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ABSTRACT 

Nepal has substantial potential to generate electricity through hydropower projects. 

Most of the hydropower projects in Nepal are Run-off-River (ROR) types. 

Significant seasonal variation can be pronounced on its river basins resulting in 

higher streamflow & higher hydropower generation during the wet/summer season 

and just reverse scenario in case of the dry/winter season. Thus, ROR-type 

hydropower in Nepal is more susceptible to Climate Change.  

This study assesses the impact of variation in climatic parameters on the power 

generation of Super Dordi Hydropower Project Kha and streamflow of Dordi River 

by implementing WEAP model using the meteorological and hydrological data 

from 1976 to 2004 under Reference & Climatic Scenarios.  

Super Dordi Hydropower Project Kha is located in Lamjung District in the Western 

Development Region of Nepal. It is a Run-off-River type of project being 

developed by Peoples Hydropower Company Ltd. The Geographical coordinate of 

the project area lies between Longitudes 84o34’15” E and 84o31’00” E, Latitudes 

28o18’50” N and 28o16’20” N. 

Dordi River is one of the major tributaries of Marsyandi River in Lamjung district 

of Nepal, flowing from North to South and westward direction in Lamjung district 

of Western Development Region, Nepal. 

The results reveal that the streamflow of Dordi River of Nepal is in increasing 

trends and can be more pronounced during April, May, June & July of the season 

under climatic scenarios. The generation of hydropower plant is likely to increase 

from 0.35% to 15.16%, 0.66% to 31.99% & 0.92 to 50.51% over the study period 

under climatic scenario-1, 2 & 3, respectively, as compared to baseline scenario 

and the increments are observed to be more prominent during April & May of the 

season which is very crucial finding in current context of Nepal as there is power 

deficit during the dry season.Therefore, detailed technical and policy level planning 

can enhance the power generating capability of the future hydropower projects that 

will be developed in this corridor. This will significantly impacts the national 

energy planning and implementation.  
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CHAPTER ONE: INTRODUCTION 

 

1.1 General Background  

In the context of Nepal, the majority of the electricity generation is contributed through 

the hydropower sector. Nepal has tremendous potential to generate electricity through 

hydropower projects.  The country’s river basin has a theoretical potential of 83,290 

MW, out of which 45,610 MW is technically viable & 42,133 MW is economically 

feasible (K.C et al., 2011). However, it hasn’t been able to harness even 5 % of the 

hydropower potential mentioned above. The present hydropower generation capacity 

in the country is about 6052 GWhr, and the current peak demand is 1482 MW (Nepal 

Electricity Authority, 2021). On a positive note, the Nepal Government has planned to 

expand the power generation up to 15,000 MW by 2030, on which a significant 

contribution will be from the hydropower sector (Nationally Determined Contribution, 

2020).Most of the hydropower in Nepal is Run-off-River (ROR) type. Thus, significant 

seasonal variation can be pronounced in the river basins resulting in higher hydropower 

generation during the wet/summer season while lower generation during the dry/winter 

season. This seasonal variation causes energy deficits during the dry season. In these 

conditions, the energy demands are met by importing the energy from the neighboring 

country (Nepal Electricity Authority, 2021). 

Climate Change has been a serious challenge and matter of concern globally, regionally 

& nationally. Global warming is key factor of the climate change. It is quite evident 

that the temperatures have been increasing globally and causing serious climate-related 

risks for the human and natural systems. The IPCC Special Report on the impacts of 

global warming of 1.5°C stated that it is estimated to cause approximately 1.0°C of 

global warming above pre-industrial levels by human activities, with a possible global 

temperature rise in the range of 0.8°C to 1.2°C. Global warming will possibly approach 

1.5°C between 2030 and 2052 if it continues to increase at the current trend (IPCC 

Special Report, 2019). Several efforts have been put together globally to respond to the 

serious threat of Climate Change. Many plans and policies have been formulated and 

implemented at the national level in the form of Nationally Determined Contribution 

(NDC) to suppress rising global temperature from the national level. The Paris 

Agreement sets the main goal to limit the global temperature rise this century well 

below 2°C above pre-industrial level central and to put efforts to keep temperature rises 
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to 1.5°C. In addition to this, the agreement intends to improve the nation's capacity to 

deal with the effects of climate change and align the constant financial flows with low 

GHG emissions and a climate-resilient pathway. 

The Ministry of Forests and Environment MOFE (2015) under the Nepal Government 

commenced the National Adaptation Plan (NAP) to access the Climate Change pattern 

in terms of medium and long. The study regarding the changes in precipitation and 

temperature shows that the average annual precipitation is projected to increase by 2 - 

6% in medium term period and 8-12% in the long-term period. Similarly the annual 

mean temperature is projected to increase by 0.9 – 1.1°C in medium term period and 

1.3 – 1.8°C in the long term period. 

Climate Change has a greater impact on hydropower. Many studies can be found across 

the globe assessing the impact of Climate Change on hydropower projects.  The gross 

hydropower potential is projected to increase up to 2.4% & 6.3% by 2080 under the 

RCP 2.6 & 8.5 scenario as compared to those between 1971 to 2080s with significant 

increments pronounced in Central Africa, Asia, India, and northern high latitudes (Vliet 

et al., 2016). Likewise, the annual streamflow in Florida, USA, is projected to increase 

by an average of 21% with distinct seasonal alterations leading to an increment in power 

generation by approx. 56% during winter, an average of 15% during autumn, and 

decrement by 14 % during summer, with an increase in the global mean temperature 

(Chilkoti et al., 2017). The study has revealed the different degrees of impacts on 

streamflow in the Colorado river basin and hydropower generation with varying 

predictions of temperature and precipitation (Shu et al., 2018; Nashand Gleick, 1993; 

Wolock and McCabe, 1999; Christensen et al., 2004; Christensen and Lettenmaier, 

2007).  

1.1. Problem Statement 

Many hydropower projects in the Nepal have been developed and developing without 

sufficient and detail assessment for the potential climate risks and impacts. The majority 

of hydropower developers are not attentive to consider the possible impacts caused by 

the Climate Change during the development of hydropower projects due to the lack of 

i) right knowledge and awareness of Climate Change, its impact on entire parts of 

energy value chain; ii) detailed and clear provisions in the guidelines for study of 

hydropower projects (Department of Electricity Development, 2018) and requirement 
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of their mandatory investigation and risk assessment due to the Climate Change during 

the development of hydropower. 

Even when it is intended to assess the possible climatic risks and impact, it has been 

very difficult to carry out such research and detail investigation due to the lack of 

quality and reliable climatic datasets, availability of denser hydrological and 

meteorological network/stations, improved in-situ data, penetration of climate resilient 

funds, lack of proper coordination between the key authorities and actors associated 

during the hydropower development. 

 

1.2. Objective 

Main Objective:  

To access the impact of variation in climatic parameters on streamflow of Dordi River 

and hydropower generation of Super Dordi Hydropower Project Kha  

Specific objective: 

 To quantify impact of variation in climatic parameters on streamflow of Dordi  

 River & power generation of Super Dordi HPP Kha on difference scenario 

i) Reference scenario 

ii) Climatic Scenarios 

 

1.3. Limitation 

a) This modeling approach excludes the impacts of extreme weather events, which 

may increase under CC conditions leading infrastructural damage, potential loss in 

energy and other indirect effects, such as interruption in business & other latent 

effects. Exploring these potential effects would be fruitful area for further work.  

b) The model doesn’t consider the impact of CC on transmission and distribution of 

electricity network while they appear to be significant components. 

c) The model doesn’t consider the effect of the snowmelt in the study area. 

 

In spite of these limitations, this research work will render a methodological framework 

for Climate Change impact assessment on the hydropower generation and motivate to 

introduce potential resilience measures in order to maintain the entire parts of the 

electrical energy value chain of hydropower projects. 
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CHAPTER TWO: LITERATURE REVIEW 

 

2.1 Review on Climate Change and Hydropower  

Climate Change has been matter of serious global concern. Its impact can be observed 

in different sectors and hydropower is one of them. Several studies had been conducted 

in the hydropower systems located in the low altitude area lesser than 1000 ft, 

California, to investigate the effect of climate change. The study revealed that the 

hydropower generation from water supply reservoirs has increased in the wetter 

scenario due to the increase in the availability of the water, while the hydropower 

production has decreased in the drier scenario due to the low availability of the water 

(Yao and Georgakakos, 2001; VanRheenen et al., 2004; Tanaka et al., 2006). Variations 

in runoff can be observed across the different parts of the world due to Climate Change. 

The runoff is likely to increase in the high northern latitudes, Southeast Asia, East 

Africa, northeastern Europe, India, and parts of, Austria, China, Hungary, Norway, 

Sweden, the northwest Balkans, and Sahel under 2°C of global warming scenario as 

observed from the study (Schleussner et al., 2016; Donnelly et al., 2017;  Döll et al., 

2018;  Zhai et al., 2018). However, studies in the Mediterranean region, southern 

Australia, Central America, and central and southern South America found decrement 

in the runoff these areas. 

A study was conducted by Oti et al. (2020) in the Densu River Basin. The study showed 

that the temperature would increase by 8.23%, and rainfall would be decreased by 17% 

in that area due to the impact of climate change. An investigation of Olabanju et al. 

(2020) revealed that under RCP 4.5 & 8.5 scenarios, the temperature is likely to 

increase in the range of 1°C - 4°C & there will be decrease in the precipitation in the 

range of 5% - 30% as compared to baseline scenario. 

It has been observed that global warming has a greater impact on runoff of river basins 

across the different continents - Upper Amazon, Darling, Ganges, Lena, Upper 

Mississippi, Upper Niger, Rhine and Tagus, where the runoff is found to increase in 

Lena, decrease in Rhine, and Tagus and unclear effects on remaining parts due to the 

impact of global warming of 1°C, 2°C and 3°C above pre-industrial levels (Gosling et 

al., 2016). 

Liu et al. (2017) have researched the impacts of Climate change in the river basins of 

China. The results of study in the Yiluo River, northern part of China, demonstrated 

that the mean annual runoff is likely to decrease by 22% & 21% under 1.5°C & 2°C 
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temperature increment scenarios, respectively, while it is projected to increase by less 

than 1% & less than 3% under 1.5°C & 2°C scenarios in the Beijing River, southern 

part of China as compared to the baseline scenario. Similarly, another research in the 

Upper Yangtze River basin of China was conducted by Chen et al. (2017) and observed 

a slight increase and decrease in the river’s annual discharge under 1.5°C & 2°C 

scenarios, respectively. 

2.2 Studies related to Climate Change & its impact on hydropower in Nepal 

Nepal has been experiencing the visible impact of Climate change over the past few 

decades. It can be observed that the temperature in Nepal is increasing trend. The 

annual maximum temperature has been increasing at the rate of 0.056 °C/year between 

1975 & 2014. Likewise, the minimum temperature increases at the rate of 0.02°C/year, 

mainly pronounced during monsoon season (Department of Hydrology and 

Meteorology).  It is found to have increasing trend in temperature in the Eastern Koshi 

river basin & Karnali (Shrestha et al. 2016; Khatiwada et al., 2016). 

Similarly, it can be observed that there is variation in the precipitation due to the impact 

of Climate Change. The rainfalls are observed to have a decreasing trends during pre-

monsoon and post-monsoon, while rainfalls are in increasing trends during monsoon 

in the Gandaki river basin (Panthi et al., 2015). The precipitations in various stations 

of the Karnali river basin is found to show both increasing and decreasing trends. 

However, the average precipitation is found to have a decreasing trend in most of the 

stations (Khatiwada et al., 2016). 

The government agency in Nepal has carried out research to assess the patterns of 

changing Climate in the future periods. It has been projected in the study that average 

annual precipitation is expected to increase by 8-12% in the long-term and 2-6% in the 

medium-term period. Likewise, the avg. annual mean temperature is expected to 

increase by 0.9–1.1℃ in the medium-term and 1.3–1.8℃in the long-term (Ministry of 

Forests and Environment, 2019). 

A study has been carried out in the Marsyandi River, Lamjung district of Nepal, 

regarding the variation of Climatic parameters -temperature & precipitation and 

projections in future periods in a different scenario. The investigation has revealed that 

the temperature is likely to increase by 0.47℃ from maximum temperature & 0.84℃ 

from minimum temperature, 0.96℃ from maximum temperature & 1.33℃ from 

minimum temperature & 1.18℃ from maximum temperature and 1.49℃ from 
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minimum by 2030s, 2060s & 2090s respectively and precipitation by 6%, 12% & 17% 

by 2030s, 2060s & 2090s respectively with respect to the value of temperature and 

precipitation recorded at Khudi Bazar Station, Lamjung under baseline scenario 

(Khadka and Pathak, 2016). 

It can be observed from the above studies and research that the climatic pattern – 

temperature and precipitation has been dynamically changing in most parts of Nepal. 

Since most of the hydropower projects in Nepal are Run-off-River (ROR) types with 

significant seasonal variations, the hydropower projects in Nepal are susceptible to 

Climate Change.  

A study has carried out in the Gandaki river basin of Nepal and observed that the 

variations in climatic parameters had impacted the generation of the Trishuli 

Hydropower Project located in the basin (bajracharya et. al., 2011). Likewise, a study 

was carried out by Sahukhal & Bajracharya, (2015) at the Kaligandaki gorge HPP, 

Myagdi district of Nepal to assess the impact on the hydropower plant due to climatic 

parameter variation. The study showed there is variation in precipitation patterns in the 

vicinity of project area with no any change in the temperature trend. However, the 

discharge of the Kaligandaki river is found to have adecreasing trend. The investigation 

in the Kaligandaki river revealed that there is a decrease in full capacity power 

generation of the Kaligandaki Gorge Hydropower Project. Similarly, the study in the 

Kaligandaki river basin area revealed that the hydropower potential in that basin has 

been influenced by the impact of climate change (Bagale, 2017).  

Two unprecedented flood cases have been closely observed and analyzed its impacts 

for the Super Dordi Hydropower Project Kha under this study. These two flood events 

were occurred in the Dordi River, Dordi Corridor, Lamjung, Nepal within 3 years – 

one on July 24, 2019 and another on June 15, 2021. The 1st flood event was flash flood 

in which maximum flood flow lasted for 2 hours and exceeded the 1000 years of flood 

level and Maximum flow of 2nd flood event lasted for 7 hours which also exceeded the 

1000 years of flood level. These floods had caused the different level of impacts on the 

several hydropower projects and other infrastructures in the Dordi Corridor including 

the Super Dordi Hydropower Project Kha. The details case study of these two flood 

events occurred is summarized as below: 
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CASE I: FLOOD EVENT OF JUNE 15, 2022 OF SUPER DORDI HPP  

Team of Peoples Hydropower Co. Ltd., the developer & Clean Energy Consultant Pvt. 

Ltd. had visited the project site immediately after the occurrence of flood for collecting 

the firsthand information and assessed the consequences of the flood to the project.  

Figure 2-1: Graphical Presentation for the Rainfall across different part of Nepal  

from June 10 to 15, 2021, Source DHM 

 

A severe flood was encountered by the project on June 15, 2021. The following is the 

summary of the event: 

Summary of the event 

Flood date    : June 15, 2021 - Tuesday 

Flood Duration   : June 15 – 16,2021, 10 P.M. (NST) 

Maximum flow   : Lasted for about 7 Hours (3 PM – 10PM)  

Flood discharge estimate  : Exceeding 1000 yrs. Flood, 

Estimated flood of June 15, 2021 : 1,090 m3/sec (>> Shrawan 8, 076 flood)  

Estimated 1000 years flood @ Intake: 411m3/ sec 

Estimated 1000 years flood @ PH     : 496 m3/sec  

100 Years Design flood @Intake       : 300 m3/sec 100  

Years Design flood @ PH  : 362 m3/sec  

Design discharge   : 9.9 m3/sec 
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Figure 2-2: Monsoon Prediction – 2078, Province wise, DHM 

  

Impacts Area: 

The flood event had generated large volume of losses to project components, which is 

depicted as hereunder: 

 

Human Casualties 

There was no human casualty. Total 15 persons trapped inside the HRT face about 

700m inside tunnel face and rescued after 5 Hours (0:00 – 5:00 AM Asar 1, 2078). 

 

Physical Losses to Project Components  

 Damage to Dordi and Purmu Headworks, 

 Damage of contractor’s equipment, 

 Damage on desander inlet access road, 

 Damage to intake flood wall 

 Damage to Intake upstream 

 Damage to Diversion Inlet and inside 

 Damage to Connecting Tunnel 

 Damage to Gravel trap cross regulator 

 Damage to Dordi Desander and Purmu Desander 
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 Damage to Headrace Tunnel access and Headrace Tunnel 

 Damage to Purmu Adit    

 Powerhoue & Tailrace area 

 Damage to Construction power, Transmission Line & NEA interconnection  

substation at Kirtipur and Kirtipur-Udipur Line 

 Damage to Project Acesss Road 

 Damage to Hydromechanical Works 

 Impact on Project Cost and Time 

 

CASE II: FLASH FLOOD OCCURRED IN SUPER DORDI HPP  

Team of Peoples Hydropower Co. Ltd and Clean Energy Consultant P. Ltd. had made 

an investigation after occurrence of unprecedented flood on July 24, 2019 in Dordi 

River. It is reported that the flood was flood was triggered by damming of river and 

sudden breach of the dam considering the sudden and short nature of the flood wave 

with lots of debris. It is estimated to be exceeding more than 1000 years flood. This 

had caused different level of impact to many hydropower projects and other 

infrastructures in the Dordi Corridor including the Super Dordi Hydropower Project 

Kha.  

Flood Event July 24, 2019  

A brief information on the Dordi Flood of July 24, 2019 is as follows: 

Flood date     :  July 24, 2019 

Flood Duration    : 2:30 PM – 4:30 PM (2 Hrs) 

Maximum flow    : Lasted for about 30 minutes 

Estimated flood of July 24, 2019   : >1200 cumec 

Estimated 1000 years flood @ Intake  : 411 cumec 

Estimated 1000 years flood @ PH  : 496 cumec 

100 Years Design flood @ Intake  : 300 cumec 

100 Years Design flood @ PH  : 362 cumec  

Design discharge    : 9.9 cumec 

Impact Areas: 

 Weir site/DS Apron area  

 Access to Connecting Tunnel  

 Desander basins Flushing Portal  
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 Gravel Trap  

 Access road to Flushing Tunnel including the a part of main access to  

Headworks area  

 Scouring more than 3-6m depth in the headwork area 

 Site establishment area/ Portal Facilities/ site offices of Contractor located in  

 the headwork area (Diversion inlet, main intake & undersluice, Diversion outlet  

and Diversion Tunnel) 

 Contractor’s equipment was swept away by the flood. 

 Powerhouse Area, Tailrace tunnel including portal area;Site establishment area  

 Contractor’s portal facilities, equipment: Contractor’s crusher plant. 

2.3 Identification of Gaps on past study 

Several studies have been conducted by hydropower developers, government 

authorities and other stakeholders in the Dordi Basin, Lamjung prior to the project 

development, during the project design period & during construction period which is 

reflected in the Pre-feasibility Report, Feasibility Report, Due Diligent Report, Detail 

Project Report and other forms. These studies have incorporated geo-technical analysis, 

optimum design, financial analysis, economic analysis, sensitivity analysis, sediment 

analysis, seismic designs and so on. However, the project authorities in the Dordi 

Corridor hasn’t considered the potential risks related to the Climate Change. 

Currently, on the Dordi Corridor locating in the Lamjung district, Nepal, there are 

several projects that are under construction phases and some are even in the verse of 

completion, namely - Dordi Khola Hydroelectric Project -27 MW, Dordi-I 

Hydroelectric Project -10.3 MW, Upper Dordi-A Hydroelectric Project -25 MW & 

Super Dordi Hydroelectric Project -54MW. Thus, significant amount of electricity 

cumulatively 116.3 MW, is going to tap into the national electricity grid when all 

these projects come in operation in full swing. However, there has been no any 

necessary assessment in the Corridor conducted by hydropower developers, project 

authorities and other stakeholders to consider the potential risks and impacts related 

to the climate that can be arisen in the future due to the Climate Change. Thus, it is 

very important to assess the potential impacts on hydropower due to the variation in 

the Climatic parameters in the corridor and possibly utilize the results for the 

hydropower development & operation, climate-related risk analysis and ultimately 

integrate the results into the national energy planning and implementation. 
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2.4 Description of Study Area 

Super Dordi Hydropower Project HPP-Kha is situated in Lamjung District in the 

Western Development Region of Nepal. It is a Run-off-River type being developed by 

Peoples Hydropower Company Ltd. The Geographical coordinate of the project area 

lies between Longitudes 84o34’15” E and 84o31’00” E, Latitudes 28o18’50” N and 

28o16’20” N as shown in Fig. 2-3 & 2-4 (Peoples Hydropower Company Ltd., 2015; 

2017)  

Figure 2-3: Project Location Map & Dordi – Phrumu Intake Catchment(PHCL, 2017) 

 

Dordi River is one of the major tributaries of Marsyandi Khola in Lamjung district of 

Nepal, flowing from North to South and west direction. The river originates from the 

southern and eastern slope of Himal Chuli (7893m) and the western slope of Baudha 
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Himal (6672m). Dordi River meets the Marsyandi Khola in the vicinity of Bhoteodar 

Lamjung, downstream side of Madya Marsyandi HPP’s headwork, and Marsyandi 

River meets Trishuli River at Mugling. Dordi River comprises several sub-tributaries 

like Dudh Khola, Phrumu Khola, etc. 

The maximum length of Dordi River up to intake is about 18 km. The width of Dordi 

River’s catchment above intake varies from 8.3 km-12 km. The total catchment area of 

the project is 151.6 sq. km of which 22.95 sq. km lies above 5500 masl altitude, 108.15 

sq. km lies between 3000-5500 masl, and 19.11 sq. km between 2000-3000 masl & 

1.39 sq. km lies below 2000 masl. as shown in Fig 2-3 & 2-4. 

Figure 2-4: Catchment of Super Dordi HPP Kha, Powerhouse Area (PHCL, 2017) 

The climate of this region is significantly affected by the region’s topography.  The 

mean annual rainfall in the Dordi Khola basin is estimated to be 2535mm. The monsoon 

begins in late June and continues until late September, followed by a dry period. The 

winter begins in November and continues until February. The climate becomes 

progressively warmer in February/March and is characterized by hot and dry weather 

followed by a transitional pre-monsoon period with thundershowers and frequently 

strong winds until the beginning of the monsoon. The mean annual temperature of the 

Gandaki basin is 15.4 °C which increases from North to South. In the lower part of the 

project area, the sub-tropical climate can be experienced during the dry and rainy 

seasons. However, the upper part of the Dordi River is cold. The area’s temperature 

ranges from 8°C (in January) to 23°C (in July). The most mixed dense forest can be 
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found in the Dordi River banks in the vicinity of intake river banks of Dordi near intake 

are mostly mixed dense forest. There is no settlement at the upstream side of the Dordi 

intake. A tributary named Prumu River also consists of a dense mixed forest catchment. 

In the cultivated basin area, the general type of the agricultural soil is found which 

varies from sandy loam to loamy sand and soil depth ranges from 0.15m to 1.83m. The 

riverside valley on the bottom and the plains tend to be more fertile than the soil on the 

hill slopes. Barley, wheat, maize, millet, etc., are major crops in this area that are 

suitable for agriculture. The pasture land also can be found in some of the areas inside 

the catchment. 
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CHAPTER THREE: RESEARCH METHODOLOGY 

  

3.1 Research Approach  

This study used the WEAP to model the nexus of water, energy, and climate in the 

electricity sector of Dordi River.  

The WEAP, developed by SEI, is a hydrological model which is widely used to study 

the hydrological processes and cycle (Rochdande et al., 2012; Leong and Lai, 2017) 

and assess the impact of climate change (Alemayehu et al., 2010; Rosenzweig et al., 

2004; Purkey et al., 2007; Mehta et al., 2013; Santikayasa et al., 2015). The WEAP 

model includes five methods for modeling the catchment processes – Irrigation 

Demand Only (Simplified Coefficient Method), Rainfall Runoff (Simplified 

Coefficient Method), MABIA (FAO 56, dual KC, daily), Rainfall Runoff (Soil 

Moisture Method) & Plant Growth (daily; CO2, water and temperature stress effects). 

The major reason to use this Soil Moisture method among the above other methods is 

due to the availability of the relevant data for the modeling of Dordi River via this 

method and assess its hydrological response to the changing climatic parameters and it 

also fits with purpose of the present study. Furthermore, this method accounts the 

impact of land use and soil types on these process. 

 

3.1.1 Soil Moisture Method 

In this method, the catchment is partitioned into layers of soil – the upper soil layer 

called shallow water capacity & low soil layer called deep-water capacity. This method 

implements empirical functions that divide the water system into ET, surface runoff, 

sub-surface runoff (i.e., interflow), and deep percolation as shown in Figure 3-1 (SEI, 

2021). It permits for the characterization the impact of land use land type on these 

processes. The Dordi catchment will be sub-divided into several sub-catchments 

representing different land use land type aggregating the catchment area to 100% in 

order to observe the effect of hydrologic response in the catchment, the values of land 

use land cover from the individual fractional area with the catchment are summed. The 

surface runoff, sub-surface runoff, and base-flow are connected to the river feature, and 

Evapotranspiration will be lost from the system in this process. 

A water balance is calculated for each fractional area, j of N, assuming there will be 

similar climate over each sub-catchment. When the appropriate link is made between 

the catchment unit node and a groundwater node, the deep percolation within the 
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catchment unit can be transmitted to a surface water body as base flow or directly to 

groundwater storage. The expression of the water balance is presented as (SEI, 2021): 

𝑅𝑑𝑗  
𝑑𝑍1,𝑗

𝑑𝑡
= 𝑃𝑒(𝑡) − 𝐸𝑇0(𝑡)𝐾𝑐,𝑗(𝑡) (

5𝑍1,𝑗− 2𝑍2
1,𝑗

3
) − 𝑃𝑒(𝑡)𝑍𝑅𝑅𝐹

1,𝑗 − 𝑓𝑗𝑘𝑠,𝑗𝑍2
1,𝑗       −

(1 − 𝑓𝑗)𝑘𝑠,𝑗𝑍2
1,𝑗                           Equation 3.1 

where 𝑍1,𝑗 = [1,0] is the relative storage given as a fraction of the total effective storage 

of the root zone, 𝑅𝑑𝑗 (mm) for land cover fraction, j; 𝑃𝑒(mm) is effective precipitation,  

𝐸𝑇0(𝑡) is reference evapotranspiration in mm/day, 𝐾𝑐,𝑗 is the crop coeff. for each 

fractional land cover, RRFj is the Runoff Resistance Factor of the land cover, 

𝑃𝑒(𝑡)𝑍𝑅𝑅𝐹
1,𝑗 is the surface runoff, 𝑓𝑗𝑘𝑠,𝑗𝑍2

1,𝑗 represents interflow from the upper layer 

of land use, 𝑓𝑗 is partitioning coeff. relating to the land cover type, soil, and topography 

for the area which partitions flow into horizontal 𝑓𝑗 and vertical (1 − 𝑓𝑗) & 𝑘𝑠,𝑗is the 

estimate value of the root zone saturated conductivity in mm/time. Thus, total surface 

and interflow runoff, RT, from each sub-catchment at time t is given as, 

𝑅𝑇(𝑡) = ∑ 𝐴𝑗
𝑁
𝑗=0 (𝑃𝑒(𝑡)𝑍𝑅𝑅𝐹

1,𝑗 − 𝑓𝑗𝑘𝑠,𝑗𝑍2
1,𝑗)                            Equation 3.2 

The base flow emanating from the second bucket where no return flow link is created 

from a catchment to a groundwater node. It will be calculated as below: 

𝑆𝑚𝑎𝑥
𝑑𝑧2

𝑑𝑡
= (∑ (1 − 𝑓𝑗)𝑘𝑠,𝑗𝑍2

1,𝑗

𝑁

𝑗=1
) −  𝑘𝑠2𝑍2

2                     Equation 3.3 

Where 𝑆𝑚𝑎𝑥 represents the deep percolation from the upper storage, and 𝑘𝑠2 is the 

saturated conductivity of the lower storage in mm/time. 

Actual evapotranspiration (ET) is also estimated using reference ET, crop coefficient 

(𝐾𝑐), and soil water level in the modeling unit root zone given by  

𝐸𝑇 = 𝐸𝑇0 ∗  𝐾𝑐
(5𝑍1−2𝑍12 )

3
              Equation 3.4 

𝐸𝑇0 is the water from the surface of land which would be lost to the atmosphere when 

water is adequate to meet the demand for the atmospheric evaporation from the 

reference surface. 𝐸𝑇0 estimation implements the standard climatological records of 
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humidity, sunshine, air temperature, and wind speed. The Penman-Monteith method to 

compute 𝐸𝑇0is presented as below: 

𝐸𝑇0 =
0.408∆(𝑅𝑛−𝐺)+ 𝛾 

900

𝑇+273
𝑢2(𝑒𝑠− 𝑒𝑎)

 

∆+ 𝛾(1+0.34𝑢2) 
                   Equation 3.5 

Where, 𝐸𝑇0 represents the reference evapotranspiration in mm/day, 𝑅𝑛 represents net 

radiation at the crop surface in MJ/m2day, G indicates soil heat flux density in 

MJ/m2day, T is mean daily air temperature at 2 m height in ℃, 𝑢2 represent the wind 

speed at 2 m height (m/s), 𝑒𝑠 is the actual vapor pressure (kPa), 𝑒𝑠 −  𝑒𝑎 is saturation 

vapor pressure deficit (kPa), ∆ is slope vapor pressure curve (kPa/℃), and 𝛾 is the 

psychrometric constant (kPa/℃). 

 

Figure 3-1: Conceptual diagram in Soil Moisture model (Sieber and Purkey, 2015) 
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3.1.2 WEAP River Nodes (SEI, 2021) 

In WEAP, the rivers and diversions are composed from river nodes which are linked 

by river reaches. Other rivers may flow in from tributaries or flow out of river 

(diversions). In WEAP, river nodes are categorized as follow:  

 

 Reservoir nodes: On a river, they represent reservoir sites. Water can be directly 

released to demand sites or for use downstream via river reservoir node. For the 

simulation of hydropower production, river nodes can be also used. 

 

 Run-of-river hydropower nodes: In the WEAP model they indicate points on which 

ROR type hydropower stations are located. These hydropower stations produce 

power based on changing streamflows but a fixed water head. 

 

 Flow requirement nodes: They maintain the minimum incoming stream flow that 

are required at a point on a river or diversion to meet requirement of water quality, 

Aquatic & wildlife, navigation, recreation, downstream or other any requirements. 

 

 Withdrawal nodes:  They indicate points where any number of demand sites 

receive water directly from a river. 

 

 Diversion nodes: The function of these nodes in WEAP is to divert water from a 

river or other diversion into a canal or pipeline called a diversion.  

 

3.1.3 WEAP Algorithms for Hydropower Generation (SEI, 2021) 

Run-of-River Hydropower Flows 

 

The flow releasing is the sum of the flow in from upstream, demand site (DS) and 

treatment plant (TP) return flows that come in at that point. 

DownstreamOutflowROR = UpstreamInflowROR + DSReturnFlowDS,ROR + 

TPReturnFlowTP,ROR                                     Equation 3.6 

Hydropower generation is calculated from the amount of water flows through the 

turbine, based on the reservoir release or run-of-river streamflow, which is constrained 
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by the maximum flow capacity of turbine.  

 

In case of river reservoirs, all water towards downstream is flow through the turbines,  

ReleaseH = DownstreamOutflowH                         Equation 3.7 

In case of local reservoirs, 

ReleaseH  = TransLinkInflowH,DS + ExtraOutflowForHydropowerRequirement 

                                       Equation 3.8 

In case of ROR hydropower nodes, the "release" is equal to the downstream outflow 

from the node. 

ReleaseH = DownstreamOutflowH                                   Equation 3.9 

The water volume flowing through the turbines is limited by the maximum flow of 

turbine. Even if there is excess of water, then it is assumed to be released through 

spillways which don’t contribute to produce electricity.  

VolumeThroughTurbineH = Min( ReleaseH , MaxTurbineFlowH )                Equation 3.10 

The Energy production in a month,gigajoules (GJ), 

EnergyFullMonthGJH = VolumeThroughTurbineH x HydroGenerationFactorH 

                 Equation 3.11 

HydroGenerationFactorH = 1000 (kg / m^3) * DropElevationH x PlantFactorH x 

PlantEfficiencyH * 9.806 / (1,000,000,000 J / GJ)                            Equation 3.12 

In case of reservoirs, Drop in elevation is calculated from the difference in the elevation 

attained at the starting of the month and the tailwater’s elevation  

DropElevationH = BeginMonthElevationH - TailwaterElevationH                Equation 3.13 

In case of ROR hydropower nodes, the drop in elevation is  

DropElevationH = FixedHeadH               Equation 3.14 

SupplyRequirementH = EnergyDemandFullMonthGJH /  HydroGenerationFactorH        

                           Equation 3.15 

 

 



  

30 

 

3.2 Data Collection and WEAP Model Input 

The meteorological, hydrological, land use land cover, soil & geographic latitude data 

are required to model the Dordi River. Twenty-Nine years (1976 – 2004) of monthly 

temperature, precipitation, and relative humidity data are obtained from the DHM, 

Government of Nepal, for the Khudi Bazar Station (Station ID 802) located at Lamjung 

District of Nepal. 

Figure 3-2: Mean Monthly Temperature Pattern 

The monthly discharge of Dordi River from 1976 – 2004 is obtained from Detail 

Project Report, DPR, 2015, which was recorded by the Peoples Hydropower Co. Ltd 

& Clean Energy Consultant P. Ltd (developer & design consultant of the Super Dordi 

Hydropower Project Kha) during the time of project development. And all the missing 

data are filled by the of linear interpolation technique.  The temperature, discharge, 

relative humidity & precipitation pattern from the years 1976 to 2004 is present in 

Figure: 3-2, 3-3, 3-4 & 3-5 respectively.  

Figure 3-3: Mean Monthly Relative Humidit 
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Figure 3-4: Monthly Average Precipitation pattern  

 

 

Figure 3-5: Mean Monthly Observed Streamflow pattern of Dordi River 

 
 

In addition to the Climatic data parameters, the land use and land cover (LULC) are 

required for the modeling of the Dordi River. The data of the project catchment area: 

151.6 Sq. km is fetched from the report produced by Project developer. Further, the 

LULC map are developed by the tool facilitated by the ICIMOD – land type and their 

coverage are presented in Figure 3-6. The Land use pattern of Lamjung District is 

presented in Table 3-1.  

A similar study has carried out by Khadka and Pathak, (2016) in the Marsyandi river 

basin located in Lamjung district of Nepal, located between 27o50’42” N to 28o54’11” 

N Latitudes and 83o47’24” E to 84o48’04” E Longitudes. It implemented the Second 

Generation Canadian Earth System (CanESM2) for the Climate Change projection for  
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Figure 3-6: LULC map of Dordi basin (demarcated by red color polyline) 

 

Table 3-1: Land Use Pattern of Lamjung District (IEE Report, 2018) 

 

 

 

 

 

 

 

 

 

 Tyf 

1  2645

2  4737

3  1377

4  264

5  641

6  330

7  006
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the future, performed within framework of CMIP5 which contributes to 5th assessment 

report of IPCC. The Projection for the temperature and precipitation in the future under 

RCP 4.5 is summarized and presented in the table 3-2. 

 

    Table 3-2: Projected Change in Temperature & Precipitation compared to Baselin 

Station   Baseline    
RCP4.5 

Reference 
2030s 2060s 2090s 

Khudi 

Bazar 

Temperature 

 Projected 

Change, ℃ 

   

Khadka 

and 

Pathak, 

2019 

Maximum 26.64 ℃ 0.47 ℃ 0.96 ℃ 1.18 ℃ 

Minimum 14.68 ℃ 0.84 ℃ 1.33 ℃ 1.49 ℃ 

Annual 

Precipitation  

in Baseline 

period, mm  

3362mm 

% change in 

Precipitation 

compared to 

the Baseline  

6% 12% 17% 

 

Therefore, the present study takes the basis of above climatic results drawn from khudi 

Bazar Station, Lamjung, Nepal investigated by the khadka and Pathak, implementing 

CanESM2 dataset with CMIP5 model under RCP 4.5 for the projection of Climatic 

Parameters (Temperature & Precipitation) for the future periods. 

It can be observed from the table 1 that under the RCP 4.5, the temperature is likely to 

increase by 0.47℃ from maximum temperature and 0.84℃ from minimum 

temperature (with an average of 0.655℃), 0.96℃ from maximum temperature & 

1.33℃ from maximum temperature (with an average of 1.145℃) & 1.18℃ from 

maximum temperature & 1.49℃ from maximum temperature (with an average of 

1.335℃) by 2030s, 2060s & 2090s respectively and precipitation by 6%, 12% & 17% 

by 2030s, 2060s & 2090s respectively with respect to the value of temperature and 

precipitation recorded at Khudi Bazar Station, Lamjung under baseline scenario.  

Therefore, for projecting the climatic parameters (temperature & precipitation) for 

future and inputting these projected temperature and precipitation in WEAP model, 

three Climatic Scenarios: Climatic Scenario-1, 2 & 3 are developed for this study on 

the basis of above study, which is presented in the table 2. In the Climatic Scenario-

1, temperature & precipitation is increased by 0.5℃ & 5 % respectively, by 1℃ & 

10 % in Climatic Scenario -2 & 1.5℃ & 15% in Climatic Scenario -3 with respect 

to the value of mean temperature and precipitation at Reference Scenario.  
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Furthermore, in order to assess the uncertainties in the Climatic Scenarios, the 

Scenario analysis have performed for this study using Monte Carlo Simulation – 

Probabilistic Approach which is presented in the Table 3-3 & APPENDIX-F. 

Table 3-3: Calculation for 95% Confidence Interval 

For Climatic Scenario-1 

S.N 
Temperature in ℃ 

(x) 

 

S.N 

 Precipitation Change wrt 

baseline  in % 

(x) 

1 0.47 1 1 

2 0.5 2 2 

3 0.6 3 3 

4 0.7 4 4 

5 0.84 5 5 

  

6 6 

n 5 n 6 

 Mean, 0.622   Mean, 3.5 

 Standard  

Deviation,𝜎 

0.136 
 Standard  

Deviation, 
1.708 

Calculation for 95% Confidence Interval, 

Temperature 

Calculation for 95% Confidence Interval,  

Precipitation  

If n<30 

 

Confidence Interval,  

CI = x̄ ± tα/2(    /√n) 
Remarks If n<30 

 

Confidence Interval,  

CI = x̄ ± tα/2(    /√n) 
Remarks 

dF = n-1 4 (t value 

for 95% 

CI from 

 t-table) 

dF = n-1 5 (t value for 

95% CI 

from 

 t-table) 

tα/2 
2.78 

tα/2 
2.57 

/√n 0.06  /√n 0.70  

95% CI 95% CI 

Upper 

Value 
0.79 ℃ Upper Value 5.29 % 

Lower 

Value 
0.45 ℃ Lower Value 1.71 % 

For Climatic Scenario-2 

S.N 
Temperature in ℃ 

(x) 

 

S.N 

 Precipitation Change wrt 

baseline  in % 

(x) 

1 0.96 1 7 

2 1 2 8 

3 1.03 3 9 

4 1.13 4 10 

�̅� 

𝜎 

�̅� 

𝜎 

𝜎 𝜎 

𝜎 
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5 1.23 5 11 

6 1.33 6 12 

n 6 n 6 

 Mean, 1.113   Mean, 9.5 

 Standard 

Deviation,  
0.132 

 Standard 

Deviation 
1.707 

Calculation for 95% Confidence Interval, 

Temperature  

Calculation for 95% Confidence Interval, 

Precipitation  

If n<30 

 

Confidence Interval,  

CI = x̄ ± tα/2(    /√n) 
Remarks If n<30 

 

Confidence Interval,  

CI = x̄ ± tα/2(    /√n) 
Remarks 

dF = n-1 5 (t value 

for 95% 

CI from 

 t-table) 

dF = n-1 5 (t value 

for 95% 

CI from 

 t-table) 
tα/2 2.57 tα/2 2.57 

/√n 0.05  /√n 0.70  

95% CI 95% CI 

Upper 

Value 
1.25 ℃ Upper Value 11.29 % 

Lower 

Value 
0.98 ℃ Lower Value 7.71 % 

For Climatic Scenario-3 

S.N 
Temperature in ℃ 

(x) 

 

S.N 

 Precipitation Change wrt 

baseline  in % 

(x) 

1 1.18 1 13 

2 1.29 2 14 

3 1.39 3 15 

4 1.49 4 16 

5 1.5 5 17 

n 5 n 5 

 Mean, 1.37   Mean, 15 

 Standard 

Deviation,  
0.122  Standard 

Deviation 𝜎 

1.414 

Calculation for 95% Confidence Interval, 

Temperature 

Calculation for 95% Confidence Interval, 

Precipitation  

If n<30 

Confidence Interval,  

CI = x̄ ± tα/2(    /√n) Remarks If n<30 

Confidence Interval,  

CI = x̄ ± tα/2(    /√n) Remarks 

dF = n-1 4 (t value 

for 95% 

CI from 

 t-table) 

dF = n-1 4 (t value 

for 95% 

CI from 

 t-table) 
tα/2 2.78 

tα/2 
2.78 

/√n 0.05  /√n 0.63  

95% CI 95% CI 

Upper 

Value 
1.52 ℃ Upper Value 16.76 % 

Lower 

Value 
1.22 ℃ Lower Value 13.24 % 

�̅� 

𝜎 

�̅� 

𝜎 

𝜎 𝜎 

𝜎 

�̅� 

𝜎 

�̅� 

𝜎 

𝜎 

𝜎 

𝜎 
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From the Calculation of 95% Confidence Interval in the normal distribution presented 

in the Table 3-3 & APPENDIX-F for different Scenarios, it has been observed 

following results under Climatic Scenarios.  

 

1. Under Climatic Scenario-1, the 95% Confidence Interval for temperature is 

0.45℃ to 0.79℃ and that for change in precipitation is 1.71% to 5.29%. 

Therefore, we are well known from this fact that this 95% confidence Interval 

contains 0.5℃ temperature and 5% change in Precipitation for Climatic 

Scenario-1. 

2. Under Climatic Scenario-2, the 95% Confidence Interval for temperature is 

0.98℃ to 1.25℃ and that for change in precipitation is 7.71% to 11.29%. 

Therefore, we are well known from this fact that this 95% confidence Interval 

contains 1℃ temperature and 10% change in Precipitation for Climatic 

Scenario-2. 

3. Under Climatic Scenario-3, the 95% Confidence Interval for temperature is 

1.22℃ to 1.52℃ and that for change in precipitation is 13.24% to 16.76%. 

Therefore, we are well known from this fact that this 95% confidence Interval 

contains 1.5℃ temperature and 15% change in Precipitation for Climatic 

Scenario-3. 

 

 

 

Table 3-4: Summary-Scenario Analysis Result 

Scenarios 

95% Confidence Interval 

Temperature(in ℃) Change in Precipitation (in %) 

 

Upper Limit 

 

Lower Limit 

 

Upper Limit 

 

Lower Limit 

 

Climatic Scenario-1 
0.79 0.45 5.29 1.71 

 

Climatic Scenario-2 
1.25 0.98 11.29 7.71 

 

Climatic Scenario-3 
1.52 1.22 16.76 13.24 
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Table 3-5: Projected change in temperature and precipitation for present study 

Station 
Climatic 

Parameters 
Baseline 

Projected 

Change 

RCP4.5 

Remarks 

2030s 2060s 2090s 

Climatic 

Scenario-

1 

Climatic 

Scenario-

2 

Climatic 

Scenario-

3 

Khudi 

Bazar 

Temperature 
Reference 

Scenario 

Projected 

Change, ℃ 
0.5 ℃ 1℃ 1.5 ℃ Climatic 

Scenarios 

for 

Present 

Study 
Precipitation   

Reference 

Scenario 

% change in 

Precipitation 

compared to 

the Baseline  

5% 10% 15% 

 

 

3.3 Model Setup 

This study focuses on the development of a hydrological model of the Dordi River via 

WEAP to assess the hydrological behavior at the Dordi River. The study involves the 

simulation of the Dordi river through WEAP, the setup of which is shown in Figure 3-

8, and evaluate the impact on the generation of the hydro plant due to the variation in 

the Climatic parameters under different scenarios – Reference scenario & Climatic 

Scenario-1, 2 &3 as mentioned above. Figure 3-7 represents the flow chart for the input, 

output, and modeling process of the WEAP hydrological model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-7: Flow Chart for WEAP Hydrologic model 

 













No 
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The River model is created in the Schematic View of WEAP for the Super Dordi 

Hydropower Project Kha. The Major Components used in the Schematic River models 

are: River, Catchment, Transmission Link, Run of River Hydro, and Streamflow Gauge 

which is represented in the Figure 3-8. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-8: WEAP River model of Super Dordi HPP Kha 
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3.4 Calibration & Validation of Dordi River WEAP Model 

The Climatic data that includes precipitation, avg. temperature, relative humidity, wind 

speed; land use, and soil parameters, are used for simulation of streamflow outputs. 

The simulated and observed streamflow outputs of the Dordi River from 1976 to 2004 

are presented in Figure 3-9.  

Figure 3-9: Simulated and Observed Streamflow WEAP results of Dordi River from 

1976 to 2004 

 

The model was calibrated to estimate the LULC parameter using the manual method. 

The values of land and soil parameters are selected in such a way it will give a good 

agreement between the observed and model streamflow & best performance statistics 

results for the WEAP model (Abdi and Ayenew, 2021). 

 

3.5 WEAP model performance evaluation measures 

The efficiency of WEAP model performance was assessed by comparing the observed 

streamflow versus the simulated streamflow using performance evaluation statistics – 

Coefficient of Determination (R2), Nash-Sutcliffe Efficiency (NSE) & Root Mean 

Square Error – observations Standard deviation Ratio (RSR). 

Coefficient of Determination (R2) measures the degree of collinearity between 

observed and simulated values. The Value of R2 ranges from 0 to 1. The formula for 

determining the value of R2 is given below: 
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𝑅2 =  
∑ (𝑌𝑖

𝑠𝑖𝑚− 𝑋𝑠𝑖𝑚) ((𝑌𝑖
𝑜𝑏𝑠− 𝑋𝑜𝑏𝑠)  𝑛

𝑖=1

√∑ (𝑌𝑖
𝑠𝑖𝑚− 𝑋𝑠𝑖𝑚)2  ∑ (𝑌𝑖

𝑜𝑏𝑠− 𝑋𝑜𝑏𝑠)2𝑛
𝑖=1   𝑛

𝑖=1

           Equation 3.16 

 

Where, 𝑌𝑖
𝑠𝑖𝑚 is the simulated streamflow, 𝑌𝑖

𝑜𝑏𝑠 is the observed streamflow, 𝑋𝑠𝑖𝑚 is the 

mean of simulated streamflow, and 𝑋𝑜𝑏𝑠 is the mean of observed streamflow. 

The values of 𝑅2 that are higher than 0.5 are acceptable (Santhi et al., 2001; Van et al., 

2007). The higher values, the lesser the error variance. 

The Nash-Sutcliffe Efficiency (NSE) evaluates the hydrological model's predictive 

capability. The Value of NSE ranges between - ∞ and 1, where NSE=1 shows the 

perfect fitness between the simulated and observed streamflow, NSE=0 shows that the 

model predictions are as accurate as the mean of the observed data & NSE<0 shows 

that the observed mean is a better predictor than model (Van et al., 2007). The formula 

for determining the value is presented below: 

 

𝑁𝑆𝐸 = 1 −  
∑  (𝑌𝑖

𝑜𝑏𝑠− 𝑌𝑖
𝑠𝑖𝑚)2  𝑛

𝑖=1

∑  (𝑌𝑖
𝑜𝑏𝑠− 𝑋𝑜𝑏𝑠)2  𝑛

𝑖=1

                 Equation 3.17 

 

Where, 𝑌𝑖
𝑠𝑖𝑚 is the simulated streamflow, 𝑌𝑖

𝑜𝑏𝑠 is the observed streamflow & 𝑋𝑜𝑏𝑠 is 

the mean of observed streamflow. 

RSR is the ratio of Root Mean Square Error to Standard deviation. The formula for 

determining the RSR is given below: 

𝑅𝑆𝑅 =  
∑  (𝑌𝑖

𝑜𝑏𝑠− 𝑌𝑖
𝑠𝑖𝑚)2  𝑛

𝑖=1

∑  (𝑌𝑖
𝑜𝑏𝑠− 𝑋𝑠𝑖𝑚)2  𝑛

𝑖=1

                   Equation 3.18 

Where, 𝑌𝑖
𝑠𝑖𝑚 is the simulated streamflow, 𝑌𝑖

𝑜𝑏𝑠 is the observed streamflow & 𝑋𝑠𝑖𝑚 is 

the mean of simulated streamflow. 
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CHAPTER FOUR: RESULT & DISCUSSION 

 

4.1 Result and discussion 

This section assesses 1) model performance of Dordi river using performance 

evaluation measures - 𝑅2, NSE & RSR 2) the impacts on streamflow and hydropower 

generation due to the variation in the climatic parameters. The model performance of 

Dordi River has shown Goodness of fit measure as Good and Very Good. Similarly, 

after performing the WEAP modeling of the Dordi River, it has been observed that 

there will be an overall increment in the streamflow of the Dordi river and hydropower 

generation of Super Dordi HPP under Climatic Scenario -1, 2 & 3.  

4.1.1 WEAP model performance evaluation 

In this study, the monthly observed streamflow data of the Dordi River from 1989 to 

1999 was used to calibrate the WEAP model, and the observed streamflow data from 

2000 to 2004 was used to validate the model. Such calibrated and validated WEAP 

results are shown in Fig. 4-1 a), b), c) & d) 

Figure 4-1 a): Observed & Simulated Monthly Streamflow for Calibration Period 

Figure 4-1 b): Observed & Simulated Mean Monthly Streamflow for Calibration Period  
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Figure 4-1 c): Observed & Simulated Monthly Streamflow for Validation Period  

Figure 4-1 d): Observed & Simulated Mean Monthly Streamflow for validation period 

 

For the monthly data, the values between  

0.75 < NSE ≤ 1 and 0 ≤ RSR ≤ 0.5, is rated as very good 

0.65 < NSE ≤ 0.75 and 0.5 ≤ RSR ≤ 0.6, is rated as good 

0.5 < NSE ≤ 0.65 and 0.6 ≤ RSR ≤ 0.7, is rated as satisfactory 

NSE ≤ 0.5 and RSR > 0.7, is rated unsatisfactory (Moriasi et al., 2007) 

 

The model performance of Dordi River was performed to simulate the mean monthly 

streamflow with 𝑅2, NSE & RSR values of 0.91, 0.87 & 0.34 respectively for the 

calibration period of 1989 to 1999. Similarly, monthly streamflow with 𝑅2, NSE & 

RSR values of 0.81, 0.75 & 0.5 respectively for the same calibration period. Thus, by 

the above expression, this result has indicated a very good agreement between the mean 
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monthly observed and simulated streamflow in the Dordi River. Likewise, the result 

has indicated a good agreement between monthly observed and simulated streamflow. 

For the validation period from 2000 to 2004, the model performance of the Dordi River 

was conducted to simulate the mean monthly streamflow with 𝑅2, NSE & RSR values 

of 0.9, 0.82 & 0.4, respectively. Similarly, the model performance was conducted to 

simulate the monthly streamflow 𝑅2, NSE & RSR values of 0.78, 0.7 & 0.54, 

respectively, for the same validation period. Thus, the result has shown a very good 

and good agreement. The Performance Statistics of the Dordi river model for measured 

and simulated monthly and mean monthly streamflow are summarized and presented 

in Table 4-1. 

Similar studies have been conducted across different river basins of the world. The 

study in the Central Rift Valley basin of Ethiopia revealed the WEAP hydrological 

model to achieve the 𝑅2 & NSE 0.82, 0.8; 0.91 & 0.91 for the monthly calibration and 

validation periods between observed and simulated streamflow, respectively (Abdi and 

Ayenew, 2021) . Another study in the USA had developed the WEAP hydrological 

model to achieve the 𝑅2 & NSE 0.92, 0.91; 0.83 & 0.78 for the monthly calibration and 

validation periods between observed and simulated streamflow respectively (Mehta et 

al., 2013). The 𝑅2 & NSE 0.85, 0.86; 0.89 & 0.87 were attained between observed and 

simulated streamflow in the Central Indus basin (Asghar et al., 2019). 

Table 4-1: Model Performance Statistics Summary for measured and modeled Dordi 

River – Monthly and Mean Monthly Streamflow 

Statistics Monthly Mean Monthly 

Calibration Period 1989-1999   

Coefficient of Determination (R2) 0.81 0.91 

Nash-Sutchliffe Coefficient (NSE) 0.75 0.87 

RMSE-observations Standard Deviation 
0.5 0.34 

Ratio (RSR) 

Validation Period 2000-2004 
 

Coefficient of Determination (R2) 0.78 0.9 

Nash-Sutchliffe Coefficient (NSE) 0.7 0.82 

RMSE-observations Standard Deviation  
0.54 0.4 

Ratio (RSR) 
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4.1.2 Streamflow  

The streamflow of the Dordi river is observed to increase from 0.35% to 15.16%, 

0.66% to 31.99% & 0.92 to 50.51% over the modeling period under i) Climatic 

Scenario -1: when the temperature & precipitation is increased by 0.5℃ & 5 %, ii) 

Climatic Scenario -2: when the temperature & precipitation is increased by 1℃ & 10 

% & iii) Climatic Scenario -3: when the temperature & precipitation is increased by 

1.5℃ & 15 %, respectively, as compared to the simulated values of streamflow under 

Reference Scenario which is represented by Figure 4-2 a) & c).  

 

 

 

 

 

 

 

 

 

Figure 4-2 a): Results for Simulated Streamflow of Dordi River from 1976 to 2004 under 

Reference & Climatic Scenarios 

 

Moreover, the results of the study under these scenarios revealed a more prominent 

increase in the streamflow of the Dordi River during the April, May, June & July 

months of the season due to the increment of climatic parameters under the above 

mentioned Scenarios which is represented by Figure 4-2 b) and Table 4-2. 

Figure 4-2 b): Results for Monthly Average Streamflow under Reference & Climatic 

Scenarios 
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Figure 4-2 c): Results for Annual Total Streamflow from 1976 – 2004 under Reference 

& Climatic Scenarios  

4.1.3  Hydropower Generation 

Likewise, the power generation of the plant is found to be increased over the modeling 

period from 0.35% to 15.16%, 0.66% to 31.99% & 0.93% to 50.51% under Climatic 

Scenario -1, 2 & 3, respectively, as compared to the simulated values of the hydropower 

generation under Reference Scenario  which is represent by Figure 4-3 a) & c).  

Figure 4-3 a): Results for Monthly Generation from 1976-2004 under Ref & Climatic 

Scenarios 

 

After a detailed assessment of the study’s results, it has been found that there is an 

increment in hydropower generation of the plant during dry seasons & this increment 

can be mainly pronounced during April & May of the season. However, there are no 

impacts on the generation of power plants, mainly during June, July, August & 
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September of the wet season when temperature & precipitation both are increased 

simultaneously under Scenario -1, 2 & 3 which is represented by Figure 4-3 b) & Table 

4-3. 

Figure 4-3 b): Results for Monthly Average Generation under Ref. & Climatic Scenarios 

 

This is because the streamflow at Reference Scenario during the dry seasons is low as 

compared to the plant’s design discharge. Thus, the increment of the streamflow under 

the Climatic Scenario during the dry season results in the increment of the hydropower 

generation of plants under Climatic Scenario during dry seasons.  

On the Contrary, the streamflow during the wet season at the Reference Scenario is 

already higher than plant design discharge in major cases. Therefore, the increment of 

the streamflow under the Climatic Scenario has no significant impact on hydropower 

generation during the wet season.  

Figure 4-3 c): Results for Total Annual Generation from 1976-2004 under Ref & Climatic 

Scenarios 
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Table 4-2: Monthly Average Discharge (Cumec) 

WEAP Model Streamflow results for the Dordi River     
 Under Reference Scenario & Climatic Scenario 

 

   

             

 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Observed 3.53 3.00 3.05 3.20 7.41 12.68 35.99 44.89 30.23 12.66 7.53 4.83 

Reference 

Scenario 
0.84 1.01 1.40 1.72 5.35 22.34 42.41 43.08 25.00 3.90 1.61 1.16 

Climatic 

Scenario-1 
0.87 1.06 1.50 1.88 5.89 24.02 44.78 45.39 26.35 4.09 1.68 1.21 

Climatic 

Scenario-2 
0.90 1.11 1.61 2.05 6.44 25.68 47.15 47.69 27.71 4.28 1.74 1.26 

Climatic 

Scenario-3 
0.93 1.17 1.72 2.22 7.00 27.34 49.50 49.99 29.06 4.47 1.81 1.31 
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Table 4-3: Monthly Average Power Generation (Gigawatt-Hour) 

WEAP Model Power Generation results for the Super Dordi HPP Kha 

Under Reference Scenario & Climatic Scenario 

 

 

 

 

 

 

 

 

 

 

  

 

             

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Reference Scenario 2.97 3.03 4.62 5.08 13.49 28.08 33.58 33.58 32.49 12.70 5.41 4.08 

Climatic Scenario-1 3.08 3.14 4.85 5.32 14.41 28.12 33.58 33.58 32.49 13.11 5.58 4.21 

Climatic Scenario-2 3.18 3.25 5.10 5.56 15.33 28.15 33.58 33.58 32.49 13.52 5.75 4.33 

Climatic Scenario-3 3.29 3.36 5.35 5.77 16.19 28.19 33.58 33.58 32.49 13.93 5.92 4.45 
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CHAPTER FIVE: CONCLUSION & RECOMMENDATION 

 

5.1 Conclusion 

In this research, the WEAP hydrological model that was calibrated & validated by 

historical data was implemented to model the Dordi river between 1976 to 2004. This 

study concludes that there are prominent impacts on the streamflow of the Dordi river 

and hydropower generations due to the variation of climatic parameters. Base on the 

study findings, following conclusions can be drawn: 

 

a) The streamflow of the Dordi river is observed to increase from 0.35% to 15.16%, 

0.66% to 31.99% & 0.92 to 50.51% over the modeling period under Climatic 

Scenario -1, 2 & 3, respectively, as compared to the simulated values of streamflow 

under Reference Scenario. These increments are more prominent during the April, 

May, June & July months of the season. 

b) The power generation of Super Dordi HPP is projected to increase from 0.35% to 

15.16%, 0.66% to 31.99% & 0.92 to 50.51%, under climatic scenario-1, 2 & 3, 

respectively, as compared to baseline scenario and the increments can be mainly 

pronounced during April & May of the season.The hydropower generation 

increment results during April & May (Dry season period) drawn from this study 

under Climatic Scenarios is very crucial in context of Nepal as currently there is 

power deficit during the dry season.Therefore proper and detailed technical 

planning to enhance the power generating capability of the hydropower plant during 

or prior to the development of future hydropower projects in this corridor 

significantly impacts the national energy planning and implementation. 

However, there are no impacts on the generation of power plants, mainly during 

June, July, August & September of wet season under Climatic Scenarios -1, 2 & 3. 

This type of site-specific research will certainly assist in better analysis of the collective 

assessment of climate change's impact on hydropower.  

 

5.2 Recommendation 

a) As it can be observed from the above results, the streamflow is dynamically 

changing with the variation of the climatic conditions; therefore, it is necessary to 
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analyze the varying hydrological conditions of the Dordi River with the constant 

provision of the monitoring system. The rainfall gauging in the climatic station & 

discharge measurements in the Dordi River shall be conducted from time to time 

for more updated and accurate data for analysis.  

b) Thus, the hydrological curve of the turbine shall be designed and selected 

considering the possible dynamics of streamflow in the Dordi river due to the 

variation of climatic parameters in the future for upcoming projects in the Corridor 

to obtain the optimum outcome. The revision of the design discharge of the plant 

shall be carried out in the future in accordance with the projected discharge.  

c) Similarly, the efficiency curve and power capability curve of the plant’s generator 

shall be designed and selected considering the potential increment of generation in 

a hydropower plant in the future due to climatic variation.  

d) Moreover, the results of this study revealed that the generation of the power plant 

is likely to increase due to the variation of climatic parameters during the dry season 

which will have significant impacts on the energy development, planning, and 

implementation in the context of Nepal. Thus, proper technical actions shall be 

taken prior to or during the development of hydropower project to enhance the 

power generating capability of the hydropower plant. 

e) The unit commitment and scheduling of the hydropower plant shall be done in 

accordance with increment patterns of streamflow and hydropower generation due 

to the variation in climatic parameters under climatic scenarios. 
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APPENDIX A: KEY PARAMETERS 

 

Characteristics Dordi 

Study Area Super Dordi HPP kha, Lamjung 

Catchment Area 151.6 km2 

Elevation(masl)  

  < 2000  1.39 km2 

  2000 to 3000  19.11 km2 

  3000 to 5500 108.15 km2 

  > 5500 22.95 km2 

Climatic station Khudi Bazar Station (ID 802) 

River flow gauging station Dordi Khola 

Hydropower plants in Dordi Corridor  

Under construction 4 Nos. (116.3 MW) 

Power plant- study site  

-        Geographical coordinates 84034’15” E & 28018’50” N 

-        Installed Capacity 54 MW 

-        Design Discharge 9.9 cumec at Q40% 

-        Net Head 628.30 m 

-        Turbine Design Efficiency 92% 

-        Generator Design Efficiency 98% 
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APPENDIX B: WATER BALANCE RESULTS 

a) Land Class Inflows and Outflows from Jan 1976 to 2004 

 

b) Annual Land Class Inflows and Outflows from 1976 to 2004 
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c) Monthly Average Land Class Inflows and Outflows   
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APPENDIX C: RAINFALL PATTERN 

The Rainfall pattern of the Lamjung Khudi Bazar Station with ID 802 from 1976 to 

2004 is shown as below: 
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Modeling 
 period 
  

Observed 
Streamflow 

Modeled 
Streamflow 
@ 
( Reference 
Scenario) 

Hydrpower 
Generation 
@ 
(Reference 
Scenario) 

Modeled 
Streamflow 
@ 
(Climatic 
Scenario -1) 

Hydrpower 
Generation 
@ 
(Climatic 
Scenario -1) 

Modeled 
Streamflow 
@ 
(Climatic 
Scenario -2) 

Hydrpower 
Generation 
@ 
(Climatic 
Scenario -2) 

Modeled 
Streamflow 
@ 
(Climatic 
Scenario -3) 

Hydrpower 
Generation 
@ 
(Climatic 
Scenario -3) 

Cumec Cumec GWhr Cumec GWhr Cumec GWhr Cumec GWhr 

Jan-76 2.48 0.35 1.24 0.35 1.24 0.35 1.24 0.35 1.24 

Feb-76 2.15 0.39 1.25 0.39 1.25 0.39 1.25 0.39 1.25 

Mar-76 1.73 0.32 1.11 0.32 1.11 0.32 1.11 0.32 1.11 

Apr-76 1.84 0.37 1.25 0.37 1.25 0.37 1.25 0.37 1.25 

May-76 5.27 1.20 4.23 1.20 4.23 1.20 4.23 1.20 4.23 

Jun-76 22.05 27.99 33.72 27.99 33.72 27.99 33.72 27.99 33.72 

Jul-76 30.48 38.46 35.07 38.46 35.07 38.46 35.07 38.46 35.07 

Aug-76 47.07 34.42 35.17 34.42 35.17 34.42 35.17 34.42 35.17 

Sep-76 26.63 20.79 34.05 20.79 34.05 20.79 34.05 20.79 34.05 

Oct-76 9.52 1.79 6.38 1.79 6.38 1.79 6.38 1.79 6.38 

Nov-76 5.84 2.62 8.97 2.62 8.97 2.62 8.97 2.62 8.97 

Dec-76 3.79 0.99 3.44 0.99 3.44 0.99 3.44 0.99 3.44 

Jan-77 2.68 0.79 2.76 0.80 2.81 0.81 2.86 0.83 2.90 

Feb-77 2.22 0.59 1.87 0.59 1.88 0.60 1.90 0.60 1.91 

Mar-77 2.21 0.50 1.75 0.50 1.76 0.51 1.78 0.51 1.80 

Apr-77 3.37 1.63 5.55 1.77 6.01 1.91 6.50 2.06 7.02 

May-77 10.26 3.36 11.82 3.75 13.19 4.17 14.64 4.60 16.15 

APPENDIX D: WEAP RESULT FOR STREAMFLOW AND 

HYDROPOWER GENERATION UNDER REFERENCE AND 

CLIMATIC SCENARIOS 
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Modeling 
 period 

  

Observed 
Streamflow 

Modeled 
Streamflow 

@ 
( Reference 
Scenario) 

Hydrpower 
Generation 

@ 
(Reference 
Scenario) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -1) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -1) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -2) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -2) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -3) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -3) 

Cumec Cumec GWhr Cumec GWhr Cumec GWhr Cumec GWhr 

Jun-77 7.35 9.75 24.04 10.74 24.04 11.74 24.04 12.75 24.04 

Jul-77 30.60 43.69 35.07 46.40 35.07 49.08 35.07 51.75 35.07 

Aug-77 51.88 48.89 35.17 51.58 35.17 54.26 35.17 56.95 35.17 

Sep-77 24.14 24.62 34.05 25.98 34.05 27.35 34.05 28.71 34.05 

Oct-77 11.09 4.65 16.53 4.89 17.37 5.12 18.21 5.36 19.05 

Nov-77 8.12 3.28 11.23 3.46 11.83 3.63 12.44 3.81 13.05 

Dec-77 5.18 1.57 5.46 1.64 5.71 1.71 5.96 1.78 6.21 

Jan-78 3.57 0.79 2.77 0.81 2.84 0.83 2.91 0.85 2.98 

Feb-78 3.05 1.11 3.52 1.15 3.66 1.20 3.80 1.24 3.94 

Mar-78 3.50 2.37 8.32 2.55 8.97 2.74 9.64 2.94 10.33 

Apr-78 3.61 1.38 4.68 1.48 5.02 1.58 5.37 1.68 5.72 

May-78 8.41 1.65 5.81 1.80 6.34 1.96 6.89 2.12 7.46 

Jun-78 12.29 19.14 33.72 20.89 33.72 22.64 33.72 24.39 33.72 

Jul-78 36.79 32.00 35.07 33.92 35.07 35.83 35.07 37.74 35.07 

Aug-78 44.35 33.92 35.17 35.87 35.17 37.82 35.17 39.76 35.17 

Sep-78 25.27 20.12 34.05 21.27 34.05 22.42 34.05 23.57 34.05 

Oct-78 12.49 2.28 8.10 2.38 8.45 2.47 8.79 2.57 9.14 

Nov-78 7.13 0.77 2.64 0.78 2.69 0.80 2.73 0.81 2.77 

Dec-78 4.66 0.77 2.69 0.79 2.75 0.81 2.81 0.82 2.87 
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Modeling 
 period 

  

Observed 
Streamflow 

Modeled 
Streamflow 

@ 
( Reference 
Scenario) 

Hydrpower 
Generation 

@ 
(Reference 
Scenario) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -1) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -1) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -2) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -2) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -3) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -3) 

Cumec Cumec GWhr Cumec GWhr Cumec GWhr Cumec GWhr 

Jan-79 2.88 0.48 1.69 0.49 1.71 0.49 1.72 0.49 1.73 

Feb-79 2.64 0.91 2.89 0.95 3.00 0.98 3.11 1.01 3.22 

Mar-79 2.16 0.63 2.21 0.65 2.29 0.68 2.38 0.70 2.47 

Apr-79 2.36 1.03 3.52 1.12 3.79 1.20 4.09 1.29 4.40 

May-79 5.25 1.61 5.67 1.81 6.34 2.01 7.07 2.24 7.86 

Jun-79 5.58 12.96 18.02 14.42 18.02 15.90 18.02 17.38 18.02 

Jul-79 30.72 48.71 35.07 51.62 35.07 54.51 35.07 57.38 35.07 

Aug-79 45.22 41.57 35.17 43.88 35.17 46.19 35.17 48.50 35.17 

Sep-79 24.93 14.65 34.05 15.47 34.05 16.30 34.05 17.13 34.05 

Oct-79 12.43 12.60 35.20 13.36 35.20 14.12 35.20 14.88 35.20 

Nov-79 8.32 1.16 3.98 1.20 4.10 1.23 4.21 1.26 4.32 

Dec-79 5.88 1.46 5.08 1.51 5.28 1.57 5.48 1.63 5.68 

Jan-80 3.90 0.73 2.56 0.75 2.62 0.76 2.67 0.78 2.73 

Feb-80 3.35 1.17 3.70 1.22 3.86 1.26 4.01 1.31 4.17 

Mar-80 4.03 3.07 10.78 3.32 11.68 3.59 12.61 3.87 13.14 

Apr-80 3.36 1.99 6.75 2.15 7.30 2.32 7.87 2.49 8.45 

May-80 5.59 1.23 4.31 1.32 4.64 1.42 4.98 1.52 5.34 

Jun-80 9.39 7.84 26.71 8.76 29.84 9.70 30.99 10.66 30.99 

Jul-80 34.75 44.14 35.07 46.96 35.07 49.73 35.07 52.49 35.07 
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Modeling 
 period 

  

Observed 
Streamflow 

Modeled 
Streamflow 

@ 
( Reference 
Scenario) 

Hydrpower 
Generation 

@ 
(Reference 
Scenario) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -1) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -1) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -2) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -2) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -3) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -3) 

Cumec Cumec GWhr Cumec GWhr Cumec GWhr Cumec GWhr 

Aug-80 39.48 34.42 35.17 36.36 35.17 38.31 35.17 40.25 35.17 

Sep-80 26.74 32.74 34.05 34.56 34.05 36.39 34.05 38.21 34.05 

Oct-80 11.25 1.09 3.86 1.11 3.95 1.14 4.04 1.16 4.13 

Nov-80 6.87 0.99 3.38 1.01 3.45 1.03 3.53 1.05 3.60 

Dec-80 5.19 0.76 2.65 0.78 2.71 0.79 2.76 0.81 2.81 

Jan-81 3.80 1.04 3.66 1.08 3.80 1.12 3.94 1.16 4.09 

Feb-81 3.26 0.71 2.26 0.73 2.32 0.75 2.39 0.77 2.45 

Mar-81 2.80 0.93 3.26 0.98 3.44 1.03 3.63 1.09 3.82 

Apr-81 3.77 0.71 2.42 0.75 2.55 0.79 2.68 0.83 2.82 

May-81 6.65 2.74 9.64 3.08 10.84 3.45 12.11 3.84 13.47 

Jun-81 7.10 5.21 17.75 5.84 19.90 6.49 22.11 7.15 23.19 

Jul-81 27.00 27.89 35.07 29.97 35.07 32.02 35.07 34.04 35.07 

Aug-81 36.40 24.04 35.17 25.47 35.17 26.89 35.17 28.31 35.17 

Sep-81 20.17 16.38 34.05 17.35 34.05 18.33 34.05 19.30 34.05 

Oct-81 9.01 0.68 2.41 0.69 2.44 0.69 2.46 0.70 2.48 

Nov-81 6.11 0.97 3.31 0.99 3.40 1.02 3.49 1.04 3.58 

Dec-81 3.72 0.59 2.07 0.60 2.11 0.61 2.14 0.62 2.17 

Jan-82 2.47 0.71 2.49 0.73 2.56 0.75 2.64 0.77 2.71 

Feb-82 2.56 0.99 3.15 1.04 3.30 1.09 3.46 1.14 3.62 
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Modeling 
 period 

  

Observed 
Streamflow 

Modeled 
Streamflow 

@ 
( Reference 
Scenario) 

Hydrpower 
Generation 

@ 
(Reference 
Scenario) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -1) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -1) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -2) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -2) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -3) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -3) 

Cumec Cumec GWhr Cumec GWhr Cumec GWhr Cumec GWhr 

Mar-82 3.55 2.85 10.01 3.13 10.99 3.42 11.45 3.73 11.45 

Apr-82 3.61 3.30 11.21 3.62 11.29 3.96 11.29 4.31 11.29 

May-82 5.55 2.50 8.77 2.73 9.59 2.97 10.42 3.21 11.26 

Jun-82 7.23 12.79 23.64 14.03 23.64 15.27 23.64 16.50 23.64 

Jul-82 33.73 27.50 35.07 29.29 35.07 31.06 35.07 32.81 35.07 

Aug-82 34.24 40.83 35.17 43.16 35.17 45.48 35.17 47.80 35.17 

Sep-82 26.35 21.32 34.05 22.52 34.05 23.73 34.05 24.93 34.05 

Oct-82 10.47 2.23 7.94 2.33 8.28 2.42 8.62 2.52 8.95 

Nov-82 6.39 1.36 4.65 1.41 4.82 1.46 5.00 1.51 5.17 

Dec-82 4.72 0.57 1.98 0.57 2.01 0.58 2.03 0.59 2.05 

Jan-83 3.44 0.73 2.56 0.75 2.63 0.77 2.69 0.78 2.76 

Feb-83 2.96 1.61 5.10 1.70 5.40 1.80 5.72 1.91 6.05 

Mar-83 2.98 1.08 3.79 1.15 4.03 1.22 4.28 1.29 4.53 

Apr-83 3.03 0.76 2.59 0.80 2.73 0.85 2.87 0.89 3.02 

May-83 8.05 2.59 9.11 2.90 10.18 3.22 11.31 3.56 12.52 

Jun-83 5.04 8.28 16.18 9.22 16.18 10.17 16.18 11.11 16.18 

Jul-83 19.14 34.42 35.07 36.71 35.07 38.98 35.07 41.22 35.07 

Aug-83 34.11 38.48 35.17 40.66 35.17 42.84 35.17 45.01 35.17 

Sep-83 32.86 28.89 34.05 30.51 34.05 32.13 34.05 33.74 34.05 
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Modeling 
 period 

  

Observed 
Streamflow 

Modeled 
Streamflow 

@ 
( Reference 
Scenario) 

Hydrpower 
Generation 

@ 
(Reference 
Scenario) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -1) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -1) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -2) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -2) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -3) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -3) 

Cumec Cumec GWhr Cumec GWhr Cumec GWhr Cumec GWhr 

Oct-83 15.79 11.82 35.20 12.49 35.20 13.15 35.20 13.81 35.20 

Nov-83 8.19 8.82 27.04 9.34 27.04 9.86 27.04 10.38 27.04 

Dec-83 4.87 1.87 6.51 1.95 6.79 2.03 7.07 2.11 7.35 

Jan-84 3.19 0.86 3.01 0.88 3.08 0.90 3.15 0.92 3.22 

Feb-84 2.44 0.63 1.99 0.63 2.01 0.64 2.03 0.65 2.05 

Mar-84 2.12 0.83 2.91 0.85 3.00 0.88 3.09 0.91 3.18 

Apr-84 2.03 1.16 3.95 1.24 4.20 1.31 4.46 1.39 4.72 

May-84 4.86 13.03 16.05 14.32 16.05 15.63 16.05 16.95 16.05 

Jun-84 10.75 34.77 33.72 36.92 33.72 39.06 33.72 41.18 33.72 

Jul-84 42.37 52.14 35.07 55.05 35.07 57.96 35.07 60.87 35.07 

Aug-84 33.62 42.88 35.17 45.26 35.17 47.64 35.17 50.02 35.17 

Sep-84 36.60 20.20 34.05 21.34 34.05 22.48 34.05 23.62 34.05 

Oct-84 11.70 1.64 5.84 1.70 6.06 1.76 6.27 1.82 6.48 

Nov-84 7.92 4.45 15.25 4.73 16.19 5.01 17.14 5.29 18.10 

Dec-84 5.12 0.61 2.11 0.61 2.13 0.62 2.15 0.62 2.17 

Jan-85 3.35 0.79 2.79 0.82 2.87 0.84 2.95 0.86 3.03 

Feb-85 2.79 1.60 5.07 1.69 5.37 1.79 5.67 1.89 5.98 

Mar-85 2.54 2.01 7.08 2.18 7.65 2.35 7.90 2.52 7.90 

Apr-85 2.58 3.44 7.78 3.78 7.78 4.14 7.78 4.50 7.78 
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Modeling 
 period 

  

Observed 
Streamflow 

Modeled 
Streamflow 

@ 
( Reference 
Scenario) 

Hydrpower 
Generation 

@ 
(Reference 
Scenario) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -1) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -1) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -2) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -2) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -3) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -3) 

Cumec Cumec GWhr Cumec GWhr Cumec GWhr Cumec GWhr 

May-85 5.04 17.61 16.69 19.08 16.69 20.54 16.69 21.99 16.69 

Jun-85 6.98 11.99 22.78 12.78 22.78 13.56 22.78 14.33 22.78 

Jul-85 35.17 51.46 35.07 54.47 35.07 57.47 35.07 60.46 35.07 

Aug-85 30.17 45.17 35.17 47.65 35.17 50.13 35.17 52.61 35.17 

Sep-85 26.18 28.73 34.05 30.31 34.05 31.90 34.05 33.49 34.05 

Oct-85 16.12 13.87 35.20 14.64 35.20 15.41 35.20 16.18 35.20 

Nov-85 8.85 4.22 14.46 4.44 15.19 4.65 15.93 4.87 16.67 

Dec-85 5.90 2.50 8.72 2.62 9.15 2.75 9.58 2.87 10.02 

Jan-86 3.65 0.94 3.29 0.96 3.38 0.99 3.47 1.01 3.56 

Feb-86 2.70 1.07 3.38 1.10 3.49 1.14 3.60 1.17 3.71 

Mar-86 2.85 1.65 5.81 1.75 6.16 1.85 6.51 1.96 6.87 

Apr-86 3.30 2.96 10.07 3.22 10.23 3.49 10.23 3.78 10.23 

May-86 5.26 2.46 8.65 2.69 9.45 2.92 10.27 3.16 11.11 

Jun-86 10.56 24.36 33.72 26.33 33.72 28.26 33.72 30.21 33.72 

Jul-86 31.92 40.97 35.07 43.34 35.07 45.70 35.07 48.06 35.07 

Aug-86 40.65 27.69 35.17 29.28 35.17 30.88 35.17 32.47 35.17 

Sep-86 39.49 50.35 34.05 53.10 34.05 55.85 34.05 58.60 34.05 

Oct-86 17.19 3.37 11.98 3.52 12.50 3.66 13.02 3.81 13.53 

Nov-86 9.51 2.10 7.20 2.19 7.50 2.28 7.81 2.37 8.11 
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Streamflow 

@ 
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Scenario) 
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Streamflow 

@ 
(Climatic 

Scenario -1) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -1) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -2) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -2) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -3) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -3) 

Cumec Cumec GWhr Cumec GWhr Cumec GWhr Cumec GWhr 

Dec-86 6.40 1.46 5.09 1.52 5.30 1.58 5.52 1.65 5.74 

Jan-87 4.25 0.69 2.41 0.70 2.46 0.71 2.51 0.73 2.56 

Feb-87 3.50 0.71 2.27 0.73 2.32 0.75 2.37 0.76 2.42 

Mar-87 3.98 2.12 7.43 2.29 8.03 2.46 8.65 2.65 9.31 

Apr-87 4.43 5.45 14.07 6.01 14.07 6.59 14.07 7.19 14.07 

May-87 7.43 3.07 10.77 3.33 11.71 3.60 12.65 3.87 13.59 

Jun-87 10.87 17.11 33.72 18.58 33.72 20.05 33.72 21.51 33.72 

Jul-87 61.81 51.69 35.07 54.68 35.07 57.66 35.07 60.63 35.07 

Aug-87 53.33 46.81 35.17 49.39 35.17 51.98 35.17 54.56 35.17 

Sep-87 33.91 16.90 34.05 17.85 34.05 18.81 34.05 19.76 34.05 

Oct-87 10.53 5.00 17.79 5.28 18.77 5.56 19.76 5.84 20.75 

Nov-87 7.59 0.68 2.32 0.68 2.34 0.69 2.36 0.70 2.39 

Dec-87 5.05 1.02 3.55 1.05 3.67 1.09 3.79 1.12 3.90 

Jan-88 3.98 1.24 4.37 1.30 4.58 1.36 4.79 1.42 5.00 

Feb-88 3.25 1.03 3.28 1.08 3.43 1.13 3.59 1.18 3.75 

Mar-88 3.47 1.12 3.94 1.19 4.19 1.27 4.46 1.35 4.73 

Apr-88 3.19 0.74 2.50 0.78 2.64 0.82 2.78 0.86 2.92 

May-88 6.56 0.84 2.97 0.91 3.21 0.99 3.46 1.06 3.73 

Jun-88 11.80 17.13 33.72 18.93 33.72 20.75 33.72 22.57 33.72 
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Modeling 
 period 
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Streamflow 
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Streamflow 

@ 
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Scenario) 
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@ 
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Scenario) 
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Streamflow 

@ 
(Climatic 

Scenario -1) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -1) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -2) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -2) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -3) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -3) 

Cumec Cumec GWhr Cumec GWhr Cumec GWhr Cumec GWhr 

Jul-88 42.37 50.32 35.07 53.24 35.07 56.15 35.07 59.04 35.07 

Aug-88 66.01 58.81 35.17 62.01 35.17 65.22 35.17 68.41 35.17 

Sep-88 28.33 18.33 34.05 19.35 34.05 20.37 34.05 21.39 34.05 

Oct-88 9.07 1.09 3.89 1.12 3.99 1.15 4.10 1.18 4.20 

Nov-88 6.41 0.58 2.00 0.59 2.02 0.59 2.03 0.60 2.04 

Dec-88 4.95 1.70 5.93 1.79 6.23 1.88 6.54 1.97 6.86 

Jan-89 4.31 2.37 8.33 2.55 8.95 2.73 9.60 2.92 10.26 

Feb-89 3.44 1.99 6.31 2.13 6.77 2.28 7.24 2.43 7.72 

Mar-89 3.35 0.93 3.28 0.98 3.46 1.03 3.63 1.09 3.81 

Apr-89 3.11 0.74 2.53 0.78 2.65 0.82 2.78 0.86 2.91 

May-89 10.06 7.22 25.36 8.08 28.38 8.97 31.50 9.88 34.69 

Jun-89 16.37 31.07 33.72 33.23 33.72 35.36 33.72 37.47 33.72 

Jul-89 39.37 26.90 35.07 28.50 35.07 30.10 35.07 31.70 35.07 

Aug-89 56.32 42.11 35.17 44.51 35.17 46.91 35.17 49.31 35.17 

Sep-89 30.03 24.68 34.05 26.07 34.05 27.46 34.05 28.84 34.05 

Oct-89 12.88 1.15 4.08 1.18 4.18 1.21 4.29 1.24 4.40 

Nov-89 7.99 1.30 4.47 1.35 4.62 1.39 4.76 1.43 4.91 

Dec-89 5.49 0.76 2.66 0.78 2.72 0.80 2.78 0.82 2.84 

Jan-90 3.68 1.30 4.55 1.36 4.78 1.43 5.01 1.49 5.25 
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Modeling 
 period 
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@ 
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@ 
(Climatic 

Scenario -1) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -1) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -2) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -2) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -3) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -3) 

Cumec Cumec GWhr Cumec GWhr Cumec GWhr Cumec GWhr 

Feb-90 3.41 1.53 4.86 1.63 5.17 1.73 5.50 1.84 5.84 

Mar-90 4.05 2.83 9.94 3.09 10.85 3.36 11.79 3.64 12.78 

Apr-90 4.43 5.55 14.07 6.09 14.07 6.64 14.07 7.19 14.07 

May-90 10.06 7.58 26.63 8.23 28.90 8.87 31.16 9.51 33.41 

Jun-90 15.81 34.19 33.72 36.43 33.72 38.66 33.72 40.88 33.72 

Jul-90 36.97 31.69 35.07 33.54 35.07 35.39 35.07 37.24 35.07 

Aug-90 38.93 35.37 35.17 37.40 35.17 39.43 35.17 41.46 35.17 

Sep-90 30.48 28.91 34.05 30.54 34.05 32.17 34.05 33.79 34.05 

Oct-90 12.37 3.31 11.76 3.46 12.30 3.61 12.85 3.77 13.39 

Nov-90 7.59 1.17 3.99 1.20 4.11 1.24 4.23 1.27 4.35 

Dec-90 4.90 0.61 2.13 0.62 2.15 0.62 2.18 0.63 2.20 

Jan-91 3.59 0.87 3.06 0.90 3.15 0.92 3.24 0.95 3.34 

Feb-91 2.83 1.01 3.21 1.05 3.34 1.10 3.48 1.14 3.61 

Mar-91 2.97 1.45 5.08 1.55 5.45 1.66 5.83 1.77 6.22 

Apr-91 3.18 1.45 4.92 1.57 5.34 1.70 5.78 1.84 6.24 

May-91 5.74 3.64 12.77 4.07 14.29 4.52 15.88 4.99 17.54 

Jun-91 9.45 19.79 31.20 21.50 31.20 23.20 31.20 24.87 31.20 

Jul-91 21.90 28.41 35.07 30.16 35.07 31.91 35.07 33.64 35.07 

Aug-91 41.08 51.28 35.17 54.15 35.17 57.02 35.17 59.89 35.17 
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Modeling 
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Streamflow 

@ 
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Modeled 
Streamflow 

@ 
(Climatic 

Scenario -1) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -1) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -2) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -2) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -3) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -3) 

Cumec Cumec GWhr Cumec GWhr Cumec GWhr Cumec GWhr 

Sep-91 33.82 23.37 34.05 24.68 34.05 25.98 34.05 27.29 34.05 

Oct-91 10.13 1.95 6.94 2.03 7.21 2.11 7.49 2.18 7.76 

Nov-91 6.30 0.73 2.49 0.74 2.53 0.75 2.56 0.76 2.59 

Dec-91 4.31 1.14 3.99 1.18 4.13 1.22 4.27 1.26 4.41 

Jan-92 3.03 0.80 2.81 0.83 2.90 0.85 2.99 0.88 3.08 

Feb-92 2.73 0.92 2.91 0.95 3.03 0.99 3.14 1.03 3.26 

Mar-92 2.29 0.51 1.80 0.53 1.84 0.54 1.89 0.55 1.93 

Apr-92 1.79 0.38 1.30 0.39 1.32 0.39 1.34 0.40 1.36 

May-92 4.19 0.52 1.82 0.55 1.92 0.58 2.03 0.61 2.14 

Jun-92 6.49 1.41 4.79 1.61 5.47 1.83 6.22 2.07 7.05 

Jul-92 15.00 21.56 35.07 23.67 35.07 25.78 35.07 27.85 35.07 

Aug-92 41.83 40.99 35.17 43.36 35.17 45.71 35.17 48.05 35.17 

Sep-92 26.18 27.91 34.05 29.48 34.05 31.04 34.05 32.61 34.05 

Oct-92 11.98 7.55 26.85 7.96 28.31 8.38 29.78 8.79 31.25 

Nov-92 7.39 1.00 3.41 1.02 3.50 1.05 3.58 1.07 3.67 

Dec-92 4.89 0.99 3.47 1.02 3.57 1.05 3.67 1.08 3.78 

Jan-93 3.27 0.96 3.37 0.99 3.49 1.02 3.60 1.06 3.72 

Feb-93 2.70 0.76 2.42 0.78 2.48 0.80 2.55 0.82 2.62 

Mar-93 2.75 1.22 4.28 1.29 4.54 1.37 4.81 1.45 5.08 
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Scenario -1) 
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@ 
(Climatic 
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Modeled 
Streamflow 

@ 
(Climatic 

Scenario -2) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -2) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -3) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -3) 

Cumec Cumec GWhr Cumec GWhr Cumec GWhr Cumec GWhr 

Apr-93 2.79 2.19 7.45 2.40 8.16 2.62 8.50 2.86 8.50 

May-93 5.48 5.23 18.23 5.82 18.23 6.42 18.23 7.05 18.23 

Jun-93 6.61 18.76 21.52 20.29 21.52 21.82 21.52 23.31 21.52 

Jul-93 25.14 28.30 35.07 30.06 35.07 31.81 35.07 33.56 35.07 

Aug-93 56.94 53.95 35.17 56.96 35.17 59.97 35.17 62.97 35.17 

Sep-93 33.37 20.84 34.05 22.01 34.05 23.17 34.05 24.34 34.05 

Oct-93 14.28 4.09 14.54 4.30 15.29 4.51 16.04 4.72 16.79 

Nov-93 8.19 0.92 3.15 0.94 3.23 0.97 3.30 0.99 3.38 

Dec-93 4.70 0.71 2.47 0.72 2.52 0.74 2.57 0.75 2.62 

Jan-94 3.30 0.71 2.49 0.73 2.55 0.74 2.61 0.76 2.67 

Feb-94 2.75 0.99 3.14 1.03 3.27 1.07 3.41 1.12 3.54 

Mar-94 2.87 1.32 4.63 1.41 4.96 1.51 5.30 1.61 5.66 

Apr-94 3.77 1.42 4.84 1.55 5.26 1.68 5.70 1.81 6.16 

May-94 6.16 2.02 7.10 2.24 7.88 2.48 8.71 2.73 9.58 

Jun-94 14.08 24.18 33.72 26.27 33.72 28.32 33.72 30.39 33.72 

Jul-94 29.46 32.30 35.07 34.23 35.07 36.16 35.07 38.08 35.07 

Aug-94 45.53 43.65 35.17 46.12 35.17 48.59 35.17 51.07 35.17 

Sep-94 30.48 23.69 34.05 25.03 34.05 26.37 34.05 27.71 34.05 

Oct-94 13.52 1.79 6.35 1.85 6.59 1.92 6.83 1.99 7.08 
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@ 
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Scenario -2) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -2) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -3) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -3) 

Cumec Cumec GWhr Cumec GWhr Cumec GWhr Cumec GWhr 

Nov-94 8.55 0.83 2.84 0.85 2.90 0.86 2.96 0.88 3.01 

Dec-94 4.70 0.51 1.77 0.51 1.78 0.51 1.79 0.52 1.80 

Jan-95 3.32 0.69 2.41 0.70 2.47 0.72 2.52 0.73 2.57 

Feb-95 2.80 1.29 4.11 1.37 4.33 1.44 4.57 1.52 4.81 

Mar-95 2.99 1.45 5.11 1.57 5.51 1.69 5.94 1.82 6.38 

Apr-95 2.69 0.93 3.16 0.99 3.38 1.06 3.61 1.13 3.85 

May-95 10.16 10.56 34.78 11.71 34.78 12.91 34.78 14.12 34.78 

Jun-95 38.55 18.79 33.72 20.14 33.72 21.48 33.72 22.80 33.72 

Jul-95 55.93 45.62 35.07 48.29 35.07 50.96 35.07 53.62 35.07 

Aug-95 54.22 34.04 35.17 35.97 35.17 37.91 35.17 39.85 35.17 

Sep-95 35.58 19.45 34.05 20.57 34.05 21.70 34.05 22.82 34.05 

Oct-95 12.77 3.71 13.18 3.90 13.86 4.09 14.55 4.28 15.23 

Nov-95 8.91 3.42 11.72 3.62 12.41 3.83 13.10 4.03 13.80 

Dec-95 5.27 0.71 2.49 0.73 2.54 0.74 2.59 0.76 2.64 

Jan-96 3.99 1.35 4.76 1.42 4.99 1.49 5.23 1.56 5.47 

Feb-96 3.56 6.44 10.38 6.98 10.38 7.53 10.38 8.09 10.38 

Mar-96 3.57 5.22 11.52 5.62 11.52 6.01 11.52 6.40 11.52 

Apr-96 3.11 1.14 3.88 1.19 4.05 1.24 4.22 1.29 4.38 

May-96 5.16 1.74 6.12 1.86 6.55 1.99 6.98 2.11 7.42 
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@ 
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Modeled 
Streamflow 

@ 
(Climatic 

Scenario -3) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -3) 

Cumec Cumec GWhr Cumec GWhr Cumec GWhr Cumec GWhr 

Jun-96 11.92 35.77 33.72 38.39 33.72 41.00 33.72 43.61 33.72 

Jul-96 45.79 52.95 35.07 55.91 35.07 58.86 35.07 61.81 35.07 

Aug-96 62.92 67.14 35.17 70.77 35.17 74.40 35.17 78.02 35.17 

Sep-96 40.68 28.45 34.05 30.01 34.05 31.58 34.05 33.15 34.05 

Oct-96 17.47 4.14 14.73 4.35 15.46 4.55 16.19 4.76 16.92 

Nov-96 8.25 2.35 8.05 2.47 8.44 2.58 8.83 2.70 9.23 

Dec-96 4.67 3.06 10.66 3.25 11.32 3.44 11.99 3.63 12.68 

Jan-97 3.17 1.59 5.57 1.67 5.87 1.76 6.18 1.85 6.48 

Feb-97 2.48 1.43 4.54 1.51 4.78 1.58 5.01 1.66 5.25 

Mar-97 2.94 4.36 9.31 4.73 9.31 5.10 9.31 5.49 9.31 

Apr-97 3.60 5.01 11.25 5.43 11.25 5.84 11.25 6.26 11.25 

May-97 5.07 3.37 11.83 3.63 12.75 3.89 13.66 4.15 14.58 

Jun-97 7.66 16.99 25.10 18.40 25.10 19.80 25.10 21.20 25.10 

Jul-97 28.08 38.37 35.07 40.67 35.07 42.96 35.07 45.24 35.07 

Aug-97 33.68 40.14 35.17 42.40 35.17 44.65 35.17 46.91 35.17 

Sep-97 21.98 21.40 34.05 22.61 34.05 23.82 34.05 25.02 34.05 

Oct-97 10.97 4.32 15.36 4.54 16.15 4.76 16.94 4.99 17.72 

Nov-97 7.39 1.36 4.66 1.41 4.83 1.46 4.99 1.51 5.16 

Dec-97 5.82 6.48 19.29 6.93 19.29 7.38 19.29 7.83 19.29 
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@ 
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Modeled 
Streamflow 

@ 
(Climatic 

Scenario -3) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -3) 

Cumec Cumec GWhr Cumec GWhr Cumec GWhr Cumec GWhr 

Jan-98 3.66 1.61 5.67 1.69 5.94 1.77 6.20 1.84 6.47 

Feb-98 3.01 1.28 4.05 1.33 4.21 1.38 4.36 1.42 4.52 

Mar-98 3.89 5.44 12.65 5.87 12.65 6.30 12.65 6.73 12.65 

Apr-98 3.89 2.72 9.23 2.90 9.87 3.09 10.51 3.28 11.16 

May-98 8.27 7.00 24.61 7.60 26.70 8.20 28.03 8.81 28.03 

Jun-98 11.80 28.13 33.72 30.07 33.72 32.00 33.72 33.91 33.72 

Jul-98 53.47 38.56 35.07 40.80 35.07 43.04 35.07 45.27 35.07 

Aug-98 47.15 55.24 35.17 58.28 35.17 61.31 35.17 64.34 35.17 

Sep-98 37.11 16.35 34.05 17.26 34.05 18.17 34.05 19.09 34.05 

Oct-98 15.90 2.97 10.55 3.11 11.07 3.26 11.60 3.41 12.12 

Nov-98 8.32 0.94 3.23 0.97 3.31 0.99 3.39 1.01 3.47 

Dec-98 5.15 3.78 13.18 4.04 14.09 4.30 15.01 4.57 15.95 

Jan-99 2.78 1.02 3.59 1.06 3.73 1.10 3.88 1.15 4.03 

Feb-99 3.36 1.05 3.32 1.09 3.45 1.13 3.59 1.17 3.72 

Mar-99 2.91 2.83 9.20 3.07 9.20 3.31 9.20 3.56 9.20 

Apr-99 2.60 1.52 5.15 1.63 5.53 1.74 5.92 1.86 6.32 

May-99 6.34 13.07 21.25 14.30 21.25 15.54 21.25 16.79 21.25 

Jun-99 17.17 24.09 33.72 25.69 33.72 27.27 33.72 28.84 33.72 

Jul-99 38.23 41.50 35.07 43.92 35.07 46.34 35.07 48.75 35.07 
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@ 
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Modeled 
Streamflow 

@ 
(Climatic 

Scenario -3) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -3) 

Cumec Cumec GWhr Cumec GWhr Cumec GWhr Cumec GWhr 

Aug-99 38.49 35.91 35.17 37.94 35.17 39.98 35.17 42.02 35.17 

Sep-99 26.01 32.05 34.05 33.84 34.05 35.63 34.05 37.43 34.05 

Oct-99 12.71 4.50 15.98 4.72 16.77 4.94 17.56 5.16 18.35 

Nov-99 5.76 1.15 3.93 1.18 4.05 1.22 4.16 1.25 4.28 

Dec-99 2.90 0.84 2.93 0.86 3.00 0.88 3.07 0.90 3.14 

Jan-00 3.43 0.74 2.61 0.76 2.68 0.78 2.74 0.80 2.80 

Feb-00 3.29 0.72 2.29 0.74 2.35 0.76 2.41 0.78 2.46 

Mar-00 3.19 1.06 3.73 1.12 3.94 1.18 4.16 1.25 4.39 

Apr-00 3.30 0.94 3.20 1.00 3.41 1.07 3.64 1.14 3.88 

May-00 9.96 4.78 16.79 5.38 18.91 6.02 21.14 6.68 23.47 

Jun-00 33.36 25.18 33.72 27.15 33.72 29.10 33.72 31.02 33.72 

Jul-00 54.31 41.42 35.07 43.82 35.07 46.22 35.07 48.61 35.07 

Aug-00 47.15 43.46 35.17 45.89 35.17 48.31 35.17 50.74 35.17 

Sep-00 44.65 35.32 34.05 37.26 34.05 39.21 34.05 41.15 34.05 

Oct-00 13.16 0.74 2.61 0.74 2.63 0.75 2.65 0.75 2.67 

Nov-00 8.05 0.82 2.80 0.83 2.84 0.84 2.88 0.85 2.92 

Dec-00 5.07 0.60 2.11 0.61 2.13 0.62 2.15 0.62 2.17 

Jan-01 3.42 0.53 1.84 0.53 1.86 0.53 1.88 0.54 1.89 

Feb-01 2.79 0.89 2.82 0.92 2.92 0.95 3.01 0.98 3.11 
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Hydrpower 
Generation 

@ 
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Scenario -3) 

Cumec Cumec GWhr Cumec GWhr Cumec GWhr Cumec GWhr 

Mar-01 2.16 0.47 1.67 0.48 1.70 0.49 1.73 0.50 1.77 

Apr-01 2.38 0.73 2.48 0.77 2.62 0.81 2.77 0.86 2.93 

May-01 13.32 3.00 10.53 3.40 11.93 3.83 13.44 4.29 15.06 

Jun-01 21.68 23.95 33.72 25.97 33.72 27.99 33.72 29.99 33.72 

Jul-01 42.19 26.37 35.07 27.97 35.07 29.57 35.07 31.17 35.07 

Aug-01 59.34 34.66 35.17 36.68 35.17 38.70 35.17 40.72 35.17 

Sep-01 41.76 28.34 34.05 29.94 34.05 31.53 34.05 33.13 34.05 

Oct-01 15.79 8.14 28.95 8.59 30.54 9.04 32.13 9.49 33.72 

Nov-01 8.85 0.83 2.84 0.84 2.89 0.86 2.94 0.87 2.99 

Dec-01 4.89 0.57 2.00 0.58 2.01 0.58 2.02 0.58 2.03 

Jan-02 3.66 2.21 7.75 2.33 8.19 2.46 8.65 2.59 9.11 

Feb-02 2.47 1.19 3.77 1.25 3.95 1.31 4.14 1.37 4.34 

Mar-02 2.55 0.98 3.45 1.03 3.63 1.09 3.82 1.14 4.01 

Apr-02 2.77 0.78 2.64 0.81 2.77 0.85 2.90 0.90 3.04 

May-02 9.14 6.30 22.14 7.04 24.71 7.80 27.39 8.58 30.15 

Jun-02 18.47 35.47 33.72 37.90 33.72 40.30 33.72 42.68 33.72 

Jul-02 40.97 48.51 35.07 51.23 35.07 53.96 35.07 56.68 35.07 

Aug-02 62.92 30.31 35.17 32.04 35.17 33.77 35.17 35.50 35.17 

Sep-02 29.52 11.24 34.05 11.90 34.05 12.56 34.05 13.22 34.05 
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Modeling 
 period 

  

Observed 
Streamflow 

Modeled 
Streamflow 

@ 
( Reference 
Scenario) 

Hydrpower 
Generation 

@ 
(Reference 
Scenario) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -1) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -1) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -2) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -2) 

Modeled 
Streamflow 

@ 
(Climatic 

Scenario -3) 

Hydrpower 
Generation 

@ 
(Climatic 

Scenario -3) 

Cumec Cumec GWhr Cumec GWhr Cumec GWhr Cumec GWhr 

Oct-02 16.18 2.15 7.66 2.26 8.03 2.36 8.40 2.47 8.77 

Nov-02 10.56 0.97 3.32 1.00 3.43 1.03 3.53 1.06 3.63 

Dec-02 7.06 0.76 2.64 0.78 2.71 0.80 2.79 0.82 2.86 

Jan-03 4.90 1.28 4.48 1.35 4.73 1.42 4.97 1.49 5.23 

Feb-03 4.24 1.62 5.14 1.73 5.50 1.85 5.87 1.97 6.25 

Mar-03 5.15 1.68 5.89 1.81 6.37 1.96 6.87 2.10 7.39 

Apr-03 5.06 1.57 5.33 1.70 5.78 1.84 6.25 1.98 6.74 

May-03 7.66 1.94 6.81 2.14 7.51 2.34 8.23 2.56 8.99 

Jun-03 11.24 17.57 33.72 19.23 33.72 20.89 33.72 22.54 33.72 

Jul-03 60.00 72.06 35.07 76.09 35.07 80.10 35.07 84.10 35.07 

Aug-03 58.79 40.05 35.17 42.26 35.17 44.48 35.17 46.69 35.17 

Sep-03 43.46 34.64 34.05 36.56 34.05 38.47 34.05 40.39 34.05 

Oct-03 20.49 1.94 6.90 2.01 7.15 2.08 7.41 2.15 7.66 

Nov-03 8.98 0.62 2.12 0.62 2.13 0.63 2.14 0.63 2.15 

Dec-03 4.89 0.97 3.40 1.00 3.49 1.03 3.59 1.05 3.68 

Jan-04 5.17 0.75 2.65 0.77 2.72 0.80 2.79 0.82 2.86 

Feb-04 4.20 0.54 1.72 0.55 1.74 0.56 1.76 0.56 1.78 

Mar-04 2.89 0.66 2.30 0.68 2.38 0.70 2.47 0.73 2.55 

Apr-04 3.99 10.31 12.58 11.37 12.58 12.45 12.58 13.51 12.58 

May-04 13.81 21.42 34.78 22.85 34.78 24.26 34.78 25.66 34.78 
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APPENDIX E: NORMAL DISTRIBUTION GRAPHS FROM MONTE CARLO SIMULATION 

For Climatic Scenario-1 
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For Climatic Scenario-2 
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For Climatic Scenario-3 
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APPENDIX F: TEMPERATURE AND RAINFALL TRENDS  

The average annual temperature and annual rainfall pattern of the Nepal from 2000 

to 2017 (NAP 2021-2050) is presented as below:  

 

The Variability and Trends of Mean – Temperature & Precipitation of the Nepal across 

Seasonal Cycle from 1971 to 2020 
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