Therefore, it is necessary to optimize the response layer indicators of the model. [ Methods] In the
process of index selection and weight calculation, and based on the characteristics of the study area, the index for water supply
coverage of large and medium-sized reservoirs is added to the response layer to reflect the water resource regulation and storage
capacity of local departments. At the same time.,in evaluating the water supply coverage of large and medium-sized reservoirs, both
horizontal and vertical dimensions are comprehensively considered. [ Results] By using Geographic Information System (GIS)
technology, the evaluation results of the horizontal and vertical dimensions are combined in the DPSIR model to ensure that the final
evaluation results of the water supply coverage of large and medium-sized reservoirs better align with the actual situation. This
effectively reflects the range of water supply that each large and medium-sized reservoir can cover and the difficulty of water supply

in different areas within the range of water supply. The evaluation results show that areas with higher elevations have lower
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evaluation scores even if they are close to the reservoir, while areas with lower elevations have relatively high evaluation scores even
if they are far from the reservoir, which is consistent with reality. Such scientific and reasonable evaluation results directly reflect the
ability of relevant management departments in the study area to regulate and store water resources,and they also make the final
comprehensive evaluation results more accurately reflect the bearing capacity of karst water resources in the study area. [ Conclusion ]
The evaluation method combining horizontal and vertical dimensions can accurately reflect the actual situation of water supply
coverage of large and medium-sized reservoirs,and the evaluation results are scientific and reasonable. Furthermore, introducing the
indicator of "water supply coverage of large and medium-sized reservoirs" can better reflect the capacity of relevant local management
departments for water resource regulation and storage, thereby improving the evaluation index system. In addition, the evaluation
method for " water supply coverage of large and medium-sized reservoirs" in this study can also be applied to evaluating other
indicators with similar properties. Finally,due to incomplete data collection and other limitations, this study failed to include the water
supply coverage area of reservoirs outside the scope of small reservoirs and springs into the evaluation system. Including these data in
future studies would lead to more accurate evaluation results.

Keywords: driving force-pressure-state-impact-response ( DPSIR) model; regulation and storage capacity; large and medium-sized

reservoirs; water supply coverage; Geographic Information System
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Fig. 1 Xin'an spring basin and administrative divisions
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Fig. 2 Model of evaluation indicator system
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Tab.1 1-9 scale method
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Tab. 2 Standard values of average random consistency indicators
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Tab. 3 Indicator weights of analytical hierarchy process
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Tab. 4 Classification criteria for the levels of each indicator
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Tab. 5 Basic information of large and medium-sized reservoirs
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Fig. 4 Results of horizontal dimension evaluation for each reservoir
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Fig. 5 Results of vertical dimension evaluation for each reservoir

PR 3 2673 W DI RE - 45 % 7K e Ao v il
XHIFTE DX s AR A7 E Ak B S8 J A% K 2 1K
781 i 90 LAY 2 48 BE DAY i R I AS 8 i 2 BE s
IV A RN 4R BE B P 45 R IR AT B b B
P AT IX O F 2R K e Rk K 7 o5 Y TR 8 A 45 2R
6 .

3 fEFRT

22 SRS AL A | 2 S LI AT T K B ROR
AR BRI BB T T P40 (9 LAl 328 B
K GEIR A R A8 AL B IR 3 1 38 AR BN 8 bR A 22
{f?ﬁ%?aﬁﬁ}_%iﬁfﬂﬁl?ﬂ: T LRI R K B
TER BT AR Bm 0 2 T B 0 2052 ) 45 46 s TN
R AR HE R R AT 0 5 Ehﬁh,%%,n A I %K bt
DX 45 T AH S BOR 5 DAL AF R A58 b 58 iU B0 8 4b 78, X
SR K G IROR BT PR 15 A AR 2R Hpal T
TEARIEAT & BRI,

v, 5550 T BT R R AR O 1Y S T K N 3
iﬁ%%ﬂﬁ(ﬁﬁfﬁkﬁ%é@ﬁ/\%ﬂﬁiﬁa‘i%ﬂﬁﬁﬂﬂ@ﬁ
T, 1 5 5 T 05T IX K SOl B 25 A I 255 23 1T

http: / jxmu. xmu. edu. cn

N

A

C——
0 10 20 30 40km

(R eub s
RIS

.
I 1

2%
N v
[ NP

K6 R ALK K B S
Fig. 6 Water supply coverage of large and mediumrsized reservoirs
3 3 A AR AL DX S TR b 2 R A 3 T R
SR =4S K E AL SRS MRS B S AR IX



o553 1 K7 €S LT DPSIR #E7Y (1425 22 SR 380 s /K 0% TR 1 P < 479 -

o R KRR MR, M AR I 5 245 RO R R BOEEAT nI R B IR B, 25 PP 4 03 (14
PR T I FE RS BB R CA R A ROK SHIRE R BRI AR B ansk 6 .

6 AIOAE MR IR EE A

Tab. 6 Data set of indicators for each evaluation year
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®ZH 2019  2.88 127. 44 49, 47 59. 00 87. 84 491. 00 78. 62 1. 00 57. 90 10. 09
2025  3.08 129. 14 41.18 59.79  94.99 779. 16 83.53 1.08 64. 02 8. 46
2030  3.26 130. 57 38. 27 60.45 101.74 1 144.83 88. 50 1.16 73. 50 5. 86
L 2019 1.82 130. 42 74. 27 0 93. 54 437.00 61.11 0. 80 24.19 5. 42
2025  2.50 133. 50 68. 48 0 101. 16 693. 46 71.42 0.95 29. 23 4.50
2030 3.09 136. 13 63. 65 0 108.34 1 018.93 76. 12 1.04 39. 16 3.09
FEE 2019 7.70 236. 43 33.77 474.00  88.86 505. 00 98. 72 2.33 98. 23 0. 22
2025 10.74 241. 09 29. 64 483.34  96.10 801.37  119.18 2.87 100. 00 0
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2030  1.87 149.86  143.34 56.60  86.90 58.29  147.93 2.22 31. 27 4.71
X 2019 4.85 230. 28 37.93 47.28  80.24 90.00  101.48 2. 34 31. 89 7.79
2025  6.88 233. 48 34. 28 47.94  86.78 142. 82 76. 21 1.78 37.73 6.53
2030  8.07 236. 19 31. 86 48.49  92.94 209. 85 58. 77 1. 39 48. 57 4,52
WX 2019 6.40 2 070.67 23.32  4895.90 128.01 419. 00 23. 67 4.90 24. 04 37. 57
2025  7.55 2 138.55 19.79  5056.38  138.44 664. 90 29. 61 6.35 29. 05 30. 84
2030  8.57 2 196.81 18.39  5194.13  148.27 976. 96 32. 34 7.14 35. 17 24. 67
WHEIX 2019 5.29 384. 35 49.11 2 358.02 75.78 50. 40 55.78 2. 14 77.33 12. 87
2025  5.70 393. 66 37.63  2415.13  81.95 79. 98 69. 37 2.73 81.53 10. 68
2030 6. 37 401. 59 34.97 2463.78  87.77 117. 51 75. 35 3.03 87. 31 7.33
SERE 2019 1.53 99. 66 67. 45 47.28  116.65 50.00  408.58 4.07 100. 00 0
2025  1.64 99. 40 60. 20 47.15  126.15 79.34  348.10 3. 46 100. 00 0
2030  1.76 99.17 55. 96 47.05  135.11 116.58  304.06 3.02 100. 00 0
KFH 2019  4.76 354. 96 36. 31 389.00  72.30 201. 00 47,74 1. 69 100. 00 0
2025  6.74 367.07 30. 84 402.27  78.19 318. 96 40. 85 1. 50 100. 00 0
2030  8.36 377. 47 28. 66 413.67  83.74 468. 66 36. 27 1.37 100. 00 0
FAEIX 2019 6.20 722.05 21.30  1134.40  79.00 224. 40 33. 44 2.41 61. 04 16. 43
2025 7.50 739. 50 15.81 1161.83  85.43 356. 09 32. 95 2. 46 66.97 13.53
2030  8.77 754. 38 14.70  1185.19  91.50 523. 22 33.17 2.54 72. 87 10. 85
WxRE 2019 1.80 298. 13 31. 69 517.78  69.00 17.00  119.16 3.55 34. 62 5. 65
2025 2.37 302. 85 27. 69 525.98  74.62 26.98  114.39 3. 46 39. 29 5. 00
2030  2.76 306. 85 25. 74 532.92  79.92 39.64  117.77 3.61 50. 21 3. 46
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Fig. 8 Spatial distribution of karst water resources carrying capacity
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Fig. 9 Variation trend of evaluation score of karst water resources carrying capacity in Xin'an spring basin
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