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Abstract—In the Kathmandu Valley, monsoonal 
rainfall is often regarded as an indispensable source of 
water that recharges streams, groundwater, lakes, and 
ponds. The rainfall amount is highly influenced by the 
topography and climate, so it varies both spatially and 
temporally. Along with the swift population growth and 
unplanned urbanization, the rainfall extremes also are 
inducing several hazards including floods that result in 
loss of lives and impedes socio-economic development. 
Therefore, rainfall monitoring is important to 
understand the spatial and temporal distribution of the 
rainfall to support wise water management decisions. In 
resource-constrained countries like Nepal, the citizen 
science approach can be a pertinent option to generate 
hydro-meteorological data. Hence, S4W-Nepal 
mobilizing Citizen Scientists (CS) to generate rainfall 
data with the help of a cost-effective S4W rain gauge 
and an android mobile application called ‘ODK 
Collect’. This study aims to determine the reliability of 
citizen scientists' rainfall data in comparison with the 
Department of Hydrology and Meteorology (DHM) 
rainfall data. The results showed that the average data 
error percentage of the CS was 13.32 %. The 
correlation between nine co-located stations was found 
to be strong (above 6), 4 co-located stations were 
moderate (between 0.4 - 0.59), and 2 co-located stations 
were weak (below 0.39). Only 2 out of 15 co-located 
stations were not statistically significant. The results 
show the potential application of the citizen science 
approach in data-scarce countries like Nepal. 
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I. INTRODUCTION  

Rainfall is an important climatic feature of the 
atmospheric cycle in the earth. Rainwater is the 
primary source of freshwater on the earth’s surface 
that plays a vital role in regulating terrestrial water 
systems such as rivers, lakes, groundwater, etc. 
Rainfall has been influencing the lives and livelihood 
of the population worldwide as less rainfall can lead to 
water scarcity and drought. In contrast, heavy rainfall 
can lead to numerous hazards including floods, 

landslides, loss of crops and livestock, etc. [15]. 
Therefore, understanding the spatial and temporal 
distribution of rainfall is critically essential to predict 
such rainfall extremes and prevent the associated 
impacts [10;11;14]. Moreover, it will support proper 
water resource management and planning, soil 
conservation planning, disaster risk management, 
drought forecasting, agricultural enhancement, 
hydropower plant, etc. [1,3].  

 
Nepal is generally regarded as a water-rich country as 
it receives annual average rainfall ranging from 1500 
to 2000 mm [4]. In addition, the country receives 80% 
of total annual rainfall during the monsoon season 
(mid-June to the end-September) [13]. However, 
people are facing severe problems, including the acute 
scarcity of potable water, due to the inability to 
manage the water resources.  During the monsoon 
season, different areas of Nepal face several water-
induced catastrophic events such as floods, landslides, 
GLOFs, etc., which threaten the lives and affect the 
infrastructure, crops, etc.  In order to address those 
issues, the initial step would be to measure the rainfall 
regularly.  
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However, there are many challenges in ground-based 
rainfall monitoring over space and time in developing 
countries like Nepal. The rainfall monitoring coverage 
and the reliability of the rainfall data (without missing 
data and accuracy) are vital for understanding the 
rainfall pattern [5]. In Nepal, there are more than 300 
rain gauges installed by the Department of Hydrology 
and meteorology (DHM), which mostly lie below 
3000 m [12,16]. Additionally, the density of the rain 
gauge network lacks adequate spatial representation in 
Nepal. The reasons behind it could be a lack of 
commitment to funding the hydro-meteorological rain 
gauge network, inadequate manpower in the specific 
area, etc. In such a case, citizen science approach for
 rainfall monitoring could be a promising approach 
to fulfill the data gaps. Mobilizing citizen scientists 
and using cost-effective rain gauges for rainfall 
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measurements can generate a good set of spatio-
temporal data [3]. On the other hand, the citizen 
science approach has connected the general public 
with the scientific professional and can increase the 
scientific understanding with their local resources [8]. 

 
Hence, Smartphones For Water Nepal (S4W-Nepal) 
has been conducting Monsoon Expedition since 2017, 
leveraging citizen scientists, mobile technology, and 
young researchers. The campaign aims to generate 
spatial and temporal rainfall data to support wise 
water management decisions.  In 2019, the major 
focus was to collect quality data near the DHM 
rainfall station in order to compare S4W-Nepal and 
DHM s' rainfall data. Therefore, this study focuses on 
S4W-Nepal’s 2019 monsoon rainfall data to 
understand the reliability of the citizen science 
approach for rainfall monitoring in the Kathmandu 
Valley. 

II. OBJECTIVES 

A. Broad Objective 

B. Specific Objectives 

 To understand the spatial variation of the 
rainfall in the Valley (based on CS rainfall 
data). 

 To statistically compare the rainfall data of 
CS and the DHM. 

 To evaluate the performance of CS. 
 

III. MATERIAL AND METHOD 

A. Study Area 

 
Fig. 1. Study area map showing the DHM sites and 

CS sites in the Kathmandu Valley. 

The Valley is located in the Bagmati province of 
Nepal, which lies between 27°32′13″ - 27°49′10″N 
latitude and 85°11′31″ - 85°31′38″E longitude. The 
Valley comprises three districts; Kathmandu, 
Bhaktapur, and Lalitpur. It is bounded by the 
Kavrepalanchowk district in the east, Dhading and 

Nuwakot districts in the west, Sindhupalchowk district 
in the north, and Makwanpur district in the South. The 
Valley is a small intermontane basin, roughly 25 km 
in diameter and an approximate geographical area of 
587 km2 [2]. The Valley lies between 1300 to 1400 
m.a.s.l. in the central lower part and surrounded by 
hills ranging from 2000 to 2750m.a.s.l. in elevation 
[7]. Rainwater, groundwater, and streams are the 
predominant source of water in the Valley. The major 
rivers flowing in the Valley includes Bagmati, 
Hanumante, Dhobi, Bishnumati, Manohora, Nakhu, 
Kodku, and Balkhu Khola. The rate of in-migration 
and urbanization is rapidly increasing in the Valley as 
the area is an economic hub and the administrative 
center of Nepal [6].  
 
Rainfall Climatology 
Rainfall in Nepal varies from place to place due to 
topographical variation [9]. The seasons of Nepal are 
classified into pre-monsoon (March-May), monsoon 
(June-September), post-monsoon (October-
November), and winter (December-February). The 
monsoon in Nepal is characterized by a seasonal shift 
of wind flow from the southeast. In the Valley, the 
average annual rainfall is 1500 mm, out of which 80% 
falls during the monsoon season. The annual average 
temperature is 18 °C based on 21 years (1988–2008) 
of temperature records from Kathmandu Airport 
Station. 

B. Data Collection Method 

 
Fig. 2. S4W rain gauge. 

S4W-Nepal has been conducting an annual ‘Monsoon 
Expedition’ campaign from the month of May to 
September to collect the rainfall data by mobilizing 
enthusiastic CS from different places of the Valley. 
The CS use a cost-effective S4W rain gauge and an 
android mobile application ‘Open Data Kit (ODK) 
Collect’ to perform daily rainfall measurements. The 
S4W rain gauge is made of recycled clear plastic 
bottles (Coke or Fanta) of 2.15 liters having a uniform 
diameter of 100 mm, a concrete base, and a ruler with 
millimeter gradations. In the Monsoon Expedition 
2019, 118 CS were recruited, out of which 55 regular 

T
.

o know the reliability of rainfall measurements
  and S4W rain gauge  
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CS helped to generate a good set of spatial rainfall 
data from May to September in the Valley. 

C. Data Analysis 

a) CS Performance 
The total number of rainfall data per month of the 
individual CS was determined to know the regularity 
of the CS. The boxplot of the total number of 
measurements per CS in each month from May to 
September was generated. The rainfall data collected 
by the CS was quality controlled by comparing a 
photo of the rain gauge and the measurement value of 
the rainfall. 

  
The data error percentage of the total measurements 
was calculated based on the following formula: 

 
Data error %= NCMcs/TNMcs×100% 

 
where, NCMcs is the number of corrected 
measurements, and TNMcs represents the total 
number of measurements. 
 
Then, the total number of corrected data and total 
measurements of the CS per month was plotted to 
understand the error percentage of the total 
measurements. 
 

b) Distribution of Rainfall 
To understand the spatial rainfall variation of the 
Valley, a monthly mean normalized rainfall 
distribution map was prepared considering the data of 
28 regular CS by using Quantum Geological 
Information System (QGIS). The normalized rainfall 
value was obtained by dividing monthly rainfall from 
each station by the mean rainfall from all stations for 
the same month. 
 

c) Comparison of standard rain gauge 
 In order to know the reliability of the rainfall data 
collected by using the S4W-Nepal rain gauge, it was 
compared with the standard DHM gauge. The CS 
stations located near the DHM stations (i.e., co-
located stations) were chosen by generating Thiessen 
polygons in QGIS and identifying polygons with both 
a DHM gauge and a CS station. Then, 15 co-located 
stations resulting from this process were selected to 
directly compare with the standard DHM rain gauge 
in the Valley. Only overlapping data from May to 
September in 2019 were used for statistical 
comparison. The data of CS were correlated with the 
respective DHM stations based on the Pearson 
correlation coefficient method to determine their 
relationship. 

IV. RESULT AND DISCUSSION  

A. CS Performance 

During Monsoon Expedition 2019, the total number of 
CS recruited was 118. Meanwhile, the number of 
active CS who sent the rainfall measurement during 
the month of July was found to be highest (i.e., n= 93) 
and lowest during September (i.e n= 53) (Figure 
3).  There were 66 CS who took less than 5 rainfall 
measurements. The number of CS who took less than 
5 measurements decreased from May (n= 26) to 
September (n=5). Also, the CS took an average of 15 
measurements per month. 
 

 
Fig. 3. Boxplot showing number of CS rainfall observation per 

month. 

 

Fig. 4. Chart showing the total number of rainfall measurements 
per month and error percentages per month. 

The total number of measurements was highest during 
the mid-month of monsoon i.e July (n= 1550), and 
decreased throughout the monsoon until September 
(n= 815) (figure 4). Similarly, the data error 
percentage was maximum in August (error% = 
16.32%). In September, the number of measurements 
was comparatively less however the data error 
percentage was high. The average data error 
percentage of the CS was 13.32 %.  
 
The results suggest that there were a partial number of 
 CS who stopped sending rainfall measurements after
 some time. However, there were a significant number
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of CS who took regular rainfall measurements 
throughout the monsoon period. The reasons behind 
the motivation of the CS to take regular data might be 
the motivation factors -like weekly acknowledgment 
text, CS of the month, certificate of appreciation, 
follow-up calls, and data dissemination, etc. 
Moreover, follow-up calls to the CS in case of data 
error and irregularity seems to be the important 
motivating factor to increase the quality of data and 
data regularity. 
 

B. Distribution of Rainfall 

The data generated by CS show that rainfall was 
highest in the month of July (mean= 417.63 mm), 
followed by September (mean = 287.68) and August 
(mean = 250.44 mm) (Figure 5).  Heavy rainfall was 
observed in July in the Valley which triggered 
flooding in several rivers, adversely affecting the 
settlements near the river corridors [17]. In July, along 
with the heavy rainfall, the rainfall was evenly 
distributed on the Valley’s floor. The Northern and the 
eastern parts of the Valley were found to have higher 
cumulative rainfall in the monsoon compared to the 
western and the southern parts. 

 
Fig. 5. Map showing mean monthly normalized rainfall 

distribution in the Kathmandu Valley. 

C. Comparison with Standard rain gauge 

 
Fig. 6. Chart showing the correlation coefficient of DHM and CS 

rainfall data.  

S4W-rain gauge in comparison with DHM rain gauge 
shows that the correlation between nine co-located 
stations were found to be strong (above 6), four  co-
located stations were moderate (between 0.4 - 0.59), 
and two co-located stations were weak (below 0.39) 
(Figure 6). The correlations for all stations were 
statistically significant at 0.01 significance level 
except for two; differences at the two stations may be 
due to greater distances between DHM and CS 
stations in these locations (~1.5 km for Sankhu and 
~0.5 km for Naikap). The times series of cumulative 
rainfall suggests that there was a similar trend of 
rainfall in both DHM and CS stations (Figure 7). 

 
Fig. 7. Time series chart of CS (BT_CS_BP) vs DHM (BT) of the 

Bhaktapur station. 

V. CONCLUSION 

The results illustrated the feasibility of the citizen 
science approach and cost-effective S4W rain gauges 
to fulfill the data gap in countries like Nepal. 
Regardless of some errors in the measurements i.e., 
13.32%, the citizen science approach could be 
convenient to generate the rainfall data. In order to 
minimize such issues regarding measurements and 
increase the reliability of data, regular training and 
motivation should be provided to the CS.  Despite the 
use of the cost-effective rain gauge, it can also 
generate reliable rainfall data compared to the 
standard rain gauge, as only two co-located stations 
seem to be not statistically significant and nine 
stations out of fifteen have strong correlation. 
Furthermore, CS should be trained and motivated to 
record regular rainfall measurements. The data 
collected by the help of CS can have a substantial 
impact in the field of research and support better 
water resource management decisions, along with 
raising awareness among citizens about the 
complexity and value of managing this precious 
resource. 
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who help to generate rainfall data throughout the 
monsoon season. 
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