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Analysis of blue and green water scarcity based on SWAT model in the Tumen

River Basin
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Abstract: With the rapid economic development, the amount of water used for industry and agriculture has significantly
increased, most rivers were blind developed and affected the sustainable utilization of water resources. This study quantified
water resources from the perspective of blue and green water. The Soil and Water Assessment Tool (SWAT) model was used
to simulate the natural runoff in the Tumen River Basin from 2015 to 2020, quantitatively analyzed the change trend of blue
water and green water resources at different time scales, and discussed the balance of water supply and demand in the study
area. The results showed that the blue and green water resources of the Tumen River Basin presented significantly seasonal
characteristics from 2015 to 2020. The average annual amount of blue and green water resources was 11.716 billion m®. The
blue and green water resources of the study river basin from 2015 to 2020 were 3.014 billion m’/a and 8.702 billion m*/a,
respectively. The study area had different degrees of water scarcities in different time scales. At the annual scale, the supply

and demand index of blue water resource was greater than 1, which indicated the supply of blue water basically could not
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satisfy the demand. The imbalance degree of supply and demand of blue water resource was evident in less precipitation
years. In contrast, the balance of supply and demand of green water resource was relatively stable, the index concentrated
between 0.1 and 0.2. At the monthly scale, the blue water supply and demand balance index put up high frequency of
extreme value, illustrated there was an imbalance appearance between the blue water supply and demand in this region.
Especially the blue water availability in annual July to August had the maximum values. However, the blue water withdrawal
intensively distributed in the crop growth period, there had a time mismatch between the supply and demand of blue water
in the river basin. Moreover, the ecological water was neglected in actual water resources allocation. The monthly green
water supply and demand index concentrated between 0.1 and 0.4, with prominently seasonal variation characteristics.

Overall, the balance between the supply and demand of green water resource was relatively safe.

Key Words: water resource; supply and demand assessment; blue and green water; SWAT model; ecological water use;

water conservation
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Table 2  Results of the sensitivity analysis and parameters calibration for blue and green water in the river basin

LB SRR IR IRAEE R
Physical significance Parameter name  Initial range Optimal value Sensitivity order
SCS #3122 %k SCS runoff curve number R_CN2 -0.50—0.50 0.28 1
K Average slope length/m V_SLSUBBSN 10—150 61.65 2
I o FT Baseflow alpha factor/ (1/d) V_ALPHA_BF 0—1 0.58 3
IR 1% 5 25 Soil saturated hydraulic conductivity/ (mm/h) R_SOL_K 0—1 0.01 4
RIZH T KRR

Threshold depth of water in the shallow aquifer required for return V_GWQMN 0—5000 1460.35 5

flow to occur/mm

L FE AL A JE I ] Surface runoff lag time/h V_SURLAG 0.05—24 10.03 6

1R 7K 7€ K 2B Groundwater “revap” coefficient V_GW_REVAP  0.02—0.20 0.15 7

AT 7] ES

](Ejffelzlijizj}fiiifiunductivity in the main channel/( mm/h) V_CH_K2 0.01—500 163.97 8
FHEA MK Soil available water storage capacity/ (mm/mm soil)  R_SOL_AWC 0—1 0.42 9

FH WY R K AMZ R EL Plant uptake compensation factor V_EPCO 0—1 0.33 10

- 3EFE R M Z B Soil evaporation compensation factor V_ESCO 0—1 0.23 11
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iR K ZER B [E] Groundwater delay time/d V_GW_DELAY  0—500 190.84 13
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Fig.3 The yearly and monthly trend of blue and green water resources and precipitation from 2015 to 2020 in the study area
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Fig.5 Assessment of monthly blue water supply and demand balance in the study area from 2015 to 2020
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Fig.6 Assessment of monthly green water supply and demand balance in the study area from 2015 to 2020
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Fig.7 The river flow of Kaishantun and Nanping station in Tumen river middle basin
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