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Tab. 1 Information of reservoirs in the upper Hanjiang River basin
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Tab.2 Information of water transfer project in upper Hanjiang River basin
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Fig. 1 Reservoir index (/) and diversion index (/p)

in the upstream Hanjiang River
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Tab. 3 Parameters and test results of P-1ll distribution time-varying moment method
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Fig. 3  Curve fitting test of time-varying moment method for peak flow discharge
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Tab.4 Comparison of original design floods and non-stationary estimation results for Danjiangkou Reservoir
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Fig. 4 Comparison of frequency curves of annual maximum flood data series for Danjiangkou Reservoir
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Non-stationary flood frequency analysis for Danjiangkou Reservoir
in operation period

ZHONG Sirui' , GUO Sheng]ian1 , XIE Yuzuo' , HE Xiaodongz, DING Hongliangz, WANG Wei’
( 1. State Key Laboratory of Water Resources Engineering and Management, Wuhan University, Wuhan 430072, China;
2. Hanjiang Water Resources & Hydropower Group Co., Ltd., Wuhan 430048, China )

Abstract: Danjiangkou Reservoir is the key hydraulic project for flood control in Han River basin, and the water
source for the Middle Route of South-to-North Water Transfers Project. The design flood of Danjiangkou Reservoir
is an important reference for reservoir operation and comprehensive utilization benefits, which was overestimated
due to the short-recorded data series and the uncertainty of historical flood information in construction period.
Besides, many reservoirs and water transfer projects have been built and put into operation in the upper Hanjaing
River basin, which significantly altered the spatiotemporal distribution of streamflow. The Mann-Kendall test
indicated a decrease trend for the annual maximum flood series from 1929 to 2023 with the statistical parameters all
smaller than 0, which meant that the gauged flood data series was non-stationary. Thus, how to quantitatively
estimate design flood of Danjiangkou in operation period has become an urgent scientific and technological
challenge.

The generalized additive models for location, scale and shape (GAMLSS) model was widely applied in non-
stationary flood frequency analysis, which was based on the principle of time-varying moment method and assumed
that the location, scale, and shape parameters of probability density function would follow certain mathematical
relationship with corresponding covariates. GAMLSS-based time-varying P-III distribution method was applied for
non-stationary flood frequency analysis for Danjiangkou Reservoir in operation period.

The selection of covariates would significantly determine the effectiveness of time-varying model. The reservoir
index (I;) was defined with the hydrological characteristics and reservoir storage capacity, which presented
superiority in design flood investigation. Meanwhile, diversion index (/,) was first proposed to quantify the
influence of water transfer projects with mathematical definition inspired by ;. The Iy and I, were selected as
covariates to construct the time-varying P-1II distribution model, and the maximum likelihood estimation method
was used to estimate parameters for the single covariate (/;) and the double covariates (/;&1;,). Based on the annual
maximum flood data series with 441-year historical investigation period (from1583 to 2023), the design flood for
Danjiangkou Reservoir in operation period was estimated and compared with original design values. The main
conclusions were summarized as follows:

(1) The I and I, were selected as covariates which could conform to the hydrological variation laws objectively.

The fitting results of time-varying P-1II distribution with both covariates could reflect the flood series decreasing

KX KKE/R 1117+


https://doi.org/
https://doi.org/10.1016/J.JHYDROL.2023.129255
https://doi.org/10.1016/J.JHYDROL.2023.129255
https://doi.org/10.13243/j.cnki.slxb.20210819
https://doi.org/
https://doi.org/10.14042/j.cnki.32.1309.2019.03.010
https://doi.org/
https://doi.org/
https://doi.org/10.13243/j.cnki.slxb.20230792
https://doi.org/10.13243/j.cnki.slxb.20230792
https://doi.org/
https://doi.org/
https://doi.org/10.16232/j.cnki.1001-4179.2018.22.002
https://doi.org/
https://doi.org/
https://doi.org/

F202% %6l WALASKABKEE) 2024 4 12 A

trend caused by upstream hydraulic structures. However, there was no significant difference for the time-varying P-
IM distribution fitted with double covariates ([y&I,) or single covariate (). The influence mainly attributed to
upstream reservoirs rather than water transfer projects, since the 7, only slightly reduced about 2% design floods in
Danjiangkou Reservoir.

(2) The estimated 1000-year design flood of Danjiangkou in operation period has been significantly reduced.
The flood peak and 7-day flood volumes were 45,000 m*/s and 12.3 billion m’, which were both reduced about 31%
compared with the original designed values in construction period.

The original designed flood of Danjiangkou Reservoir was overestimated which results in more discarding water
and lower refill rate in flood season. Since the estimated design flood of reservoir in operation period has
significantly reduced, the reservoir operation water level could be risen with the condition of flood prevention
standard unchanged, which could not only generate more hydropower, but also increase the water resource

utilization rate as well as reservoir refill rate.

Key words: design flood; non-stationary series; flood frequency analysis; reservoir in operation period; water

resources project; Danjiangkou Reservoir
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variation scenario (S1) and ER-SNWTP scenario (S2) based on the land use and land cover change (LUCC) of the
ER-SNWTP from 2005 to 2020. The InVEST model carbon module simulated carbon stocks and predicted carbon
stocks under the two scenarios based on the corrected carbon density values derived from regional temperature and
precipitation data. The Geo-detector was utilized to assess the influence of different driving factors and identify the
primary elements that impacted variations in carbon stocks within the study area.

The results revealed that land use changes from 2005 to 2015 included continuous expansion of built-up land
and a reduction in forestland and grassland. There was a trend of growth in water area from 2015 to 2020. Under the
ER-SNWTP scenario, the expansion of built-up land was curbed, and the reductions in forestland and grassland
were alleviated, leading to a significant increase in water areas compared to the natural variation scenario. From
2015 to 2025, carbon stock decreased by 1,228.35x 10" t under the natural variation scenario, while it increased by
262.84x10" t under the ER-SNWTP scenario. In addition, the water resource allocation of ER-SNWTP affected the
spatial distribution of carbon stocks. In the northeast region, particularly in the Binzhou and Dongying areas with
large water transfer volumes, the increase in carbon stocks was significant. Land use had the highest explanatory
power and driving force for spatial variation in carbon stocks. The interaction factor analysis exhibited the strongest
interaction factor after 2005 with "land use N nighttime lights", indicating that the interaction between socio-
economic factors and land use factors gradually amplified the impact on the spatial variation of carbon stocks.

The results suggested that the implementation of the ER-SNWTP caused significant changes in water quantity in
the receiving area. The ER-SNWTP replenished a large amount of water resources in water-scarce areas, greatly
improving the regional water resource carrying capacity and providing a foundation for the sustainable development
of the ecosystem and human production and life in water-receiving areas. Consequently, stricter requirements were
proposed for the management of water-diversion projects and ecosystems. In the future, a scientific mechanism for
optimal management of carbon and water resources should be established, optimizing land use patterns. More
attention should be paid to the construction of ecological civilization while boosting economic development.
Promoting an ecological compensation system, specifically a carbon ecological compensation system for inter-basin

water transfer, is also encouraged.

Key words: carbon stocks; land use/cover change; inter-basin water transfer project; carbon density; spatio-temporal

evolution
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