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Abstract 
The study of precipitable water vapour (PWV) using satellite data and ground-based ob-
servation is crucial for understanding hydrological processes, atmospheric circulation, 
and weather systems. It is considered the most prominent greenhouse gas in the Earth’s 
atmosphere. It is highly variable in both space and time across the Earth. Precipitable 
Water Vapor is a measure of the total amount of water vapour present in a vertical column 
of the atmosphere from the Earth’s surface to the top of it. This study investigates the po-
tential atmospheric water vapour column at high (JMSM)and low(GRHI)  to understand 
water vapour dynamics. To investigate precipitable water vapour, GNSS/GPS data were 
downloaded from UNAVCO SAGE. The downloaded data were processed and analyzed us-
ing GAMIT/GLOBK software which is a comprehensive GPS analysis package developed 
at the Massachusetts Institute of Technology (MIT), the Harvard-Smithsonian Center for 
Astrophysics (CfA), and the Scripps Institution of Oceanography (SIO). The main pur-
pose of this software is to process data for Atmospheric science. This paper’s findings 
investigate the PWV amount in high and low altitudes over a year. Our finding shows that 
there is a significant difference in PWV levels between the two stations, with low-altitude 
areas exhibiting higher humidity and precipitation during the monsoon season, while high-
altitudes show reduced water vapour concentrations influenced by surrounding climatic 
variation. 

Keywords: Precipitated water vapour(PWV), Global Positioning System (GPS), Zenith 
Hydrostatic Delay (ZHD)  Remote sensing

1. Introduction
Nepal’s vast topography, which extends from the plain lowland terrain to the towering 
mountains, offers distinct challenges and opportunities for meteorological studies 
(Chapman, 2024). One critical aspect of atmospheric science is the measurement of 
precipitated water vapour, which plays a vital role in weather patterns, climate change, and 
hydrology (Pokharel, 2023; Ghimire et al., 2024). This article explores the use of Global 
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Positioning System (GPS) data to measure precipitated water vapour in both low and high-
altitude regions of Nepal.

The atmosphere is a combination of gases that surrounds the Earth. It makes life possible 
by providing us with air to breathe, protecting us from harmful ultraviolet (UV) radiation 
coming from the Sun. Furthermore, the atmosphere plays a pivotal role in trapping heat 
and maintaining a livable temperature environment (Ghimire et al., 2022). Without it, 
the Earth’s temperature would be similar to that of the moon, which experiences extreme 
temperature fluctuations between day and night (-208°F to 250°F) due to the lack of an 
atmosphere (Priester et al., 1960). As we know, water vapour in the atmosphere varies 
frequently as well as highly in both domain time and space.

Precipitable water vapour is the amount of condensed water in a column of humid air over 
a unit cross-sectional area (Manabe & Wetherald, 1967). Water vapour in the atmosphere is 
of central importance in several ways: for instance, it plays the leading role in the balance 
of planetary radiation; it affects and responds to atmospheric motions, while it also plays 
a significant role in many aspects of atmospheric processes acting over enormous spatial 
and temporal scales (Neelin et al., 2022). Atmospheric water vapor has a significant impact 
on atmospheric water transport, energy transformation, and other climatic phenomena, 
therefore it is purposeful to track and comprehend its changing circumstances and 
mechanism. PW affects aerosols’ optical characteristics, causing water cycles, energy 
transfer, clouds, and rain (Raval & Ramanathan, 1989, Chen et al., 2022). By playing a 
crucial role in cloud formation, PWV in the atmosphere not only affects the water balance 
but also significantly affects the heat balance in the atmosphere by modifying radiation 
through mechanisms such as absorption, scattering, and reflection (Obregón et al., 2021; 
Ghimire et al., 2022).

The GPS signal bends away from the norm when it enters the troposphere due to a change 
in medium density, which covers a greater area than the shortest geometric path. ZTD is 
the total delay in the zenith direction of the GPS signals. ZHD and ZWD are the two parts 
that make up the ZTD. While ZWD is brought on by atmospheric water vapour, ZHD is 
the delay in the signal caused by dry gases such as oxygen, nitrogen, etc. While ZWD 
can be assessed by processing the GPS data using various processing techniques such as 
Precise Point Processing (Zumberge et al., 1997), ZHD can be computed depending on the 
atmospheric characteristics using empirical models and observation of Double Difference 
(Rocken et al., 1993). Finally, we can assess PWV in the specified time and space once we 
get the ZWD.

The motivation behind doing this research is to fill the gap of utilising GPS for the water 
vapour measurement in a country like Nepal where almost a significant portion of people 
rely on agriculture, which is directly affected by the precipitated water vapour. Accurate 
measurement of PWV can improve weather forecasting. 
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2. Materials And Methodology
Nepal has a vast geographical structure as well as vast climatic variation. The measurement 
of PWV in Nepal is significantly important in terms of knowing the atmospheric water 
vapour pattern. Our research focuses on Nepal’s high and low altitudes, including 
the grhi(low) and jmsm (high). These stations have been selected due to their distinct 
climatic and geographical characteristics, which allow researchers to analyze atmospheric 
conditions across different altitudes and regions.

2.1.  Data
GPS consists of 28 satellites distributed in different six orbital planes transmitting L-band 
radio signals of wavelength ranging from 19 cm to 22 cm. IGS (International GPS Service) 
network includes more than 100 global stations which provide orbit determination of 5cm 
accuracy. Radio waves when passing from the atmosphere get reflected and if ‘μ’ is the 
reflective index of light then the phase refractivity can be found (Kursinski et al., 2020)

N = 77.6 P/T + 3.73 105 Pw /T 2 – 4.03 ne /f 2              ……………...(1)

Where N is the refractivity which is (n-1)x106 and T is the temperature. P is total pressure 
and PW is partial pressure of water vapor in hectopascal. Here, the variable  the free electron 
density in electrons per cubic meter and the signal frequency in Hertz.

In this study we have used ground-based observation in this method dual dual-frequency 
signal is received at a ground-based receiver and is used to analyze the signal delay which 
determines the water vapour in the path from the GPS satellite and receiver (Bevis et al., 
1992; Businger et al., 1996; Rocken et al., 1993) 

For this study, we have taken ground-based receivers at high altitudes and low altitudes.

                                         

Figure 1: Map of Nepal with two station 
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Table 1: GPS station details:

Station Name Latitude Longitude Altitude

GRHI 27°57’03.6”N  82°29’27.6”E 729.3932 m

JMSM 28°48’18.0”N 83°44’34.8”E 3438.266 m

For this study, we have downloaded data from UNAVCO in RINEX format for 365 days 
and processed using GAMIT software. We then use different scripts to obtain the required 
data (Herring et al., 2002).

2.2 Method
Precipitate Water Vapor can be derived from GPS by the total delay of the GPS signal 
known as Zenith Total Delay which can be measured by the ground-based receiver (Bevis 
et al., 1992, 1994; Hagemann et al., 2003). GPS stations and GPS satellites are rarely in 
Zenith but the delay can still be measured using a mapping function (Niell, 1996). Where 
the mapping function is inversely proportional to the sine of the elevation angle; and ZTD 
is the sum of ZHD and ZWD.

ZTD = ZHD + ZWD                 ………………..(2)

where ZHD is Zenith Hydrostatic Delay

ZWD is Zenith Wet Delay

Zenith Wet Delay can range from a few millimetres to 350mm ranging from extremely dry 
conditions to extremely humid conditions and its primary cause is due to the permanent 
dipole moment of water vapour whereas the Zenith Hydrostatic Delay has a magnitude 
of roughly 2300mm and is linked to the atmosphere’s induced dipole moment. The ZHD 
can be computed as a function of the surface pressure pS at GPS antenna height, assuming 
hydrostatic equilibrium (i.e., the gravity force is balanced by the pressure gradient) 

ZHD = (2.2768 ± 0.0005) ps / f(f,H)...................................(3)

Where The dependency of gravity acceleration on surface height above the ellipsoid ‘H’ 
and latitude ‘ϕ’ is taken into account by f.

We can relate the PWV and ZWD and can be given by a conversion factor ∏:

PWV = ZWD Π = (ZTD–ZHD)Π..................................(4)

Also,
Π-1 = 10-6 ρH2O Rv ( C1 + TmC2)/Tm ......................................(5)

Where ρH2O is liquid water density
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 Rv is a specific gas constant of water vapour C1 & C2 are constant 
Tm is the weighted atmospheric mean temperature

from (Bevis et al., 1994) C1  =(3.739±0.012) 105 0K2 hPa-1 and  C2 =(22.1±2.2) 0K2 hPa-1 

And Tm can be calculated using the vertical profile of pressure, and temperature of water 
vapour and has a linear relationship with station temperature observation Ts.

Tm ≈ 70.2 + 0.7Ts...........................(6)

3. Result and Discussion 
The two GPS stations (i) GHRI and (ii) JMSM situated in the western part of Nepal at low 
and high altitudes have shown significant differences in precipitated water vapour amount.

Time-series result of GRHI
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From the above graph, we can observe that the maximum precipitated water vapour is seen 
in July ie  60.37 mm during the period of 8-10 am whereas the minimum PWV is obtained 
in December. Further, it is noted that in every month of 2011, the precipitated water vapour 
starts increasing from the dusk of the morning and reaches a maximum in the period of 
8-12 PM and then slowly decreases. We can also observe a similar pattern in the months 
that is the precipitated water vapour increases from January and reaches a maximum in 
July and then slowly decreases till December.
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Time series graph of JMSM
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From the time series of the jmsm station, the maximum precipitated water vapour is 
53.78 mm during the period of noon and the least maximum in January with precipitated 
water vapour of 5.75 mm during the period of 10-12 PM. A similar pattern is observed in 
the monthly analysis as the precipitated water vapour increases from January reaches a 
maximum in September and then starts decreasing till December.
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The monthly maximum PWV of both stations is shown in the following table:

Table 2:

Month GRHI Time JMSM Time	 Season
January 13.57 10 AM 5.75 10 AM Winter
February 17.8 10 AM 8.92 10 AM Winter
March 22.55 12 AM 14.80 12 PM Winter-Spring
April 29.27 12 PM 16.77 12 PM Spring
May 43.2 10 AM 22.19 12 PM Spring-Summer
June 56.25 10 AM 25.56 12 PM Summer
July 60.37 10 AM 27.05 10 AM Summer-Monsoon
August 55.40 12PM 58.01 8 AM Monsoon
September 39.76 12 PM 53.78 12 PM Autumn
October 27.25 10 AM 35.24 10 AM Autumn
November 18.19 12 PM 23.12 10 AM Autumn
December 11.26 12 PM 15.6 12 PM Winter

From Table 2 we can also observe that the maximum precipitated water vapour in the 
atmosphere is in the period between 10 AM to 12 PM throughout 2011 but in August the 
precipitated water vapour was maximum at 8 AM for JMSM station which may be due to 
the heavy rainfall in the month of July-September.

The graph illustrates that during the summer and monsoon seasons, the water vapour 
amount was at its highest; during winter, it recorded its lowest values. These increased 
pwv levels are due to orographic lifts in the mountain region; as air masses rise over hills 
and mountains, they cool down, causing condensation and precipitation (Serrano-Vincenti 
et al., 2022). The Terai is situated at the foothills of the Himalayas, adjacent to the Indo-
Gangetic Plains. This location allows it to receive moisture-laden winds from the Bay of 
Bengal. During the monsoon season, the combination of warm temperatures and abundant 
moisture leads to high PWV levels, which can result in longer heavy rainfall. This moisture 
can lead to increased humidity, affect local weather patterns, and play a crucial role in 
the monsoon season in Nepal. An increase in altitude results in the condensation of water 
vapour in the atmosphere, which eventually precipitates as dew on the ground. In addition, 
while moving from south to north and gaining altitude, the dry air from the Tibetan plateau 
decreases the PWV, thus causing it to decrease (Ichiyanagi et al., 2007). Another reason 
can be drawn from the topography of Nepal. The Hilly and Himalayan area consists of high 
mountains and ranges. Most of the seasonal winds are intercepted by these slopes, which 
block the water vapour from effectively reaching the hilly and mountainous areas (Barros 
& Lang, 2003).
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4. Conclusion 
The Indian summer monsoon contributes to over 80% of Nepal’s yearly precipitation. The 
intense rainfall in Nepal is primarily driven by humidity from the Arabian Sea (AS) and 
the Bay of Bengal (BoB) (Bohlinger et al., 2017; Boschi and Lucarini, 2019). As climate 
change progresses, the level of water vapour in the atmosphere is anticipated to rise, 
generating scientific curiosity about the effects of atmospheric water vapour on shifting 
moisture trends (Hoffmann et al., 2001). In this paper, The Terai lowland region showed a 
higher amount of precipitated water vapour from May to September, reaching its maximum 
in June and July. During that period, Nepal experiences monsoon rains. Conversely, the 
hilly region of Nepal gets noticeably less rainfall than the Terai from August to October, 
peaking in August and September.

From this research paper, we investigate the key things:

•	 Relatively less precipitated in the high altitude as compared to low altitudes 

•	 Great significance for indication for the prediction of rainfall and severe weather

•	 Factor affecting the moisture content how is  PWV pattern in the Himalayan region i.e. 
(topographic factor)

•	 The graph shows that there is a direct relationship between the PWV and monsoon 
rainfall.
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