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Introduction 1 

Long distance inter-basin water transfer infrastructure brings economic benefits to 2 

water-deficient regions through increased supply for domestic, industrial and agricultural 3 

water uses. However, it also generates adverse environmental and social impacts, such as 4 

water quality deterioration, habitat loss and forced immigration (Gupta and van der Zaag 5 

2008; Wilson et al. 2017; Zhang et al. 2018). An environmental impact assessment for 6 

inter-basin water transfer projects is normally carried out at the planning stage, but this might 7 

not be comprehensive due to various reasons related to data availability, stakeholder 8 

engagement, institutional coordination, and regulatory frameworks. However, to be fully 9 

understood, environmental and ecological impacts should be fully analyzed during operation 10 

and, in particular, any unintended positive impacts should be explored. This paper discusses 11 

the unintended benefits of water transfer in ecological restoration using the South to North 12 

Water Transfer (SNWT) project, China as an example, and recommends future directions for 13 

sustainable planning and management of inter-basin water transfer infrastructures. 14 

Inter-basin Water Transfer Projects  15 

It is estimated there are about 350 water transfer projects in the world, including the Central 16 

Valley Project in the US and the SNWT project in China, providing a total annual water 17 

diversion capacity of 500 billion m3. China alone has a total of 140 water transfer projects 18 

(including those currently under construction) and some key projects are shown in Figure 1. 19 

There are about 60 projects that have a pipeline or canal with either a length of over 50 km or 20 

an annual water transfer capacity of 100 million m3, and these cover a total distance of 16,000 21 

km and provide an annual diversion capacity of 100 billion m3 (Yu et al. 2018). 22 

The SNWT project (Barnett et al. 2015) is the largest inter-basin water transfer project 23 

in the world. The project currently includes the eastern and central routes, each of which 24 

covers a distance of more than 1,000 kilometers and crosses four major river basins: the 25 



Yangtze River, Yellow River, Huai River, and Hai River. It can deliver 25 billion m3 water 26 

per year from the Yangtze River to the North China Plain, which includes Beijing and Tianjin 27 

and is one of the most water-stressed regions in China. In the North China Plain, groundwater 28 

tables have been falling by 1 m per year, posing serious risks to agriculture and food security 29 

(Ministry of Environment 2013). A third route, the western route, is under planning and aims 30 

to divert 20 billion m3 water from the Yalong River and Dadu River in the upper Yangtze 31 

River basin to the upper Yellow River to alleviate water shortages in Northwest China.  32 

The central route of the SNWT runs from the Danjiangkou Reservoir on the Han River, 33 

a main tributary of the Yangtze River, through a gravity-based canal to Beijing and Tianjin, 34 

as shown in Figure 1. As part of this project, the height of the Danjiangkou dam was raised to 35 

allow the reservoir water level to be increased from 157m to 170m above sea level. This 36 

enables water to flow the whole distance from Danjiangkou Reservoir to Beijing by gravity, 37 

without the need for pumping. The project construction started on December 30th , 2003 and 38 

was completed in 2014, with a total investment of 182.3 billion RMB (Zhang et al. 2018). As 39 

of December 2018, 22.2 billion m3 water had been transferred to Henan province, Beijing, 40 

Tianjin, and Hebei province, and more than 53.2 million people had benefitted (according to 41 

the website of the South-to-North Water Transfer Project, http://nsbd.mwr.gov.cn). 42 

http://nsbd.mwr.gov.cn/


  43 

Figure 1.  The major inter-basin water transfer projects in Mainland China. 44 

Water Recharge for Ecosystem Restoration 45 

Despite not being considered at the planning stage of the central route of the SNWT, water 46 

recharging for ecosystem restoration was tested in 2015 and 2017, with transfers of 2.7 47 

million m3 and 300 million m3 water respectively to Henan. Further, a large-scale water 48 

recharge was conducted for the first time from April to June 2018 to alleviate the increasingly 49 

deteriorating ecological systems in the North China plain. This channeled 870 million m3 50 

water to 30 rivers in Henan, Hebei and Tianjin City and specifically recharged 112 million m3 51 

water to the Baiyangdian Lake alone (data from website http://nsbd.mwr.gov.cn), greatly 52 

increasing its water surface area (Figure 2). This increase was evident when comparing with 53 

the same period in 2014, which had similar total rainfall and evaporation. The groundwater 54 

level in the Beijing plain area was also 0.91m higher in 2018 than in the previous year, and 55 

the water quality at the four monitoring sections in the downtown of Tianjin was improved 56 

from Class III-IV to Class II-III. This was primarily attributed to the recharge. 57 



 58 

Figure 2.  The water surface of Baiyangdian Lake before and after the 2018 recharge event, 59 

extracted from Landsat 8 Operational Land Imager (OLI) imagery (data from website 60 

https://earthexplorer.usgs.gov/). 61 

During the 2019 flood season (August 6th-20th), the central route of the SNWT recharged 62 

17 rivers, including the Baihe (Suohe), with a total volume of 120 million m3. This ecological 63 

recharge event was carried out during the main flood season, when high rainfall posed a 64 

major test for flood risk management. 65 

Recommendations 66 

Environmental degradation is a key challenge faced by many countries due to population 67 

growth, urbanization, economic growth, and climate change. Restoration programs are a 68 

typical approach to improving environmental quality. However, they require large 69 

investments and can suffer from various problems. For example, the benefits of the national 70 

restoration program in China were significantly offset by droughts in several ecological 71 

restoration zones such as the Beijing-Tianjin Region (Wu et al. 2014). Nevertheless, water 72 



recharge through water transfer projects such as the middle route of the SNWT project 73 

provides a new method of ecological restoration to recharge lakes, rivers, wetlands and 74 

groundwater and can potentially generate high ecological benefits. 75 

Ecological recharges such as those provided by the middle route illustrate that the 76 

SNWT inter-basin water transfer project can bring large unintended ecological benefits to the 77 

water-receiving regions during high flows (flood seasons) in the water source region. 78 

Undoubtedly, such water transfer infrastructures lock in large investments and a significant 79 

amount of carbon emissions during the whole life cycle, thus their value should be fully 80 

explored once constructed. The following points regarding recharges should be carefully 81 

considered to promote ecological restoration and environmental protection, safeguard water 82 

security, and achieve sustainable water resources management.  83 

Considering ecological recharge at the project planning stage 84 

Ecological recharge should be incorporated in the planning stage for large inter-basin water 85 

transfer infrastructures. Under current practice, low flow frequency analysis is normally 86 

conducted to determine the maximum amount of water that could be extracted from the 87 

source basin (Gupta and van der Zaag 2008; Jain et al. 2005). Using this method, the water 88 

transfer capacity is calculated with a specified water supply reliability. However, as 89 

ecological recharge is often conducted during high flow periods, high flow frequency 90 

analysis should be conducted to understand the frequency and the water quantity that can be 91 

used for ecological recharge. Furthermore, the costs and benefits of ecological recharge need 92 

to be fully considered. In the case of the central route of SNWT, the water transfer has no 93 

operational costs as the pipeline fully relies on gravity. In other cases, the extra water for 94 

ecological recharge might incur pumping costs (Ming et al. 2017). Additional capital costs 95 

might also be incurred if the water transfer capacity needs to be increased to accommodate 96 

the increased flow for ecological recharge. In the meantime, the ecological benefits in the 97 



receiving region and flood alleviation benefits in the source region should be quantified 98 

where it is possible. A comprehensive evaluation of the benefits and impacts of the projects is 99 

crucial in the planning stage, especially considering the unintended eco-effects. Ecological 100 

recharge could be considered as a means to achieve a net positive impact for inter-basin water 101 

transfer projects. 102 

Establishing optimal ecological recharge operations 103 

Operational policies for regional ecological recharge, including when, where and how much 104 

to recharge, should be established for practical implementation. The challenge lies in the 105 

development of a recharge strategy for sustainable water management that is optimal in both 106 

the receiving and source regions.  107 

First, the primary task in the development of recharge operations is to determine the 108 

amount of water that can be used, i.e., the surplus water in addition to the water demand in 109 

the recipient region. However, the stochastic nature of runoff in the source region and water 110 

demands in the recipient results in uncertainty in the amount of recharged water and the time 111 

taken for replenishment. Meanwhile, since ecological recharge is carried out on the premise 112 

of satisfying normal water demands, it is impossible to recharge a large amount of ecological 113 

water to the water-deficient area in a very short time, and thus the timing of ecological 114 

recharge is critical. Therefore, optimal recharge strategies should be developed such that the 115 

reliability of original water users in the receiving region is not compromised.  116 

Second, the target areas for ecological water recharge, i.e., where to recharge, should be 117 

selected to maximize the social, economic, and ecological benefits. For example, the central 118 

route of SNWT project covers a recipient region with an area of 150,000km2. There are 119 

numerous water bodies or systems of various types to be recharged, including irrigation 120 

districts, lakes, rivers, and wetlands. New technologies such as remote sensing and artificial 121 

intelligence should be incorporated in optimal strategy development. For example, remote 122 



sensing data and real-time flow data are used to assess the water shortage severity in different 123 

areas (Liu et al. 2018), long short-term memory networks are used to predict river flows, and 124 

deep reinforcement learning is used for developing operational strategies (Kratzert et al. 2018; 125 

Ni et al. 2019; Zhang et al. 2018). 126 

The last issue is the allocation of water to the target recharged areas, i.e., how much to 127 

recharge. A large-scale optimal water resources allocation model can be established based on 128 

the water demands for recharged targets, which are determined considering ecological 129 

integrity, connectivity of water bodies, purification capacity, habitat communities, landscape 130 

and environment functions, etc. (Acreman and Dunbar 2004). Moreover, different recharge 131 

targets involve multiple stakeholders with potential conflicting interests. Therefore, 132 

coordinate theory should be adopted to allocate water based on the principle of fairness and 133 

to maximize the benefits (Sadegh et al. 2010). 134 

Establishing a monitoring system for negative impacts 135 

Although the inter basin water transfer brings some unintended ecological benefits through 136 

ecological recharges, it can also bring negative impacts, which should be carefully monitored, 137 

assessed and mitigated.  138 

Ecological recharges may aggravate water conflicts and environmental degradation in 139 

the lower reach of the source region, for example by contributing to acidification, estuary 140 

salinization and damage to the ecological environment (Webber et al. 2015; Wilson et al. 141 

2017; Yang and Cai 2011; Zhuang 2016). The philosophy of ecological recharge is to make 142 

use of flood water resources and have little impact on the source region, particularly during 143 

low flow periods. However, flooding is a natural hydrological process and can carry a large 144 

amount of sediment and nutrients downstream, and thus reduced flood discharges may affect 145 

biological productivity,  biodiversity and ecological integrity in the downstream regions  146 

(Gibbins et al. 2001; Suen 2011; Suen and Eheart 2006; Zmijewski and Worman 2017). In 147 



the Gunnison River in western Colorado, for example, a flushing flow is needed to remove 148 

fines and sand from the riffles for the Colorado squawfish spawning (Milhous 1998). 149 

Moreover, the cumulative effect of hydrological alterations might cause the ecosystem to 150 

reach a tipping point (Dubé 2003; Scheffer et al. 2009). This should be carefully considered 151 

at the planning stage. For example, in order to mitigate the negative impacts of the central 152 

route of SNWT project on the Han River, a project transferring water from Yangtze River to 153 

Han River with a maximum capacity of 500m3/s was conducted (Zhu et al. 2008). 154 

For the water receiving region, when a large amount of externally imported water is 155 

discharged into the existing water bodies in a short period, (thus subjecting them to unnatural 156 

large and short-term variations), it can generate complex hydrological, chemical, biological 157 

and geomorphological impacts on the water systems and ecosystems (Davies et al. 1992). 158 

This includes limiting the availability of habitats and affecting the richness and abundance of 159 

invertebrate species (Suen and Eheart 2006). For example, the increased water depth and area 160 

at the Hong Lake due to the eastern route of SNWT project reduced the abundance and 161 

distribution of submerged macrophytes and affected the fish communities and assemblages 162 

(Lin et al. 2017). Ecological recharges also result in movement of physicochemical regimes, 163 

such as micro-plastic pollution (Blettler et al. 2018), heavy metals (Li et al. 2008; Li and 164 

Zhang 2010), and nutrients (Zeng et al. 2015) from the donor to the recipients. This might 165 

deteriorate the water quality and increase eutrophication risk, and further disrupt the 166 

ecosystem balance, impair the function and structure of the local ecosystems and thus reduce 167 

their stability and resilience in the recharged region (Zeng et al. 2015; Zhai et al. 2010). For 168 

example, micro-plastic pollution, one of the top ten emerging issues reported by the United 169 

Nations Environment Program (UNEP) in recent Year Books, impacts freshwater fish, birds, 170 

and zooplankton organisms (Biginagwa et al. 2016; Blettler et al. 2018). The heavy metals, 171 

one of the most serious pollutants, transported through the water transfer project to the 172 



receiving region will lead to the integration and accumulation of heavy metal in surface water, 173 

groundwater, soil, terrestrial and aquatic plants and animals, and further lead to hazards on 174 

human (Li et al. 2008; Li and Zhang 2010; Rattan et al. 2005). Most importantly, water 175 

transfer might lead to the introduction of non-native and often invasive aquatic and terrestrial 176 

plants and animals; this is an unintended ecological consequence in the receiving region and 177 

is one of the serious concerns regarding water transfer (Chamier et al. 2012; Dextrase and 178 

Mandrak 2006; Gurevitch and Padilla 2004). Non-native and invasive species affect the 179 

balance of ecosystems from water quantity and quality aspects, and can lead to the extinction 180 

of local species (Chamier et al. 2012).  181 

As demonstrated above, ecological recharge might result in negative impacts, which 182 

should be comprehensively evaluated. Monitoring systems are needed to collect data and 183 

establish an early warning system for long term negative impact to human health and 184 

ecosystems. Moreover, potential negative impacts should be considered at the planning stages 185 

and countermeasures should be taken to reduce them. For example, 22 wastewater treatment 186 

plants and the Yangtze–Han Water Transfer Project diverting water from the upstream were 187 

constructed to mitigate the negative effect of the central route of SNWT project on the 188 

downstream Han River and receiving region (Zhu et al. 2008). 189 

Establishing a coordination framework 190 

A coordination framework should be established for effective communication and 191 

coordination between different stakeholders to maximize the overall benefits of recharge. 192 

Inter-basin water transfer often involves varying ecological and environmental needs across 193 

different regions, and thus the framework can coordinate conflicting interests that might arise 194 

and develop best practices for recharge. Further, financial instruments can be considered to 195 

balance regional inequalities in ecological benefits received and used to encourage 196 

investments for new monitoring and information systems. It should be noted that the 197 



restoration of ecological systems is a long-term goal, and recharge should be integrated with 198 

other interventions in order to achieve sustainable management of water and ecological 199 

systems.  200 

Data Availability Statement 201 

The Landsat 8 Operational Land Imager (OLI) imagery is downloaded from the website: 202 

https://earthexplorer.usgs.gov/ 203 

 204 

Acknowledgments 205 

The authors thank the editor, associate editor and the anonymous reviewers whose thoughtful 206 

comments and suggestions helped improve the initial manuscript. The authors thank Dr. 207 

Chris Sweetapple for proofreading. This research was supported by the National Natural 208 

Science Foundation of China (No. 51709036, No. 91647201, No. 91747102).  209 

 210 

References: 211 

Acreman, M., and Dunbar, M. J. (2004). "Defining environmental river flow requirements - a 212 

review." Hydrology and Earth System Sciences, 8(5), 861-876. 213 

Barnett, J., Rogers, S., Webber, M., Finlayson, B., and Wang, M. (2015). "Sustainability: 214 

Transfer project cannot meet China's water needs." Nature, 527(7578), 295-297. 215 

Biginagwa, F. J., Mayoma, B. S., Shashoua, Y., Syberg, K., and Khan, F. R. (2016). "First 216 

evidence of microplastics in the African Great Lakes: Recovery from Lake Victoria Nile 217 

perch and Nile tilapia." Journal of Great Lakes Research, 42(1), 146-149. 218 

Blettler, M. C. M., Abrial, E., Khan, F. R., Sivri, N., and Espinola, L. A. (2018). "Freshwater 219 

https://earthexplorer.usgs.gov/


plastic pollution: Recognizing research biases and identifying knowledge gaps." Water 220 

Research, 143, 416-424. 221 

Chamier, J., Schachtschneider, K., Le Maitre, D. C., Ashton, P. J., and Van Wilgen, B. W. 222 

(2012). "Impacts of invasive alien plants on water quality, with particular emphasis on South 223 

Africa." Water SA, 38(2). 224 

Davies, B. R., Thoms, M., and Meador, M. (1992). "An assessment of the ecological impacts 225 

of inter-basin water transfers, and their threats to river basin integrity and conservation." 226 

Aquatic Conservation: Marine and Freshwater Ecosystems, 2(4), 325-349. 227 

Dextrase, A. J., and Mandrak, N. E. (2006). "Impacts of Alien Invasive Species on 228 

Freshwater Fauna at Risk in Canada." Biological Invasions, 8(1), 13-24. 229 

Dubé, M. G. (2003). "Cumulative effect assessment in Canada: a regional framework for 230 

aquatic ecosystems." Environmental Impact Assessment Review, 23(6), 723-745. 231 

Gibbins, C. N., Soulsby, C., Jeffries, M. J., and Acornley, R. (2001). "Developing 232 

ecologically acceptable river flow regimes: a case study of Kielder reservoir and the Kielder 233 

water transfer system." Fisheries Management and Ecology, 8(6), 463-485. 234 

Gupta, J., and van der Zaag, P. (2008). "Interbasin water transfers and integrated water 235 

resources management: Where engineering, science and politics interlock." Physics and 236 

Chemistry of the Earth, 33(1-2), 28-40. 237 

Gurevitch, J., and Padilla, D. (2004). "Are invasive species a major cause of extinctions?" 238 

Trends in Ecology & Evolution, 19(9), 470-474. 239 

Jain, S. K., Reddy, N., and Chaube, U. C. (2005). "Analysis of a large inter-basin water 240 

transfer system in India." Hydrological Sciences–Journal–des Sciences Hydrologiques, 50(1), 241 



125-137. 242 

Kratzert, F., Klotz, D., Brenner, C., Schulz, K., and Herrnegger, M. (2018). "Rainfall–runoff 243 

modelling using Long Short-Term Memory (LSTM) networks." Hydrology and Earth System 244 

Sciences, 22(11), 6005-6022. 245 

Li, S., Xu, Z., Cheng, X., and Zhang, Q. (2008). "Dissolved trace elements and heavy metals 246 

in the Danjiangkou Reservoir, China." Environmental Geology, 55(5), 977-983. 247 

Li, S., and Zhang, Q. (2010). "Risk assessment and seasonal variations of dissolved trace 248 

elements and heavy metals in the Upper Han River, China." Journal of Hazardous Materials, 249 

181(1-3), 1051-1058. 250 

Lin, M. L., Lek, S., Ren, P., Li, S. H., Li, W., Du, X., Guo, C. B., Gozlan, R. E., and Li, Z. J. 251 

(2017). "Predicting impacts of south-to-north water transfer project on fish assemblages in 252 

Hongze Lake, China." Journal of Applied Ichthyology, 33(3), 395-402. 253 

Liu, H., Yin, J., and Feng, L. (2018). "The Dynamic Changes in the Storage of the 254 

Danjiangkou Reservoir and the Influence of the South-North Water Transfer Project." 255 

Scientific Reports, 8(1). 256 

Milhous, R. T. (1998). "Modelling of instream flow needs: The link between sediment and 257 

aquatic habitat." Regulated Rivers-Research & Management, 14(1), 79-94. 258 

Ming, B., Liu, P., Chang, J., Wang, Y., and Huang, Q. (2017). "Deriving Operating Rules of 259 

Pumped Water Storage Using Multiobjective Optimization: Case Study of the Han to Wei 260 

Interbasin Water Transfer Project, China." Journal of Water Resources Planning and 261 

Management, 143(0501701210). 262 

Ministry Of Environment, N. A. (2013). "Groundwater in China Part1-Occurrence and use.". 263 



Ni, L., Wang, D., Singh, V. P., Wu, J., Wang, Y., Tao, Y., and Zhang, J. (2019). "Streamflow 264 

and rainfall forecasting by two long short-term memory-based models." Journal of 265 

Hydrology, 124296. 266 

Rattan, R. K., Datta, S. P., Chhonkar, P. K., Suribabu, K., and Singh, A. K. (2005). 267 

"Long-term impact of irrigation with sewage effluents on heavy metal content in soils, crops 268 

and groundwater—a case study." Agriculture, Ecosystems & Environment, 109(3-4), 269 

310-322. 270 

Sadegh, M., Mahjouri, N., and Kerachian, R. (2010). "Optimal Inter-Basin Water Allocation 271 

Using Crisp and Fuzzy Shapley Games." Water Resources Management, 24(10), 2291-2310. 272 

Scheffer, M., Bascompte, J., Brock, W. A., Brovkin, V., Carpenter, S. R., Dakos, V., Held, H., 273 

van Nes, E. H., Rietkerk, M., and Sugihara, G. (2009). "Early-warning signals for critical 274 

transitions." Nature, 461(7260), 53-59. 275 

Suen, J. (2011). "Determining the Ecological Flow Regime for Existing Reservoir 276 

Operation." Water Resources Management, 25(3), 817-835. 277 

Suen, J., and Eheart, J. W. (2006). "Reservoir management to balance ecosystem and human 278 

needs: Incorporating the paradigm of the ecological flow regime." Water Resources Research, 279 

42(3), W03417. 280 

Webber, M., Li, M. T., Chen, J., Finlayson, B., Chen, D., Chen, Z. Y., Wang, M., and Barnett, 281 

J. (2015). "Impact of the Three Gorges Dam, the South–North Water Transfer Project and 282 

water abstractions on the duration and intensity of salt intrusions in the Yangtze River 283 

estuary." Hydrology and Earth System Sciences, 19(11), 4411-4425. 284 

Wilson, M., Li, X., Ma, Y., Smith, A., and Wu, J. (2017). "A Review of the Economic, Social, 285 



and Environmental Impacts of China's South–North Water Transfer Project: A Sustainability 286 

Perspective." Sustainability, 9(8), 1489. 287 

Wu, Z., Wu, J., He, B., Liu, J., Wang, Q., Zhang, H., and Liu, Y. (2014). "Drought Offset 288 

Ecological Restoration Program-Induced Increase in Vegetation Activity in the 289 

Beijing-Tianjin Sand Source Region, China." Environmental Science & Technology, 48(20), 290 

12108-12117. 291 

Yang, Y. E., and Cai, X. (2011). "Reservoir Reoperation for Fish Ecosystem Restoration 292 

Using Daily Inflows—Case Study of Lake Shelbyville." Journal of Water Resources 293 

Planning and Management, 137(6), 470-480. 294 

Yu, M., Wang, C., Liu, Y., Olsson, G., and Wang, C. (2018). "Sustainability of mega water 295 

diversion projects: Experience and lessons from China." Science of The Total Environment, 296 

619-620, 721-731. 297 

Zeng, Q., Qin, L., and Li, X. (2015). "The potential impact of an inter-basin water transfer 298 

project on nutrients (nitrogen and phosphorous) and chlorophyll a of the receiving water 299 

system." Science of The Total Environment, 536, 675-686. 300 

Zhai, S., Hu, W., and Zhu, Z. (2010). "Ecological impacts of water transfers on Lake Taihu 301 

from the Yangtze River, China." Ecological Engineering, 36(4), 406-420. 302 

Zhang, C., Chen, X., Li, Y., Ding, W., and Fu, G. (2018). "Water-energy-food nexus: 303 

Concepts, questions and methodologies." Journal of Cleaner Production, 195, 625-639. 304 

Zhang, D., Lin, J., Peng, Q., Wang, D., Yang, T., Sorooshian, S., Liu, X., and Zhuang, J. 305 

(2018). "Modeling and simulating of reservoir operation using the artificial neural network, 306 

support vector regression, deep learning algorithm." Journal of Hydrology, 565, 720-736. 307 



Zhang, M., Hu, L., Yao, L., and Yin, W. (2018). "Numerical studies on the influences of the 308 

South-to-North Water Transfer Project on groundwater level changes in the Beijing Plain, 309 

China." Hydrological Processes, 32(12), 1858-1873. 310 

Zhu, Y. P., Zhang, H. P., Chen, L., and Zhao, J. F. (2008). "Influence of the South–North 311 

Water Diversion Project and the mitigation projects on the water quality of Han River." 312 

Science of The Total Environment, 406(1-2), 57-68. 313 

Zhuang, W. (2016). "Eco-environmental impact of inter-basin water transfer projects: a 314 

review." Environmental Science and Pollution Research, 23(13), 12867-12879. 315 

Zmijewski, N., and Worman, A. (2017). "Trade-Offs between Phosphorous Discharge and 316 

Hydropower Production Using Reservoir Regulation." Journal of Water Resources Planning 317 

and Management, 143(040170529).  318 


