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Schematic diagram of the Yellow River Diversion Project and the research section
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Tab.2 Results of hydrological RVA index in stages T, and Ty
Ktk Ta BBt RVA B{H Te Wi
¥i{H TR [ B ¥i{E RVA BB EE/ %

1H 475.84 323 615 441.12 27.27(L)

2 A 415.26 251 494 466.33 9.09(L)

3 A 872.76 579 1140 862.45 81.81(H)

4 A 868.30 677 961 810.23 9.09(L)

Ay 5H 793.20 480 970 694.59 9.09(L)
. 6 A 612.00 250 789 1414.84 63.64(M)

W/

, 7H 1431.66 767 1610 1293.89 63.64 (M)

m e st 8 A 2112.31 1100 2940 896.99 27.27(L)
9 A 2066.25 1060 2920 720.28 63.64(M)

10 A 1754.20 557 2400 699.38 45.45(M)

11 A 1068.00 559 1410 579.28 27.27(L)

12 A 668.27 439 819 553.50 45.45(M)

e/ 1d 103.31 30.8 176 219.73 63.64(M)

B/ 3d 120.99 10.27 194.33 254.39 63.64 (M)
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/] 30d 278.96 182.46 373.67 314.77 63.64(M)

FHy /1 90d 576.26 418.83 679.38 479.46 45.45(M)
i K 1d 6804.64 4660 7390 3683.64 81.81(H)
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ek 30d 3738.98 2670.33 4579 1943.00 100.00CH)

ek 9od 2811.28 1838.59 3525 1328.37 63.64 (M)

T KA 0.57 0 0 0 45.45(M)
IR 0.76 0.11 1.4 2.48 100.00(H)

A A% i O /Mt H 143.46 49 187 159.64 81.81(H)
BN/ d R H 244.79 215 266 192.09 81.81(H)
T AR Jok e B 91.25 57 118 138.00 45.45(M)
T .%Hﬂ(«tl:%a’z% 91.07 47 126 20.73 100.00(H)
I 9L £ 1 st 13.03 7.82 15.1 22.95 9.09(L)

B pimt/d e U 1 g 19.3 6.38 21.8 9.99 63.64 (M)
it i A2 AL g % 8.26 5.86 9.37 4.15 63.64 (M)
5/ % i % —5.47 -6.37 4.4 -3.31 63.64 (M)
md e sl e g 90T YRR 127.93 117 135 158.55 100.00CH)

T LOMLUH 205 AR 3% BRI b 5 A AR RE O | v B SO e FE O

Note: L., M and H denote the light, medium and large change of the single index, respectively.
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Tab.3 Quantitative evaluation effects of climate change and human activities

on runoff regime using the climate elasticity method

iR Zhang Fu Schreiber Budyko Turc-Pike Ol'dekop S E
ep 2.13 2.18 2.22 2.36 2.37 2.58 2.31
AQ¢/mm —54.42 -55.79 —56.69 —60.26 - 60.60 -65.93 —58.95
AQp /mm —86.65 - 85.28 - 84.38 -80.81 - 80.47 -75.14 -82.12
T](‘/% 38.58 39.55 40.19 42.72 42.96 46.74 41.79
T]H/% 61.42 60.45 59.81 57.28 57.04 53.26 58.21
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Changes in Runoff and Driving Force Analysis in the Key Section

of the Yellow River Diversion Project
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Abstract; The “Water diversion project from the Yellow River to Hebei Province” is important for ensu-
ring the water supply in the Xiong'an area, and impacts runoff in a key section of the water diversion pro-
ject. The objectives of this study were to investigate changes in the runoff regime and identify the driving
forces associated with construction of the Yellow River Diversion Project. The results provide a reference
for the water resource management that fully accounts for the benefits provided by water resources. A total
of 33 hydrological indices and the overall runoff situation of the key section in the Yellow River Estuary,
from 1958 — 2016, were analyzed using the index of hydrologic alteration/range of variability approach
(IHA/RVA). The contribution of climate changes and human activities on the variation of runoff was
quantified based on six Budyko hypothesis formulas. The study area was the Qucun section, the key sec-
tion of the Yellow River Diversion Project, and data for calculating the hydrological indices were obtained
from the Gaocun hydrologic station, about 7 km from the diversion inflow entrance. The study period
(1958 —2016) included two stages: T, (1958 —2005), before project construction, and Ty (2006 —2016),
after project construction. Annual runoff in the section decreased significantly from T, to Ty. After 2006,
the overall degree of variation of the runoff regime reached 61.72% and, using a degree of change above
67 % as the threshold value, 8 hydrological indices changed substantially. The average contributions of cli-
mate change and human activities to variation in runoff were, respectively, 41.79% and 58.21%. Thus,
human activities were the primary driving forces affecting runoff in the key section of the Yellow River Di-
version Project. Human activities, such as a water conservancy project and soil conservation efforts were
major drivers of changes in runoff, consistent with previous research results. To promote the development
of water ecology benefits, effective regulation of water and sediment, hydropower and other human activi-
ties should be considered.

Key words: index of hydrologic alteration/range of variability approaches; runoff change; Budyko hypothe-

sis formulas; climate change; human activities



