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Abstract. This paper calculated the suitable ecological water demand, minimum ecological water demand, and corresponding eco-
logical water deficit of vegetation from 1982 to 2020 by using a monthly-scale ecological water demand assessment method that con-
sidered the resilience of the ecosystem ( Latitude of Ecosystem Resilience, LER) in the middle and lower reaches of the Shiyang
River Basin. It compared these results with the Characteristic Value of Soil Water method (CVSW) and analyzed the water surplus
and deficit relationship during different vegetation growth periods. The results showed that the LER method and CVSW method had
similar calculation results, but the former one had a larger ecological water demand threshold range; natural precipitation could
meet the basic survival needs of vegetation but could not meet the requirements for its normal growth. Under suitable water demand
conditions , the overall vegetation growth periods were in a water-deficient state, with the severity of water deficiency ranking as fol-
lows: shrubland > other forests > sparse forests > high coverage grassland > medium coverage grassland > forested areas. The total
suitable ecological water demand for all vegetation growth periods was 3.7x10% m® , with a water deficit of 1.2x10% m®. The water
deficit of the same vegetation generally followed the pattern of higher in spring and autumn and lower in summer. Under the mini-
mum water demand conditions, only other forests experienced water deficiency during the growth period, with a total minimum eco-
logical water demand for all vegetation growth periods of 0.8x10% m®. The research results indicated that the LER method, which
considerd the resilience of the ecosystem, was applicable in arid areas. These findings can provide theoretical references for the effi-

cient utilization of water resources in the Shiyang River Basin and the restoration and reconstruction of ecosystems in arid regions.
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Fig.1 Overview of Shiyang River Basin
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Fig.2 Spatial distribution of soil texture and NDVI
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Fig.3 Vegetation distribution of the middle and lower reaches of the Shiyang River Basin in 2020
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Tab.1 Vegetation area and change in the middle and lower reaches of the Shiyang River Basin

[t e 1980 4F 1990 4F 1995 4F 2000 4F 2005 4F 2010 4F 2015 4F 2020 4F ZB4:fi[H 2%/ (km?/5 a)

Py N 34 24 37 34 34 34 34 29 0.2
A 113 105 102 114 113 112 108 98 -0.63
B M 172 176 212 178 172 173 173 163 -1.42
oAl 26 18 18 32 31 31 30 21 0.72

R 7 e M 57 58 59 57 59 60 57 85 1.91
REEE R 1125 1130 1093 1126 1109 1125 1106 1167 1.82

it 1527 1511 1521 1541 1518 1535 1508 1563 2.6

32 BMHWESEKEMHTEERER

BT CVSW Ml LER P57 3545 21 ATtk ip T 0 A 400 B A i/ INAE 28 T K8 B N3k 2 Fik 3 i
PR 7 O ST, T K AT P 4 R ORI 614 S 0 A 4538 — 880, AT LER 308 T 058
XA ST K BT, BREARB A AR AT , LER 25 A4 2E 2575 K B (E AR AL X ) KT CVSW (& 4) ,
R (0 S R G B AE 22 8 TR B D e S B0 AR IR S | R EA Bk B B X ), 6 ] LER HLAT 5 3%
FRRE TR o R P P DA v B o B R > A B > i o 5 > i b i > B AR AR>S LA bR Ml . A [] S B A
PR BTKEB AT EE T L BRI, 6—8 AABT KL £ K AT K 50% ; #E AR AL
AR )3 A A T AR R K, LR 31 DA A R e S M A A 5 LA A B A/

2 A1 TR B AR R A R AR AR K E i (mm)
Tab.2 Suitable ecological water demand quota for vegetation growth period in the middle and lower

reaches of the Shiyang River Basin
4 A 5H 6 A 7H 8 H 9H 10 A
(H (2 () (2 (1) (2 () (2 (H (2 (1) (2) (1) (2

A kL 32.1 41.8 288 245 272 235 31.0 262 295 27.1 256 199 21.9 16.1
HEA MK 523 517 533 518 549 542 589 588 58.0 548 404 379 336 30.1

i N 43.4 458 431 4377 422 449 449 463 365 420 335 31.1 283 257
HpthbkHh  39.8 383 60.7 62.7 613 642 584 656 532 602 43.1 453 364 284
SR 38.5 352 357 32,6 417 33.1 387 348 347 341 29.1 251 256 202
RN, 379 30.1 309 254 337 267 375 300 321 282 256 199 230 18.1

B

(1) ARG J13 (LER) | (2) L HOK P FIE( I (CVSW) .
R 3 AR A A R R A S T AKE B (mm)

Tab.3 Minimum ecological water demand quota for vegetation growth period in the middle and lower

reaches of the Shiyang River Basin
4 A 5H 6 A 7TH 8 H 9H 10 A
(H (2 (1) (2 (H (2 () (2 (H (2 (1) (2 () (2

PPN 133 70 97 89 97 87 101 64 131 9.6 57 48 34 39
A 105 88 97 88 11.0 92 126 100 87 93 57 65 3.0 5.1
B M 88 77 68 74 90 76 19 78 114 7.1 1.9 53 1.1 4.4
BER{ip NI 91 80 134 13 13.6 133 165 13.6 14 125 83 94 54 59
G 144 87 132 80 81 82 135 86 165 84 86 62 47 50
hrE SR 71 7.3 71 62 63 65 7.3 73 101 69 41 49 41 44

ek et

(D) WA RGWE 1 (LER) | (2) g L HOK ISR (CVSW) .
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Tab.4 The yield and loss water volume quota and water yield and loss index of

different vegetation in growth period

4 H 5H 6 H 7H 8 A 91 10/ AR
Rgekm BT BT BT AT BT BT BT AT BT BT BT AT BT BT BY A
KA/ FRE KR/ HRR kY FRE K/ HRE ki 3B ORI/ 1RE ki FRE0 KIS/ 1R KK

mm % mm % mm % mm % mm % mm % mm % mm %
EER I N: ) -21.7 -67.8 -9.6 -33.2 -2.8 -10.5 -0.9 -29 1.8 6.1 -1.1 -4.4 -10.7 -49.0 -45.1 -23.0
TEAHR -42.5 -81.3 -34.9 -65.6 -31.8 -57.9 -30.2 -51.3 -28.1 —-48.5 -17.1 -42.3 -23.0 -68.4-207.6-59.1
HAk -33.8 =77.9 -25.1 -58.2 -19.5 -46.3 -16.8 -37.4 -7.2 -19.6 —10.7 -31.8 -17.8 -63.1-130.9-48.2

Hflbkis  -28.6 —=72.0 —40.9 —67.4 —=37.0 —60.4 —28.9 -49.5 —22.0 —41.5 —18.5 -43.0 -24.5 -67.5-200.5-56.8
BTG -28.8 -74.7 -17.0 -47.5 -17.3 -41.5 -8.5 -22.0 -3.7 -10.7 -5.1 -17.6 -15.0 -58.6 —=95.5 —-39.1
PSR -26.5 -69.8 —10.1 -32.7 -7.5 -22.1 -5.5 -147 12 3.9 05 2.0 -10.8-47.0 -58.6 -26.5

5 AN/ R AARE R &5 KSR 5 R

Tab.5 The yield and loss water volume quota and water yield and loss index of

different vegetation in growth period

4 H 5H 6 H 7H 8 H 9H 10 A AR
Wgkm BT BT BT MY BT BT MY BT BT BT MY BT BT BT BT AT
kA FREL KA/ SRR KLY B KA/ SREL kG RB JKEL/ SR%R kG R8Ok 1%

mm % mm % mm % mm % mm % mm % mm % mm %
FEp 8 i) -3.0 -22.4 9.6 98.7 14.7 152.7 19.9 196.6 18.2 138.9 18.7 3269 7.8 231.2 859 132.2
HEAM -0.7 -6.6 8.7 89.3 12.2 110.6 16.1 128.1 21.2 242.7 17.6 308.3 7.6 257.2 82.6 135.1
i 0.8 9.2 11.2 165.1 13.6 151.5 20.2 255.8 17.9 156.7 20.9 309.0 9.4 282.0 94.1 200.7
HoAlo A -5.0 -30.9 -10.7 -35.0 -7.3 -23.2 -7.0 -19.2 -2.7 -8.1 1.6 6.8 6.5 120.8 -24.7 -14.0

EEEERM 4.6 -32.3 5.6 425 163 202.1 16.7 123.9 14.5 87.6 154 180.5 5.9 1253 69.8 88.5
hAEEE R 43 61.0 13.7 194.9 20.0 317.7 24.7 336.7 23.3 231.3 22.0 529.7 8.1 195.9 116.1 251.7

BN K GEAET  BAT HA AR AR 75 A K I B, SIS DX R SR K 43 4R B0 1T LA i Je A e AR 2 A5
Ko AHBERIIN AR AP o B 5 B2 A M AT 4 ) SR Rl R bR R v i B AN
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Fig.5 Proportion of monthly water deficit during fla bk A5 MM, 4 TBAEBE ME A S E KRN

vegetation growth period under suitable conditions 3.7x10° m®, p T P 2 o b MR T 2 T B

THA SRR B, DRI T v 7 o P i AR AR T K R

Ko LEE TR ARG T A AR AL T K 4375 BORES , AN R B S B 19 =5 oK &l KRB IMRIR O i
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Tab.6 Suitable ecological water demand and ecological water deficit of different types of vegetation

41 5 61 74 8 A 9 J1 10 A R
WX = ms ® o ms T RS % OB B OBS W K5 % OB W KT
KE KE KE KE KE KE KE KE KE KE KE KE KE KE KE KE

ik 93.0 -63.0 835 -277 79.0 -83 899 -2.6 855 53 741 -33 635 -31.1 5685 -130.7
BEAM 5129 -417.0 521.9 -342.2 538.1 -311.4 577.1 -295.8 568.0 -275.4 395.6 -167.3 329.2 -225.3 3443.0 -2034.3
Fibkih  707.5 -551.4 702.3 -409.0 687.3 -318.3 731.8 -273.6 594.7 -116.6 546.7 -174.0 460.5 -290.7 4430.9 -2133.5
Hibtkh 835 -60.2 127.4 -85.9 128.6 -77.8 122.6 -60.6 111.8 -46.2 90.4 -38.9 764 -51.5 740.8 -421.1
BRI 3273 -244.5 303.8 -144.4 354.5 -147.2 3292 -72.6 2952 -31.7 247.6 -43.6 217.7 -127.6 2075.3 -811.6
T RF MY 4426.5 -3089.43605.2 ~1178.73934.8 —869.6 4381.9 -643.1 3750.2 145.2 2988.4 60.2 2682.3 —1260.725769.4 —6836.2
Mt 6150.7 -4425.55344.1 -2187.95722.3 -1732.6 6232.5 —1348.3 5405.4 —319.4 4342.8 -366.9 3829.6 —1986.937027.9-12367.4

F T B/NEE T SRR ST K RRAES UK & (x10° m?)

Tab.7 Minimum ecological water demand and ecological water deficit of different types of vegetation

44 51 6 A1 ! 8 J1 9] 10 A K
HBEAA wOET W OREST w ORT w RS % ORT % ORT % BT % AW
KE KE KE KE KE KE KE KkE KE KE KE KE KkE KE KE KE
VER N 38.6 -87 28.1 277 28.0 427 294 578 380 528 16.6 542 98 22.6 188.6 249.2
HEAMK 102.7 -6.8 95.0 84.8 107.6 119.1 123.3 158.0 85.4 207.3 559 1724 29.1 74.8 599.0 809.6
bk 1429 13.2 110.6 182.7 146.7 222.3 128.8 329.5 186.3 291.9 31.3 3414 17.3 1525 764.0 1533.4

oAb 33.8 -10.5 639 -22.4 663 -154 767 -147 713 -57 482 33 112 13.6 3715 -519
BRI 1223 -39.5 1119 47.6  68.6 138.7 114.6 142.0 140.4 123.1 72.7 1313 40.0 50.1 670.5 593.2
R R 830.4 506.7 822.8 1603.7 733.9 2331.3 856.1 2882.7 1175.8 2719.6 484.1 2564.5 480.5 941.1 5383.613549.6

Mt 1270.7 454.4 1232.3 1924.1 1151.1 2838.7 1328.9 3555.3 1697.2 3389.0 708.8 3267.1 587.9 1254.7 7977.216683.1
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Fig.6 The proportion of ecological water shortage and satisfaction of different types of vegetation
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