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Abstract—Headwater

streams are the capillaries of
streams networks, that are generally present in the
outskirts of developed areas and are near natural land
uses in the Kathmandu Valley (Valley). Headwaters are
generally clean and pure, thus Kathmandu Upatyaka
Khanepani Limited (KUKL) has been tapping
headwater streams and springs and is supplying fresh
water to the entire Valley’s population. The rapid
population growth coupled with unplanned urban
sprawl has resulted in the channelization, diversion,
pollution, and at worst scenario complete destruction of
these streams. Therefore, the baseline data regarding
streamflow alteration is crucial for the better
management/protection of the streams. The present
study intends to understand the spatio-temporal
variability of streamflow in the headwaters of the Valley
and determine the influence of rainfall on streamflow.
For this study, 14 different sites from the headwaters of
the Valley were selected. United States Geological
Survey mid-section method for discharge measurements
was performed with a SonTek FlowTracker Acoustic
Doppler Velocimeter for the period of two years (20182019) and all the data were recorded using an android
application called Open Data Kit (ODK) Collect. The
rainfall data from the 18 different rainfall stations of
the Valley for the same period was obtained from the
Department of Hydrology and Meteorology (DHM). In
order to accomplish the objectives, the data collected
were subjected to GIS-based analysis. The results
showed that streamflow ranges from 0.00079 to 4.4487
m3/s and almost identical trends were observed in both
years. The correlation between streamflow and rainfall
was moderately positive i.e, 0.4044. Furthermore, in the
northern and eastern parts of the Valley, both the
rainfall and streamflow were comparatively higher. The
results of this study might provide valuable insights
regarding the present scenario of headwaters of the
Valley.
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I. INTRODUCTION
A. Background
Headwater streams are small and numerous
capillaries of stream networks and comprise a major
portion of aquatic ecosystems [1]. Headwaters are
defined as a watercourse within the first 2.5 km of its
furthest source, occurring over a range of climate,
geology, hydrology, and biogeographical settings [2].
In contrast to down-stream reaches, headwater
streams are characterized by their close interactions
with the hill slopes processes, more spatiotemporal
variation, and their extra need for different means of
protection from land use [3]. Headwaters streams are
necessary for understanding and protecting
downstream ecosystems as they are inextricably
linked. Also, the growing pressures on aquatic
resources have made the resources more vulnerable to
depletion, so understanding regarding the drivers of
headwater flow must be improved to facilitate wise
land and water management decisions.
In the Kathmandu Valley (Valley), headwaters are
mostly present in the outskirts of the developed areas
and are near natural land uses. These streams serve as
the major sources of water for both domestic and
irrigation purposes in the Valley. These streams
influence the water-quality and streamflow conditions
of downstream waters [4]. These streams are
generally clean, free from pollution, and require no
special treatment for a specific use. Thus, if these
streams are wisely handled and protected from
overexploitation and pollution, it can serve as an
excellent source of drinking water. However, these
streams are often neglected, excluded from
conservation programs, and ignored in many
integrated water resources management plans in the
Valley.
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Abrupt population growth, unmanaged urban sprawl,
and assorted anthropogenic deeds have led to
immense degradation of these freshwater streams.
Additionally, most of the headwaters are tapped to
meet the growing freshwater demands of the
downstream population, which has tremendously
stressed these freshwater resources. As a result, the
channelization,
diversion,
depletion,
and
contamination of these streams are widely prevalent
in the Valley. In order to conserve, manage, and
protect these streams from these detrimental impacts,
the collection of hydrological data is the initial step.
And, it is vital to comprehend the spatial-temporal
patterns in streamflow conditions of these streams.
Streamflow is an indicator variable that can provide
information on long-term hydroclimatic changes by
representing an integrated response to catchment
variability and spatial fluctuation of main
hydrological processes such as precipitation,
infiltration, and evapotranspiration, etc. [5].
Streamflow is linked with almost all the processes of
streams and its knowledge will support the proper
water supply management, flood control, pollution
control, engineering design, water quality conditions,
and trend monitoring, and many more [6]. Rainfall is
often considered as a primary driver influencing the
streamflow conditions. The proper understanding of
interlinkage between rainfall and streamflow is
crucial for effective water resource planning,
designing, and management [7]. However, there is a
wide knowledge gap regarding streamflow and
research concerning streamflow and rainfall is also
quite scarce in the context of the Valley.
Hence, the present study attempts to demonstrate the
spatiotemporal variation of the streamflow and
rainfall, and their interrelationship to better
understand, conserve, and manage the headwater
streams of the Valley.
II. MATERIAL AND METHOD
A. Study Area
Kathmandu Valley is a small, roughly circular
intermontane basin situated in the middle of the lesser
Himalayas at an altitude of 1,350 m, occupying about
525 km2 [8]. The Valley is principally drained by the
Bagmati river, whose headwater streams start at the
springs on the Southeastern slopes of Shivapuri
National Park [9]. The Bagmati River is fed by nine
other perennial tributaries before exiting from the
southwestern edge of the Valley. The Valley is
characterized by an annual average rainfall of 1,621
mm and the mean annual temperature is 20°C. More
than 80% of the annual rainfall occurs from June to
September. The north-western part of the Valley
receives the highest amount of rainfall, whereas the
southern part gets least amount of rainfall [10]. The
KEC Conference 2021, April 18, 2021
“3rd International Conference On Engineering & Technology”
Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal

ISBN 978-9937-0-9019-3

monsoon season is followed by post-monsoon
(October to November), winter (December to
February), and pre-monsoon (March to May).

Fig. 1. Study area showing streamflow measurement sites and
DHM rainfall station of the Valley

B. Data collection
In this study, we took the streamflow measurements
of the Bagmati River and its eight major tributaries
(Hanumante, Manohara, Dhobi, Bishnumati, Balkhu,
Nakkhu, Kodkhu, and Godawari Khola). United
States Geological Survey mid-section method
streamflow measurements were performed with a
SonTek FlowTracker Acoustic Doppler Velocimeter.
All the data were recorded using an android
application called Open Data Kit (ODK) Collect. The
daily rainfall data from 18 rainfall stations of the
Valley was acquired from the Department of
Hydrology and Metrology, Nepal (DHM) for a period
of monsoon season of 2018 and 2019.
C. Data analysis
The monthly streamflow data collected from the
headwaters of the Valley for the period of 2018 and
2019 from the ODK platform was quality controlled.
The monthly streamflow data was interpreted
graphically using Microsoft office Excel 2019 and R
studio to understand the temporal fluctuation. The
average monsoonal streamflow in the headwater
streamflow sites was calculated and was represented
in a spatial map using Quantum Geographic
Information System (QGIS) to understand the spatial
variation of the monsoonal streamflow in the
headwaters of the Valley. The cumulative rainfall
(mm) was calculated from the daily rainfall data
collected from 18 DHM rainfall stations of the
Valley. Subsequently, the cumulative monsoonal
rainfall was interpolated using Inverse Distance
Weighted (IDW) technique in QGIS to understand
the spatial variation of the rainfall in the monsoon
season of two years. Furthermore, to assess the
relation between the rainfall and streamflow in the
headwater streams, a scatter plot was plotted. Also,
correlation value was determined between them to
better present the association between them.
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III. RESULTS AND DISCUSSIONS
A. Spatio-temporal variation of the streamflow
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catchment area. Although the trend in streamflow was
almost similar in both years, the streamflow in 2018
was higher compared to that of 2019 in most of the
sites located in the northern part of the Kathmandu
Valley watershed.
B. Spatio-temporal variation of the rainfall in the
Valley

Fig. 2. Temporal variation of the streamflow variation in the year
2018 and 2019

Fig. 3. Spatial color-coded map showing the streamflow variation
in the monsoon season

Fig. 2. shows the temporal variation of streamflow of
the headwaters of the Valley in 2018 and 2019. It was
observed that streamflow increased with the onset of
monsoon season, the maximum value was observed
in September in 2019 while in 2018, the streamflow
was maximum in July. Also, the streamflow
gradually decreased after the end of the monsoon and
it was quite low compared to monsoonal flow.
Likewise, streamflow was highly influenced by the
monsoonal rainfall in the Jhikhu Khola Watershed of
Nepal [13]. Moreover, the streamflow increased
during December in both years. It might be because
of the influence of the winter rainfall resulting from
the cold wind from the Siberian region. The trend in
the streamflow of the headwaters was almost
identical in all three years. The streamflow in the
headwater streams was found to range from 0.00079
to 4.4487 m /s. Fig. 3. clearly illustrates that the
streamflow was comparatively higher in the
streamflow sites of Bagmati river (principal river of
the Valley) than in the sites including Kodkhu,
Balkhu, and Nagarkot which correspond to the lower
3
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Fig. 4. Spatio-temporal variation of the rainfall in the Valley

The spatio-temporal variation of the cumulative
monsoon rainfall is shown in Fig. 4. The spatial map
suggests that monsoon rainfall was much higher in
the north-eastern part of the Valley (>1700 mm) than
in the southern part of the Valley during both
years. Apart from that, monsoonal rainfall in the
north-eastern part of the Valley was higher in 2018
than in 2019. In contrast, the southern part of the
Valley received comparatively more monsoonal
rainfall in 2019 than in 2018. The monsoon rainfall in
the valley is caused by a south-westerly wind from
the Bay of Bengal, so the Valley's northern and
eastern sections are windward, while the southern and
western sections are leeward [11]. This may be the
main explanation for the Valley's southern and
western (leeward) parts receiving less monsoon rain
than the northern and eastern (windward) parts.
C. Relationship between the rainfall and streamflow
in the Valley

Fig. 5. Scatterplot showing the relationship between the rainfall
and streamflow

Streamflow is highly influenced by the rainfall as
well as other factors such as snowmelt, river bed
slope, hydro-climatology, sediment deposition, and
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catchment area [12]. The rainfall was higher in the
northern-eastern parts of the Valley as a result, the
streamflow in the sites (BA01, BA02, BA03, BA04,
MH01, DB01) in the streams of the northern and
eastern part of the valley (Bagmati, Manohara, and
Dhobi river) was also higher. Furthermore, the
southern and western parts of the Valley received
lower rainfall and in response to that, the streamflow
in the sites (BK01 and KD01) of the streams (Balkhu,
Kodkhu river) in the southern and western part was
also lower. Although the BM01 site of the
Bishnumati river lies in the northern part of the
Valley, the streamflow was low and in the NK01 site
of the Nakkhu river in the southern part of the
Valley, the streamflow was higher. The contrasting
streamflow characteristics in these two sites may be
explained in terms of catchment area. The catchment
area of the NK01 site is quite larger i.e., 41.93 sq. km
while that of BM01 is quite small i.e., 2.366 sq. km
hence it accounts for their respective high flow and
low flow. Fig. 5. clearly demonstrates the
relationship between the rainfall and streamflow in
the headwaters of the Valley. Rainfall and streamflow
was found to have moderate positive (0.4 <= r < 0.59)
correlation i.e., 0.4044. The positive correlation
indicates that as rainfall increases, streamflow in the
stream tends to increase, and vice versa.
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IV. CONCLUSION
An attempt was made to understand the spatial and
temporal variation of streamflow of headwater
streams of the Valley by performing United States
Geological Survey mid-section method streamflow
measurements by Sontek flow tracker and its linkage
with the rainfall was also assessed. In this study,
streamflow in the headwater streams of the Valley
ranged from 0.00079 to 4.4487 m³/s in 2018 and
2019. The trend in the streamflow was almost similar
in both years. Also, this study found that the northern
and eastern parts of the Valley receive higher rainfall
while the southern and western parts of the valley
received lower rainfall. In addition, it can be inferred
from this research that streamflow in the stream is
positively influenced by monsoon rainfall, with a
correlation value of 0.4044. The findings from this
study may serve as an important frame of reference
for similar studies in the future.
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