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BAGMATI RIVER EXPEDITION 2015 
INTRODUCTION 
The Bagmati River has rich cultural and economic value for the people of Nepal. The water flowing in 
the Bagmati River is considered holy and is used for ceremonies practiced at the many temples located 
along its banks. However, rapid and unmanaged urbanization, disposal of untreated sewage, waste 
disposal, land encroachment, large-scale irrigation in the lower basin,  and river bed mining for sand 
and building materials has led to water quality deterioration which has negatively impacted the river 
ecosystem and communities living alongside the river both in the Kathmandu Valley and downstream.   

The source of the Bagmati River is in Shivapuri - Nagarjun National park, Nepal, and flows to Bihar, 
India, where it joins the Koshi River near Badla Ghat (Khagaria, India); and finally joins the Ganges River. 
The Bagmati Basin lies between the latitudes N26°23'18” and N27°49' 11" and longitudes E85°1'25” and 
E85°57'10". The length of the river within Nepal is 204km and the area of the basin is around 3828km² 
from about 2700m altitude to 53m (Manjan and Aggarwal 2014). This includes areas in eight districts of 
Nepal: Kathmandu, Lalitpur, Bhaktapur, Makwanpur, Kabhre, Sindhuli, Rautahat, and Sarlahi; and three 
physiographic regions: Middle Mountain, Siwalik, and Terai. 

 

Figure 0-1. Location Map of the Bagmati basin in a map of administrative zones in Nepal.  
(Maharjan et al. 2013) 

Climate in the Bagmati Basin varies significantly. The areas higher than 2000m amsl (above 

mean sea level) are dominated by cold temperate climate and those lying below an elevation of 

1000m amsl have a subtropical climate. The remaining area between the elevations of 1000m 

and 2000m amsl is a warm temperate climatic zone. The basin’s precipitation is mainly rainfall; 

occasionally receiving snowfall in the higher mountains during the winter season. The average 

temperature varies from 10°C to 30°C and the humidity between 70% and 86% varying with 

altitude (Sharma and Shakya 2006). 

Discharge and flow of the Bagmati River has seasonal variation higher from June to October due 

to the monsoon rains, and lower from December to April. A study by Sharma and Shakya, 

(2006) suggested that the trend of maximum annual flood is that it is decreasing but the 

frequency and duration of floods are increasing. 
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The Land Use and Land Cover (LULC) map (with field 
verification) of a 30m resolution geo-referenced 
UTM/WGS 84 projection Landsat image of 2001 shown 
in figure 0-2 (Manjan and Aggarwal 2014) illustrates the 
dominance of settlement and agriculture in the 
Kathmandu Valley, forest with agriculture along the 
river in the Siwalik, and  agriculture and settlements in 
the Terai. The percentage coverage of each land use in 
the Bagmati Basin is: 

o Settlement 1.57%,  
o Agriculture 42.94%,  
o Dense forest 46.45%,  
o Open forest 5.88%,  
o Water 0.98%,  
o Barren 2.18%.  

        (Manjan and Aggarwal 2014) 

 

 

 

 

The three cities in the Kathmandu Valley are Kathmandu, Bhaktapur, and Lalitpur. The population of the 
valley was 2,429,279 people in the 2011 census with an annual population growth rate of 4.63% 
compared to the national average of 1.35% (KVDA 2015). Extrapolated for four years at that growth rate 
the population in the valley would be over 2.9 million people in 2015. The increasing population has 
impacted the river within the valley over the last 40 years as shown in a number of published studies 
(Kannel et al. 2007, Shah et al. 2008, Shrestha et al. 2008, Shah and Shah 2013).  

With the objective to restore the degraded Bagmati River, there are several small and large scale 
projects and campaigns within Kathmandu Valley. The restoration projects have been focused on 
improving water quality and establishing minimum flow requirements.  

The Bagmati Action Plan (2009-2014) (GoN/NTNC 2009) had vision of “a clean, green and healthy river 
system that is full of life and valued by all” and listed several interventions aiming towards restoration 
and conservation of the river in the valley. Though some of the interventions were implemented, many 
have not yet been due to lack of capacity and funds. The plans include the Multipurpose Melamchi 
Water Supply Project, which is estimated to generate 225 megawatt electricity, irrigate 30,000 hectare 
of land in the Terai and bring 1.12 billion liters of water to the Kathmandu valley daily. Sewage pipes are 
being laid along the sides of the river in the city but the treatment plants they will lead to, are yet to be 
constructed.  

The Bagmati River Basin Improvement Project 
“The Bagmati River Basin Improvement Project aims to improve water security and resilience to 
potential climate change impact in the Bagmati River Basin. The project will complement ongoing 
efforts of the Government of Nepal and civil society to improve water management and the river 
environment in the Bagmati River” (ADB 2015). The project includes constructing a dam with storage 
capacity of 850,000m3, eleven 1m high check dams/weirs, 14km of river walls, and 1.2km of gabion 
walls for river stabilization. The project is also looking at improvement of the legal framework for basin 
management and uplifting social and economic status of communities in the basin.  

There have been many grassroots efforts to clean the Bagmati River using local volunteers and 
campaigns. One of the longest running of these, the Bagmati River Festival, has been run yearly since 

Figure 0-2. Land use and land cover in the 
Bagmati Basin (Manjan and Aggarwal 2014). 
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2001 to raise awareness and support for the improvement of the condition of the river within 
Kathmandu Valley (Dahal et al. 2011). In 2013 a group of five organizations in Kathmandu came 
together to start a weekly Saturday cleaning campaign, Bagmati Safai Maha Abhiyan 2070. This 
campaign became widely supported by all levels of the community from Government to school children 
and attracted at times thousands of volunteers each week and has removed thousands of tons of 
waste. On April 11th 2015 the 100th week of the campaign was celebrated with over 100,000 people 
coming to the banks of the Bagmati River in Kathmandu Valley showing their wish for the river to be 
cleaned.  

The Siwalik region south of the Kathmandu Valley is comparatively sparsely populated and receives the 
polluted water in the Bagmati River. At present the access to the river is limited as most roads run east 
to west rather than along the river and the terrain can be steep and rocky with agriculture practiced in 
the valley floors. In the Terai the flat landscape is dominated by agriculture and settlements. The areas 
close to the river are more populated than the Siwalik though less than the Kathmandu valley. In these 
regions the major issues include river bank erosion, flooding, and river bed extraction. Dahal et al. 
(2011) in their study of the Tinau River identified severe impacts of river extraction including negative 
effects on aquatic life and fish habitat, livelihoods of fishermen, change in water chemistry and quality, 
and lowering of the ground water table. There is little documentation published and available about 
these downstream sections of the Bagmati River but some data shows the historical flood records from 
the years 1993, 2002 and 2004; and the flood in 1993 was the most destructive (Field 2012). The 
National River Summit 2014 in Nepal highlighted the need for gathering and sharing more data about 
river systems in the country to enable better planning and management of water resources and 
ecosystems in Nepal.  

Baseline data collected in this study will document the water quality, pollution, and impacts all along 
the Bagmati River; and aid in the assessment of effectiveness of the planned projects in the Kathmandu 
Valley by enabling future comparisons as to how the river and the lives of communities are influenced 
with their implementations.  

In 2015 a team of early career scientists from mixed disciplines studied the full length of the Bagmati 
River in order to take a whole system perspective of the river environment in Nepal. The expedition was 
mostly conducted whilst hiking due to remoteness of sites, though some sections were accessed with a 
motor vehicle. The expedition objectives were to: 

 Collect data from the whole length of the Bagmati River through Nepal from the source in the 
hills to the Indian border in the plains, through city, rural, and wilderness areas.  

 Create a multidisciplinary team of Nepalese scientists who would share knowledge and skills to 
increase overall understanding of river systems and travel along the river and with the river to 
gain experience of changes as they happen and witness impacts on both ecology and 
settlements.  

 Use methodologies for in-field testing that would be possible for more remote locations and 
rivers in other regions of Nepal in further studies. 

 Report the data and findings as a baseline for assessing changes overtime.  

 Present results with open access to interested stakeholders and scholars to promote further 
study and support the work being done to reduce pollution in the Bagmati River.  

 Provide recommendations based on the findings of the study. 
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METHODOLOGY 
The Expedition took place in two parts; one from Chovar (South of Kathmandu valley) to the Indian 
border and the other North of Chovar.  

1) From the 12th – 23rd April 2015 the expedition team hiked from Chovar to Karmaiya 110km 
downstream and then used motorized transport for the remaining 50km to Gaur. Sample sites 
were selected every 5km until the 90km point and then every 10km due to less varied 
landscape and time constraints.  

2) Between the 3rd June and 3rd July 2015 the sites North of Chovar were sampled every 5km 
upstream to the source. These sites were studied over a series of day visits. Permission and 
permits were granted for the sites within the Shivapuri Nagarjun National Park. 

The following individual methodologies and results collected by the team are reported in their 
respective chapters: 

1. Geographical Location,  
Positions of sample sites and features along the river were collected using a Garmin 78 
handheld Global Positioning System (GPS). 

2. Hydrology,  
Discharge and water velocity were measured with a SonTek FlowTracker® Handheld ADV® 
(Acoustic Doppler Velocimeter). 

3. Physicochemical,  
Dissolved Oxygen (DO), pH, water temperature, atmospheric pressure, Electrical Conductivity 
(EC), Total Dissolved Solids (TDS), and Turbidity were measured on-site with a Hannah Probe 
HI9829 Multiparameter Meter. 
Ammonia, nitrate and phosphate concentrations were tested in-field using portable 
photometers (Hannah Instruments HI96715C, HI96728C, and HI96717). 
Another 19 chemical parameters were tested by the Environment and Public Health 
Organization (ENPHO) laboratories in Kathmandu. These were: chemical oxygen demand, 
chloride, total hardness, calcium, sodium, potassium, iron, manganese, magnesium, sulphate, 
total silica, zinc, copper, nickel, arsenic, lead, cadmium, chromium, mercury. 

4. Coliform and E. coli,  
3M™ Petrifilm™ EC plates were used to incubate and count coliform and E. coli colonies. 

5. Plastic pollution,  
Plastic coverage on the river banks was estimated using 1m quadrats. 
Macro and micro plastic pieces in the river were collected with 300µm plankton nets and a 
larger net with 2cm mesh. 

6. Benthic macro invertebrates,  
Benthic macro invertebrates were collected using a hand net of 500µm mesh size from different 
habitats assessed by a multi-habitat protocol. 
A screening protocol was used in field for in-field assessment of pollution indicators. 

7. Avian fauna,  
A fixed radius point count survey method was used at sites along the river to record bird species 
and numbers. 

8. Water use and sanitation,  
An opportunistic key informant survey was conducted along the river. 

9. Flooding 
Semi-structured opportunistic interviews were conducted with a list of questions. 
A desk based study assessed flood risk and warning systems in the Bagmati Basin. 



Bagmati River Expedition 2015 

9 
 

LIMITATIONS 
The Expedition passed through remote regions of the Bagmati Basin and transport was frequently not 
available, therefore all equipment and samples needed to be carried (limiting number taken) and there 
was significant time delay between samples taken and samples analyzed. This time delay was further 
extended due to a large earthquake in Nepal on April 25th 2015 which also delayed the studying of sites 
upstream from Chovar within Kathmandu valley.  

The nature of the expedition was to travel along the river and cover a certain distance each day in order 
to complete the study. Therefore each site was visited only once and questionnaires were opportunistic 
in the settlements that were passed. 

Due to the substrate, velocity of water, and properties of the river bank which could limit access; not all 
sampling sites were exactly at the 5km or 10km mark and in some cases it was not possible to gather all 
the data because of safety concerns. Only limited data was collected at the 15km site due to the 
velocity of the river and rocky substrate making it unsafe. No data was collected at 55km because the 
topography of the riverbanks made the river inaccessible.  

Revisiting a site to resample was not possible and so in-field testing was encouraged and to include re-
sampling if an error or anomaly was found. The study represents one moment in time as a baseline 
indication of the status of the Bagmati Rivers ecological health for future comparison. 

Unfortunately due to challenging conditions, bad weather, and some equipment failure some 
parameters were not successfully collected: 

 -40km, 35km, 30km no plastic data in the river or on the banks. 

 -40km, -35km, -15km no multi-parameter probe data (temperature, pH, DO, Turbidity, and 
TDS). 

 -25km, -20km, -15km, -10km no plastic data from the large net. 

 -10km, 0km no dissolved oxygen (DO) data. 

 15km no flow and discharge data. 

 80km no plastic data from the large net, and incomplete flow and discharge data. 

 90km no plastic quadrat data from the river bank.  
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CHARACTERISTICS 
1 GEOGRAPHICAL LOCATION 

1.1 METHODOLOGY 
The geographical position of each site was recorded which had been located as close as practicable to 
the 5km or 10km assigned position. The data was collected using a Garmin 78 handheld Global 
Positioning System (GPS) device. The locations of significant features were recorded and notes taken all 
the way along the river.  

1.2 RESULTS AND DISCUSSION 

The Land Use, brief terrain description, amount of houses, and specific features are displayed in table 1-1 below, 
to give an indication of the areas the river passes through. 

Table 1-1 Land use and terrain descriptions along the Bagmati River. 

 Distance 
from Chovar 

Land use Terrain Houses features 

-40km National park  Hills and trees No houses   

-30km   Few houses   Dam 

-25km Agriculture  Wide valley   

-20km Edge of the city   Many houses   

-15km City   Very many 
houses 
  

Sewage treatment plant 

-5km   

Chovar 0km Edge of the city  Chovar gorge   

5km Agriculture Hills Villages Brick kiln 

10km         

15km Rocks Steep valley Very few 
houses 
 

  

       

35km Some agriculture   Few houses 
and 
settlements 

  

40km   
 

Less steep valley   

70km Agriculture Wide valley Settlements 
and villages 

  

75km   
 

River separates into 
ribbons and rejoins 

  

110km Town    Before the barrage 

113km      After the barrage 

120km Agriculture Terai flat landscape Villages and 
towns 

  

160km      Sugar mill 
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The study sites and certain significant features are shown in figure 1-1. From the experience of walking 
along the river the Bagmati River Corridor can be split into four regions from the topography and 
terrain:  

1. Kathmandu Valley (-40km to 0km),  
2. Steep valleys (0km to 70km),  
3. Wider valleys (70km to 110km),  
4. Terai (110km to 160km) which is flat land.  

 

Kathmandu 
Valley 

Sundarijal (-40km) 

 

Kathmandu 

Chovar 0km 

Steep Valleys 
Kulekhani River joining 

the Bagmati River 
(22km) 

Wider 
Valleys 

70km  

 

 

Terai 

Bagmati Barrage and 
the East-West Highway 

(112km) 

 

Last point (160km) 

Figure 1-1. Map of the Bagmati Basin in Nepal with sites of the study in red and significant features 
labeled. 

 

 



Bagmati River Expedition 2015 

12 
 

2 HYDROLOGY 

2.1 INTRODUCTION 
Discharge and flow velocity are important factors in the study of rivers. These hydrological 
characteristics affect a river’s physicochemical properties, pollution, and biodiversity.  

The velocity (m/s) of the water can influence the amount of suspended solids as fast flowing water may 
erode more substrate or carry more pollutants whereas slower-moving water will allow many 
suspended particles to sink. Similarly, certain species may be more suited to different water velocities. 

The Discharge (m³/s) describing the volume of water travelling at speed, is changed by water entering 
or leaving the river for example by tributaries joining the river, rainfall, water extraction by industries, 
municipalities, or irrigation. 

Details of the hydrology of the Bagmati River are discussed in the Flooding chapter and this chapter is 
based on analysis of primary discharge and velocity data collected during the expedition.  

2.2 METHODOLOGY 
At each site a SonTek FlowTracker® Handheld ADV® (Acoustic Doppler Velocimeter) was used to 
measure water velocity. The instrument was attached to its measuring rod to determine depth, and a 
tape measure or measuring rod was used to measure the width of the river. The recommended 
methodology as described and taught by SonTek was used6. The instrument itself performed 
calculations using velocity, depth, and width and identified potential errors or points to recheck where 
large change was recorded so that any re-measurements could be made onsite.  

For shallow water (less than 1m deep) the one point method was used, with the instrument positioned 
at 0.6 times the height of water depth. For deeper water (more than 1m deep) the two point method 
was used, with the instrument placed at 0.2 and 0.8 times the water depth, and the three point 
method, placing the instrument at 0.2, 0.6 and 0.8 times the water depth was used as depth increased 
to more than 1.5m.  

The method was limited by the equipment being handheld so that in very fast flowing water or 
particularly deep water the measurements were restricted or impossible. At 15km it was not possible to 
take measurements safely because the river substrate was very rocky and the velocity high. At 80km 
the river had split into sections and one of the sections was too deep to stand in to take measurements, 
but the shallower sections were measured. 

Another limitation was the aftermath of the earthquake in Nepal on April 25th 2015 which delayed the 
measurements of the -40km to 0km sites until June and July which was the start of the monsoon season 
rather than the dry season when other measurements were taken. 

 

 

 

 

 

 

 

                                                           

6
 For details see www.sontek.com/productsdetail.php?FlowTracker-Handheld-ADV-1 

http://www.sontek.com/productsdetail.php?FlowTracker-Handheld-ADV-1
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2.3 RESULTS AND DISCUSSION 

2.3.1 VELOCITY 
Figure 2-1 below shows the river width and mean velocity measured along the Bagmati River during the 
expedition. The maximum mean velocity of 0.93m/s was recorded at the 80km site and the maximum 
width of 96.2m was measured at the 160km site. 

 

Figure 2-1. Width (m) and velocity (m/s) of the Bagmati River at the sampling sites. 

At some sites the width of the river increased and the velocity of the water decreased noticably. These 
sites include 10km, 75km, 140km and 160km. Conversley at 80km and 113km the width decreased and 
velocity increased. 

2.3.2 DISCHARGE 
The discharge at sites along the Bagmati River is shown in figure 2-2. A maximum discharge of 15.28 
m³/s was measured at 100km and a minimum of 0.02m³/s at -30km.  

 

Figure 2-2. Discharge (m³/s) of the Bagmati River measured at the sampling sites. 

The minimum fluctuations along the river section can be hourly fluctuations which are also due to 
various discharges and sewer lines released from the different point sources along the river especially in 
highly populated areas. The discharge decreases noticeably from -40 km at the source in Sundarijal till it 
reaches -5km at Teku. At Sundarijal there is a weir at approximately -30 km which extracts a significant 
amount of water for a drinking water plant. There are various extraction points along this section of 
river where water is being drawn out intermittently for various purposes for Kathmandu city. At -5km 
the river discharge is seen to be comparatively higher than the previous stations. Before the -5km site a 
major tributary, the Manohara, joins the Bagmati River which explains the increase in discharge. 
Similarly another major tributary, the Bishnumati, joins the Bagmati River just downstream of -5km and 
before the 0km site. The discharge measured at 5km and 10km is lower relative to -5km as the 
measurement was taken in April at 5km and 10km while it was measured in June at -5km which is 
already the monsoon season and rain had added to the discharge. 
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There was rainfall during the measurement at 10km which continued until the next morning. At the 
15km site it was not safe to take measurements because of high velocity, rocks and the gradient of the 
river. At 20km the discharge increased dramatically which could be the effect of the rainfall and as the 
rain had stopped there was a measured decrease at 25km. The Kulekhani River joins the Bagmati River 
between the 20km and 25km sites so an increase was expected but not seen and in fact there was 
relatively little discharge from the Kulekhani River. Two large tributaries joined the Bagmati River 
between the 65km and the 70km site resulting in double the discharge. At 80 km there were two 
ribbons of the river and one was too deep to enter and take measurements. The discharge and mean 
velocity was measured in only one section of river where other tests were also carried out. Theoretically 
the discharge could have been double or more of that recorded which would fit the other 
measurements. Between the 90km site and the 100km site a tributary with a large catchment basin 
joins the Bagmati River and the discharge in the Bagmati increases by a third. 

The Bagmati Barrage is between the 110km site and 113km site which changes and regulates the flow. 
After the barrage the flat land of the Terai begins and the river’s flood plain widens from a few 100 
meters of gorge to more than 2km of flood plains after the barrage. The effect of change in geology can 
be also seen in the discharge variation from 100km to 130km. The area is used for irrigation and due to 
the heat and width of the river there may be an amount of evaporation. The settlements and 
agriculture in this area take water from the river and there were also digging machines observed in the 
area changing the riverbed. This also draws down the discharge in the river. However with an increase 
in catchment area and the joining of other tributaries, the discharge gradually increases after 130km. 

2.4 CONCLUSIONS 
The measured discharges show many fluctuations along the river though discharge along a river should 
increase linearly going downstream. The reasons for changes in discharge are rainfall, joining of 
tributaries, point discharges such as sewers and irrigation canals for increase while extraction of water 
from rivers may result in decrease of discharge. The hydro-geological condition and ground water 
movement along the catchment and banks of river may also affect the discharge in river significantly. 
The sites from 5km to 160km were measured in the month of April while the other stations from -40km 
to 0km were measured in the month of June and July (the delay due to the earthquake on April 25th). 
Due to a lack of other recently published data on rainfall or stream gauge data at the sampled sites, 
field data collected during the expedition period could not be compared. The following changes have 
been attributed to causes with confidence: 

1. Increased water velocity at 10km, 75km, 140km, and 160km; and decreased water velocity at 
80km and 113km associated with the width of the river. 

2. Decrease of discharge at -30km from water extraction. 
3. Apparent decrease at 80km due to only about half the river measured. 
4. Doubling of discharge at 20km due to previous rainfall. 
5. Doubling of discharge at 70km due to joining tributary. 
6. Increase of discharge by a third at 100km due to joining tributary. 
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3 PHYSICOCHEMICAL 

3.1 INTRODUCTION 
Industrial, agricultural and municipal waste is entering the river system within the Kathmandu valley 
and further downstream (to a lesser extent) and it is important to know the effects on the surface water 
quality to understand its suitability for irrigation, recreation, and drinking purposes; and the potential 
impacts on groundwater.  

In most developing countries approx  90% of wastewaters are discharged into rivers and streams with 
partial or no treatment (Ashton 2007) rendering the water unfit even for industrial activities requiring 
only poor water quality (WMO 1997). The discharge of sewage into the Bagmati River and open 
dumping of waste along the banks is clearly visible. The amount of waste entering the river within the 
Kathmandu Valley is greater than other areas due to the much higher population density. Degradation 
and loss of freshwater species biodiversity can be attributed to adverse changes to environmental 
water quality, mainly as a result of pollution of anthropogenic origin (Revenga 2000).  

Physicochemical parameters are used to show the pollution and water quality in the Bagmati River. 
Bhatt and McDowell (2007) described a strong correlation of pollutants with population density with 
some parameters having a ten-fold increase downstream of the city of Kathmandu within the valley. 
There have been many studies of these parameters within the Kathmandu Valley but studies along the 
river downstream of Chovar are rare and this study aims to indicate how the pollutants decrease and 
water quality increases along the river length to the border with India.  

Communities along the river are not using river water for drinking or domestic use but some are using 
ground water from wells. There are links between the river pollution and ground water pollution and 
Kannel (2008) and Gautam (2013) found that ground water was less polluted with distance from the 
river. High pollution in the river may be impacting communities living close to the river through their 
water sources. 

 

3.2 METHODOLOGY 
Physicochemical analysis 

3.2.1 HANDHELD MULTI-PARAMETER PROBE 
Dissolved Oxygen (DO) as parts per million (ppm) and percentage (%), pH, water temperature, 
atmospheric pressure, Electrical Conductivity (EC), Total Dissolved Solids (TDS), and Turbidity were 
measured on-site using a portable multi-parameter tester (Hannah 
Probe HI 9829 Multiparameter Meter). Manufacturer’s guidelines 
and instructions7 were followed for setup and calibration. At each 
site in the river, downstream of the flow measurement, a matrix of 
nine readings was taken as shown in figure 3-1. The probe was held 
in water for 1 minute before taking a reading for 30 seconds to 
ensure a normalized temperature and other parameters. The mean 
was calculated for each parameter at each site. 

 

 

 

                                                           
7
 For full details see http://www.hannainstruments.co.uk 

Figure 3-1. Sample points for the 
multi-parameter probe 
measurements. 

http://www.hannainstruments.co.uk/
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3.2.2 PHOTOMETERS 
Nitrate, ammonia and phosphate were measured on-site using portable photometers. 

 

Ammonia - Hannah Instruments HI 96715C Ammonia Medium Range ISM; 0.00 to 9.99 mg/L (ppm) 
range. The HI 96715 photometer measures ammonia nitrogen (NH3-N) content with an adaptation from 
ASTM Manual of Water and Environmental Technology, D1426-93, Nessler Method. The meter displays 
concentration in mg/L of ammonia nitrogen (NH3-N) which was converted to mg/L of ammonia (NH3) 
by multiplying by a factor of 1.2168.  

 

Nitrate - Hannah Instruments HI 96728C Nitrate ISM; 0.0 to 30.0 mg/L (ppm) range. The HI 96728 
photometer measures the nitrate-nitrogen with an adaptation of the cadmium reduction method. The 
meter displays concentration in mg/L of nitrate-nitrogen which was converted to mg/L of nitrate (NO3-) 
by multiplying by a factor 4.43.Interference may be caused by: Ammonia and amines, as urea and 
primary aliphatic amines, Chloride above 100 mg/L (negative interference), Chlorine above 2 mg/L 
(positive interference), Copper (it must be absent),Iron(III) (positive interference), Strong oxidizing and 
reducing substances, and Sulfide (it must be absent)9.  

 

Phosphate - Hannah Instruments HI 96717 Phosphate High Range ISM; 0.0 to 30.0 mg/L (ppm) range. 
The HI 96717 photometer uses the Amino Acid Method, adapted from Standard Method for the 
Examination of Water and Wastewater. The meter displays concentration in mg/L of phosphate10.  

 

Manufacturer’s guidelines and instructions were followed for setup, calibration, and use. At each site 
along the river, wherever possible, three samples of water were tested. The three samples were taken 
one at each side of the river and one in the middle of the river, mixing water from the full depth of the 
river. At some sites the levels in the water sample were too high to test and so the sample was diluted 
using bottled water to bring the sample within test range. The data was adjusted for dilution and the 
mean of the results at each site was taken and plotted for comparison11.  

 

 

 

 

 

 

 

 

 

 

                                                           
8
 For full details see http://www.hannainstruments.co.uk/photometry/meters/waterproof-ammonia-medium-range-

ism-with-calcheck-standards-and.html 
9
 For full details see http://www.hannainstruments.co.uk/photometry/meters/nitrate-ion-specific-meter-and-kit.html 

10
 For full details see http://www.hannainstruments.co.uk/photometry/meters/phosphate-meter-with-calcheckr.html 

11
 For full details see http://www.hannainstruments.co.uk 

http://www.hannainstruments.co.uk/photometry/meters/waterproof-ammonia-medium-range-ism-with-calcheck-standards-and.html
http://www.hannainstruments.co.uk/photometry/meters/waterproof-ammonia-medium-range-ism-with-calcheck-standards-and.html
http://www.hannainstruments.co.uk/photometry/meters/nitrate-ion-specific-meter-and-kit.html
http://www.hannainstruments.co.uk/photometry/meters/phosphate-meter-with-calcheckr.html
http://www.hannainstruments.co.uk/
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3.2.3 LABORATORY TESTS 
At thirteen of the sites along the river, water samples were collected and taken for analysis to the 
Environment and Public Health Organization (ENPHO) laboratories in Kathmandu. Each of these samples 
was taken by mixing water across the river width and depth and put in a sterile sample bag. The 
thirteen sites were: -40km, -30km, -15km, 0km, 20km, 35km, 50km, 65km, 80km, 100km, 120km, 
140km, and 160km.  

The number of samples was restricted by carrying capacity of the expedition and cost of analysis.  

A summary of the test methodologies used by the ENPHO laboratory and the preservation method used 
between sampling and testing according to the ENPHO laboratory requirements is shown in table 3-1. 

Table 3-1. Unit, test method, N.D. value, and preservation for each chemical parameter tested at ENPHO. 

Section Parameter Unit ENPHO Test method 
N.D. 
value
12

 

Method of Sample 
Preservation 

9 
Chemical Oxygen 
Demand (COD) 

mg/L APHA, AWWA, WEF (2012), 5220 B 
 

0.5 ml H2SO4/0.1l 

10 Chloride (CL) mg/L APHA, AWWA, WEF (2012), 4500-Cl
- 
B 

 
None 

11 Total hardness as CaCO3 mg/L APHA, AWWA, WEF (2012), 2340 C 
 

None 

12 Calcium (Ca) mg/L APHA, AWWA, WEF (2012), 2500-Ca B 
 

None 

13 Sodium (Na) mg/L APHA, AWWA, WEF (2012), 3500-Na B 
 

None 

14 Potassium (K) mg/L APHA, AWWA, WEF (2012), 3500-K B 
 

None 

15 Iron (Fe) mg/L Standard Method 3111 B <0.05 2.5ml HCl/0.5l 

16 Manganese (Mn) mg/L APHA, AWWA, WEF (2012), 3111 B <0.05 2.5ml HCl/0.5l 

17 Magnesium (Mg) mg/L APHA, AWWA, WEF (2012), 3500-Mg B <2 5ml of HNO3/1l 

18 Sulphate (SO4) mg/L APHA, AWWA, WEF (2012), 4500-SO4
- 
D <1 None 

19 Total Silica (Si) mg/L APHA, AWWA, WEF (2012), 4500 SiO2 C 
 

None 

20 Zinc (Zn) mg/L APHA, AWWA, WEF (2012), 3111 B <0.05 5ml of HNO3/1l 

21 Copper (Cu) mg/L APHA, AWWA, WEF (2012), 3111 B <0.02 5ml of HNO3/1l 

22 Nickel (Ni) mg/L APHA, AWWA, WEF (2012), 3111 B <0.3 2.5ml HCl/0.5l 

23 Arsenic (As) mg/L APHA, AWWA, WEF (2012), 3114 B <0.005 2.5ml HCl/0.5l 

24 Lead (Pb) mg/L APHA, AWWA, WEF (2012), 3111 B <0.01 5ml of HNO3/1l 

25 Cadmium (Cd) mg/L APHA, AWWA, WEF (2012), 3111 B <0.003 5ml of HNO3/1l 

26 Chromium (Cr) mg/L APHA, AWWA, WEF (2012), 3111 B <0.02 5ml of HNO3/1l 

27 Mercury (Hg) mg/L APHA, AWWA, WEF (2012), 3112 B <0.001 2.5ml HCl/0.5l  

 

 

 

                                                           
12

 N.D. value is the “No Data” value or minimum sensitivity of the test.   
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3.3  RESULTS AND DISCUSSION 
The targets and guidelines set by the Government of Nepal on water quality for different uses for the 
parameters studied here are summarized in appendix 3.1 (GoN/NPCSCBS 2008). These values are used 
as references in discussing the results to compare with the data recorded.  

3.3.1 TEMPERATURE 
The effect of temperature and especially changes in temperature on living organisms can be critical with 
certain species able to live only in certain temperature windows. In the uptake of oxygen by bacteria a 
rise of 10:C in temperature can lead to an approximate doubling of the rate of reaction and conversely, 
such reactions are retarded by cooling. Some key constituents of a water either change their form (as in 
the ionization of ammonia) or alter their concentration (as with dissolved oxygen) when temperature 
changes. Time of day, weather, terrain, and incoming tributaries all influence the water temperature 
naturally but pollution and the subsequent chemical reactions can also affect it. 

The mean temperature at each site is plotted in figure 3-2 with a minimum 17.9 :C at 25km and 
maximum 33.3 :C at 160km. Colors are used to indicate the time of day before 10:00, from 10:00 to 
15:00, and after 15:00. 

 

 

 

 

 

 

 

 

The graph shows that temperature increased during the day but also that from around 5km to 70km the 
temperature was generally slightly lower and this area was mostly in the narrower valleys and less 
exposed to sun. There were no major industrial outputs of higher temperature water observed.  

3.3.2 PH 
The value of pH is a measure of whether the liquid is acid or alkaline. Specifically it is the negative 
logarithm of the hydrogen ion concentration of a solution. The pH value is affected by the chemicals in 
the water and the changes in pH influence the reactions taking place in the water and also the biota 
able to survive.  

The mean pH of the river water at each site is shown in figure 3-3. The minimum value was recorded at 
-10km and -5km as 7.39, and the maximum at -25km as 9.37.   

Figure 3-2. Mean temperature (:C) measured along the Bagmati River shaded to indicate time of day. 
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Figure 3-3. Mean pH measured along the Bagmati River with Nepal water guideline levels shown. The yellow line – 
shows the lower limit for all guidelines, the orange line – shows the upper limit for drinking water, irrigation, 
livestock, and recreation use, and the red line – shows the upper limit for aquaculture and release of effluent. 

The Nepal water guidelines for drinking water, irrigation, livestock and recreation are all for a pH 
between 6.5 and 8.5 (the yellow and orange lines) and for aquaculture and the release of effluent 6.5 to 
9 (the yellow and red lines). At 130km, 160km and -25km the mean water pH exceeded 8.5 and at -
25km the pH exceeded 9. There was no single source identified for this increase in pH. Further study 
would be needed to identify the reason for the higher pH and there may be some connection to 
agricultural practices. 

3.3.3 DISSOLVED OXYGEN (DO) 
Dissolved Oxygen (DO) is an important hydro-chemical parameter. It is an important parameter in 
assessing water quality because it is essential for aerobic organisms living in the water and effects 
chemical reactions within the body of water. Decomposition of organic matter in large quantities can 
lead to depletion of DO. Water turbulence, photosynthesis, and diffusion can increase the DO 
saturation in water (UNEP GEMS/Water Programme 2008). It is possible that the levels of DO change 
with depth for example if there is little mixing of the water close to the substrate and that is where the 
dead organic matter collects after sinking, there may be a much lower DO saturation than at the 
surface. 

Figure 3-4 shows the mean Dissolved Oxygen saturation as a percentage. The minimum saturation was 
measured at -5km (27%), and the maximum at 160km (163%).  
 

 

Figure 3-4. Mean dissolved oxygen saturation (%) measured along the Bagmati River. The blue line – shows the 
upper limit of the Nepal target for aquatic life , the yellow line – shows the lower limit, the orange line – shows the 
“chronic effect” limit, and the red line – shows the “acute effect” limit. 

The target saturation of DO for aquatic life (from the Nepal guidelines) is 80%-120% shown by the 
yellow and blue lines respectively. The guidelines state a chronic effect on aquatic life > 60% (orange 
line) and acute effect > 40% (red line). Measured sites from -5km to 10km had less than 40% DO. This 
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low level of DO is likely due to the waste and sewage entering the river in the city and the bacterial 
decomposition of that matter taking oxygen from the water. 

DO is not as low as would be expected from the 25km site to the 75km site taking into account the 
other pollutants and high levels of coliform in the water (see chapter 4). This is likely due to the 
turbulence of the water passing over rocks in the river bed adding oxygen to the water.  

From 15km to 25km there were continuous river rapids and turbulence which explains the increase in 
DO saturation. At 80km the DO saturation decreases to 54.9%. At this site one section of the river was 
fast and shallow with a saturation of 76.9% and other parts of the river were slower running with 
saturation down to 34.6%. This was the only site where such a great difference was found and resulted 
in a low mean saturation. 

3.3.4 TURBIDITY 
Turbidity measures the suspended solids in the water rather than the dissolved solids. These solids may 
sink out of the water to the substrate in slack water or may be taken up by the water through erosion or 
turbulence mixing the sediment into the water column. Effluent and waste (including sewage) added to 
rivers increases turbidity as does any surface run off carrying soil or particles from the land. Suspended 
solids may be harmful in themselves such as certain bacteria or may transport pathogens or harmful 
chemicals to other sites along the river or into the food chain. 

The suspended solids in the river are described in figure 3-5 by the mean turbidity (FNU). The maximum 
mean value of 527.8 FNU was recorded at 20km and the minimum of 4.8 FNU at -30km.  

 

Figure 3-5. Mean turbidity (FNU) measured along the Bagmati River. 

Within Kathmandu city where waste streams enter the river the turbidity increases. The decrease of 
turbidity at 5km may be due to less input out of the urban area and the decrease after 25km may be 
due additionally to many of the solids depositing along the river and/or increased discharge. 

3.3.5 TOTAL DISSOLVED SOLIDS (TDS) 
Total Dissolved Solids (TDS) is the concentration of chemical ions in the sample (it is the ionic nature 
that allows the solid to dissolve). It is directly comparable to the electric conductivity or salinity of the 
water which also indicate its ionic nature. TDS can change depending on the chemical composition of 
the substrate and industrial and municipal effluent can increase the concentration of TDS. 

The mean TDS for sites are shown in figure 3-6. A minimum of 29mg/l was recorded at -30km and a 
maximum mean of 674mg/l at 5km. The mean TDS levels off at around 200mg/l from 70km to 160km. 
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Figure 3-6. Mean total dissolved solids (mg/l) measured along the Bagmati River. 

No water guidelines set by the Nepalese Government are exceeded at these sites. The increase of TDS 
within the city of Kathmandu is associated with increased waste entering the river.  

3.3.6 AMMONIA 
Ammonia is generally present in natural waters in very small amounts as a result of microbiological 
activity which causes the reduction of nitrogen containing compounds. “Natural levels in groundwater 
and surface water are usually below 0.2 mg/liter. Anaerobic groundwater may contain up to 3 mg/liter” 
(WHO 2011). High ammonia concentration may be found as an indication of municipal waste and 
sewage.  

The highest mean concentration of ammonia was recorded at 5km as 85.3mg/l and the minimum at -
30km and 150km as 0mg/l as shown in figure 3-7.  

 

Figure 3-7. Mean ammonia concentration (mg/l) measured along the Bagmati River. The red line – indicates the 
upper limit of the Nepalese guidelines for effluent, the green line – indicates the upper limit of the Nepalese 
drinking water guidelines. 

From -10km to 85km all the mean values are over the Nepalese drinking water guidelines of 1.5mg/l 
shown with a green line. The target for aquatic life is 0.007mg/l and acute effect value at 0.1mg/l; were 
only met at -30, -25, and 150km. The red line represents the maximum value allowed in effluent for 
land, sewage, and inland surface water (50mg/l) which is exceeded at five sites from -5km to 20km.  

There are many visible sources of municipal waste and sewage entering the river upstream and around -
5km which is one of the areas in the city used for collecting and sorting waste. Therefore this seems the 
likely source of the high concentration of ammonia in the river.  

3.3.7 NITRATE 
Nitrate is a nutrient which increases plant and algal growth. Commonly relatively little of the nitrate 
found in surface water is of mineral origin; most comes from organic and inorganic sources such as 
agricultural fertilizers, animal waste, sewage, and municipal waste. Sewage is rich in nitrogenous matter 
which through bacterial action may ultimately appear in the aquatic environment as nitrate. 
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Methaemoglobinaemia (blue baby syndrome) is the main concern of high nitrate concentrations in 
drinking water (WHO 2011). Excessive nutrient loading by nitrate can cause extensive plant and algal 
growth which can imbalance the ecosystem and the increase of dead and decaying plant material may 
reduce oxygen concentration in the water (eutrophication and hypoxia). 

The mean concentration of nitrate is shown in figure 3-8 with maximum value of 73.1mg/l at 40km and 
minimum of 0mg/l at -30km, 15km and 20km. At 15km and 20km inhibitors to this nitrate test (copper, 
ammonia, and chloride) were all at high levels so that an accurate measurement of nitrate could not be 
taken (see methodology section for nitrate). 
 

 

Figure 3-8. Mean nitrate concentration (mg/l) measured along the Bagmati River. The green line – indicates the 
upper limit of the Nepalese drinking water quality guideline. 

 
The drinking water guidelines for nitrate in Nepal are that the concentration be below 50mg/l which 
was exceeded at 40km, 50km and 65km. Other guidelines were met. 
 

3.3.8 PHOSPHATE 
Sources of phosphate include weathering from substrate, plants, micro-organisms, animal and human 
waste, agricultural fertilizer, and detergents particularly those for domestic use. Phosphate is an 
essential nutrient for plants and algae to grow but in excess (eutrophication) causes so much growth 
that the dead and decomposing material can deplete the oxygen levels in the water (hypoxia).  

The mean concentrations of phosphate at each site are shown in figure 3-9. The maximum 
concentration of 25.3mg/l was at 5km and the minimum of 0.3mg/l at -30km.  

 

Figure 3-9. Mean phosphate concentration (mg/l) measured along the Bagmati River. 

 Nepal’s target for aquaculture for phosphate is 0.6mg/l which was only met at -30km. It is the only 
target or guideline specified for phosphate in Nepal. The higher concentrations of phosphate are due to 
municipal waste and agricultural runoff.  
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Figure 3-11. Chloride concentration (mg/l) at sample sites along 
the Bagmati River. The red line – shows the upper limit of the 
Nepal guidelines irrigation water. 

3.3.9 CHEMICAL OXYGEN DEMAND (COD) 
Chemical Oxygen Demand (COD) indicates the concentration of organic pollutants in water.  

The graph in figure 3-10 shows that the COD level rises to over 200mg/l at –15km peaks at 80km at 
1123mg/l and from 100km is 24mg/l and lower.  

The Nepalese water quality guideline for 
aquaculture is 40mg/l (green line) 
exceeded between -15km and 80km 
suggesting the conditions for fish are 
challenging. The Nepalese Tolerance 
Limits of Industrial Effluents Discharged 
into Inland Surface Water for public 
sewerage is maximum 1000mg/l (red line) 
which is exceeded both at 50km and 
80km, and the limits for land surface 
water and inland surface water are 

250mg/l (orange line) is exceeded from 
Chovar 0km to 80km downstream. This 
indicates high levels of organic pollution. 
 

 

3.3.10 CHLORIDE  
Chloride is present in surface waters with the concentration varying very widely and reaching a 
maximum in sea water (up to 35,000 mg/l). In fresh water in Nepal, sources of chloride include soil and 
rock formations, waste discharge including sewage, and industrial effluents. The World Health 
Organization (WHO) gives no health based guideline for chloride in drinking water but states that it is 
detectable by taste at 250mg/l (WHO 2011). Aquatic organisms vary in their tolerance to chloride 
dependant on species. The concentration of chloride limits the ability to measure nitrate by methods 
used in this study. 

Figure 3-11 shows the concentration of chloride in the tested water samples. Chloride levels increase 
dramatically at 0km, peaking at 108mg/l at 20km then decreasing again. 

Chloride does not pose a significant 
challenge to any of the Nepal Government 
guidelines for water quality except the 
national target for irrigation which is below 
100mg/l (indicated by the red line). This 
target is not met at 0km and at 20km. The 
increased amount of chloride in the water 
may be from the addition of sewage and 
other wastes into the river because 
between -15km and 0km there are areas of 
municipal waste dumping along the river 

and the addition of polluted tributaries.  

 

 

 

Figure 3-10. Chemical oxygen demand concentration (mg/l) at 
sample sites along the Bagmati River. The red line – shows the 
upper limit of the Nepal guidelines for sewage effluent , the 
orange line – shows the upper limit for other effluent, and the 
green line – shows the Nepalese drinking water quality guideline. 
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3.3.11 TOTAL HARDNESS (TH) 
Total Hardness (TH) is a measure of calcium and magnesium salts as the most significant minerals 
causing hardness. Although the term calcium carbonate (CaCO3) is used in the expression of TH the 
measurement includes other salts. TH affects the toxicity of metals such as zinc, lead, copper and 
cadmium to the aquatic environment. 

The concentration of TH in the tested samples is shown in figure 3-12 with a minimum at -30km of 
11mg/l and a maximum at 0km of 168mg/l.  
 

The range fits all the water guidelines and 
targets in Nepal except the target for 
aquaculture which is 20-100mg/l. The 
hardness of the water may protect 
aquatic organisms from toxicity of 
polluting metals. 

 

 

 

 

 

 

3.3.12 CALCIUM  
Calcium dissolves in water as it passes over limestone substrate and is an essential nutrient for most 
organisms. It directly affects the total hardness of water and therefore the toxicity of certain metals in 
the water to aquatic life. 

The concentration of calcium ranges from 5mg/l-18mg/l inside the valley upstream from Chovar and 
40mg/l-60 mg/l outside the valley downstream of Chovar. These concentrations are well below the 
maximum amount of calcium to be present for Nepal’s Drinking Water Standard (200mg/l) and other 
water quality standards in Nepal.  

The Bagmati River, before leaving the Kathmandu Valley at Chovar (0km), crosses into deposits of 
limestone (Chandragiri limestone) which accounts for the increase of calcium concentration in the 
water samples. 

 

3.3.13 SODIUM 
Sodium is one of the most abundant elements on earth. The sources of the sodium entering surface 
water in Nepal are natural rock weathering and municipal waste. The concentration of sodium in water 
is most important for irrigation water as it can, at high concentration, reduce the infiltration of water 
into soil (Suarez et al. 2006).   

The concentration of sodium in the river samples is shown in figure 3-13. There is a maximum 
concentration of 113mg/l at 20km and a minimum of 1.6mg/l at -40km with a steep rise in 
concentration between -15km and 0km. 

 
 

Figure 3-12. Total hardness (mg/l) at sample sites along the 
Bagmati River.  
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Nepal’s target for irrigation is <70mg/l 
(red line) but up to 460 mg/l depending 
upon the sensitivity of crops. Between 
0km and 65km the concentration of 
sodium exceeded 70mg/l. 
Those irrigating with the water up to 70 
km from Chovar must take into 
consideration that using water drawn 
from the river with high concentrations of 
sodium ions (>70 mg/l) may cause 
damage to the soil and reduce yields in 
certain crops. 

 

 

3.3.14 POTASSIUM 
Potassium is present naturally in surface water from some rock substrates and pollution from fertilizers, 
sewage, domestic waste and detergents are sources of increased potassium. Therefore potassium can 
be an indicator of anthropogenic pollution. 

The maximum concentration of potassium in the samples tested was 35mg/l at the 20km site. From 
0km to 65km concentrations were higher than 10mg/l but Nepal water quality guidelines does not set 
limits or targets for potassium and neither does the WHO Guidelines for drinking water quality as there 
is minimum risk to health (WHO 2011).  

3.3.15 IRON 
Sources of iron can be weathering of substrate rock, municipal waste, from iron pipes, industrial waste, 
and metal working shops along the river. Iron is unpalatable in drinking water and can stain household 
implements and clothes and create rust build up. Drinking water guidelines are generally much lower 
than cause any harm to humans because these other effects are more restrictive.  

The concentration of iron is shown in figure 3-14, ranging from 0 (-40km) to 6.85 mg/l (20km) along the 
river. Iron in the river water increases within the city of Kathmandu (-15km). 

The drinking water standard of Nepal is 
0.3 mg/l shown by the green line in figure 
3-14 and never met downstream of 
Chovar; but 3 mg/l if the area doesn’t 
have alternatives available which is only 
exceeded between -15km and 20km. The 
target for irrigation water is 5mg/l 
(shown by the red line) exceeded at 
20km. The target concentration for 
aquaculture is 0.01mg/l which indicates 
that most of the river is not ideal for fish 

production. 

 

 

 

 

Figure 3-13. Sodium concentration (mg/l) at sample sites along 
the Bagmati River. The red line – shows the target for irrigation 
in Nepal. 

Figure 3-14. Iron concentration (mg/l) at sample sites along the 
Bagmati River. The red line – shows the target for irrigation water 
in Nepal, and the green line – shows the Nepalese water quality 
target for aquaculture. 
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3.3.16 MANGANESE 
The sources of manganese are both natural, weathering of rock, and anthropogenic including municipal 
waste, sewage, iron and steel production, and fuel additives and emissions from vehicles using such 
additives (Howe et al. 2004). Manganese is an essential nutrient which is bio-accumulated and levels of 
toxicity are species specific. For humans manganese in domestic water is objectionable in taste and 
causes stains and residue on surfaces. No adverse effects have been observed in humans with an intake 
of 11mg/day (WHO 2011). 

Figure 3-15 graphs the concentration of manganese along the river. The maximum concentration 
recorded was 0.7 mg/l at 20km and minimum 0.  

Nepalese drinking water guidelines are 
0.2mg/l (green line) and the target for 
aquatic life is 0.18mg/l with chronic effect 
for aquatic life being 0.37mg/l (orange 
line) and acute effect at 1.3mg/l but for 
aquaculture the target is 0.1mg/l. The 
target concentration for irrigation is 
0.02mg/l but 10mg/l is the absolute 
permissible maximum. Manganese 
concentrations exceed the drinking water 
guidelines and target for aquatic life 
between 0km and 50km, and potentially 
have chronic effects on aquatic life from 
0km to 20km.  

 

3.3.17 MAGNESIUM 
The source of magnesium in the environment is predominantly from substrate weathering and 
potentially from metal industries. It is a vital nutrient but inhalation or consumption at very high 
concentrations are toxic (Bull 2010).  Magnesium concentration ranges from 2mg/l (the minimum test 
sensitivity) to 9 mg/l at the 35km site and does not exceed any of the water quality guidelines or targets 
in Nepal. The target concentration for aquaculture is less than 15mg/l from which we can conclude that 
magnesium levels are not posing any noticeable threat to human health or aquatic environments.  

3.3.18 SULPHATE  
Sulphate exists in nearly all natural waters, the concentrations varying according to the nature of the 
terrain through which they flow however many detergents, fertilizers and municipal wastes add 
sulphate to the river water.  

The highest concentration of sulphate was 21mg/l at Chovar 0km. All other samples were less than 
10mg/l. The national drinking water standards in Nepal set a maximum value for sulphate in water at 
250mg/l over a factor of ten more than any sample tested. As all samples were well below this level we 
do not consider any threat from sulphates in the Bagmati River water at this time.  

3.3.19 SILICA  
Silica is naturally present in the rocks and substrate of the Bagmati River (Bhatt and McDowell, 2007). 
The range of concentration of silicate was from 14.9mg/l at 80km to 42mg/l at 0km. The concentration 
does not exceed any known guidelines in Nepal. 

 

 

Figure 3-15.  Manganese concentration (mg/l) at sample sites 
along the Bagmati River. The orange line – shows the “chronic 
effect” limit for aquatic life, and the green line – shows the 
Nepalese drinking water quality guideline. 
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3.3.20 ZINC 
Anthropogenic zinc sources include cement production, galvanizing, roofing material, batteries, 
fertilizer, smoke from fossil fuels and waste incineration and may be derived from the surface water 
runoff which carries zinc from the wear and tear of tires of vehicles (Councell et al. 2004). It is an 
essential nutrient but harmful at high levels and will bio-accumulate and bio-magnify in the aquatic 
environment. The concentration of zinc was measured with a minimum sensitivity of 0.05mg/l. Only  at 
three sites -15km, 0km and 20km did the concentration exceed this level, with a maximim of 0.1mg/l at 
20km. All targets and guidelines for drinkingwater, irrigation, livestock water, aquaculture and effluent 
in Nepal are met. However, the Nepal guidelines for aquatic life give a target value of 0.002mg/l, 
chronic effect at 0.0036mg/l and acute effect at 0.036mg/l which was exceeded at these three sites 
although the sensitivity of the tests was not enough to check at other sites.  

3.3.21 COPPER 
Copper is a naturally occurring element with nutritional value though it can be toxic and is used in anti-
fouling paints, the metal industry and pipes (WHO 2011). In only two samples the concentration of 
copper was high enough to measure, at 0km, 0.02mg/l and at 20km 0.06mg/l. This concentration is 
within the limits set for drinking water irrigation water, water for livestock, and effluents. However the 
target limit for aquatic life is set at 0.0012mg/l with chronic effects at 0.0024, acute effects at 0.0075 
and the target for aquaculture being 0.005mg/l.  Our tests were not sensistive enough to see this 
concentration at other areas along the river. 

3.3.22 NICKEL 
Sources of nickel are both natural and anthropogenic commonly including batteries, metal and wire 
industries. It has nutritional benefits and can be harmful at high levels of exposure (EPA 2015). The 
minimum sensitivity in the test for Nickel was 0.3mg/l and no sample had a concentration above this 
level.  
There is no evidence for pollution by Nickel. 

3.3.23 ARSENIC 
Arsenic is a naturally occurring element in rocks, soils and the water in contact with them. 
Anthropogenic sources may include pesticides, herbicides, dyes and certain medicines. It is widely 
recognized as toxic to humans and other life. Arsenic ranges from 0.006-0.005 at 35 to 80 km from 
Chovar and the tests minimum sensitivity is 0.005mg/l. The guidelines for drinking water are 0.05mg/l 
and the target for aquatic life is 0.01mg/l and all samples were well within these guidelines.  

The arsenic levels measured may be due to sediment accumulation from the Lesser Himalaya at Siwalik 
through which the Bagmati River runs through the hilly terrain towards plain.  
There is no evidence for pollution by arsenic. 

3.3.24 LEAD 
Sources of Lead in the environment include batteries, metal industries, paints, and burning fossil fuels 
and lead may also occur naturally at low levels. There are many toxic effects of exposure to lead on 
humans and wildlife. The minimum sensitivity in the test for lead was 0.01mg/l which is also the 
drinking water standard in Nepal and no sample had a concentration above this level. 
There is no evidence for pollution by lead. 
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3.3.25 CADMIUM 
Cadmium is found naturally in some sediment and anthropogenic sources of it include batteries and 
metal works. It has various toxic effects on humans (Tchounwou et al. 2012). The minimum sensitivity in 
the test for Cadmium was 0.003mg/l and no sample had a concentration above this level which meets 
all guidelines in Nepal.  
There is no evidence for pollution by cadmium. 

3.3.26 CHROMIUM 
The main source of chromium in the environment is from metal, chemical and tanning industries 
although it may also occur naturally. Chromium is a nutrient but at higher levels is widely recognized as 
a carcinogen (Tchounwou et al. 2012). The minimum sensitivity in the test for Chromium was 0.02mg/l 
and no sample had a concentration above this level.  
There is no evidence for pollution by chromium. 

3.3.27 MERCURY 
Mercury is found naturally in the environment and other main sources are industry, dental care and 
medicine.  It is bio-accumulative and toxic. The minimum sensitivity in the test for Mercury was 
0.001mg/l (Nepal’s drinking water standard) and no sample had a concentration above this level. 
There is no evidence for pollution by mercury. 
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3.4 SUMMARY OF PARAMETERS  
This study shows results of 27 physicochemical parameters at 13 sites along the Bagmati River and eight 
parameters at 34 sites13. In order to combine all this data in a meaningful way two systems have been 
used. The first shows the number of parameters that have exceeded guidelines at each site, and the 
second uses a Water Quality Index (WQI) to combine a number of parameters that are known to have 
the greatest impact on water quality. 

3.4.1 PARAMETERS AND GUIDELINES 
The results of the tests for individual parameters have been discussed and compared to the different 
water quality guidelines set by the Government of Nepal.  

Table 10-1 shows the number of parameters that have exceeded the Nepalese guidelines for drinking 
water, irrigation water, target for aquatic life and effluent discharge at each of the 13 sites where 27 
parameters were tested. At 0km (Chovar) and 20km the most number of parameters (9) are outside the 
guidelines.14  

Table 10- 1. Parameters exceeding the Nepalese guidelines, at sites along the Bagmati River. 

Parameter 
Exceeding 

Site (km from Chovar) 

-40 -30 -15 0 20 35 50 65 80 100 120 140 160 

Drinking 
Water 
Guidelines  

                        pH 

      NH3 NH3 NH3 NH3 NH3 NH3         

            NO3 NO3           

    Fe Fe Fe Fe Fe Fe Fe Fe Fe Fe Fe 

      Mn Mn Mn Mn             

             
Irrigation 
Water 
Guidelines 

                        pH 

      Cl Cl                 

      Na Na Na Na Na           

    Fe   Fe                 

Target for 
Aquatic Life 

                        pH 

      DO DO       DO     DO   

NH3   NH3 NH3 NH3 NH3 NH3 NH3 NH3 NH3 NH3 NH3 NH3 

      Mn Mn Mn Mn             

    Zn Zn Zn                 

    Cu Cu Cu                 

Effluent 
Guidelines 

      NH3 NH3                 

      COD COD COD COD COD COD         

Number of 
Different 

Parameters 
1 0 4 9 9 5 6 5 4 2 2 3 3 

The table shows that the river water:   

 Is unsuitable for drinking between -15km and 160km. 

 Is unsuitable for irrigation between -15km and 65km and at 160km. 

 Does not meet the target for Aquatic life at -40km and from -15km to 160km. The chronic effect 
and acute effect levels are also exceeded for Zinc and Copper from -15km to 20km and the 
chronic level for dissolved oxygen at 80km and Manganese at 0km and 20km. 

 Exceeds the maximum permissible levels for effluent discharge from 0km to 80km. 

                                                           

13
 At five of the 34 sites data for DO is missing and at three of those sites temperature, pH, turbidity, and TDS are 

also missing. These account for three of the 13 sites. See the limitations section. 
14

 DO – dissolved oxygen, NH3 – ammonia, NO3 – nitrate, FE – iron, Mn – Manganese, Cl – chloride, Na – sodium, 
Zn – zinc, Cu – copper, COD – chemical oxygen demand. 
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3.4.2 WATER QUALITY INDEX 
The National Sanitation Foundation water quality index (WQI) was used to indicate the effect of 
multiple parameters along the river. This WQI as described by Tyagi et al. (2013) was chosen to easily 
represent differences along the river. As yet no WQI has been developed by this team in Nepal to 
accurately represent the parameters measured against reasonable specific rational realistic 
representational appropriate something standards and this is an area for further study.  

Compensation was made for missing parameters as described by (Srivastava and Kumar 2013) where 
the total of the weighting of used parameters is summed, and the final value for each parameter is 
divided by this factor. 

The following parameters were used:  DO%, pH, Fecal coliform (from section 4 results), TDS, Turbidity, 
Nitrate, and Phosphate. The Nitrate value is not used for 15km and 20km, because of the 0 value of 
nitrate due to chloride, ammonia, copper etc inhibiting the test. Data from sites at -40km, -35km, and -
15km was not used as there were too few parameters to give comparable results. 

The results of the water quality index calculations are plotted in figure 3-16. AT -30km the river water 
was of “Good” standard and a rapid decline can be seen in the urban area from -20km. The lowest 
quality is at 0km “Very Bad”. At 70km the water is “Medium” and from 85km downstream the quality 
stays within the “Medium” category until 160km. 

 

Figure 3-16. The results of the water quality Index calculations for sites along the Bagmati River. 

 

Data for biological oxygen demand (BOD) and temperature change were not available to use in this 
water quality index and potentially this has skewed the results “less bad”. However this chart 
represents the overall shape of water quality deterioration and improvement along the Bagmati River in 
Nepal. It is highly recommended to develop a WQI specifically for Nepalese standards and guidelines for 
rivers in Nepal for future studies. 
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3.5 CONCLUSIONS AND RECOMMENDATIONS 
There are some key points in summary of the physicochemical parameters studied: 

 From -15km to 0km there is an increase in all chemical elements present in the river water 

except iron and zinc with a very small decrease. This is within the city and probably due to the 

dumping of municipal waste, sewage and small industries. Direct disposal of untreated sewage 

and waste into the river was observed in the urban areas. Sankhamul, Jwagal, Kupandole, Teku, 

Balkhu, Sundarighat and Chobhar are major points of effluent discharge within Kathmandu 

Valley between -20km and 0km. Heavily polluted tributaries including the Dhobhikhola, 

Bishnumati, and Tukucha add more pollution to the Bagmati River from other points in the 

cities in that same stretch of water between -20km and 0km.  

 At 20km there is peak in turbidity and of pollutant concentration including iron, copper, 

manganese, zinc, sodium, potassium, turbidity and chloride. This may be due to the rain the 

proceeding day washing more pollutants into the river; or to the river before this point passing 

through rapids and turbulence mixing and weathering the substrate.  From 15km and 20km the 

DO saturation increases reaching over 80% by 25km so the decrease of pollution after 20km 

could be influenced by the increase of DO saturation allowing the ecosystem to begin to clean 

itself. 

 The concentration of ammonia and COD exceed the discharge of effluent guidelines (COD at 

35km, 50km and 80km; ammonia from -5km to 20km). If this water was being discharged by 

any industry it would be against regulations and actions could be taken. However with multiple 

possible entry points of the pollution it is difficult to hold any one body accountable and still 

needs to be addressed.  

 The accumulation of heavy metals only in certain parts along the river may be due to natural 

causes. The Bagmati River flows through a large area of Siwalik sediment which commonly has 

widespread sulphide mineralization mainly copper, lead, zinc and iron. Further study could 

investigate the source of the metals. 

 Aquatic life including benthic macro invertebrate populations may be impacted because targets for 

aquatic life were exceeded by ammonia at all sites except -30km (to acute level), manganese between 

0km and 50km (0km to 20km chronic level), zinc and copper (acute level) from -15km to 20km, and 

dissolved oxygen exceeded acute effect levels between -5km and 10km. 

In conclusion the results of the physicochemical tests strongly suggest that the sewage and waste inputs 
into the Bagmati River should be stopped or reduced as much as possible and as soon as possible 
because they are having severe effects on the water quality for around 65km to 80km downstream of 
Chovar making the water unsuitable for use for drinking, irrigation, recreation, aquatic life, aquaculture, 
and even exceeding the regulations for effluent discharge at some points.  
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4 COLIFORM AND E. COLI 

4.1 INTRODUCTION 
Coliform bacteria can be found in water, in soil, on plants and in the guts of mammals. Escherichia coli 
(E. coli) is a coliform bacteria that is found in the faeces of warm blooded animals including humans, 
and can be used as an indicator of faecal waste in water. In the Bagmati basin coliform bacteria enter 
the river from both animal and human waste directly, diffuse runoff from land, and untreated sewage 
that the municipalities drain into the river due to lack of sewage treatment plants. There is one 
functioning waste water treatment plant in Kathmandu valley situated in Guheshwori about 15km 
upstream from Chovar.  

The coliform bacteria multiply rapidly in water with nutrients and can deplete oxygen in the water 
making it unavailable to other life forms, also creating a foul odour and potentially spreading disease. 
Although E. coli can be associated with diarrheal disease Levy et al. (2012) suggests that caution should 
be taken to make direct links and it is not within the limits of this study to assess the health of the 
population. However coliform and E. coli are pathogen indicators showing pollution present in the 
water.  

Due to the length and remoteness of the expedition, using laboratory facilities to incubate and assess 
Coliform and Escherichia coli (E. coli) was not possible. The 3M™ Petrifilm™ EC plates allowed for “in 
field” incubation and counting with enough accuracy and reliability to provide quality data. (Hörman 
and Hänninen 2006) compared coliform tests and found that 3M™ Petrifilm™ plates “showed weak 
sensitivity (39.5–52.5%) but high specificity (90.9–78.8%)” and (Schraft and Watterworth 2005) found 
“high specificity of Petrifilm™ EC plates for enumeration of both fecal coliforms and E. coli in water.”  

4.2 METHODOLOGY 
 One ml of sample was put on each 3M™ Petrifilm™ EC plate and spread.  

 The plate was left to set and placed in a pouch on a belt strapped to the 
assigned incubator human.  

 The temperature in the pouch was checked 4 times each day to ensure the 
temperature remained at35°C +/- 1 °C. The temperature always stayed 
within this range.  

 After 24 hours the plates were removed, the colonies counted, and the plates 
photographed (figure 4-1).15 

 Samples, where colony counts were high, were diluted with bottled water 
using for example 1ml sample with 9ml water (10 x dilution up to 10,000 x 
dilution for the very polluted stretch of river). At these sites a control was 
also incubated with only 1ml bottled water to check that the bottled water was not contaminated.  

 After incubation the red and blue colonies with and without gas were counted. 

 Where colonies were too numerous to count the number in four of the 1cm2 squares was counted, 
averaged, and multiplied by 20 (the plate area was 20cm2) to get an estimate as described in the 
“3M™ Petrifilm™ interpretation guide”16.  

 On viewing the results, plates that had been damaged were discarded. 
 

                                                           

15
 Prior to the expedition samples were incubated and counted to test the methodology. The plates were 

incubated, to test optimum incubation time, for 24hours and counted; and then incubated for a further 24hours 
(48 hours in total) and <1% difference was found in colony counts. Therefore 24 hours was used as standard 
incubation time 
16

 http://multimedia.3m.com/mws/media/236246O/petrifilm-ecoli-coliform-interpretation-guide.pdf?&fn=70-2008-

4574-4.pdf  

Figure 4-1. 3M™ 
Petrifilm™ EC plate 
showing colony 
growth from the 
45km site after 
incubation. 

http://multimedia.3m.com/mws/media/236246O/petrifilm-ecoli-coliform-interpretation-guide.pdf?&fn=70-2008-4574-4.pdf
http://multimedia.3m.com/mws/media/236246O/petrifilm-ecoli-coliform-interpretation-guide.pdf?&fn=70-2008-4574-4.pdf
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4.3 RESULTS AND DISCUSSION 
The mean colony count in a 1ml sample for each site is was calculated. The graph in figure 4-2 shows 
the count of coliform colonies (red colonies with or without gas, ISO method 4832 from the 3M 
guidelines17) and confirmed E. coli counts (blue colonies with gas) plotted on a log10 scale. There is a 
maximum value of coliform (2,490,000/1ml) and E. coli (690,000/1ml) at -10km upstream from Chovar. 
The minimum values of coliform (2/1ml) and E. coli (0/1ml) occur at the source at -40km. E. coli count is 
also 0/1ml at -25km. Downstream of Chovar there is a minimum of coliform (28.4/1ml) at 150km and E. 
coli (0.33/1ml) at 130km.  

 

Figure 4-2. Colony counts per 1ml of sample for coliform and E. coli along the Bagmati River. 

The E. coli sample at -25km is conspicuous as being zero. Only one of the samples at that site incubated 
correctly so it is uncertain whether it is an error or a true reading. From -20km there is a clear increase 
in coliform in the river and this is around 1km inside the edge of the built up urban area.  

Comparison with standards and guidelines 

The Water Guidelines issued by the Nepalese Government for different uses concerning E. coli and 
faecal coliform are summarised in the table 4-1, below. In this study E. coli is used as an indicator of 
faecal coliform.  

Table 4-1. The Nepalese water quality guidelines for E. coli/faecal coliform for different water uses. 

Nepal 
Guidelines 
colony 
count per 
100ml 

Drinking 
water 

Recreation, 
Full 
contact 

Recreation, 
Partial 
contact 

Water 
for 
animals 

Irrigation 

Irrigation 
where edible 
parts are not 
wetted 

E. coli 0 <130     

Faecal 
Coliform 

 <130 <1000 <200 <1 1-1000 

 

                                                           
17

 http://multimedia.3m.com/mws/media/236246O/petrifilm-ecoli-coliform-interpretation-guide.pdf?&fn=70-2008-

4574-4.pdf 
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By plotting the results for E. coli and multiplying by 100 to show counts per 100ml and drawing the 
guideline levels, the following graph illustrates which points along the river comply with Nepalese water 
standards for use (figure 4-3). 

 

Figure 4-3. E. coli colony counts per 100ml of sample with Nepal water quality guidelines shown. 

It is not until 90km downstream that any of the standards are met. After 90km, according to the water 
guidelines, it is safe for humans to have partial contact with the water for recreation and to irrigate 
crops where no edible part of the crop is wetted by the water. Guidelines for full contact with the water 
are not met until 113km after the Bagmati barrage and then at 130km downstream however they are 
exceeded again at 160km. Despite the high levels of E. coli, people swim regularly in the river from 
90km and have partial contact from 65km, and the water was seen to be used for general irrigation 
from 60km. This is due to lack of awareness of both polluters and users of the river about the potential 
risk of harm. According to the guidelines only river water between 110km and 150km should be used 
for animals to drink but animals were seen drinking in many other locations along the river. The 
guidelines for general irrigation where edible parts are wetted were never met and neither were the 
drinking water guidelines of 0 E. coli colonies /100ml other than at the source at -40km and -25km. We 
did not witness anyone drinking directly from the river. 

4.4 CONCLUSIONS AND RECOMMENDATIONS 
Action is needed to reduce the sewage input into the river in Kathmandu. It takes 90km after the city 
before the coliform levels begin to meet any water quality guidelines. Along this length of river the local 
populations are small so they are not adding high levels of sewage into the river. They are in need of 
water to use for domestic and agricultural purposes but the river water is unusable. 

An impact from high bacterial loading is the potential for increased resistivity to antibiotics. Poudel et 
al. (2009) collected sewage sludge from the Guheshwori sewage treatment plant, Kathmandu, which is 
upstream from most of the hospitals in the valley but downstream from some of the agricultural areas. 
They found that 90.91% of the E. coli isolates tested had resistance to “at least one of the antibiotics 
used” and “45.46% of the total isolates were multi drug resistant (MDR).” Sharma et al. (2010) studied 
bacteria and antibacterial resistance in hospital waste in ten hospitals in Kathmandu and found that the 
waste was high in MDR bacteria. Even with treatment plants at the hospital the MDR bacteria were in 
the waste effluent. As the river has high levels of coliform bacteria for a long distance there is ample 
opportunity for resistant strains of bacteria to multiply and spread.  

Reducing the levels of coliform in the river with the plans to build sewage pipes and treatment plants in 
Kathmandu Valley needs to be prioritised.  
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5 PLASTIC 

5.1 INTRODUCTION 
Plastic has been designed for common use in all areas of life and is incredibly popular. It can be found 
everywhere including in clothes, food wrapping, furniture, coatings, cables, household items, and 
electronic casings. We are all in contact with plastic in one form or another all day. However the 
disposal of plastic has posed a challenge especially in developing countries where waste management 
and recycling infrastructure is limited at best. Nepal is such a country with few waste management 
resources and plastic waste is frequently dumped in the open and beside or in rivers.  

Plastic pollution can be split into two categories, micro and macro. Micro-plastic is recognized as pieces 
less than 5mm in diameter, while macro plastic includes all particles greater than this size (Arthur et. al. 
2009). Macro-plastics include bags, bottles, wrappers, toys, and easily visible debris from households 
and industries. Micro-plastic particles are used in cosmetic exfoliates, industrial processes such as blast 
cleaning of metals, and in the plastic manufacturing processes. Often the source of micro-plastics in the 
environment is the breaking apart and weathering of macro plastics. 

Aquatic plastic pollution has been documented in marine habitats for more than 40 years but studies 
and especially quantification of loads in the water in river systems are relatively few and recent. 
Learning from marine studies the threats to the ecosystem of plastic pollution include: 

 Entanglement of species in plastic waste inhibiting their movement. 

 Mechanical blockage of the digestive system reducing the ability to consume and get nutrients 
from food or regurgitate food for their young. 

 Hydrophobic chemicals which are toxic and carcinogenic can enter the food chain via plastic 
particles in water.  

 Accumulation of plastic on top of sediment can cause hypoxia or anoxia by reducing gas 
exchange in the water. 

          (Derraik 2002) 

 

A fuller discussion of studies of threats in rivers can be found in appendix 5.1. 

The amount of plastic in the Bagmati River and along its banks was studied to be used as a baseline to 
monitor changes over time. This study aims also to inspire further development of methodology and 
interest in the effects of plastic pollution in river systems in Nepal. 

 

5.2 METHODOLOGY 

5.2.1 QUADRATS 
A 1m square quadrat was dropped randomly on the river bank 
(figure 5-1) five times at the sampling site within 2m of the 
river and the percentage cover of plastic inside the quadrat 
was estimated, recorded and photographed each time.  

 

 

 

 

Figure 5-1. A 1m square quadrat 
used to estimate plastic cover along 
the banks of the Bagmati River. 



Bagmati River Expedition 2015 

36 
 

5.2.2 PLANKTON NETS 
Two 300µm plankton nets (figure 5-2) were hung in the flow of the 
river at the sampling site for ten minutes. The depth if less than the 
diameter of the net and time was recorded. The material collected 
was inspected, plant material removed, and strained through a 500µm 
and then 300µm sieve to sort and separate out the plastic pieces. 
Using a magnifying glass and tweezers the plastic pieces were counted 
and the numbers of micro and macro plastic pieces recorded. 

5.2.3 LARGER NET 
A 2m x 60cm net with holes of 2cm diameter was held across the flow 
of the river for 10 minutes, and the numbers of pieces of plastic 
caught were recorded.  

5.2.4 CALCULATION FOR PLASTIC IN THE WATER 
To calculate the number of pieces of plastic per m³ of water the data was used with the dimensions of 
the nets in the water, time the net was in the water and velocity of the water. The mean velocity of the 
water at each site in the river was measured with a SonTek Flow Tracker (see Hydrology chapter 2). 

p/(a x t x V) 

 

p     number of pieces of plastic in the net 
a (m²)    area of the net in the water 
t (s)    time the net was in the water 
v (m/s)   velocity of the water 

5.3 RESULTS AND DISCUSSION 

5.3.1 QUADRATS 
The mean percentage of plastic cover in the five quadrats at each site was plotted against the distance 
from Chovar figure 5-3. At -5km and from 5km to 45km there is over 10% coverage of plastic, peaking at 
35% 20km downstream. From 65km to 70km there is over 5 % coverage. 

 

 

Figure 5-3. Mean plastic cover (%) along the banks of the Bagmati River. 

The low percentage of plastic cover between -20km and -10km may reflect the successful results of the 
campaign to clean the banks of the Bagmati River which focused on this area each week for 100 weeks 
prior to the study. The lower levels of plastic after 75km may be due to the widening of the river and it 
passing through crops and agricultural lands which had filtered out a lot of the plastic. The plastic was 
observed in amongst the agricultural plants, trapped between stones. Excluding the -5km site within the 
city where waste was being dumped, in the areas of highest percent cover there was not high 
population density and no evidence of local dumping being the primary cause of the pollution. Local 
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Figure 5-2.  A plankton net used 
to collect samples of plastic in 
the Bagmati River. 
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populations complained that the plastic comes down the river and is left on the banks as water levels 
drop but they also report that there is less plastic since the weekly clean up in Kathmandu started in 
2013. This data was taken prior to the monsoon, and so the plastic on the banks was most likely from 
the monsoon floods in 2014.  

5.3.2 PLANKTON NETS 
The concentration of plastic pollution which is the mean number of pieces of plastic per m³ of river 
water for both micro and macro plastics was plotted against the distance from Chovar figure 5-4. The 
large increase in micro plastics from 45km to 65km was due to broken polystyrene pieces in the water 
column. Macro-plastic counts were greatest within the Kathmandu city area (-15km – 0km) and again 
around 45km. 

 

Figure 5-4. Mean number of macro-plastic and micro-plastic pieces per cubic meter of water collected from the 
plankton nets at sites in the Bagmati River. 

Within the urban area of Kathmandu Valley there are areas where wasted is dumped in or beside the 
river and some waste sorting groups are based on the river bank. This explains the larger number of 
pieces of macro-plastic in the urban city area. There was no obvious point source contributing micro 
plastics into the river, and it appeared that they were being produced from the breaking down of other 
plastic waste both in the river water and on the banks or trapped in the rocks or the substrate. The 
macro plastics found downstream were often broken bits of larger waste, supporting this theory.  

 

Micro plastics are easily consumed by birds and small creatures thus entering the food chain. In marine 
ecosystems micro plastic has been found in the food chain. Among many papers on this topic Lusher et 
al. (2013) found micro-plastic in guts of fish species in all types of habitats and in different species in the 
English Channel; and Possatto et al (2011) document plastic uptake by esturine fish. In a river study in 
France 12% of the collected gudgeons (Gobio gobio) had micro-plastics in their digestive tract (Sanchez 
et al. 2014). Although no research papers have been found on s in Bagmati River fish, it seems very 
probable that the biota takes in these tiny particles and passes them up the food chain in Nepal as in 
other countries.  

The mean of the total number of pieces of plastic passing a point on the river for different regions is 
indicated in figure 5-5. The regions were designated as: 

 Kathmandu Valley, -25km to 0km 

 Steep Valley, 5km to 65km 

 Wider Valley, 70km to 110km 

 Terai, 113km to 160km 
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The mean concentration of micro and macro plastic was summed for each site, multiplied by the 
discharge, and was then averaged for each region. The average per second was multiplied by 86400 to 
give a value per day.  

 

Figure 5-5. Mean number of plastic pieces per day (collected in the plankton nets) passing a point in regions along 
the Bagmati River. 

No large dumping area of plastic or waste was seen outside of Kathmandu Valley along the river; the 
dumping sites that were seen were small and could not account for the increase of plastic pieces in the 
river. The tributaries joining the river may have added to the plastic loading but the breaking apart and 
weathering of the pieces is the main cause for increased numbers. Pieces may have also been picked up 
by the river from the substrate where they were deposited at previous high waters. The increased 
number of pieces allows for wider dispersal through the ecosystem and less ease of removal. The 
decreasing number of pieces is likely attributed to plastic being caught in amongst plants and crops, 
caught in the sediment, or entering the food chain.  

5.3.3 LARGER NET 
The mean number of pieces of plastic caught in the larger net is shown in figure 5-6 plotted on a 
logarithmic scale. There is a significantly larger number collected between -5km and 15km by a scale of 
ten to fifty. No plastic was collected at 100km and 110km. The depth of the river was too deep where it 
was flowing best so that the net was deployed at the side where the flow was less with potentially less 
plastic. 

 

Figure 5-6. Mean number of pieces of plastic caught in the larger net at sites in the Bagmati River. 

This net was catching plastic pieces over 2cm in size. However there is a drop in the mean number of 
pieces of plastic caught in the net downstream of the 15km site. From that point the river ran over 
many rapids and made many turns. Potentially the plastic waste was caught in the rocks or on the sides 
of the river or broken into smaller pieces. At 20km the amount of plastic coverage on the bank did 
increase which would support this theory.  
A drop in the amount of large plastic was expected as there was less observed waste dumped on the 
river banks and lower population density downstream of Chovar (0km). 
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5.4 CONCLUSIONS AND RECOMMENDATIONS 
 

This study has shown that plastic is present both in the river water and on the banks of the Bagmati 
River from Kathmandu Valley all the way to the border with India. Some comes from a direct input and 
some is the result of those pieces breaking up and weathering in the river into smaller and more 
numerous pieces. Between 5km and 65km an average of 1,046,856 pieces of plastic were passing every 
day.  There is no known cleaning effort in this area of the river so the subsequent decrease in number of 
pieces of plastic can be attributed to plastic being left in the ecosystem or entering the food chain.  

The main limitation of this study was counting the pieces of plastic in the field using only tweezers and a 
magnifying glass. In the study of the urban river in Chicago the mean number of pieces of micro-plastic 
recorded was 1.94/m³ upstream of the wastewater plant and 17.93/m³ downstream of the wastewater 
plant (McCormick et al. 2014). Over 50% of the particles recorded in Chicago were microfibers and 
samples were analysed in a laboratory with access to equipment and high powered microscopes to 
search through the samples very thoroughly. The in-field visual methodology used here was not so 
thorough and if there had been microfibers (none were identified) they may have been lost in other 
algae and organic material. Therefore it is likely that our study under-represents the total number of 
micro-plastic particles in the river and a more thorough study with technical laboratory analysis is 
recommended for a more accurate data. However, the data represented here, with consistent 
methodology, is a good indicator of comparative abundance of plastic pollution along the river. 

 

 Further study of the plastic pollution in and along the Bagmati River is recommended. The study could 
include: 

 Key locations along the river during monsoon, because in full flood the river may be taking 
more plastic further downstream.  

 Collect samples to identify the type and weight of the plastic.  

 Checking the substrate for plastic smothering, however this was often rocky and so it would be 
technically challenging.  

 Food chain analysis to look for evidence of fish or invertebrates eating plastic and the 
transportation of POP’s into the food chain. 

The cleaning campaign for the Bagmati should continue with an increased effort to stop dumping and 
enforce regulations about waste management. There has been some effort to raise awareness and 
reduce plastic pollution entering the river but this must increase and be supported by action at all levels 
of society. This should include extending the cleaning campaign downstream from the valley to where 
plastic waste has been left on the banks after monsoonal high waters. 
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6 MACROINVERTEBRATES 

6.1 INTRODUCTION 
Assessment of water quality of streams and rivers for a country is essential as ecological services 
provided by streams and rivers are highly depended on the ecological status of water bodies. Many 
developing countries including Nepal use physicochemical parameters for assessing water quality of 
streams and rivers which gives a snapshot in time. Biological assessment has the advantage of indicating 
the water quality over the life time of the organisms. Biological assessment of water bodies studies 
various biological components such as diatoms, periphytons, macrophytes, zooplanktons, 
macroinvertebrates, and fish. The use of benthic macroinvertebrates is very common in monitoring 
programs because they are highly abundant and visible to the naked eye, live under water from a few 
weeks to a year while integrating pollution, and are sensitive to pollution. In addition they are less 
mobile than fish making them unable to escape from disturbance. Benthic macroinvertebrates in 
streams and rivers reflect the water quality as different species prefer different water quality conditions 
and thus help to provide an integrative view of ecological status of water bodies.  

In Nepal, biological assessment of stream and rivers including standing water bodies is in its infancy, 
however it has become more popular in recent decades (Sharma et al. 2006; Shrestha et al. 2008, 2009; 
Shah et al. 2008, Shah et al. 2011a, Shah et al. 2011b, Shah et al. 2012, Shah and Shah 2012, 2013, Shah 
et al. 2015). 

6.2 METHODOLOGY 

6.2.1 BENTHIC MACROINVERTEBRATES SAMPLING 
Benthic macro invertebrate samples were collected by using a kick net of 500µm mesh size following 
the multi-habitat sampling approach (Figure 6-1). In total 10 sub samples from 10 micro-habitats were 
taken. Each sub-sample was spread out in a white enameled tray to identify them in field (Figure 6-2). 
Finally a composite sample was made (Figure 6-3) and washed thoroughly and removed large organic 
materials such as twigs or leaves and cobbles or stones (Figure 6-4). Later, the composite sample was 
transferred to plastic container and labeled with site code and dates. The sample was preserved in 70% 
Ethanol in the field. In the laboratory, samples were sorted and specimens were determined at family 
level.  

 

 

Figure 6-1. Sampling benthic macroinvertebrates. 

 

Figure 6-2. Identification of benthic macroinvertebrates 
on-site. 
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Figure 6-3. Making a composite sample from 10 sub 
samples. 

 

Figure 6-4. Sample processing on site. 

 

6.2.2 MULTI-HABITAT PROTOCOL 
Before taking benthic macroinvertebrates samples, the coverage of the river bed habitats within 50 to 
100m of the river stretch were estimated at 10% intervals and noted in the Multi-habitat protocol data 
sheet. Less than 10% habitat coverage was not noted in the protocol. Whenever the estimation of the 
coverage of habitats needed to be corrected, e.g. due to hardly visible parts of the river bed, this was 
done during the benthic macroinvertebrates sampling procedure. After sampling, the estimated 
substrates cover was reviewed for accuracy and completeness. The data collected was used to ensure 
that species were included from all habitats were represented. 

6.2.3 SCREENING PROTOCOL 
Screening protocol (Hartmann et al. 2010) was filled in order to have on-site River Quality Class of the 
study stretch of the river. Identification of sensory features, ferro-sulphide reduction in different water 
velocity sections, presence and abundances of bacteria, fungi, periphyton and benthic 
macroinvertebrates composition were observed and recorded. Presence and absence of these features 
indicate the positive value of the pollution status. This data was used to produce a map of the River 
Water Quality Class. 

6.2.4 SITE PROTOCOL 
A dataset called site protocol was compiled using other parameters for comparison with the 
macroinvertebrates data. This data was collected by the expedition team and represented in other 
sections of this report. All this data was considered relevant to the presence and biodiversity of 
macroinvertebrates.  

This protocol includes  

 Map data: county name, river name, river system, longitude, latitude, and altitude;  

 Reach characteristic: lakes/reservoirs, width of the floodplain, slope of river course, valley 
shape, floodplain land use, and channel form;  

 Morphological characteristics: shading at zenith, width of wooded riparian vegetation, removal 
of mineral bed, and average density of  wooded riparian vegetation;  

 Hydro-morphological impact: dams at sampling sites, other transverse structure, proportion of 
bank fixation, proportion of bed fixation, residual flow, longitudinal impoundments, 
removal/lack of natural floodplain vegetation, purpose of water abstraction, and non-native 
wooded riparian vegetation;  
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 Signs of pollution: source pollution, non-source pollution, sewage overflows, eutrophication, 
mining, toxic substances etc;  

 Morphometric and hydrological parameters: stream width, relation riffle/pool, river bed visible, 
water level at sampling site, water uses, flow type, and waste disposal;  

 Physical  and chemical characteristic of water: water color, odor, foam, pH, conductivity, 
reduction phenomena, turbidity, oxygen content (mg/l), percentage of oxygen saturation, air 
and water temperature, mean depth, maximum depth, mean current velocity, maximum 
current velocity, and minimum current velocity. 

6.3 RESULTS AND DISCUSSION 

6.3.1 MACROINVERTEBRATE RICHNESS 
In total 63 families of benthic macroinvertebrates representing 15 Orders/Class were recorded along 
the longitudinal gradient of Bagmati River. The order Diptera (figure 6-5) was found highly diverse 
followed by Trichoptera (figure 6-6).  

 

Figure 6-5. Diptera (Chironomidae) © RDTS 

 

Figure 6-6. Trichoptera (Lepidostomatidae) © RDTS 

 

The total number of macroinvertebrate taxa/families was high (26 taxa) at -30km (Sundarijal) and 
gradually decreased until just before Chovar (0km). After a slight increase in taxa richness at 0km (6 
taxa) there was another decrease to only one taxon at 10km downstream of Chovar (figure 6-7). There 
was progressive increase in number of taxa downstream from 20 km and a peak at 90km. A sharp 
decrease in taxa richness was observed at 113 km which is located immediately after the Bagmati 
Barrage South-East highway where direct human disturbances such as river crossing and washing and 
bathing were observed. The decrease in taxa richness between 140km and 150km were mainly due to 
the sandy habitat which is erosive in nature and unsuitable for macroinvertebrate colonization.  

   

 

Figure 6-7. Total number of taxa distributed along the longitdinal gradient of Bagmati River from source to mouth 
at India-Nepal border. Dotted line represents moving curve along the gradient. 
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In Kathmandu valley, taxa from Ephemeroptera, Plecoptera, Trichoptera, Coleoptera and Diptera were 
dominant while downstream, taxa belonging to Heteroptera, Mollusca and Bivalvia were mainly found. 
The minimum numbers of taxa were found between 0km and 50km. Just downstream of the Bagmati 
Barrage at 113km there is a clear decrease in number of taxa although diversity improves in subsequent 
test sites.  

6.3.2 SENSITIVE TAXA 
The most sensitive orders are Ephemeroptera, Plecoptera, and Trichoptera (EPT)(Merrit et al. 2008, 
Shah and Shah 2013). These taxa are particuarly sensitive to dissolved oxygen content, mineral habitat 
distribution and nutrients.  

Figure 6-8 plots the number of EPT taxa against distance from Chovar as an indication of water quality. 
Families from these orders were abundant upstream of the city of Kathmandu and were absent 
completely from -10km (Sankhamul) to 50km (Figure 6-8).  

 

 

Figure 6-8. EPT taxa recorded along the longitudinal gradient of Bagmat River. The line represents the moving  
curve along the gradient 

Relatively high numbers of EPT taxa were recorded at 90 km (7). This site is loacted downstream of an 
area of agriculture with many small tributaries joining the Bagmati River which may have added to the 
richness and diversity found. The reason for variation from 110km to 140km is not confirmed but may 
be due to the substrate and habitats. 

 

6.3.3 TOLERANT AND INTOLERANT FAMILIES 
To enable assessment of water quality by benthic macroinvertebrates the invertebrates can be given a 
sensitivity score. The score is based on a ten point system ranging from the most pollution sensitive 
taxa scoring 10 to very pollution tolerant taxa scoring 1 but not all taxa have a score (Nesemann et al. 
2007). The scores for each family identified during the study can be seen in appendix 6.1. 

Using the sensitivity score analysis a graph was plotted showing pollution intolerant taxa (score >6), 
moderately pollution tolerant taxa (score between ≥4 and <6), and pollution tolerant taxa (score <4) 
and is shown in figure 6-9.  

0

2

4

6

8

10

12

-3
0

-2
5

-2
0

-1
5

-1
0 -5 0 5

1
0

1
5

2
0

2
5

3
0

3
5

4
0

4
5

5
0

6
0

6
5

7
0

7
5

8
0

8
5

9
0

1
0

0

1
1

0

1
1

3

1
2

0

1
3

0

1
4

0

1
5

0

1
6

0

N
u

m
b

er
 o

f 
E

P
T

 t
ax

a

Site (km from Chovar)



Bagmati River Expedition 2015 

44 
 

 

Figure 6-9. Total number of senstive, tolearant, and moderately tolerant taxa distributed along the longitdinal 
gradient of Bagmati  River. Lines represent the moving  curve along the gradient. 

Pollution Intolerant 
A high number of pollution intolerant taxa (score >6) were found at the upper most site (-30km 
Sundarijal), gradually reduced to zero at -10km in the Kathmandu Valley, and remained zero until 50 km 
downstream from Chovar (figure 6-9). Downstream of Chovar the maximum number of intolerant taxa 
(five) was at 90km and 110km.  At 113km just downstream from the barrage and close to a town there 
was a marked drop in intolerant taxa. 

Moderately tolerant 
Moderately pollution tolerant taxa (score between ≥4 and <6) decreased from  -30km (Sundarijal) to 
zero taxa between  -5km and 20km. Reappearance of moderately pollution tolerant taxa occurred from 
25 km downstream, increasing to six taxa at 100 km, and peaked (seven taxa) at 160km (Gaur). The 
relatively lower number of taxa at 113 and 120 are mainly due to human disturbances of the river 
substrate with vehicles crossing and the diversion of the river. 

Tolerant 
Pollution tolerant taxa (score <4) were found throughout the longitudinal stretch of the Bagmati River. 
The maximum number of pollution tolerant taxa (eight) was at -25 km (where the intolerant taxa 
decreased) and close to -25km frequent human activities such as bathing, clothes washing, and fishing 
were observed. The least number of pollution tolerant taxa (one) was recorded at 5km and 10km and 
the maximum downstream of Chovar (six) was recorded at 90km, and at 160km where entire banks 
were cultivated by cash crops (e.g. Water melons). An irregular trend was observed between 110km 
and 160km that may be due to prevalence of natural (siltation) and anthropogenic factors (river 
crossing including vehicles, sand and gravel extraction, washing and bathing).  

6.3.4 DETERMINATION OF RIVER QUALITY CLASS 
River quality class (RQC) was determined by using Ganga River System Biotic Score /Average Score per 
taxon index (GRSbio/ASPT, Nesemann et al. 2007) which is a robust method for assessing ecological 
river quality status in Nepal (Shah and Shah 2012). Based on the GRSbios/ASPT index, most of the river 
sections were found to be river quality class (RQC) 3, 4 and 5 and a few sections were found to be river 
quality class 2 after 90km (figure 6-10). At -30km (Sundarijal), the river quality class was found to be 1. 
The RQC’s indicate water quiality: 5= Bad, 4 = Poor, 3 = Fair, 2= Moderately polluted and 1 = None to 
Slightly polluted. 
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Figure 6-10. Biotic index (GRSbios/ASPT) calculated for each study sites. River Quality Class (RQC) color bands 
denote as Red= Bad, Orange = Poor, Yellow = Fair, Green= Moderately polluted and Blue = None to Slightly 
polluted.   

This indicates that the river was most polluted between -5km and 20km, with gradual improvement and 
becoming “Fair” (RQC 3) after 80km.  

6.3.5 WATER QUALITY MAP 
A water quality map of the Bagmati Basin up to the Nepal-India border has been prepared based on 

screening protocol (figure 6-11). It shows 
the water quality to be very bad (WQC V) 
far out of the Kathmandu Valley to around 
50km. There are small sections of WQC II 
but from 70km most of the river is WQC III.  

The screening protocol uses different 
parameters than the GRSbios/ASPT index. It 
is a less detailed approach looking at 
presence and absence of certain 
parameters (see methodology). It is a useful 
indication of water quality. 

 

 

 

Figure 6-11. River Quality map of longitudinal 
section of Bagmati River using Screening 
Protocol. 
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6.4 CONCLUSIONS AND RECOMMENDATIONS 
The ecological water quality of Bagmati River at Sundarijal was good but deteriorated rapidly as the 
river passed through the semi-urban and urban area within Kathmandu Valley.  

The worst effects of the pollution from Kathmandu were found between -10km and 50km downstream 
of Chovar. This was shown by no highly sensitive families being found in this stretch of river and only a 
very few individuals of highly tolerant invertebrates like larvae of Dipteran (Midge-fly) observed.  

Gradually, the ecological quality of river improved and recorded sightings of Ephemeroptera, 
Trichoptera, Odonata and Coleoptera were made after 50 km. At 90km there was a noticeable increase 
in the number of sensitive macroinvertebrates potentially from a variety of causes including improved 
water quality and ideal habitat. 

Macroinvertebrates are low in the food chain and if they are unable to survive in the ecosystem there 
will not be food for higher trophic levels like fish and birds. The loss of these key biota in the food web is 
a clear indication that the river ecosystem is impacted and the pollution must be addressed.  
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7 AVIAN FAUNA 

7.1 INTRODUCTION 
The assessment and evaluation of bird communities is considered an important tool in biodiversity 
conservation efforts (Shafiq et al. 1997). Birds occupy almost all habitat types and the diversity of bird 
species often serves as a good indication of overall biodiversity of an area (Furness and Greenwood 
1993, Padoa–Schioppa et al. 2006, Bhatta et.al. 2009). Bird assemblages are affected by various factors 
like the food availability, habitat, the size of the wetland and change in the wetlands (Lagos et al. 2008). 
Birds are also known to respond to changes in their ambient conditions; hence they can be used as very 
appropriate bio-indicators of productivity of an ecosystem (Li and Mundkur 2007, Schrag et al. 2009) 
and ecological conditions (Schrag et al. 2009). River corridors are considered potential conservation 
areas in terms of the biodiversity conservation due to unique and diverse habitat distribution. Riparian 
corridors provide important routes for movement of a number of birds including forest birds (Machtans 
et al. 1996, Gillies and Clair 2008) and migratory birds (Benner 1994). The lands adjacent to rivers 
possess important agricultural fields, wetlands, fish and wildlife habitats, floodplains, historic 
communities, and places for recreation and source for domestic and other water uses as well.  

Birdlife constitutes a very sensitive environmental barometer but globally the diversity of birds is 
decreasing primarily due to anthropogenic disturbances (Sekercioglu et al. 2012). The International 
Union for Conservation of Nature (IUCN) Red List of Threatened Species™ recognizes 1226 bird species 
as threatened globally (IUCN 2015). In Nepal, BCN and DNPWC (2011) states that one in five of the total 
871 bird species found, are threatened. Of the 871 bird species, 149 (17%) are considered nationally 
threatened, 61 (7%) are thought to be critically endangered, 38 (4%) endangered, and 50 (6%) 
vulnerable (BCN and DNPWC 2011). 
The Bagmati River catchment area is considered a potential Important Bird and Biodiversity Area (IBA) 
(Baral and Inskipp 2005) and a rich site for wetland and other winter birds (Thapa et al. 2008). The 
Bagmati River has a religious, cultural and aesthetic values yet it has been considered the most polluted 
river in Nepal which may have impacted the birdlife that depend on river habitats (Thakuri and Thapa 
2009). Avian surveys have been done within the Kathmandu Valley and along some of the Bagmati River 
up to a point (Thapa et al. 2008, Thakuri and Thapa 2009, Basnet and Thakuri 2013, Riessen 2013); but 
no study has been done further downstream to the Indian border until now.  

This study was conducted to obtain baseline information on the status, distribution and diversity of 
birds throughout the Bagmati River Corridor (BRC) from Chovar to the Indian border. 

 

7.2 METHODOLOGY 

7.2.1 STUDY AREA 
The study was carried out along the Bagmati River Corridor starting from Chovar in Kirtipur 
municipality, Kathmandu district, and ending at Sirsiya, Gaur district at the southern border of Nepal. 
The survey covered 160km of the total length of the Bagmati River and elevation ranged from 1603m 
to 60m above sea level. The survey was conducted from the 12th April to the 23rd April 2015.   

7.2.2 AVIAN SURVEY 
A fixed-radius point count survey method was adopted together with an observational survey along the 
walking trail between each point count Station (Bibby et al. 1998). The starting point at Chovar was 
marked as “0 km” and each station was coded as per the distance from Chovar. The regular point 
count stations were at a distance of one km (direct distance) from each other. At each station, 
observational (visual and aural) records were taken for 10 minutes duration within the radius of 200m 
from the observation point (figure 7-1).  
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The point count survey and observational surveys 
along the trail were done so that the bird 
diversity, at different terrains and land features 
along the Bagmati River, could be recorded in a 
systematic way throughout the river corridor. 

During the expedition, efforts were made to 
survey during the birds between 0600–1130hrs 
and 1400–1830hrs when they were the most 
active. All the birds seen and heard were 
recorded carefully in the datasheets (appendix 
7.1) with total counts of each species.  

Each five km distance marked the water quality 
sampling sites. 

7.2.3 SOCIAL SURVEY 
The people residing along the Bagmati River Corridor were asked about the local bird status and their 
responses collected. The single question "What is the status of birds in the Bagmati River Corridor?” 
was asked and their responses and additional comments noted. 

7.2.4 EQUIPMENT 
All observations were made using Bushnell 8×42mm binoculars and photographic documentation was 
done using a Canon, 16.1 Megapixel, Zoom lens- 65X camera. In the field, Grimmett et al. (2000) was 
used to complement visual identification. The location of each point count station and the distance 
between the points was recorded using hand held GPS (Garmin Etrex10). 

7.2.5 ANALYSIS 
Diversity of birds species and number of birds was analyzed using Shannon's Diversity Index (H').  

Pi (Relative abundance) = ni/N  

H' (Shannon diversity index) = -Σ (pi*ln*pi) 

Where,   Pi = relative abundance of species  
ni  = Number of individuals of species   
i=1  
N = total number of species/individuals 
H'= the Shannon Diversity Index  
ln = Log with base 'e' (Natural logarithm) 

The analysis of global status of birds used the IUCN Red Database (http://www.iucnredlist.org), National 
status was assessed from BCN and DNPWC (2012), and information on residential status and habitat 
were compiled from the field book Grimmett et al. (2000). 

The "water-habitat related birds" in this report include those bird species with their major habitat 
described as wetlands, rivers, streams, ponds, lakes, pools or marshes in the field book. The habitat 
features, noted for the birds observed during the field, were also referred to during the habitat 
classification. 

For the analysis of total orders and families of birds, protection status (national and global), residential 
status, habitat, overall water-habitat related birds and their status, and the threatened water-birds, the 
total data of all the birds recorded during the entire expedition was used. This included data from all 
point count stations as well as observational survey along the trail. 

 

Figure 7-1 Point Count Stations and survey route design 
for avian survey along Bagmati River Corridor. 

http://www.iucnredlist.org/
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Each 5 km distance marked the water quality sampling sites up to 90km and water sampling sites were 
10km apart after that. For the analysis of bird diversity, relative abundance and water-habitat related 
birds at each water sampling site, only the birds recorded at each water sampling site were used and no 
birds between those sites. This data was plotted with distance from Chovar to look at changes along the 
river. This was done to help in making comparisons between bird diversity and results from different 
water quality tests presented in other chapters. 

 

7.3 LIMITATIONS 
A constant 1km interval could be maintained from Chovar “0 km” to the “110 km” point at the Bagmati 
barrage near the east-west highway. However, beyond this point, the intervals between the point count 
stations were put at 10 km due to homogenous land feature and logistic problem. Continuous survey 
could not be conducted in locations upstream of Chovar due to massive earthquake on 25th April, 2015. 
Uniform observation methods were applied at every survey station. However mixed land features, 
altitudinal differences, time of day and season support different species. The limitations at some 
stations were: 

 Geographical terrain and difficult trails: Some stations were located in difficult terrain not that 
suitable point count surveys. Challenging walking trails especially along the Fast-Track roadway 
under construction posed difficulty for the bird survey.  

 Time of survey: Since the expedition was continuous walk stations were surveyed at different 
times of day for example, an early morning survey at some locations and late morning or late 
afternoon and evening surveys at other locations. This could be one among many reasons for 
different records even in the areas with similar features. No repeat survey was done at any 
survey station. 

 Season: The survey was conducted during late summer. There may be higher numbers and 
more diverse species of birds, especially wetland birds, during the winter season along the 
corridor.  

 

 

7.4 RESULTS AND DISCUSSION 
Altogether 84 point count stations were surveyed from Chovar, Kathmandu to Sirsiya, Gaur of Rautahat 
district. Of these, 27 survey points were located at each water quality sampling site. A total of 174 bird 
species belonging to 12 orders and 41 families were recorded during the expedition. This includes data 
from both point count surveys and the observational survey along the walking trail (appendix 7.2). The 
total population count of all birds was 2719. Among these the most abundant birds, observed along the 
Bagmati River Corridor (BRC), were the Red-vented Bulbul (209), Common Myna (160), Barn Swallow 
(108), Himalayan Bulbul (106), Common Tailor bird (92) and Rock Pigeon (82). 

7.4.1 ORDERS AND FAMILIES OF BIRDS 
The order Passeriformes was the most dominant order with the highest number of bird species (96) 
(figure 7-2) and the highest relative abundance (pi=0.5517) (appendix 7.3). The orders Apodiformes and 
Gruiformes were the least abundant bird species with one species in each (pi=-0.0057 each). The family 
Corvidae of order Passeriformes (22 species) was the most dominant among the recorded families with 
the highest relative abundance (pi=0.1207) (appendix 7.4).   
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Figure 7-2. The number of bird species recorded in each order recorded during the avian survey along the BRC. 

7.4.2 PROTECTION STATUS OF BIRDS 
Of the birds recorded one species, the Black Stork, is “Nationally Protected”, five “Vulnerable” and one 
with “Endangered” status at national level. At international level, one bird species is categorized as 
“Vulnerable” and three as “Near Threatened” (Table7-1). Altogether 17 bird species are listed as 
category II of the Convention on International Trade of Endangered Species of Wild Fauna and Flora 
(CITES).  

Table 7-1. National and global status of important bird species recorded during the avian survey along the BRC. 

Species 
National 

Protection 
National 

Status 
IUCN Status 

CITES 
category 

Source 

Alexandrine 
Parakeet 

    Near Threatened II IUCN 2015 

Asian Barred Owlet     Least Concern II BCN and DNPWC 2011 

Asian Openbill   Vulnerable    N/A BCN and DNPWC 2011 

Black Kite       Least Concern II BCN and DNPWC 2011 

Black Stork 
Nationally 
Protected  

Vulnerable Least Concern II BCN and DNPWC 2011 

Black-shouldered 
Kite 

    Least Concern II BCN and DNPWC 2011 

Booted Eagle     Least Concern II BCN and DNPWC 2011 

Collared Falconet     Least Concern II BCN and DNPWC 2011 

Common Kestrel     Least Concern II BCN and DNPWC 2011 

Crested Serpent 
Eagle 

    Least Concern II BCN and DNPWC 2011 

Hill Myna     Least Concern II BCN and DNPWC 2020 

Himalayan Griffon   Vulnerable Near Threatened II 
IUCN 2015, and BCN and 
DNPWC 2011 

Jungle Owlet     Least Concern II BCN and DNPWC 2022 

Lesser Adjutant   Vulnerable Vulnerable N/A  IUCN 2015 

Oriental Scops Owl     Least Concern II BCN and DNPWC 2011 

Plum-headed 
Parakeet 

    Least Concern II BCN and DNPWC 2011 

Red Jungle fowl   Vulnerable   N/A  BCN and DNPWC 2011 

River Lapwing     Near Threatened N/A  IUCN 2015 

Shikra     Least Concern II BCN and DNPWC 2011 

Spotted Owlet     Least Concern II BCN and DNPWC 2011 

Steppe Eagle     Least Concern II BCN and DNPWC 2011 

Yellow-wattled 
Lapwing 

  Endangered    N/A BCN and DNPWC 2011 
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7.4.3 RESIDENTIAL STATUS AND HABITAT 
Analysis of data on the residential status of the birds revealed that the BRC provides a year round 
habitat for a large number of birds from 124 (71%) species (figure 7-3). The category “Others” in figure 
7-3 includes bird species with combined residential status such as bird species which are winter visitor 
(WV) as well as passage migrant (PM), and the birds which are resident as well as partial migrant 
(ParM)/local migrant (LM) or monsoon visitor (MV). 

A comparison of bird species according to their habitat is shown in figure 7-4. More than half (55%) of 
the total bird species (96 species) are related to forest habitat and birds related to water-habitat 
accounted for 21% of total bird species recorded. 

 
 

Figure 7-3. Residential status of 174 bird species 
recorded during the avian survey along the BRC. 

 

 
 

Figure 7-4. Habitat categorization of 174 bird 
species recorded during the avian survey. 

Birds recorded in forest habitat were the most common followed by the birds related to water-habitat. 
The river passes through a number of forested steep valleys starting from 5km to 65km which covers 
nearly half (48%) of the total point count stations. The other sites from 70km to 110km are located in 
wider valleys. Stations after 110km are in the Terai region with wide grasslands, river banks and 
agricultural lands. This difference in land features may also have influenced the results at different 
stations. Since the survey was done during the summer season, the actual data on winter birds and 
other migratory birds, using the Bagmati River Corridor, is yet to be explored. 

7.4.4 BIRD DIVERSITY AT EACH 5 KM POINT COUNT STATIONS  
The highest number of bird species was recorded at 0km (Chovar) and 140km (Rautahat) stations (15 
bird species each) followed by 130km station (14 species) (figure 7.5). The lowest number of species 
was recorded at 15km and 30km (3 bird species each). The highest population of bird (44) was observed 
at 130km and the least (4) was observed at 15km. 

 

Figure 7-5. Total number of birds and bird species at different 5km point count stations along the BRC.  
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Chovar and the surrounding area (0km to 10km) is seen as a good habitat for birds due to the record of 
diverse bird species (Riessen 2013). The area also has diverse habitats including forest patches, 
farmlands, river corridor and a religious site that provide protection to the area. Presence of such 
diverse land features altogether and conservation due to religious views may be the reason for large 
number of bird species in and around Chovar gorge.  

There is sharp increase in number of birds at 35km station (Thingan Besi VDC) as seen in figure 7-5. The 
area is a valley floor with wide grass cover, farmlands and forest patches nearby. These may have 
provided a favorable area for a large number of birds despite the poor quality of water in the Bagmati 
River. There is a decrease in bird number in stations after 35km, a steady increase after 65km and a 
noticeable increase after 100km. Most of the areas up to 65km consist of steep hills and also poor river 
water quality (figure 7-6). The presence of fish was recorded along with the sighting of riverine birds like 
kingfishers (figure 7-7).  Even the locals were found fishing with fish nets after 60km (figure 7-8).  

 

 
Figure 7-6. Researcher conducting 
point count survey along the BRC. 

 Figure 7-7. Crested Kingfisher at 
65km point count station. 

 
Figure 7-8. Local fishing in Bagmati 
river at 65km point count station. 

 

The stations in the Terai region had the record of the highest number of bird species (113km, 130km, 
140km and 150km stations). The river width, river bank, farmlands and grassland area are wider in the 
Terai region providing a large area for dispersal and foraging for different bird species especially 
wetland and grassland birds. This could explain the diverse bird species at these stations. The wider and 
clear range of observation, as well as improved quality of water in the Terai region may also have 
contributed to higher number of bird species and bird population. 

 

7.4.4.1 Relative abundance 

The trend of relative abundance for both bird species (appendix 7.5) and population (appendix 7.6) was 
increasing downstream, however the increase was more pronounced for the population compared to 
the number of species of birds (figure 7-9 and 7-10). Wide valley, river, river banks, flat landscape with 
large agriculture area and wide grassland may have contributed for higher abundance of birds in Terai 
area. Wetland and water birds constituted the major portion of bird population in the Terai area.  
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Figure 7-9. Percentage relative abundance of species of 
birds at 5km point count stations along the BRC. 

 

Figure 7-10. Percentage relative abundance of number 
of birds at 5km point count stations along the BRC. 

The steep hilly terrain may have resulted less abundance of bird species after 35km. The north-south 
fast track, which is under construction, is believed to disturb the areas around this location (Basnet and 
Thakuri 2013). The construction may have affected the forest patches, habitats of the birds and this 
may also have caused the record of less bird species and number. Also some stations were located in 
difficult terrain posing difficulty in avian surveys. However, the overall data supports an increase in 
diversity and relative abundance of birds downstream in the BRC. 

7.4.5 WATER-HABITAT RELATED BIRDS 
During the survey along the BRC, a total of 37 species of water-habitat related birds were recorded 
which accounted for 21% of the total species of birds (174) recorded during the survey. The total 
population count was 425; 16% of total number of birds (2719) recorded. This includes data from both 
point count surveys and trail walk along the BRC. 

7.4.5.1 Water Habitat Related Bird Species 

Among the observed birds related to water-habitat, White-browed Wagtail (57) was the most wide 
spread and was detected at most of the survey points, most frequently especially after 50km station. 
The White-throated Kingfisher (42) was the second most common, followed by Common Sandpiper and 
Little Egret (figure 7-11). 

 

Figure 7-11. Water-habitat related birds and their numbers recorded along the Bagmati River Corridor.  
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The White-browed Wagtail is a fairly common and widespread resident bird mainly below 915 m 
(Grimmett et al. 2000). Banks of rivers, pools and lakes are its main habitat and it is also well 
adapted to human settlements (Ali and Ripley 1998). The White-throated Kingfisher is also a 
widespread resident bird common below 1000 m with cultivation, forest edges and wetlands as its 
habitat. Their widespread residential character may be the reason for their large abundance along 
the BRC. 
 
At a number of locations along the BRC, the river banks were found to have been encroached on by 
humans converting the area into farmlands and settlement areas. This may have provided the 
opportunity for forest edge birds and birds adapted to human disturbances to thrive in such areas.  
 

7.4.5.2 Water-habitat related birds at each 5km Point Count Station 

The diversity of birds related to water-habitat, at each 5km station, is shown in figure 7-12. The highest 
number of species was observed at 130km (10 species) followed by 150km station (6 species). The third 
highest number of species (5 species each) was recorded at 0km, 75km and 85km (appendix 7.7). 
Similarly, the population was the highest at 130km (38), followed by 150km (26), and 120km and 160km 
station (14 each). 

The study shows noticeable increase in the species of water-habitat related birds as well as their 
population after 110km. The lands after 110km are plain with a wider river, river banks, marshes, wide 
farmlands and grasslands providing good habitat for diverse water and wetland birds.  

 

Figure 7-12. Number of water-habitat related bird species and bird populations recorded at 5km point count 
stations along the Bagmati River Corridor. 
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7.4.5.3 Threatened Water-Birds 

Four water-bird species, recorded during the survey, are listed as nationally threatened by BCN and 
DNPWC (2011), one globally threatened by IUCN (2015) (appendix 7.8), and the Black Stork is a 
'nationally protected' bird. These threatened water birds were recorded mainly downstream in areas 
below 1000 m elevation (figure 7-13). The BRC seems to have a good habitat for several water birds 
including nationally and globally threatened birds. The corridor also has records of Grey-crowned Prinia 
(Basnet and Thakuri 2013) which is listed as vulnerable by IUCN and nationally in endangered category 
but not seen during this survey.  

 

Figure 7-13. Distribution of nationally and globally threatened water-bird species recorded during the avian survey 
along the Bagmati River Corridor. 

 

River corridors are considered an important route for several migratory birds (Benner 1994). Riparian 
corridors are found to enhance the movement of a number of forest birds (Machtans et al. 1996, Gillies 
and Clair 2008) and wetland birds and migratory birds (Benner 1994). The conservation of the Bagmati 
River Corridor (BRC) as an important route for such number of threatened birds, water birds and 
migratory birds is essential, especially during the winter season when the birds from northern region 
migrate to South Asia.  

7.4.6 SOCIAL SURVEY 
Almost all the 92 respondents said that there had been a decrease in bird population in the BRC in the 
recent years. Most of them pointed at the evident decline, especially of water birds, during the last 5-6 
years. Nine respondents reported occasional sightings of carcasses of wild birds in and around the river 
(figure 7-14). The locals pointed to waste like plastics, chemicals, wires and the toxic condition of the 
river that could be a possible reason for their death (figure 7-15). All respondents mentioned the 
pollution of the river in recent years as the main reason attributed to the decrease in bird abundance. 
They also showed concern about the negative impact of water pollution to domestic animals, human 
health, especially to those residing near the Bagmati River, and even on the agricultural lands and crops. 
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The respondents residing along the river corridor upstream of 70km 
showed more serious concern towards the issues. This may be due to 
the severely polluted condition of Bagmati River upstream from 70km. 
The locals residing near Raigaun (80km) said that during the monsoon 
season heavy rain in and around Kathmandu Valley causes uncontrolled 
floods downstream carrying waste which negatively affects the aquatic 
fauna along the corridor, especially fish and water birds. 

The decreasing trend of bird population around the Bagmati River 
during recent years is believed to be due to the deterioration of the 
river quality. A social survey on the state of birds along Bagmati River by 
Thapa et al. (2008) also reports a high percentage (23%) of locals 
recognizing the decreasing numbers of birds. During this survey, all 
respondents were found to be aware of the river pollution and strongly 
pointed to the pollution as a cause of negative effects on birds, and 
even domestic animals and humans. The human activities like excessive fishing, extraction of sand and 
stones from river side (figure 7-16), as observed during the field survey downstream from 110km, may 
also impart adverse effect on the bird habitat. One resident showed us a Black Ibis entangled in wires 
close to the river around 150km downstream from Chovar (figure 7-17). 

 

 

 
Figure 7-15. Interaction with 
locals residing beside Bagmati 
river about the status of avian 
fauna along BRC. 

 

 
Figure 7-16. Extraction of sand 
from river bank of Bagmati near 
113km point count station. 

 

 
Figure 7-17. Live Black Ibis bill 
entangled in wires beside 
Bagmati river near 150km point 
count station. 

 

An integrated management program with strong political commitment and dedicated local involvement 
is essential for successful cleaning programs (Chou 1998). Expansion of cleaning campaigns and 
awareness along the BRC could help the locals understand healthy habits and take actions to contribute 
in maintaining healthy river ecosystem from their local level. 

Figure 7-14. Carcass of Asian 
Openbill recorded beside 
Bagmati river near 140km 
point count station. 
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7.5   CONCLUSIONS AND RECOMMENDATIONS 
The Bagmati River Corridor (BRC) is a very rich area for bird diversity (appendix 7.9 photos). A total of 
174 bird species (almost 20% of the total birds of Nepal) belonging to 12 orders and 41 families were 
recorded during the expedition from Chovar (0km) to Gaur (160km) of which eight species (5% of total 
species recorded) are listed as “Nationally Threatened” (BCN and DNPWC 2011) and seventeen bird 
species are listed in CITES category II.  

Data on the residential status revealed that a high number of recorded bird species (71%) are resident 
and more than half of the bird species recorded (55%) are related to forest habitat. 

The bird diversity is the highest at 0km (Chovar) and at 140km; and almost all stations downstream 
from 100 km show higher bird diversity and relative abundance compared to the stations upstream of 
100km. 

Water-habitat related bird species account for 21% of the total bird species recorded during the survey. 
Of them, 14%   are threatened including the nationally protected Black Stork. The diversity of riverine 
birds shows a trend similar to that of total bird diversity; it is increasing downstream. The highest 
diversity is at 130km with respect to species as well as population. 

The social survey reveals that the status of birds along the BRC is observed to be deteriorating in recent 
years. The main reason is believed to be the increase in water pollution. Serious concerns are raised by 
the local residents about the negative impacts of polluted water along the river corridor. Thus, 
conservation of riparian habitat alongside Bagmati River and improvement of river quality is essential to 
increase the avian and overall bio-diversity throughout the corridor, and establish a healthy ecosystem. 

Based on this study, important recommendations are as follows: 

 A winter survey is highly recommended for the exploration of overall diversity of birds, 
especially of water birds. 

 An autopsy based study should be conducted to reveal the evidence of bird deaths due to the 
impacts of water pollution or by plastic used in nests. 

 The North-South fast track road project under construction should undertake environment 
friendly measures to minimize any environmental impacts like tree loss and blasting, excess 
debris deposits etc. 

 The ongoing Bagmati River cleaning programs should incorporate massive awareness programs 
on the importance of the BRC for biodiversity conservation. 

 Regular and long term monitoring and research with detailed study on a seasonal basis should 
be conducted to monitor the biodiversity status, to check the river condition, and minimize 
impacts along the corridor. 
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8 WATER USE AND SANITATION 

8.1 INTRODUCTION 
The human populations living along the banks of the Bagmati River are affected by the state of the river. 
In previous sections the effects of humans on the river as anthropogenic pollution has been discussed 
and this chapter addresses the human perspective downstream of Kathmandu by looking at river water 
use and sanitation. 

In Kathmandu Valley thousands have been involved in the Bagmati cleaning campaign actively changing 
their interaction with the river and in the city there are chances to share opinions about the state of the 
river and due to the urbanization and population density the issues have been considered and are 
beginning to be addressed by for example the Bagmati Action Plan 2009- 2014 (GoN/NTNC, 2009). 
However downstream in the more remote settlements there has been less awareness, information 
dissemination, and possibility to interact with the management of the river system. During the Bagmati 
Expedition 2015 local communities were given the chance to give voice to their concerns and river 
interaction realities through questionnaires and recorded discussions. 

8.2 METHODOLOGY  
An opportunistic key informant survey on water use and sanitation was conducted along the Bagmati 
River from Chovar, (Kathmandu) to Basantapur, (Rauthat). Key informants were mature members of the 
local community. Water sources, toilets, irrigation, and waste disposal data was gathered. In total 
twenty key informants, two from each 15 km distance were questioned.  

Questionnaire in appendix 8 

8.3 RESULTS AND DISCUSSION 

8.3.1 WATER SOURCES 
The answers from the question “What are the sources of water used by your family?” are shown by 
district in table 8-1.  

Table 8-1. Water sources used in districts long the Bagmati River. 

 

District 

Drinking Water Source Domestic Use Water Source 

Spring 
water 

River 
water 

Ground 
water 

Spring 
water 

River 
water 

Ground 
water 

Kathmandu 2 
  

1 1 
 

Lalitpur 2 
  

2 
  

Makwanpur 10 2 
 

9 2 1 

Rauthat 
  

4 
  

4 

Grand Total 14 2 4 12 3 5 

 

Spring Water was found to be the most common source for drinking and domestic use. No-one 
reported using a community or government water supply or water from the Bagmati River.  The river 
water used was from a small river in the Sindhuli district by people in Phaparbari in Makwanpur district. 
The population is increasing in the area and there is a demand for a larger volume of water. This has 
caused small scale conflicts already.   
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Although some locals in Makwanpur reported that many years ago they had drunk water from the 
Bagmati River, this is no longer practiced. 

“I was born in 2032. We have always lived here. We our land along this river, we have always worked 

here. There is one Ghatta ‘mill’ here. We are the people who have drunk water from this Bagmati River. It has been 
not less than 31 years since we have stopped drinking water from the river. We used water from Bagmati River to 
prepare bread. Even in the deepest part of the river, we could see the river bed, very clean. Now, that water has 
been extremely polluted.”   A.M. resident of Makwanpur. 

 

8.3.2IRRIGATION 
Of the 20 respondents, 16 were farmers and of them, seven were using Bagmati River water for 
irrigation, six were using fertilizers while 10 were not using fertilizer to grow their crops. Those who 
were using Bagmati water for irrigation said that due to high nutrient contents of the Bagmati water 
they don't need to use extra fertilizers.  
8.3.3 TOILETS 

8.3.3.1 Households 

Informants were asked to comment about the amount of households in their community who had 
toilets. The informants rated the amount of toilets in their community and the results are shown in 
table 8-2 below. The overall trend shows that further downstream household toilet facilities in the 
communities near the Bagmati River decreased.   

Table 8-2. Amount of households in communities with toilets for districts along the Bagmati River. 

 

District 

The Amount of Households Which Have Toilets. 

All Many Few Very Few 

~100% <75% <50% <25% 

Number of 
Communities 

Kathmandu 2    

Lalitpur 2    

Makwanpur 2 10   

Rauthat   3 1 

Total 6 10 3 1 

 

All the communities surveyed from Kathmandu and Lalitpur were reported to have good sanitation 
facilities with all households having toilets as did two out of twelve communities surveyed from 
Makwanpur. In the surveyed communities of Rauthat “Few” and “Very Few” households with toilets 
were reported. Fewer households with toilets suggest less good sanitation. 

8.3.3.2 SCHOOLS 

The results of the questionnaires showed that all the communities surveyed were reported to have 
toilet facilities in their schools. School is a learning place for children. Local students can learn the 
importance of toilets at school which can improve the local sanitation status for the future. 

8.3.3.3 Open Defecation Free (ODF) community status 

Only three of the 20 respondents in the survey said their community was ODF. Some local people had 
not heard of and did not know about ODF zones. 
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8.3.3.4 Management of toilet waste by locals 

One key issue in sanitation is how the waste from toilets is being managed by the local population.  

Most of surveyed individuals’ toilet waste was being put in a septic tank or being used for biogas. A 
small fraction of the population dumped their toilet waste into a river, sewage or eco-sanitation toilet 
(table 8-3). 

Table 8-3. Management of toilet waste in districts along the Bagmati River. 

District 
Eco-san 

toilet 
Septic 
tank 

Biogas 
Sewage 
system 

No 
toilet 

Direct 
to river 

Kathmandu 1 1         

Lalitpur   2         

Makwanpur   5 6     1 

Rauthat       1 3   

Grand Total 1 8 6 1 3 1 

 

8.3.4 STATUS OF BIODEGRADABLE AND NON DEGRADABLE SOLID WASTE DISPOSAL 
Individuals were asked to describe their own household waste management practices and their answers 
are shown in table 8-4 with respect to their district.  

Table 8-4. Management of non-biodegradable and biodegradable waste in districts along the Bagmati River. 

  

Non-biodegradable Waste 
Management 

Biodegradable Waste Management 

District 
Thrown 
in River 

Burnt Buried 
Thrown 
in River 

Thrown 
Haphazardly 

Compost 
Animal 
Food 

Buried 

Kathmandu 2 
  

1 
 

1 
  

Lalitpur 2 
    

2 
  

Makwanpur 3 9 
 

1 1 9 1 
 

Rauthat 1 2 1 1 1 
  

2 

Grand Total 8 11 1 3 2 12 1 2 

 
Non-biodegradable waste is being thrown into rivers in every district. In Makwanpur and Rauthat 
burning non-biodegradable waste is more common. Composting is the most common way to dispose of 
biodegradable waste however some is thrown in rivers or haphazardly outside.  The total number of 
each disposal method are illustrated in figure 8-1 

. 

 

Figure 8-1. Biodegradable and non-degradable solid waste management status of Bagmati Basin communities. 
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8.4 CONCLUSIONS AND RECOMMENDATIONS 
Further study is necessary along the Bagmati River corridor to assess the needs of communities for 
training and capacity building towards Open Defecation Free areas and toilet construction along with 
support systems within the VDC’s to manage sewage, water sources, and solid waste management. 

The use of fertilizers by farmers may be adding to the pollution of the rivers while the use of the 
polluted Bagmati River water for irrigation may be damaging soil (see Physicochemical chapter 3) and 
carrying bacterial infections into the food chain from the high levels of coliform (see Coliform chapter 
4). A further study could identify fertilizers and pesticides used on the banks of the Bagmati River and 
provide training for the local farmers to encourage less pollution of the river. 

Many of the crops irrigated by the water from the Bagmati River return to the polluters of the river as 
food potentially carrying traces of the pollution in a cycle. Awareness and realization of this cycle could 
help promote better water quality protection. 

If the water in the Bagmati River was clean enough for household use there would be more water 
available for use by local populations. 
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9 FLOODING 

9.1 INTRODUCTION 
Flood once was considered a gift from nature and due to proximity to water and the fertile land, 
floodplains were the first choice for settlement. Gradually over the past few hundred years with the 
changes in land use (e.g. urbanization, deforestation), the population growth, and industrialization; 
flooding has become an increasingly threatening issue.  

Initially, floods were thought to be managed majorly with structural measures such as dikes, dams, etc., 
but increasingly integration of other aspects of floods including preventative measures such as re-
forestation and upstream water management; public participation, capacity building, community 
involvement, and early warning system are being recognized. Among several non-structural measures 
of flood risk management, flood early warning systems (FEWS’s) that are user friendly are effective in 
managing and reducing flood risks. 

The lower Bagmati River basin is prone to annual flooding, the major reason of the flooding being heavy 
rainfall upstream. There were several incidents of floods in Bagmati River in the last decades, and 
extreme flooding occurred in the years 1993, 2002 and 2004 (Field 2012). A study conducted by Sharma 
and Shakya (2006) show that the trend of mean annual flow and maximum annual flood is decreasing in 
the Bagmati River; however, it also suggests that the frequency and duration of floods are increasing.  

This study listened to local experiences of flooding and flood risk, assessed the risk and warning systems 
and presents recommendations for further study and actions to be taken. 

 

9.2 METHODOLOGY 

9.2.1 INTERVIEWS 
Semi structured opportunistic questionnaires were used to gather information from communities along 
the Bagmati River. The questionnaires took the form of recorded interviews guided by questions 
(appendix 9.1). The recordings were transcribed and translated into English. Eleven recordings were 
made and the information used to represent the perspective of residents along the Bagmati River. 

9.2.2 DESK BASED STUDY 
A desk based study was conducted of:  

1. rainfall,  
2. discharge, and  
3. flood risk 
4. Flood warning systems. 

Rainfall, discharge, and flood risk were studied using available data from the Department of Hydrology 
and Meteorology (DHM) (Maharjan et al. 2013) which is the solely authentic body installing, monitoring 
and collecting hydro-meteorological data across the country including rainfall gauges, climatological 
stations and stream gauges in the Bagmati Basin. Flood warning systems were reviewed to provide 
recommendations for further actions in the Bagmati River corridor for flood preparedness of the local 
communities. 
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9.3 RESULTS AND DISCUSSION 

9.3.1 INTERVIEWS 
Of the Eleven interviews about flooding: 

1. Nine had experienced flooding and Five of those witnessed the flood in 1993 (2050). 
  “During the huge flooding of 2050 B.S., debris got stuck in the gates of barrage and the 
water could not flow further.”   D.N. resident of Rautahat. 

2. Seven said there was no dissemination of information about flooding in the area (four did not 
comment). 

3. Those who had experienced flooding described the impacts as including loss of life, people 
swept away, loss of houses, loss of crops and damage to agricultural fields. 

4. No-one knew of an official Flood Early Warning system for their area. One person relied on a 
call from someone upstream and three relied on hearing about the rain in Kathmandu or the 
mountains to predict flood further downstream.  

5. Four recommended methods to communicate flood warning: three said radio, one said TV, one 
said mobile phone, and one said a siren. 

6. Seven people said that training would be beneficial for the community. 
7. Four reported tree planting to reduce flood risk which is organized locally.  

  “We should take care of deforestation, preparedness for flooding. First thing that should 
be done to prevent flooding is by protecting our forests.”   A.M. resident of Makwanpur. 

8. One reported lifejackets being given to the VDC but not distributed to the population, two 
people reported things like tarpaulins, clothes and utensils being provided after loss from 
flooding; and two explained that it was not possible to get compensation. 

Judging from these responses there is clearly a lack of widespread flood warning. There is also risk from 
flood impacts; a need for understanding, training and systems to prevent flood; and plans about best 
practice in the event of a flood that are known and understood by communities and what they are 
entitled to in the way of help and support. 

 

9.3.2 DESK BASED STUDY 

9.3.2.1 Rainfall 

For measuring the rainfall DHM has installed rain gauge stations around the vicinity of Bagmati Basin. 
With a major objective to develop and monitor the flood forecasting system a real time rain-gauge 
stations have been installed in the basin which is open to public in the website of DHM 
(www.dhm.gov.np). The list of the 15 real time rain gauge stations with their mean annual rainfall and 
station descriptions are shown in appendix 9.2. 

There were some rainfall observed during the expedition but the rainfall data was found to be missing 
for these stations during the expedition period.  

The annual precipitation recorded in these stations around the Bagmati ranges from 550 mm/year at 
Bhorleni to 2242 mm/year in Daman with the average precipitation of the Kathmandu Basin around 
1900 mm/year. The yearly annual rainfall recorded at Kathmandu airport is around 1600 mm/year. For 
the further analysis of rainfall over the Bagmati Basin, the long term historical daily data were analyzed.  
The two stations Daman and Kathmandu with a daily data for 18 years from year 1988-2005 were used 
and the data shown in figures 9-1 and 9-2.  

http://www.dhm.gov.np/
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Figure 9-1. Annual rainfall recorded at Daman station 
from year 1988-2005 

 

Figure 9-2. Annual rainfall recorded at Kathmandu 
station from year 1988-2005 

 

Figure 9-1, above, shows the annual rainfall measured at Daman station from year 1988-2005. The 
maximum rainfall recorded at Daman over the period is 2577 mm/year in 1999 where as minimum 
rainfall recorded was 1079 mm/year in year 1994. The trend shows annual rainfall increasing through 
the record period as well as yearly fluctuations.  

The annual rainfall measured at Kathmandu station from 1988-2005 is shown in figure 9-2, above. The 
maximum rainfall recorded in Kathmandu is in period is about 1990 mm/year in 2002 while minimum 
annual rainfall record is about 1069 mm/year in 1991. Similar to the rainfall data observed in Daman, 
the rainfall data in Kathmandu also shows a trend of increasing annual rainfall.   

9.3.2.2 Discharge 

DHM has installed a real time stream gauge networks to measure the discharge and then estimate the 
river discharge with stage discharge rating curve in Bagmati Basin. There are four hydrological stations 
installed by DHM in the Bagmati basin for measuring water level at an interval of 15 minutes. There are 
four real time stations in the Bagmati Basin. They are Khokana (station id 550); Bhorleni (station id 581); 
Panderadovan, close to Karmaiya and the 110km site, (station id 589); and in the Marin River, a 
tributary of the Bagmati River, at Kusumtar (station id 589). There is a map of the real time hydro-
meteorological stations in the vicinity of Bagmati basin in appendix 9.3. With the rating curve provided 
for each station, discharges are calculated. However, there is lot of missing data over the record period 
and no data available to compare to our measurements on the expedition.  

Average Monthly Flow and Average Annual Flow of Bagmati River 

 The historical data measured in Panderadovan from year 1988 to 2005 were further analyzed to 
determine the average monthly flow of the Bagmati River which is shown in appendix 9.4 and monthly 
hydrograph is showing the discharge in figure 9-3 below. 

 

Figure 9-3. Average monthly hydrograph of Bagmati River at Panderadovan. 
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The monthly flow shows that the maximum flow in Bagmati River is during the month of July whereas 
driest month is March. It also explains that the monsoon flow from June to September dominates 
considerably for Bagmati River that accounts more than 80% of the total flow.  

To determine the trend of annual flow in the Bagmati river average annual flow were also analyzed. The 
graph below (figure 9-4) shows the average annual flow measured in Panderadovan from 1988 to 2005. 

 

Figure 9-4. Annual average flow measured at Panderadovan from 1988 to 2005 

Figure 9-4 shows the trend of decreasing flow measured in Bagmati River. However, the rainfall data 
measured in Daman and Kathmandu shows the increasing trend for same period which contradicts the 
discharge decreasing trend in Bagmati River. The Bagmati Action Plan-2009-2014 (GoN/NTNC 2009) 
shows the sudden rise of population and industrialization in Kathmandu. The extensive use of 
groundwater for domestic and irrigation can be one reason for the decrease in the annual flow in 
Bagmati River. In addition, Daman and Kathmandu are the rain gauge stations at higher elevation and 
does not cover the maximum area of Bagmati Basin. The rainfall at the lower elevation of basin might 
be decreasing resulting to the decrease in annual flow of Bagmati River.  

9.3.2.3 Flood Risk 

Flood Analysis of Bagmati River at Panderadovan 

Flooding is another major issue for the Bagmati Basin. The flooding in year 1993, 2002 and 2004 have 
severely damaged and claimed human lives and millions of properties in the Terai plains of Bagmati 
Basin. For analysing the vulnerability in Terai region, the flood analysis is done with Gumbel's 
distribution (appendix 9.5) to determine the possible flood discharges for different return periods. The 
maximum instantaneous flood data sets measured at Panderadovan were used in the analysis for 
determining the flood discharge at different return periods. Figure 9-5 shows the result of Gumbel's 
distribution for flood frequency analysis for Bagmati Basin.  

 

Figure 9-5 Flood Analysis of Bagmati River at Panderadovan using Gumbell's distribution 
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The figure 9-5 illustrates a flood discharge of 8,500m3/s for 100 year return period. The flood recorded 
at Panderadovan. Similarly, the flood analysis with Gumbel's distribution shows the flood discharge of 
about 11,000m3/s and 12,000m3/s for 500 year and 1000 year return period. This prediction will be 
used in later work to assess vulnerable areas along the Bagmati River.  

 

9.3.2.4 Flood Risk Warning 

This study shows that flood has happened along the Bagmati River, there is a trend of increasing annual 
rainfall, and that there is risk of further flooding; however, populations interviewed along the river are 
not aware of any flood warning system at this time. A good Flood Early Warning System (FEWS) gives 
enough response time for people to evacuate away from possible flood areas and enable local 
authorities and volunteers to mobilize and evacuate those who are vulnerable thus saving lives. Districts 
in Nepal (which previously encountered flood fatalities) have experienced zero fatalities since 2008 
after community based FEWS were implemented (MoFALD and IFRC 2014). A study conducted by Dow 
& Cutter (2000) showed that people are enthusiastic to know more about evacuation before it is done 
making community training on evacuation advisable. The interviews conducted along the Bagmati River 
suggest there is interest to have FEWS and training on flood response. 

The Hyogo Framework for Action (2005-2015) has recognized early warning system as a Priority for 
Action and recommends continuing to further strengthen early warning systems and tailoring them to 
users’ needs, including social and cultural requirements (UNISDR 2014). Further stating the need to 
“Develop early warning systems that are people centered, in particular systems whose warnings are 
timely and understandable to those at risk, which take into account the demographic, gender, cultural 
and livelihood characteristics of the target audiences, including guidance on how to act upon warnings, 
and that support effective operations by disaster managers and other decision makers” (UN/ISDR 2006). 

 

FEWS as an integrated system of tools and plans that guide detection of and coordinates response to 
flood emergencies (Mercy Corps Nepal & Practical Action, 2010). Nepal’s Ministry of Home Affairs 
jointly with the Ministry of Federal Affairs and local Development (MoFALD) and the Ministry of Science 
and Technology (MoST) through the Department of Hydrology and Meteorology (DHM) have 
institutionalized early warning systems and integrated it with disaster response mechanisms in Nepal 
over the past few years. This has been implemented in Kailali, Banke and Kanchanpur districts and has 
extremely enhanced the preparedness and response of the communities and local government 
(MoFALD and IFRC 2014).  

 

The Department of Hydrology and Meteorology (DHM), of the Government of Nepal, is the major body 
that forecasts and disseminates flood warning based on the water levels in different hydrological 
stations within the Bagmati River Basin. The website of DHM provides real time updates of water level 
increasing and decreasing to determine the potential threat of flood and shows if it is already at the 
danger level or not. At present there is no other existing way to disseminate FEW among the 
communities living in the lower Bagmati River Basin. The interviews with local people in that area 
indicate that the communities do not access information via DHM on the internet and that they would 
like warnings on the FM radio, television, or by mobile networks. The communities responded to the 
early warning provided by their friends and families or to hearing weather reports of heavy rainfall 
upstream. 

The Bagmati River Basin Improvement Project under Government of Nepal (GON) aims to equip a fully 
operational real time flood forecasting and warning system including an effective community based 
early warning system for the Bagmati River basin (ADB 2015).  
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Flood early warning goes beyond disseminating information during the flooding and should also guide 
people for preparedness in the future to participate in reducing flood risks. The interviews revealed that 
there are already some local initiative in reforestation aimed to reduce flood risk and joining such 
actions together and coordination may strengthen the effort.  

Interviewees said they would like to be provided with training so that the risks and impacts of flooding 
are reduced. Some of the training that people think will be effective is: 

 First aid 

 Swimming 

 Preparedness, response, reconstruction and recovery 

 Emergency kit (life jackets, boats) 

 Water, Sanitation and Hygiene (WASH) during flooding 

 Formation of youth groups and active groups for pre-during-after flooding 

 Training on responding to early warning 

 Training on evacuation plans 

 

Collaboration among government bodies, organizations and local authorities is essential for effective 
FEWS. An effective and functional communication channel is vital before, during and after the flood 
event to increase flood resiliency. 

1. Before flood event: It is essential that people know in detail about how to respond to the 
provided warning. Therefore, training should be conducted for the local organizations, institutions and 
communities on what the warning means and how to respond to the warning provided. 
2. During flood event: Everyone included in the FEWS network should be trained on provision, 
circulation and response of the warning. This kind of training could include mock-up of disseminating 
flood early warning. The network can be used for providing many information including evacuation 
plan, safe areas, and danger zones. 
3. After flood event: FEWS network can also be used to disseminate information on warning 
people about possible epidemic, WASH (Water Sanitation and Hygiene), etc. All of this should be 
communicated among the FEWS network to build awareness, trust, reliability, understand the 
functionality, usability and sustainability.  
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9.4 CONCLUSIONS AND RECOMMENDATIONS 
The following recommendations are proposed based on the study conducted. The recommendations 
are aimed at the government institutions, non-governmental organizations, donors and others who are 
interested in development of effective flood early warning system in Bagmati River Basin. 

The analysis of historical rainfall data shows that the annual rainfall for stations Daman an Kathmandu 
are increasing over the period of records while discharge data measured in Panderadovan shows to be 
decreasing. Further studies should be done to determine the flood inundation and vulnerability map of 
the Terai region with the flood discharge estimated in this study.  

With the enthusiasm shown by the communities, Community Based Flood Early Warning System can be 
very effective in the Bagmati River Basin. Communication channels to disseminate flood early warning 
must be established which should include the government bodies, governmental and non-
governmental organizations, local institutes, communities and others who are interested in establishing 
effective FEWS in Bagmati River Basin. 

A more detailed needs assessment in the field along the Bagmati River is required in different 
communities  and integrating focus group discussions, interviews, and workshops to develop a 
framework of the organizations  (governmental and non-governmental, local clubs, temples, schools, 
institutes) that can contribute to FEWS’s.   

Raising awareness among the communities on flood risks and measures to prevent them is very 
important. This is essential so that the vulnerable communities prone to floods know the importance of 
measures that have been applied/ implemented (e.g. embankment, dykes, dam, etc.). This will enable 
them to implement the measures when required (e.g. temporary flood walls, sand bags, evacuation). 
Awareness on the type of information to be disseminated, medium of dissemination, frequency of 
dissemination, and disseminating bodies must be identified through a community participatory 
approach.  

The study showed that communities have never participated in any training related to flood risk 
management. Therefore training that is focused on fostering knowledge about floods, enhancing 
preparedness, response and recovery is vital. Training should be provided so that people can 
understand the information provided, correctly interpret the disseminated information, and know the 
organizations that provide information and organizations they should seek help from before, during and 
after any flood event.  
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SUMMARY OF RESULTS AND DISCUSSION 
The Bagmati River Expedition 2015 collected vital baseline data of 38 parameters at sites along the 
length of the Bagmati River within Nepal. Key results are reproduced together here in order to make 
comparisons of changes in parameters at different sites.  

Discharge m³/s  Plastic Pieces Collected in Plankton Nets /m³ 

 

Figure 10-1. Discharge along the Bagmati River (chapter 2). 

 

 

Figure 10-2. Plastic along the Bagmati River (chapter 4). 

E. coli Colony Counts per 100ml (log10)  Number of birds and bird species 

 

Figure 10-3. E. coli along the Bagmati River (chapter 4). 

 

 

Figure 10-4. Birds along the Bagmati River (chapter 7). 

Water Quality Index (WQI) 
from physicochemical parameter data 

 River Quality Class using GRSbio/ASPT  
from macro invertebrate data 

 

Figure 10-5. Water quality index score along the Bagmati River 
from physicochemical parameters (chapter 3). 

 

 

Figure 10-6. River quality along the Bagmati River from macro 
invertebrate analysis (chapter 6). 
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The graphs (figures 10-1 to 10-6) illustrate the characteristics of the Bagmati River from the tests 
conducted. Three distinct shifts are noticeable across the parameters: 

1. Between -25km and -20km. A rapid deterioration of the river water quality. 
In this 5km stretch the urbanization increases within Kathmandu Valley.  
There is an increase in mean number of plastic pieces in the water (0/m³ to 0.5/m³), an 
increase E. coli colony counts (0/100ml to 140,000/100ml), a decrease in water quality index 
calculated from physicochemical parameters (70.5 “Good” to 49.3 “Bad”) and a decrease in 
river water class calculated from benthic macro invertebrate composition (4.5 border of 
class 2/3 to 3.5 border of class 3 /4). Almost all the chemical parameters increased in 
concentration after -25km and at -10km no more macro invertebrates from the sensitive 
families were found. 

2. Between 20km and 25km. The start of a slow increase in water quality. 
This is after a series of rapids and turbulence in the river and confluence with the Kulekhani 
River (which did not add much to the discharge). The area is sparsely populated with some 
agriculture.  
There is a change in plastic composition with more micro than macro pieces and a decrease 
of plastic coverage on the banks, a decrease in E. coli colony counts (10million/100ml to 7 
million/100ml), an increase in water quality index calculated from physicochemical 
parameters (35 “Bad” to 42 “Bad”) and an increase in river water class calculated from 
benthic macro invertebrate composition (1.6, class 5 to 2.8, class 4). At 25km moderately 
tolerant macro invertebrate families can be found but the sensitive ones only appear after 
50km. 20km is a peak for many pollutant concentrations including iron, copper, manganese, 
zinc, sodium, potassium, turbidity and chloride; and of turbidity after which they gradually 
decrease but after 20km the chemical oxygen demand doubles. 

3. Between 80km and 100km. A pronounced increase in water quality. 
This area is predominantly agricultural with a number of settlements and villages within one 
km of the river. There is a tributary joining the river at 70km and another joins at 97km.  
There is a shift to less than 1000 E. coli counts/100ml (80km 4800/100ml and at 100km 
420/100ml), an increase in water quality index calculated from physicochemical parameters 
(44.0 “Bad” to 55.7 “Medium”) and an increase in river water class  calculated from benthic 
macro invertebrate composition (3.4 border of class 3 / 4 to  4.1 class 3) with a maximum 
(south of Chovar) of sensitive macro invertebrate families found at 90km. After 80km the 
water temperature stayed above 25:C and chemical oxygen demand decreases from 
1123mg/l at 80km to 24mg/l at 100km.There is a much lower concentration of plastic pieces 
in the water from 75km. After 110km there is more of an increase in avian fauna and 
especially water-related species with globally and nationally threatened water bird species 
recorded. 

Although the improvements of river water quality can be seen with some increasing discharge it is 
clear that even a doubling of discharge (70km) has not caused direct increase in water quality.  

Turbulence was identified as the probable cause for increase of dissolved oxygen saturation which 
may speed the natural “cleaning” process in the water. Agriculture and plants may be cleaning the 
water as there is a decrease in plastic pieces and many chemical pollutants after the heavily 
agricultural areas but it must be remembered that some of these plants potentially carrying the 
pollution are becoming food. 

A total of 174 bird species belonging to 12 orders and 41 families were recorded during the 
expedition. Of the birds recorded, one species is nationally protected, five species are vulnerable 
and one species is endangered. At global level, one bird species is categorized as vulnerable and 
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three as near threatened. The benthic macroinvertebrates recorded represented 63 families 
belonging to 15 orders. 

The water use and sanitation chapter showed that there are a decreasing number of households 
with toilets downstream along the river but only one of the twenty participants was discharging 
sewage direct to the river. Most biodegradable waste was composted and non-biodegradable waste 
burnt but some was thrown in the river all along the length. The communities downstream may be 
adding a little to the pollution in the river but the population density is a tiny fraction of the 
population of Kathmandu Valley which indicates that the pollution found in the river was likely 
sourced from Kathmandu. 

The study of Bagmati Basin flooding showed an increasing trend of annual rainfall, decreasing trend 
of annual river discharge and a 100 year flood prediction for the lower Bagmati Basin of 8,500m³/s. 
The communities of the area explained that there is no flood early warning system that they know of 
or access. They identified the need for training and multi level participation in preparedness, risk 
reduction, evacuation and reaction skills and contacts.  

The efforts of the cleaning campaigns within the Kathmandu Valley have been noticed downstream 
by local populations but they hope for a cleaner river in the future: 

“The river is much cleaner than 2-3 years ago”    M.S. from Boranbesi. 
 
“During the flooding, all the waste from Kathmandu is washed here. We have seen on TV that 
there are cleaning campaigns in Bagmati and Bishnumati River. People then think if the river 
can be so clean up in Kathmandu, then what is possible downstream. People don’t drink water 
from the river. They don’t even go there to wash their clothes.”  D.N. from Bagmati. 
 
“You can see these kids here. They have to cross the river to go to schools. They have allergies 
due to the pollution and they have to see the doctor. You guys went into the river and stayed 
there for a long time. If you guys do not clean it with clean water immediately, you will start 
having the allergies in your legs too. I suggest you to take bath immediately with clean water.  
I have been to the medical several times because I work close to the river, we swim here, cross 
the river…”                A.M. from Makwanpur. 
 
“When the sugar factory is cleaned, the molasses is thrown in the river and the fish die… The 
number of fish in Bagmati River has decreased than before.”  J.P.S. from Basatpur. 
 
Talking about cleaning the river: “It should be done starting from the source; there should be 
nowhere where the sewerage or wastes is mixed into the river. There should be this boundary 
and river must be taken very good care of. There should be people who take care of the river. 
The laws should be very strict to check if anyone dumps waste into the river. If in all the areas 
this kind of protection is done then maybe the river will be clean.”   K.M. from Kokhana. 

 

As the cleaning campaigns and improvement projects for the Bagmati River continue this data can 
be used for comparison to assess the effectiveness of the efforts. 
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RECOMMENDATIONS 
Pollution derived from anthropogenic sources in Kathmandu Valley is having an effect for 80km to 
100km along the Bagmati River. Communities downstream have noticed the effects of the cleaning 
campaign but there is still a lot of pollution. Communities are also at some risk from flooding but are 
unprepared. The Bagmati River Basin provides a home for many people, food from the basin is sold 
in Kathmandu, it is an area of natural beauty and biodiversity, and the Bagmati River is considered 
holy. These are reasons to conserve the Bagmati River and the surrounding environments and so the 
following recommendations are made:  

1. Reduce sewage and waste input into the river as priority. 

2. Continue the cleaning campaigns along the Bagmati River and its tributaries in Kathmandu 
Valley. 

3. Extend the cleaning movement along the river downstream to raise awareness in local 
communities for improved cleanliness and help remove the waste that river has carried to 
those places. 

4. Ensure that development works such as the fast track highway keep a strict environmental 
policy and mitigate their impacts. 

5. Provide capacity building training for communities along the river about open defecation 
free areas, toilet construction and sewage and waste management to reduce future impacts. 

6. Undertake needs assessments, training, and capacity building to develop inclusive integrated 
flood early warning systems for the communities along the river including preventative 
measures and evacuation training. 

7. Further study is also necessary and should include: 

 Seasonal studies to assess changes in the monsoon and winter for all parameters 
and especially birds, 

 Extraction and inputs to the river, 

 Type and weight of plastic in the river and plastic in the substrate. 

 Food chain analysis for pollution especially plastic in fish and birds. 

 Flood inundation and vulnerability mapping. 

 Pollution transmission from the river to soil and fertilizers used on the soil to the 
water. 

 Continued development of in-field methodologies so that indicator data can be 
gathered affordably without the expense of laboratory tests.  
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CONCLUSION 
The data and experience gathered during the Bagmati River expedition 
indicates that actions in Kathmandu Valley are impacting ecosystems and 
communities up to 80km -100km downstream along the river.  

The main impacts are from the unmanaged dumping of waste and sewage into 
the Bagmati River. 

This should be stopped as a priority. 

 

 

 

 

 

 

 

 
  

                                 

Photo of the expedition team 
leaving Chovar ©NRCT 
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APPENDIX 3.1  
Table A3-1. Summary of the Nepal Water Quality Guidelines (GoN/NPCSCBS 2008). 

Parameters Nepal's 
Drinking 
Water 
Quality 

Standards 

Nepal 
Water 
Quality 

Guidelines 
for 

Irrigation 
Water 

Nepal Water Quality 
Guidelines for the 

Protection of Aquatic 
Ecosystem 

Nepal 
Water 
Quality 

Guidelines 
for 

Livestock 
Watering, 

Nepal 
Water 
Quality 

Guidelines 
for 

Recreation 

Nepal 
Water 
Quality 

Guidelines 
for 

Aquaculture 

Tolerance Limits for Different 
Industrial Effluents Discharged 

into Inland Surface Water 

Target  Chronic 
Effect 

Acute 
Effect 

Land 
Surface 
Water 

Public 
Sewerage 

Inland 
Surface 
Water 

DO%   80-120 >60 >40   5-8ppm    

pH 6.5-8.5 6.5-8.5    6.5-8.5 6.5-8.5 6.5-9 5.5-9 5.5-9 5.5-9 

Temp            

TDS 1000       2000  2100  

TSS  50      20000 30-200 600 50 

Turbidity 5      0.5     

Ammonia 1.5  0.007 0.015 0.1   <0.025/ <0.03 50 50 50 

Nitrate 50     100  300    

Phosphate        0.6    

COD        40 250 1000 250 

Hardness 500       20-100    

Calcium 200     1000      

Chloride  100/ 700      600    

Sulphate 250     1000    500  

Sodium  70/ 460    2000      

Potassium            

Silica            

Iron 0.3 5      0.01    

Arsenic 0.05 0.1 / 2 0.01 0.02 0.13 0.2  0.05 0.2 1 0.2 

Manganese 0.2 0.02 / 10 0.18 0.37 1.3 10  0.1    

Magnesium      500  15    

Zinc 3 1 / 5 0.002 0.0036 0.036 24  0.3-1 5 5 5 

Copper 1 0.2 / 5 0.0012 0.0024 0.0075 0.5  0.005 3 3 3 

Nickel  0.2 / 2    1  0.1 3 3 3 

Lead 0.01 0.2 / 2 0.001 0.002 0.013 0.1  0.01 0.1 0.1 0.1 

Cadmium 0.003 0.01 / 0.05 0.35 0.7 10 0.01  1.3 2 2 2 

Chromium 0.05 0.1 / 1      0.02  2  

Mercury 0.001  0.00004 0.00008 0.0017    0.01 0.01 0.01 

Chromium (VI)   0.007 0.01 0.2 1   0.1  0.1 

Chromium (III)   0.012 0.024 0.34       
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APPENDIX 5.1 
Aquatic plastic pollution has been documented in marine habitats for more than 40 years. Carpenter 
and Smith (1972) published findings of plastic debris in the Sargasso Sea and since then  studies have 
reported plastic found in marine birds, marine organisms, coastal beaches, and in the water column 
and ocean gyres. Rivers are one of the main transport mechanisms for plastic to enter the ocean but 
have been less studied in this respect. From the extensive literature on plastic in the marine habitat 
a comprehensive overview by Liast (1987) recognized plastic debris as posing “increasingly 
significant threats” to marine creatures. In a further extensive literature review of marine plastic 
debris, Derraik (2002), reports the threats of plastic pollution in the water to marine life, and of 
these the following are also applicable to river systems: 

 Entanglement of species in plastic waste inhibiting their movement. 

 Mechanical blockage of the digestive system reducing the ability to consume and get 
nutrients from food. Also in the case of birds reducing the ability to regurgitate food for their 
young. 

 Hydrophobic chemicals which are toxic and carcinogenic such as polychlorinated biphenyl 
(PCB) can enter the food chain via plastic particles in water. These chemicals sorb to the 
plastic particles, the particles are ingested, and the chemicals are assimilated by the living 
creatures. This pathway in the surface water environment is illustrated by micro-plastics in 
estuaries having been shown to sorb persistent organic pollutants (POPs) and 
dichlorodiphenyltrichloroethane (DDT) (Bakir et al. 2014) and river fish in France were found 
with micro-plastic in their digestive tract (Sanchez et al. 2014).  

 Accumulation of plastic on top of sediment can cause hypoxia or anoxia by reducing gas 
exchange in the water, affecting the normal functioning (Goldberg, 1994 cited in Derraik 
2002).  

The interest in quantification of plastic pollution in rivers is relatively recent. Studies have been 
conducted on the debris found on beaches by estuaries and rivers but very few on the plastic 
particles in the water of rivers. In 2011 two rivers in Los Angeles in the USA were studied to gage 
how much plastic was entering the marine environment (Moore et al. 2011). Since then these five 
studies have been published in 2014 quantifying plastic in rivers in different ways: 

 Lechner et al. (2014) studied plastic in the Danube and found it to be of larger mass and 
abundance than drifting larval fish.  

 Gasperi et.al. (2014) studied the weight and type of plastic collected in the river seine using 
floating booms and intercepted between 22 and 36 tons per year.  

 Morrit et al. (2014) using eel fyke nets submerged at the river bed collected 8490 plastic 
items over three months in 2012 at seven sites studied on the Thames.  

 The sediment of the St. Lawrence River, USA, was studied and the presence of micro-beads 
and micro-plastics found (Castañeda et al. 2014). 

 In a Chicago urban river the microbial habitat on riverine plastic was studied and quantified 
showing some bacteria had an affinity for the micro-plastics which serve as a transport 
mechanism for them through the water e.g. Campylobacteraceae (McCormick et al. 2014). 
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APPENDIX 6.1  
Table A6-1. List of macroinvertebrates recorded along the Bagmati River and their sensitivity score 
(Nesemann et al. 2007). 

Class Order Family 
Sensitivity 

score  

Insecta 

Ephemeroptera 

Baetidae 6 

Caenidae 3 

Ephemerellidae 10 

Ephemeridae 7 

Heptageniidae 7 

Leptophlebiidae 8 

Plecoptera 

Leuctridae 10 

Nemouridae 8 

Perlidae 9 

 Trichoptera 

Calamoceratidae 8 

Glossosomatidae 4 

Hydropsychidae 3 

Hydroptilidae 4 

Lepidostomatidae 7 

Polycentropodidae 3 

Coleoptera 

Curculionidae N.A. 

Dytiscidae N.A. 

Elmidae 10 

Hydrophilidae N.A. 

Psephinidae 8 

Scirtidae 10 

Stephylinidae N.A. 

Heteroptera 

Aphelocerridae 7 

Corixidae 2 

Gerridae 4 

Micronecta sp. N.A. 

Naucoridae 4 

Nepidae 4 

Ranatrinae N.A. 

Odonata 

Coenagrioniidae 5 

Corduliidae 5 

Euphaeidae 8 

Gomphidae N.A. 
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Libellulidae 3 

Protoneuridae 8 

 Diptera 

Athericidae 9 

Ceratopogonidae 5 

Chironomidae 1 

Culicidae 2 

Dolichopodidae N.A. 

Epiphyridae N.A. 

Limoniidae 8 

Muscidae N.A. 

Psychodidae white 1 

Sacaridae N.A. 

Simuliidae 5 

Sphyridae N.A. 

Stratiomyiidae 4 

Tabanidae 4 

Lepidoptera Pyralidae 8 

Megaloptera Corydalidae 7 

Malacostraca Decapoda Atyidae 6 

Hirudinea 

Rhynchobdellida Glossiphonidae 4 

Arhynchobdellida 
Haemadipsidae (Haemadipsa sp.) 8 

Salifidae 3 

Clitellata Haplotaxida Tubificidae 2 

Gastropoda 
Basommatophora 

Ancylidae 6 

Lymnaeidae 4 

Physidae 2 

Planorbiidae 4 

Mesogartropoda Thiaridae 4 

Bivalvia Veneroida Sphaeriidae 5 

Unionoida Unionidae 5 
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APPENDIX 7.1 
Table A7-1. Avian fauna research datasheet for point count survey along Bagmati River Corridor. 

Bagmati River Expedition 2015 

Avian point count datasheet 

Date:                               Point Count ID:             Time: Start:                End: 
Coordinates: Lat:    Lon:          Ele:                              GPS Code:  
Weather:     Temp.:               Wind Speed: ______ mph  

Land feature:                  Habitat: 

*Bird Obs. Code: S = song, V = visual, C = call, D = drumming, Fl= flush 
*Count: M= male, F= female, J= juvenile, U= unknown 

Additional notes:                                                                                                                                     
                                                                                                                                                                      

S.N. Species *Obs. Code *Count Comments 

1   S / V / C / D / Fl M F J U   

2   S / V / C / D / Fl M F J U 
  

3    S / V / C / D / Fl M F J U 
  

4   S / V / C / D / Fl M F J U 
  

5   S / V / C / D / Fl M F J U 
  

6   S / V / C / D / Fl M F J U 
  

7   S / V / C / D / Fl M F J U 
  

8   S / V / C / D / Fl M F J U   

9   S / V / C / D / Fl M F J U   

10   S / V / C / D / Fl M F J U 
  

11   S / V / C / D / Fl M F J U   

12   S / V / C / D / Fl M F J U   

13   S / V / C / D / Fl M F J U   

14   S / V / C / D / Fl M F J U   

15   S / V / C / D / Fl M F J U   
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APPENDIX 7.2 
Table A7-2. Checklist of avian fauna recorded along Bagmati River Corridor from Chovar to Gaur, April 2015. 

S.N. Order Family Latin Name English name Nepali Name IUCN  Status 

1 ANSERIFORMES Anatidae Aythya ferina Common Pochard  s}nf]6fps] xfF; LC WV, PM 

2 ANSERIFORMES Anatidae Tadorna Ferrogenia Ruddy Shelduck  rv]jfrv]jL LC WV 

3 ANSERIFORMES Dendrocygnidae Dendrocygna javanica Lesser Whistling Duck  l;nl;n LC R, WV, PM 

4 APODIFORMES Apodidae Apus pacificus Fork-tailed Swift  k'R5/sfk] uf}+ynL LC R 

5 CICONIIFORMES Accipitridae Accipiter badius Shikra lzqmf LC R 

6 CICONIIFORMES Accipitridae Aquila nipalensis Steppe Eagle  uf]dfo' dxfrLn LC WV, PM 

7 CICONIIFORMES Accipitridae Elanus caeruleus Black-shouldered Kite d';] rLn LC R 

8 CICONIIFORMES Accipitridae Gyps himalayensis Himalayan Griffon   lxdfnL lu4 NT R 

9 CICONIIFORMES Accipitridae Hieraaetus pennatus Booted Eagle  sfFwrGb| rLn LC WV, PM 

10 CICONIIFORMES Accipitridae Milvus migrans Black Kite sfnf] rLn LC R, WV 

11 CICONIIFORMES Accipitridae Pernis ptilorhyncus Oriental Honey-buzzard  dw'xf LC R, PM 

12 CICONIIFORMES Accipitridae Spilornis cheela Crested Serpent Eagle  sfsfs'n LC R 

13 CICONIIFORMES Ardeidae Ardea cinerea Grey Heron  km';|f] as'Nnf LC R, WV 

14 CICONIIFORMES Ardeidae Ardea purpurea Purple Heron  WofgL as'Nnf LC R, MV 

15 CICONIIFORMES Ardeidae Ardeola grayii Indian Pond Heron  cf;sf]6] as'Nnf LC R 

16 CICONIIFORMES Ardeidae Bubulcus ibis Cattle Egret  j:t' as'Nnf LC R 

17 CICONIIFORMES Ardeidae Butorides striatus Little Heron  5f]6fv'§] as'Nnf - R, SV 

18 CICONIIFORMES Ardeidae Egretta garzetta Little Egret  ;fgf] ;]tf]as'Nnf LC R 

19 CICONIIFORMES Ardeidae Ixobrychus cinnamomeus Cinnamon Bittern  /ftf] h"gas'Nnf LC SV 

20 CICONIIFORMES Charadriidae Charadrius dubius Little Ringed Plover  n3' /fhk'lqsf LC R, WV 

21 CICONIIFORMES Charadriidae Vanellus duvaucelii River Lapwing  vf]n] x'l66\ofp NT R 

22 CICONIIFORMES Charadriidae Vanellus indicus Red-wattled Lapwing x'l66\ofp LC R 

23 CICONIIFORMES Charadriidae Vanellus malarbaricus Yellow-wattled Lapwing bf]od x'l66\ofp LC WV 

24 CICONIIFORMES Ciconiidae Anastomus oscitans Asian Openbill  3'FuLkmf]/ u?8 LC R, SV 

25 CICONIIFORMES Ciconiidae Ciconia nigra Black Stork  sfnf] u?8 LC WV 

26 CICONIIFORMES Ciconiidae Leptoptilos javanicus Lesser Adjutant   e'F8Lkmf]/ u?8 VU R 

27 CICONIIFORMES Falconidae Falco tinnunculus Common Kestrel  af}+8fO LC R, WV, PM 

28 CICONIIFORMES Falconidae Microhierax caerulescens  Collared Falconet   kf}/L afh LC R 

29 CICONIIFORMES Glareolidae Glareola lactea Small Pratincole  kfgLuf}+ynL LC R, LM 

30 CICONIIFORMES Phalacrocoracidae Phalacrocorax niger Little Cormorant  ;fgf] hn]jf LC R, WV, PM 

31 CICONIIFORMES Podicipedidae Tachybaptus ruficollis Little Grebe 8'j'NsLr/f LC R, WV, PM 

32 CICONIIFORMES Scolopacidae Actitis hypoleucos Common Sandpiper  r~rn] ;'8;'l8of LC WV, PM 

33 CICONIIFORMES Scolopacidae Calidris temminckii Temminck's Stint  hn/Í LC WV, PM 
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34 CICONIIFORMES Scolopacidae Tringa nebularia Common Greenshank  l6dl6df LC WV 

35 CICONIIFORMES Threskiornithidae Pseudibis papillosa Black Ibis  s/f{ ;fFj/L LC R 

36 COLUMBIFORMES Columbidae Chalcophaps indica Emerald Dove  xf/Ln 9's'/ LC R 

37 COLUMBIFORMES Columbidae Columba livia Rock Pigeon  dn]jf LC R 

38 COLUMBIFORMES Columbidae Streptopelia chinensis Spotted Dove  s'n] 9's'/ - R 

39 COLUMBIFORMES Columbidae Streptopelia decaocto Eurasian Collared Dove  s07] 9's'/ LC R 

40 COLUMBIFORMES Columbidae Streptopelia orientalis Oriental Turtle Dove  tfd] 9's'/ LC R, WV 

41 COLUMBIFORMES Columbidae Streptopelia tranquebarica Red Collared Dove  ;fgf]tfd] 9's'/ LC R 

42 COLUMBIFORMES Columbidae Treron phoenicoptera Yellow-footed Green Pigeon  xn];f] LC R 

43 CORACIIFORMES Coraciidae Alcedo atthis Common Kingfisher  ;fgf] df6Lsf]/ LC R 

44 CORACIIFORMES Coraciidae Ceryle rudis Pied Kingfisher  l5/la/] df6Lsf]/ LC R 

45 CORACIIFORMES Coraciidae Coracias benghalensis Indian Roller  7]pjf LC R 

46 CORACIIFORMES Coraciidae Halcyon smyrnensis White-throated Kingfisher  ;]tf]s07] df6Lsf]/ LC R 

47 CORACIIFORMES Coraciidae Megaceryle lugubris Crested Kingfisher  7"nf] l5/la/] df6Lsf]/ LC R 

48 CORACIIFORMES Meropidae Merops leschenaulti Chestnut-headed Bee-eater  s6';6fps] d'/nLr/f LC SV 

49 CORACIIFORMES Meropidae Merops orientalis Green Bee-eater  d'/nLr/f LC R, SV 

50 CORACIIFORMES Meropidae Merops philippinus Blue-tailed Bee-eater  gLnk'R5«] d'/nLr/f LC SV 

51 CUCULIFORMES Centropodidae Centropus bengalensis Lesser Coucal  ;fgf] uf]s'n LC R 

52 CUCULIFORMES Centropodidae Centropus sinensis Greater Coucal  9f]8] uf]s'n LC R 

53 CUCULIFORMES Cuculidae Cuculus canorus Eursian Cuckoo  s'Ss' sf]OnL LC SV 

54 CUCULIFORMES Cuculidae Cuculus micropterus Indian Cuckoo  sfkmn kfSof] LC SV 

55 CUCULIFORMES Cuculidae Eudynamys scolopacea Asian Koel  sf]OnL LC R 

56 CUCULIFORMES Cuculidae Hierococcyx varius Common Hawk Cuckoo  aLp s'lxof] LC R 

57 CUCULIFORMES Cuculidae Phaenicophaeus tristis Green-billed Malkoha  xl/t dfnsf}jf LC SV 

58 CUCULIFORMES Cuculidae Surniculus lugubris Drongo Cuckoo  lra] sf]OnL LC SV 

59 GALLIFORMES Phasianidae Francolinus francolinus Black Francolin  sfnf] ltqf LC R 

60 GALLIFORMES Phasianidae Gallus gallus Red Junglefowl n'O{r] LC V 

61 GALLIFORMES Phasianidae Lophura leucomelanos Kalij Pheasant  sflnh LC R 

62 GRUIFORMES Rallidae Amaurornis phoenicurus White-breasted Waterhen  l;ds'v'/f LC R 

63 PASSERIFORMES Aegithalidae Aegithalos concinnus Black-throated Tit sfnLs07] /fhlrlrNsf]6 LC R 

64 PASSERIFORMES Alaudidae Eremopterix grisea Ashy-crowned Sparrow Lark  rZd] ef/4fh LC R 

65 PASSERIFORMES Alaudidae Ammomanes phoenicurus Rufous-tailed Lark clUg ef/4fh LC R 

66 PASSERIFORMES Cisticolidae Cisticola juncidis Zitting Cisticola  lkm/\lkm/ LC R 

67 PASSERIFORMES Cisticolidae Prinia criniger Striated Prinia  ;'of 3fF;]lkm:6f] LC R 

68 PASSERIFORMES Cisticolidae Prinia flaviventris Yellow-bellied Prinia  kLtf]b/ 3fF;]lkm:6f] LC R 

69 PASSERIFORMES Cisticolidae Prinia hodgsonii Grey-breasted Prinia  km';|f]5ftL 3fF;]lkm:6f] LC R 

70 PASSERIFORMES Cisticolidae Prinia inornata Plain Prinia emfFqmL 3fF;]lkm:6f] LC R 

71 PASSERIFORMES Cisticolidae Prinia socialis Ashy Prinia  6'0f's\ 3fF;]lkm:6f] LC R 
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72 PASSERIFORMES Corvidae Aegithina tiphia Common Iora  ;';]nLr/L LC R 

73 PASSERIFORMES Corvidae Artamus fuscus Ashy Woodswallow  ley'g LC R 

74 PASSERIFORMES Corvidae Corvus macrorhynchos Large-billed Crow  sfnf] sfu LC R 

75 PASSERIFORMES Corvidae Corvus splenden House Crow  3/ sfu - R 

76 PASSERIFORMES Corvidae Dendrocitta formosae Grey Treepie  kxf8L sf]sn LC R 

77 PASSERIFORMES Corvidae Dendrocitta vagabunda Rufous Treepie  sf]sn] LC R 

78 PASSERIFORMES Corvidae Dicrurus aeneus Bronzed Drongo  ;fgf] lra] LC R 

79 PASSERIFORMES Corvidae Dicrurus caerulescens White-bellied Drongo  ;]tf]k]6] lra] LC R 

80 PASSERIFORMES Corvidae Dicrurus leucophaeus Ashy Drongo WjfF;] lra] LC R, ParM 

81 PASSERIFORMES Corvidae Dicrurus macrocercus Black Drongo  sfnf] lra] LC R 

82 PASSERIFORMES Corvidae Dicrurus paradiseus Greater Racket-tailed Drongo  eLd/fh lra] LC R 

83 PASSERIFORMES Corvidae Dicrurus remifer Lesser Racket-tailed Drongo  e[Ë/fh lra] LC R 

84 PASSERIFORMES Corvidae Ficedula tricolor White-browed Fantail  s'dyf]Kn] df?gLr/L LC R 

85 PASSERIFORMES Corvidae Hemipus picatus Bar-winged Flycatcher shrike  cf;sf]6] r/L LC R 

86 PASSERIFORMES Corvidae Oriolus oriolus Eurasian Golden Oriole  ufhn] ;'gr/L LC SV 

87 PASSERIFORMES Corvidae Oriolus tenuirostris Slender-billed Oriole  tLvf]7"F8] ;'gr/L LC WV 

88 PASSERIFORMES Corvidae Oriolus traillii Maroon Oriole  3g/Qm ;'gr/L LC R 

89 PASSERIFORMES Corvidae Oriolus xanthornus Black-hooded Oriole  sfnf]6fps] ;'gr/L LC R 

90 PASSERIFORMES Corvidae Pericrocotus ethologus Long-tailed Minivet  nfdk'5«] /fgLr/L LC R 

91 PASSERIFORMES Corvidae Pericrocotus flammeus Scarlet Minivet  /fgLr/L LC R 

92 PASSERIFORMES Corvidae Terpsiphone paradisi Asian Paradise- flycatcher :ju{r/L LC SV 

93 PASSERIFORMES Eurylaimidae Psarisomus dalhousiae Long-tailed Broadbill  lrqs'6 LC R 

94 PASSERIFORMES Fringillidae Melophus lathami Crested Bunting  h'/] au]8L LC R 

95 PASSERIFORMES Hirundinidae Delichon dasypus Asian House Martin  PlzofnL eL/uf}+ynL LC R 

96 PASSERIFORMES Hirundinidae Delichon nipalensis Nepal House Martin  g]kfn eL/uf}+ynL LC R 

97 PASSERIFORMES Hirundinidae Hirundo daurica Red-rumped Swallow  u]?s6L uf}+ynL LC R 

98 PASSERIFORMES Hirundinidae Hirundo rustica Barn Swallow  3/ uf}+ynL LC R, SV 

99 PASSERIFORMES Hirundinidae Riparia paludicola Plain Martin  leQ]uf}+ynL LC R 

100 PASSERIFORMES Irenidae Chloropsis hardwickii Orange-bellied Leafbird  :j0ff]{b/ xl/tr/L LC R 

101 PASSERIFORMES Laniidae Lanius cristatus Brown Shrike  v}/f] eb|fO{ LC WV 

102 PASSERIFORMES Laniidae Lanius schach Long-tailed Shrike  eb|fO{ LC R 

103 PASSERIFORMES Laniidae Lanius tephronotus Grey-backed Shrike  lxdfnL eb|fO{ LC R 

104 PASSERIFORMES Muscicapidae Chaimarrornis leucocephalus White-capped Water Redstart ;]tf]6fps] hnv~h/L LC R 

105 PASSERIFORMES Muscicapidae Copsychus malabaricus White-rumped Shama  Zofdf LC R 

106 PASSERIFORMES Muscicapidae Copsychus saularis Oriental Magpie Robin  wf]lagL r/f LC R 

107 PASSERIFORMES Muscicapidae Culicicapa ceylonensis Grey-headed Canary Flycatcher  r~rn] ch'{gs LC ParM 

108 PASSERIFORMES Muscicapidae Enicurus maculatus Spotted Forktail  yf]Kn] vf]n]wf]lagL LC R 

109 PASSERIFORMES Muscicapidae Eumyias thalassina Verditer Flycatcher  gLnt'yf] ch'{gs LC ParM 
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110 PASSERIFORMES Muscicapidae Ficedula tricolor Slaty-blue Flycatcher  l6sl6s] ch'{gs LC R 

111 PASSERIFORMES Muscicapidae Monticola cinclorhynchus Blue-capped Rock Thrush  ;fgf] xhf/f rfFr/ LC SV 

112 PASSERIFORMES Muscicapidae Monticola solitarius Blue Rock Thrush  pdf rfFr/ LC R 

113 PASSERIFORMES Muscicapidae Myophonus caeruleus Blue Whistling Thrush  sNrf}+8 LC R 

114 PASSERIFORMES Muscicapidae Rhyacornis fuliginosus Plumbeous Water Redstart  gLnfDa/ hnv~h/L LC R 

115 PASSERIFORMES Muscicapidae Saxicola caprata Pied Bushchat  sfn] em\ofK;L LC R 

116 PASSERIFORMES Muscicapidae Saxicola torquata Common Stonechat  em]sem]s em\ofK;L LC R, WV, PM 

117 PASSERIFORMES Nectariniidae Aethopyga siparaja Crimson Sunbird  l;k/fhf a'Ë]r/f LC R 

118 PASSERIFORMES Nectariniidae Anthreptes singalensis  Ruby-cheeked Sunbird  KofhLsfg] a'Ë]r/f LC R 

119 PASSERIFORMES Nectariniidae Dicaeum ignipectus Fire-breasted Flowerpecker  clUgjIf k'iksf]lsn LC R 

120 PASSERIFORMES Nectariniidae Nectarinia asiatica Purple Sunbird  sfnf]a'Ë]r/f LC R, SV 

121 PASSERIFORMES Paridae Parus major Great Tit  lrlrNsf]6 LC R 

122 PASSERIFORMES Paridae Parus xanthogenys Black-lored Tit  kf08' lrlrNsf]6 LC R 

123 PASSERIFORMES Passeridae Anthus campestris Tawny Pipit  w"lnsf r'OofF LC WV, PM 

124 PASSERIFORMES Passeridae Anthus hodgsoni Olive-backed Pipit  ?v r'OofF LC R 

125 PASSERIFORMES Passeridae Anthus richardi Richard's Pipit lxpFFb] r'OofF LC WV, PM 

126 PASSERIFORMES Passeridae Anthus rufulus Paddy field Pipit  cfnL r'OofF LC R 

127 PASSERIFORMES Passeridae Lonchura punctulata Scaly-breasted Munia  sf]6]/f] d'lgof LC R 

128 PASSERIFORMES Passeridae Motacilla cinerea Grey Wagtail  km';|f] l6sl6s LC R, SV 

129 PASSERIFORMES Passeridae Motacilla citreola Citrine Wagtail  a];f/] l6sl6s LC WV, PM 

130 PASSERIFORMES Passeridae Motacilla maderaspatensis White-browed Wagtail  vf]n] l6sl6s - R 

131 PASSERIFORMES Passeridae Passer domesticus House Sparrow  3/ eFu]/f LC R 

132 PASSERIFORMES Passeridae Passer montanus Eurasian Tree Sparrow  ?v eFu]/f LC R 

133 PASSERIFORMES Passeridae Ploceus philippinus Baya Weaver  aof tf]kr/f LC R, SV 

134 PASSERIFORMES Pycnonotidae Hemixos flavala Ashy Bulbul  km';|f]k]6] h'/]nL LC R 

135 PASSERIFORMES Pycnonotidae Hypsipetes leucocephalus Black Bulbul  afv|] h'/]nL LC R 

136 PASSERIFORMES Pycnonotidae Hypsipetes mcclellandii Mountain Bulbul  s}nf]k]6] h'/]nL LC R 

137 PASSERIFORMES Pycnonotidae Pycnonotus cafer Red-vented Bulbul  h'/]nL LC R 

138 PASSERIFORMES Pycnonotidae Pycnonotus leucogenys Himalayan Bulbul  h'Nkm] h'/]nL LC R 

139 PASSERIFORMES Sittidae Sitta castanea Chestnut-bellied Nuthatch  s6';] d§f LC R 

140 PASSERIFORMES Sturnidae Acridotheres fuscus Jungle Myna  jg ?kL LC R 

141 PASSERIFORMES Sturnidae Acridotheres tristis Common Myna  8fª\u|] ?kL LC R 

142 PASSERIFORMES Sturnidae Gracula religiosa Hill Myna  dbg;fl/sf d}gf LC R 

143 PASSERIFORMES Sturnidae Sturnus contra Asian Pied Starling  8fª\u|] ;f/f}+ LC R 

144 PASSERIFORMES Sturnidae Sturnus malabaricus Chestnut-tailed Starling  km';|f]6fps] ;f/f}+ LC R 

145 PASSERIFORMES Sturnidae Sturnus pagodarum Brahminy Starling  h'/] ;f/f}+ LC R 

146 PASSERIFORMES Sylviidae Acrocephalus stentoreus Clamorous Reed Warbler  nfdf]7"F8] 6\ofs6\ofs LC WV, PM 

147 PASSERIFORMES Sylviidae Alcippe nipalensis Nepal Fulvata g]kfn km"na'§f LC R 
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148 PASSERIFORMES Sylviidae Orthotomus sutorius Common Tailorbird  kftl;pg] lkm:6f] LC R 

149 PASSERIFORMES Sylviidae Pellorneum ruficeps Puff-throated Babbler yf]Kn] Eofs'/ LC R 

150 PASSERIFORMES Sylviidae Phylloscopus collybita Common Chiffchaff  lrk\lrk] lkm:6f] LC WV 

151 PASSERIFORMES Sylviidae Phylloscopus fuscatus Dusky Warbler  uf]w"ln lkm:6f] LC WV 

152 PASSERIFORMES Sylviidae Phylloscopus humei Hume’s Warbler  r~rn] lkm:6f] LC R 

153 PASSERIFORMES Sylviidae Phylloscopus trochiloides Greenish Warbler  hLjn lkm:6f] LC SV 

154 PASSERIFORMES Sylviidae Pomatorhinus erythrogenys Rusty-cheeked Scimitar Babbler kfNsf]6 LC R 

155 PASSERIFORMES Sylviidae Seicercus xanthoschistos Grey-hooded Warbler  t'd'nsf/L lkm:6f] LC R 

156 PASSERIFORMES Sylviidae Tesia castaneocoronata Chestnut-headed Tesia  /ftf]6fps] l6l;of LC R 

157 PASSERIFORMES Sylviidae Turdoides striatus Jungle Babbler  aufn] Eofs'/ LC R 

158 PASSERIFORMES Zosteropidae Zosterops palpebrosus Oriental White-eye  sf+sL/ LC R 

159 PICIFORMES Indicatoridae Megalaima asiatica Blue-throated Barbet  s'y's]{ - R 

160 PICIFORMES Indicatoridae Chrysocolaptes lucidus Greater Flameback  ub{gyf]Kn] nfxfFr LC R 

161 PICIFORMES Indicatoridae Dendrocopos macei Fulvous-breasted Woodpecker sfi7s"6 LC R 

162 PICIFORMES Indicatoridae Megalaima franklinii Golden-throated Barbet  s'Sn'Ë LC R 

163 PICIFORMES Indicatoridae Megalaima haemacephala Coppersmith Barbet  ldnr/f LC R 

164 PICIFORMES Indicatoridae Megalaima virens Great Barbet  GofpnL LC R 

165 PICIFORMES Indicatoridae Picumnus innominatus Speckled Piculet yf]Kn] ;l;of LC R 

166 PICIFORMES Indicatoridae Picus canus Grey-headed Woodpecker  sfnf]ub{g] sf7kmf]/ LC R 

167 PICIFORMES Indicatoridae Picus flavinucha Greater Yellownape  7"nf] ;'gh'/] sf7kmf]/ LC R 

168 PSITTACIFORMES Psittacidae Psittacula cyanocephala Plum-headed Parakeet   6'OF;L ;'uf LC R 

169 PSITTACIFORMES Psittacidae Psittacula eupatria Alexandrine Parakeet  s/f{ ;'uf NT R 

170 PSITTACIFORMES Psittacidae Psittacula krameri Rose-ringed Parakeet  s07] ;'uf LC R 

171 STRIGIFORMES Strigidae Athene brama Spotted Owlet  sf]rnufF8] nf6f] sf];]/f LC R 

172 STRIGIFORMES Strigidae Glaucidium cuculoides Asian Barred Owlet   7"nf] 8'G8'n LC R 

173 STRIGIFORMES Strigidae Glaucidium radiatum Jungle Owlet  8'G8'n LC R 

174 STRIGIFORMES Strigidae Otus sunia Oriental Scops Owl   nf]vs]{ pn"s  LC R 

Key: LC= Least Concern; NT= Near Threatened; VU= Vulnerable 
R= Resident; WV= Winter Visitor; SV=Summer Visitor; MV= Monsoon Visitor; PM= Passage Migrant; ParM= Partial Migrant; LM= Local Migrant;  

Data Source of residential status: Grimmett et al. 2000 
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APPENDIX 7.3 
Table A7-3.  Order wise classification of bird species recorded during the avian survey of Bagmati River Corridor and their relative abundance. 

S.N. Order 
No. of bird 

species 
Relative Abundance % Relative Abundance H' 

1 ANSERIFORMES 3 0.0172 1.7241 -0.0700 

2 APODIFORMES 1 0.0057 0.5747 -0.0296 

3 CICONIIFORMES 31 0.1782 17.8161 -0.3073 

4 COLUMBIFORMES 7 0.0402 4.0230 -0.1293 

5 CORACIIFORMES 8 0.0460 4.5977 -0.1416 

6 CUCULIFORMES 8 0.0460 4.5977 -0.1416 

7 GALLIFORMES 3 0.0172 1.7241 -0.0700 

8 GRUIFORMES 1 0.0057 0.5747 -0.0296 

9 PASSERIFORMES 96 0.5517 55.1724 -0.3281 

10 PICIFORMES 9 0.0517 5.1724 -0.1532 

11 PSITTACIFORMES 3 0.0172 1.7241 -0.0700 

12 STRIGIFORMES 4 0.0230 2.2989 -0.0867 
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APPENDIX 7.4 
Table A7-4. Family wise classification of bird species recorded during the avian survey of Bagmati River 
Corridor and their relative abundance. 

S.N. Family 
No. of bird 

species 
Relative 

Abundance 
% Relative 
Abundance 

H' 

1 Accipitridae 8 0.0460 4.5977 -0.1416 

2 Aegithalidae 1 0.0057 0.5747 -0.0296 

3 Alaudidae 2 0.0115 1.1494 -0.0513 

4 Anatidae 2 0.0115 1.1494 -0.0513 

5 Apodidae 1 0.0057 0.5747 -0.0296 

6 Ardeidae 7 0.0402 4.0230 -0.1293 

7 Centropodidae 2 0.0115 1.1494 -0.0513 

8 Charadriidae 4 0.0230 2.2989 -0.0867 

9 Ciconiidae 3 0.0172 1.7241 -0.0700 

10 Cisticolidae 6 0.0345 3.4483 -0.1161 

11 Columbidae 7 0.0402 4.0230 -0.1293 

12 Coraciidae 5 0.0287 2.8736 -0.1020 

13 Corvidae 21 0.1207 12.0690 -0.2552 

14 Cuculidae 6 0.0345 3.4483 -0.1161 

15 Dendrocygnidae 1 0.0057 0.5747 -0.0296 

16 Eurylaimidae 1 0.0057 0.5747 -0.0296 

17 Falconidae 2 0.0115 1.1494 -0.0513 

18 Fringillidae 1 0.0057 0.5747 -0.0296 

19 Glareolidae 1 0.0057 0.5747 -0.0296 

20 Hirundinidae 5 0.0287 2.8736 -0.1020 

21 Indicatoridae 9 0.0517 5.1724 -0.1532 

22 Irenidae 1 0.0057 0.5747 -0.0296 

23 Laniidae 3 0.0172 1.7241 -0.0700 

24 Meropidae 3 0.0172 1.7241 -0.0700 

25 Muscicapidae 13 0.0747 7.4713 -0.1938 

26 Nectariniidae 4 0.0230 2.2989 -0.0867 

27 Paridae 2 0.0115 1.1494 -0.0513 

28 Passeridae 11 0.0632 6.3218 -0.1746 

29 Phalacrocoracidae 1 0.0057 0.5747 -0.0296 

30 Phasianidae 3 0.0172 1.7241 -0.0700 

31 Podicipedidae 1 0.0057 0.5747 -0.0296 

32 Psittacidae 3 0.0172 1.7241 -0.0700 

33 Pycnonotida 5 0.0287 2.8736 -0.1020 

34 Rallidae 1 0.0057 0.5747 -0.0296 

35 Scolopacidae 3 0.0172 1.7241 -0.0700 

36 Sittidae 1 0.0057 0.5747 -0.0296 

37 Strigidae 4 0.0230 2.2989 -0.0867 

38 Sturnidae 6 0.0345 3.4483 -0.1161 

39 Sylviidae 12 0.0690 6.8966 -0.1844 

40 Threskiornithidae 1 0.0057 0.5747 -0.0296 

41 Zosteropidae 1 0.0057 0.5747 -0.0296 
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APPENDIX 7.5 
Table A7-5. Relative abundance of bird species at different Point Count Stations along Bagmati River 
Corridor. 

S.N. 
Point Count 
Stations (km 
from Chovar) 

No. of bird species Relative abundance 
% Relative 
abundance 

H' 

1 0 15 0.0620 6.1983 -0.1724 

2 5 11 0.0455 4.5455 -0.1405 

3 10 10 0.0413 4.1322 -0.1317 

4 15 3 0.0124 1.2397 -0.0544 

5 20 6 0.0248 2.4793 -0.0917 

6 25 8 0.0331 3.3058 -0.1127 

7 30 3 0.0124 1.2397 -0.0544 

8 35 9 0.0372 3.7190 -0.1224 

9 40 9 0.0372 3.7190 -0.1224 

10 45 6 0.0248 2.4793 -0.0917 

11 50 5 0.0207 2.0661 -0.0802 

12 55 4 0.0165 1.6529 -0.0678 

13 60 7 0.0289 2.8926 -0.1025 

14 65 6 0.0248 2.4793 -0.0917 

15 70 11 0.0455 4.5455 -0.1405 

16 75 9 0.0372 3.7190 -0.1224 

17 80 8 0.0331 3.3058 -0.1127 

18 85 6 0.0248 2.4793 -0.0917 

19 90 7 0.0289 2.8926 -0.1025 

20 100 8 0.0331 3.3058 -0.1127 

21 110 6 0.0248 2.4793 -0.0917 

22 113 13 0.0537 5.3719 -0.1571 

23 120 10 0.0413 4.1322 -0.1317 

24 130 14 0.0579 5.7851 -0.1649 

25 140 15 0.0620 6.1983 -0.1724 

26 150 13 0.0537 5.3719 -0.1571 

27 160 7 0.0289 2.8926 -0.1025 
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APPENDIX 7.6 
Table A7-6. Relative abundance of bird population at different 5km Point Count Stations along Bagmati 
River Corridor. 

S.N. 
Point Count 
Stations (km 
from Chovar) 

No. of birds Relative abundance 
% Relative 
abundance 

H' 

1 0 26 0.0457 4.5694 -0.1410 

2 5 20 0.0351 3.5149 -0.1177 

3 10 11 0.0193 1.9332 -0.0763 

4 15 4 0.0070 0.7030 -0.0349 

5 20 16 0.0281 2.8120 -0.1004 

6 25 14 0.0246 2.4605 -0.0912 

7 30 6 0.0105 1.0545 -0.0480 

8 35 26 0.0457 4.5694 -0.1410 

9 40 19 0.0334 3.3392 -0.1135 

10 45 15 0.0264 2.6362 -0.0958 

11 50 6 0.0105 1.0545 -0.0480 

12 55 7 0.0123 1.2302 -0.0541 

13 60 11 0.0193 1.9332 -0.0763 

14 65 9 0.0158 1.5817 -0.0656 

15 70 19 0.0334 3.3392 -0.1135 

16 75 14 0.0246 2.4605 -0.0912 

17 80 20 0.0351 3.5149 -0.1177 

18 85 12 0.0211 2.1090 -0.0814 

19 90 21 0.0369 3.6907 -0.1218 

20 100 13 0.0228 2.2847 -0.0863 

21 110 21 0.0369 3.6907 -0.1218 

22 113 41 0.0721 7.2056 -0.1895 

23 120 30 0.0527 5.2724 -0.1552 

24 130 44 0.0773 7.7329 -0.1979 

25 140 34 0.0598 5.9754 -0.1684 

26 150 40 0.0703 7.0299 -0.1866 

27 160 38 0.0668 6.6784 -0.1807 
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APPENDIX 7.7 
Table A7-7. Number of water-habitat related bird species and their total count at each sampling site/Point Count Station along the Bagmati River 
Corridor. 

Point Count 
stations 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 100 110 113 120 130 140 150 160 

No. of bird 
species 

5 1 2 0 0 1 0 3 1 3 1 0 0 2 4 5 2 5 3 3 1 5 4 10 5 6 4 

No. of 
individual 
birds 

7 1 4 0 0 2 0 11 1 9 1 0 0 4 6 10 3 12 4 5 1 21 14 38 9 26 14 
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APPENDIX 7.8 
Table A7-8. Bird species related to water habitat- recorded during Bagmati River Corridor survey 2015. 

S.N. Bird species (Point Count Survey) National Status IUCN Status Residential Status 

1 Asian Openbill VU LC R, SV 

2 Black Ibis    LC R 

3 Black Stork  VU; Nationally Protected LC WV 

4 Blue Rock Thrush    LC R 

5 Cattle Egret    LC R 

6 Cinnamon Bittern    LC SV 

7 Citrine Wagtail    LC WV, PM 

8 Common Greenshank    LC WV 

9 Common Kingfisher    LC R 

10 Common Pochard    LC WV, PM 

11 Common Sandpiper    LC WV, PM 

12 Crested Kingfisher    LC R 

13 Grey Heron    LC R, WV 

14 Grey Wagtail    LC R, SV 

15 Indian Pond Heron    LC R 

16 Lesser Adjutant VU VU R 

17 Lesser Whistling Duck    LC R, WV, PM 

18 Little Cormorant    LC R, WV, PM 

19 Little Egret    LC R 

20 Little Grebe   LC R, WV, PM 

21 Little Heron    - R, SV 

22 Little Ringed Plover    LC R, WV 

23 Pied Kingfisher    LC R 

24 Plain Martin    LC R 

25 Plumbeous Water Redstart    LC R 

26 Purple Heron    LC R, MV 

27 Red-wattled Lapwing   LC R 

28 River Lapwing    NT R 

29 Ruddy Shelduck    LC WV 

30 Small Pratincole    LC R, LM 

31 Spotted Forktail    LC R 

32 Temminck's Stint    LC WV, PM 

33 White-breasted Waterhen    LC R 

34 White-browed Wagtail    - R 

35 White-capped Water Redstart   LC R 

36 White-throated Kingfisher    LC R 

37 Yellow-wattled Lapwing EN LC WV 

Key: LC= Least Concern; NT= Near Threatened; VU= Vulnerable, EN= Endangered 

R= Resident; WV= Winter Visitor; SV=Summer Visitor; MV= Monsoon Visitor; PM= Passage Migrant;  
LM= Local Migrant 

Data Source of residential status: Grimmett et al.  2000 
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APPENDIX 7.9 
Photos of birds seen on the expedition. 

 
Figure A7-1. Photos of some of the riverine birds:  
1-Lesser Adjutant, 2-Little Egret, 3-White-throated Kingfisher, 4-Pied Kingfisher,  
5-Indian Pond Heron, 6- Ruddy Shelduck, 7-Common Sandpiper, 8-Black Ibis. (© Sabita Gurung) 

 
Figure A7-2. Photos of some of the Forest related birds:  
1-Black-hooded Oriole, 2-Greater Racket-tailed Drongo, 3-Brahminy Starling,  
4-Hill Myna, 5-Greater Flameback, 6-Bronze Drongo, 7-Chestnut-tailed Starling.  
8-Verditer Flycatcher, 9-Himalayan Bulbul, 10-Green-billed Malkoha. (© Sabita Gurung) 
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APPENDIX 8.1 
Questionnaire on Human-River interactions: 

Water resources  
1. What are the sources of water used by your family?  

 River 
water 

Spring 
water 

Ground 
water 

Government 
water supply 

Community 
water supply 

Drinking Water      

Other Domestic Use      

2. Do you treat the water you use?  1. Yes    2. No 
3. If  Yes How do you treat it? .................................................................................... 
4. What changes have you noticed in the water availability or quality? 

…………………………………………………………………………………………………………………………………………….................................
.................................................................................................................................................................................. 

Sanitation 

5.  Do the houses in your community have toilets? All Most Few Very few 
 

6. Do the schools in your community have toilets? All Most Few Very few 
 

7. How is the waste from the toilet managed? 

Septic 
Tank
  

Sewage 
system 

Directly 
to River 

Eco-San 
Toilet 

Use in farm 
 

8. Is your community an open defeacation-free area? Yes No 
 

Agriculture 
9. Do you practice farming?     1. Yes   2. No 
10.  If yes, do you use river water (Bagmati) for irrigation?   1. Yes   2. No 
11.  Do you use fertilizer  in your farmland?    1. Yes   2. No 
12. Do you use Pesticides  in your farmland?     1. Yes   2. No 
13. Are there any fish farming practiced in the area?    1. Yes   2. No 

Waste management 
14. What kind of waste are produced from your household? How do you manage them? 

 Bio degradable Non degradable 

Yes/ No 
  

If Yes, How do you manage it? 
  

 

Name:  Age:......... Gender:......... 

District  VDC/Municipality  Ward No  

Latitude  Longitude  



Bagmati River Expedition 2015 
 

99 
 

APPENDIX 9.1 
Questions asked to participants about their experiences with flooding to initiate discussion: 

1. Have you experienced flood? 
2. Did you know that there is possibility of flooding in this area? 
3. Was there dissemination of information about the possibilities of flooding? 
4. How has flooding impacted the lives of people in this area? 
5. Are there programs related to prevention from flooding? 
6. What causes flood? 
7. Which group of people are the most affected? 
8. What can be done to reduce flooding? 
9. Benefit of early warning 
10. Which medium of dissemination for early warning? 
11. Who is responsible for this? 
12. What do they do when the flooding has occurred? 
13. What should be done for fast recovery? 
14. How do you think will the community participate in the programs initiated by the government 

on flooding? 
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APPENDIX 9.2  
Table A9-1:  List of real time rain gauge stations around the vicinity of Bagmati basin 

S.No. Station Name 

Longitude 

(E) 

Latitude 

(N) 

Mean Annual  

Precipitation 

(mm/year) 

Station 

Id 

Elevation 

(mamsl) 

1 Bagmati Khokana 27.63 85.29 1500 550.05 1255.00 

2 Marin Khola Kusumtar 27.27 85.87 1400 585 447.00 

3 Thankot 27.68 85.20 1350 1015 1949.00 

4 Godavari 27.59 85.38 2500 1022 1542.00 

5 Kathmandu Airport 27.70 85.37 1600 1030 1339.00 

6 Babar Mahal 27.68 85.20 1400 1030.5 1297.00 

7 Budhanilkantha 27.78 85.36 1250 1071 1449.00 

8 Lele 27.58 85.35 2600 1075 1659.00 

9 Sindhulimadi 27.23 85.91 3000 1107.5 521.00 

10 Sindhuligadhi 27.27 85.95 3200 1107 1213.00 

11 Bagmati at Bhorleni 27.42 85.36 2500 581 550.00 

12 Bagmati at Karmaiya 27.10 85.47 1500 589.5 127.35 

13 Chisapanigadhi 27.55 85.13 1650 904 1172.00 

14 Daman 27.60 85.10 1750 905 2242.00 

15 Garuda 26.97 85.44 2500 922 97.00 
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APPENDIX 9.3 

HYDRO-METEOROLOGICAL DATA 

Department of Hydrology and Meteorology (DHM) is the solely authentic body which is 

installing, monitoring and collecting hydro-meteorological data across the country. DHM has 

also installed rainfall gauges, climatological stations and stream gauges in the certain locations of 

Bagmati Basin. The figure below (A9-4) shows the locations of real time hydro-meteorological 

stations in the vicinity of Bagmati basin. 

 

Figure A9-1: DEM of Bagmati Basin with hydro-meteorological stations installed by DHM             

(DEM source: CGIAR http://srtm.csi.cgiar.org/ ) 

 

http://srtm.csi.cgiar.org/


Bagmati River Expedition 2015 
 

102 
 

APPENDIX 9.4 
Table A9-2:  Average monthly discharge of Bagmati River measured at Panderadovan  

 

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

Monthly 
Flow (m

3
/s) 

22.14 17.65 16.11 21.08 46.99 170.05 459.39 449.68 264.38 119.04 46.27 28.91 

 
APPENDIX 9.5 
Gumbel’s Method 

The extreme value distribution was introduced by Gumbel (1914) and is commonly known as 
Gumbel’s distribution. It is one of the most widely used probability- distribution functions for 
extreme values in hydrologic and meteorological studies for prediction of flood peaks, maximum 
rainfalls, maximum wind speed, etc. 

Gumbel defined a flood as the largest of the 365 daily flows and the annual series of flood flows 
constitute a series of largest values of flows. According to his theory of extreme events, the 
probability of occurrence of an event equal to or larger than a value of x0: 

yeexXP
 1)( 0

 

in which y is a dimensionless variable given by: 
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Where x = mean and x = standard deviation of the variate X. In practice it is the value of X for a 

given P that is required and the eqn. is transposed as:   

  PYp  1lnln  

Noting that return period T=1/P and designating YT= the value of y, commonly called the reduced 
variate, for a given T: 
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So, the value of variate X with a return period T is:  
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Table A9-3. Showing Reduced Mean Variate Yn and Reduced Standard Deviation Sn for different number 
of Record Years (N) 

Reduced Mean Yn in Gumbel's Extreme Value Distribution 

           
N 0 1 2 3 4 5 6 7 8 9 

10 0.4952 0.4996 0.5035 0.5070 0.5100 0.5128 0.5157 0.5181 0.5202 0.5220 

20 0.5236 0.5252 0.5268 0.5283 0.5296 0.5309 0.5320 0.5332 0.5343 0.5353 

30 0.5362 0.5371 0.5380 0.5388 0.5396 0.5402 0.5410 0.5418 0.5424 0.5430 

40 0.5436 0.5442 0.5448 0.5453 0.5458 0.5463 0.5468 0.5473 0.5477 0.5481 

50 0.5485 0.5489 0.5493 0.5497 0.5501 0.5504 0.5508 0.5511 0.5515 0.5518 

60 0.5521 0.5524 0.5527 0.5530 0.5533 0.5535 0.5538 0.5540 0.5543 0.5545 

70 0.5548 0.5550 0.5552 0.5555 0.5557 0.5559 0.5561 0.5563 0.5565 0.5567 

80 0.5569 0.5570 0.5572 0.5574 0.5576 0.5578 0.5580 0.5581 0.5583 0.5585 

90 0.5586 0.5587 0.5589 0.5591 0.5592 0.5593 0.5595 0.5596 0.5598 0.5599 

100 0.5600 
         

           

           
Reduced Standard Deviation Sn in Gumbel's Extreme Value Distribution 

           
N 0 1 2 3 4 5 6 7 8 9 

10 0.9496 0.9676 0.9833 0.9971 1.0095 1.0206 1.0316 1.0411 1.0493 1.0565 

20 1.0628 1.0696 1.0754 1.0811 1.0864 1.0915 1.0961 1.1004 1.1047 1.1086 

30 1.1124 1.1159 1.1193 1.1226 1.1255 1.1285 1.1313 1.1339 1.1363 1.1388 

40 1.1413 1.1436 1.1458 1.1480 1.1499 1.1519 1.1538 1.1557 1.1574 1.1590 

50 1.1607 1.1623 1.1638 1.1658 1.1667 1.1681 1.1696 1.1708 1.1721 1.1734 

60 1.1747 1.1759 1.1770 1.1782 1.1793 1.1803 1.1814 1.1824 1.1834 1.1844 

70 1.1854 1.1863 1.1873 1.1881 1.1890 1.1898 1.1906 1.1915 1.1923 1.1930 

80 1.1938 1.1945 1.1953 1.1959 1.1967 1.1973 1.1980 1.1987 1.1994 1.2001 

90 1.2007 1.2013 1.2020 1.2026 1.2032 1.2038 1.2044 1.2049 1.2055 1.2060 

100 1.2065 
         

 
 


