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Study on the river water rights confirmation and allocation based on watershed in county-level units
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Abstract: River water rights determination is an important measure for efficient use of water resources. Based on the Hydro30
high-precision global river network,and the county-level administrative unit of Qinghai Province as the basic confirmation unit
for water rights. The calculation and allocation method of the annual average runoff, the annual average ecological and
environmental water requirement, the water requirement forecast, and the control red line of the total water consumption were
proposed. For the first time, the river ecological and environmental water requirement were divided into the minimum river
ecological water demand and the river's suitable ecological environment water demand. The control red line of the total water
consumption at the county-level was determined using decomposition ratio method and water requirement adjustment method.

Based on the control red line of the total water consumption, future water requirement, the available river water resources and
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groundwater, the county-level water-taking rights were determined. The county-level river water-taking rights were determined

by respecting historical water use and current water use principles, ecological equity principles, fairness and efficiency principles,

sustainable use principles, and optimal allocation principles. For the confirmation unit that the river's self-produced water

quantity cannot meet the water demand, the confirmation unit could use the upstream transit water in the basin, but the upper

limit of water withdrawal was still the control red line of the total water consumption. The maximum and suitable river

water-taking rights of 46 allocation unit in Qinghai Province in 2020 and 2030 were obtained (for example, the river water rights

in Xining City). For the first time, river water-taking right was confirmed and allocated in county-level units, which can provide

reference for the determination of river water rights in other regions.

Key words: water rights confirmation; allocation; river; water resources; ecological and environmental water requirement;
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Fig. 1 Watershed division map of Qinghai Province
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Fig. 2 The distribution map of hydrological stations in Qinghai Province
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Fig. 3 Relationship between administrative area and watershed unit of water rights confirmation unit
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Fig. 4 Overview of the high-precision river network in Qinghai Province
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®1 BTH1956—2015 EEFEFHRRE

Tab. 1 The annual average runoff from 1956 to 2015 in Xining

_ AR EaE e AT B Z AR R /e m?
e km? AR BRI /{7 m? C, G,/C, 20% 50% 5% 95%
P iR 3055 6. 40 0. 26 3.00 7.65 6. 20 5. 24 4,20
L 2 440 3.31 0.33 3.00 4.18 3.13 2.45 1.79
IR 1492 2.02 0. 3.00 2.52 1.92 1.56 1.18
PTHX 344 0. 35 0. 26 3. 00 0.43 0. 34 0.29 0.23
it 7 331 12.08 0. 29 3.00 14.78 11.59 9.54 7.40
x2 BETH1956—2015 EEEEHESIMEETKE
Tab. 2 The annual average ecological and environmental water requirement from 1956 to 2015 in Xining P 242, m®
WAL AT R/ ME SRR & S HAE ST K&
PNUE 1. 46 2.82
B 0. 82 1. 37
IR 0. 49 0.83
THX 0. 09 0.15
/Nt 2.86 5.17
F3 WTH 2030 FEKRERNER
Tab. 3 Water demand forecast results of 2030 in Xining City B . JT m?
AT JE RA I gl Tolk I =l LS Gt
T 7 242 4010 22 113 861 8 684 4571 47 481
Kb 1930 17 347 7724 273 642 516 28 432
P L 1990 16 911 8 543 431 526 514 28 915
R 596 7163 720 58 238 356 9 131
it 11 758 45 431 39 100 1623 10 090 5957 113 959
F4 BETH2030 FAKREEFIEINELER
Tab. 4 The control red line of the total water consumption in 2030 of Xining HAANT A2 m?
=15 731
004K 2020 BN 2030 40N SRR B 2030 T
AL IT SR ki . i 2020 44N % 2030 4 i 2020 4F-43 1% LU
Lo 4 it TR iy [T
PR 1.87 L.71 2. 84 2.34 2.34 0. 50
L 1. 95 2.23 2.89 2. 44 2. 44 0. 45
B 0.93 0. 83 0.91 1.17 0.91 —0.25
T 2.53 3.72 4.75 3.17 4.42 1.58
TiEE K 0. 80 0 0 1. 00 0.33 —1.00
it 8.08 8. 49 11. 39 10. 12 10. 44 1.28
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=5 RIKFIE 2030 ERAKFERIRE
Tab. 5 The Remaining amount of the water available resources in 2030 in the Huangshui watershed
O . 2030 AF IR RBUK BRI /2 m? 2030 A3 FLUK BRI R /{C m?
LT 20% 50% 75% 95% BT 20% 50% 75% 95%
AN =350 1.2588 16920 1.1936 0.8686 0.5003  0.9446  1.3781 0.8796  0.554 6 0.186 3
(SR K 29654  4.2225 27678 1.8018 0.7717 16069 28641 1.4094 0.4434 —0.5867
LY/ 0.6676  1.1555 0.5661 0.1999 —0.1855  0.3257  0.8136 0.2243 —0.1420 —0.527 4
(R AN 0.5210  1.3705 0.3487 —0.3145 —0.9844 —0.0225 0.8527 —0.2028 —0.8660 —1.5359
PETHiK  —3.3289 —3.2550 —3.3395 —3.3957 —3.4555 —3.3888 —3.3149 —3.3993 —3.4556 —3.5154
TR 10898 17055 0.9817 0.5124 0 0.5770 11929 0.4691 0 —0.826 2
N FX —0.0720  0.1535 —0.1167 —0.2895 —0.4703 —0.2310 —0.0055 —0.2757 —0.4485 —0.6293
A SREBIX. 1.1849 18207 11063 0.6237 0.0384  0.4810 1.1168 0.4025 —0.1092 —0.7289
RANE 0.1337  0.6850 0.0589 —0.5695 —1.1785 —0.2319  0.3252 —0.4346 —1.0631 —1.6398
TE BB AR BUK
F* 6 R 2030 ERAKRERREFLEHHE

Tab. 6 Balanced distribution of the remaining amount of the water available resources in 2030 in the Huangshui watershed

2030 4Ef KBUK R 45/ m?

2030 AEIEFIOK HE R A/ m?

i CHD NG
ZAEEH) 20% 50% 75% 95% ZAEH] 207 50% 75% 95%

ML dER 042997 1692 0.354 1% ARlCsET AlCSET AR5 0.563 2% llsE AMHCSET S3BC5E
P OB 0.4654%  0.967 5 0.267 8 AMiisE” AYESE AMECSEC 0.364 1% AMESET AyliisEr —0.5867

EPEE 06676 11555 0.566 1 AMisEr —0.1855 A5t 0.8136  AMisE* —0.1420 —0.527 4
i WP 05210 13705 0.3487 0> —0.984 4 0> 0.852 7 0 —0.8660 —1.5359

[T 0 0 0 —0.839 9%  —2.1835%—0.534 1> 0*  —1.0888% —2.457 6 —3.329 I*

HEE 10178 17055 0.865 0.222 9* 0 0.346*  1.1874* 0.161 3" 0 —0.826 2
. 22X 0 0.153 5 0 0+ —0.470 3 0* 0 0% —0.4485 —0.6293
e SREBX. 11849  1.8207 1.1063 0.0542%  JyEESE* 0.249 1% L1168  4MECSE —0.1092 —0.7289

[AE 0.1337  0.6850 0.0589 0™ —1.140 1 0% 0.3252 0% —1.0631 —1.6398
MR RR oK x RERS 5 IS RIAR KR 5 o AARF R K TG 1ok EE

F 7 BETHHEIT 2030 FEUKIR
Tab. 7 The water-taking rights in 2030 of Xining confirmation unit
- TR IBOK AN /A m? TS BOKAL /A m?

WOAT wws awl . s% 1% wv | mEwEm ww sou | % 9%
il B 1. 646 7 1.646 7 1. 646 7 1.646 7 1.646 7 1. 646 7 1.646 7 16467 1.646 7  1.3850
HEG Rz 1.966 1 1.966 1 1. 966 1 1.9661  0.9817 1.966 1 1.966 1 1.966 1 L1001 0.4302
PR 0.869 8 0.8698  0.8698  0.8698  0.6843 0.869 8 0.8698  0.8698  0.7278  0.3424

FEFiTX 3.5886 3.5886  3.5886 27487  1.4051 3.0545 3.5886 2498 11310  0.2595
K 0.325 0 0.3250  0.3250  0.3250  0.3250 0.3250 0.3250  0.3250  0.3250  0.3250

/N 8. 396 2 8.3962 83962  7.5563  5.0428 7.862 1 8.3962  7.3074 49306 27421

FE BRI T 2 K 5 R A HE .

%8 ATHIX 2030 E& KAFEIKN
Tab. 8 The maximum river water-taking rights in 2030 of Xining City
2030 4Ef RPUKAL /A2, m?
T T 24 B I/ km?
ZAETH 20% 50% 5% 95%
=N 37 0.007 5 0. 009 6 0.007 2 0. 005 6 0.003 8
¥k Je 113 34 0.027 6 0.035 5 0.026 5 0.020 5 0.014 1
ek Vay R0 24 0 0 0 0 0
ARG 37 0.031 2 0. 040 0 0.029 9 0.023 2 0.016
Hofte (Brg K T30 212 3.522°3 3.503 5 3.525 2. 699 4 1.371 2
T XA 344 3.5886 3.5886 3.588 6 2.748 7 1.405 1
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FR9 BETWEX 2030 F£EEAFRINKN
Tab. 9 The suitable river water-taking rights in 2030 of Xining City

o AT FRERY km? 2030 FEIE ORI fe v
AR 20% 50% 75% 95%

=8 37 0.005 8 0.007 9 0.005 5 0.003 8 0.002 1
7k Je s 34 0.021 2 0.029 1 0.020 1 0.014 1 0.007 8

ik Va0 24 0 0 0 0 0
G 37 0.024 0 0.032 9 0.022 7 0.016 0 0.008 8
Hofth (FiR KT FD 212 3.003 5 3.518 7 2.451 5 1.097 1 0.240 8
AR A 344 3.0545 3.588 6 2.499 8 1.1310 0.259 5

(20): 2-8. (in Chinese)) DOI. 10. 16110/j. cnki.
6 & &

(D LA B 20 A7 B G A 7K BUH BB G, AR 4
Hydro30 4xEkyn] ] $2 By 245 2 @06 B & 2 4k
SEFA T IR T o I A AR T 7K 0 Ry
Tt doe/ IV S IR B T /KB T A A PR B T K
i aman -8

(2) T HhF K IR AT R FH A AR TR K A
KRS 42k = 3 W fe/IME 45 G b R K BUK &=
W EMACAIE H =K R BUKAL, AR 25 8 s K
PR ARSI L Az 25288 SR L 2S5 30 SR
AT RS T U ARG A T 5 D 0] 45 A R A AR 6 Y
T B IBOKAL

(3) T VAR TR /K 38 L BT i e VL3 3L P e
VAT V8 V90 3 7 A 3 - P i e 3 ST 3
TR A AL FH K 75 R R AL AT 7E UK & 1 R
S FK RS LT 2 R AT HR R nT R 338 i
K, X R T A A et 4 K PR R A BTG AR A £ B
IKBLFRRBEATHIAL . 7= /K R0 b 158 /K ) FH AR &%
B ARAS T HACER T R 2020, 2030 4 [ EUK A
(LAVE T D

(4 Xt R Bl B /K S5 e A 9 7 T LV AR
7 TGN ARG e ANV S PR B T /K R B BT
AT SR P 5 IO AR 5%5F T 7K % A ek 65 = 3 )
TREA G TR R BT I SR8 N RN AR N AR T 3
HA SRR K BTN R FE EUKAY

HOE - B R A K ADK H TR R IR
T2 o AR A 3] o 12 BT A 1D ad R 45 O 42
RS SR A 7K SOK B PRI JRy 4 1 Ak S AR
Ll 5
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