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ABSTRACT

The amount of water vapor is shown by precipitable water vapor. It is calculated from the
upper air data. In Thailand, the data were collected from four measuring stations located in
Chiang Mai, Ubon Ratchathani, Bangkok, and Songkhla during the years 1993-2014. The
relationship between the precipitable water vapor from the upper air data and the surface
data obtained from a mathematical model was investigated in this paper. The result showed
that the relationship had a relatively high level of reliability. The precipitable water vapor was
nearly equal to the value from the model. The precipitable water vapor from 85
meteorological stations across the country was calculated from the model. The result showed
that seasonal change of the precipitable water vapor was low in the dry season (November-
April) and high in the rainy season (May-October). In addition, precipitable water vapor was
varied along the latitudes of the stations. For low latitudes, the high value was obtained, but
it was low for high latitudes.
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1. Introduction

The troposphere, which is the lowest layer of Earth's atmosphere, consists of gas, water
vapor and aerosols. It is about 10-12 kilometers from the earth's surface. It has a lot of water
vapor that is a major cause of many meteorological phenomena. Climate change and
variability are easy. Although, water vapor has a small amount, it has a great impact on the
weather and climate [1]. Due to the water in the air can change back and forth in all three
states, a mechanism of receiving and emitting energy can drive climate change [2]. Water

vapor is a greenhouse gas. Naturally, it is approximately 60 percent of all greenhouse gases
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in the atmosphere [3-6]. It has the ability to absorb infrared radiation emitted from the Earth.
It is one of the most important variables in the reduction of solar radiation through the
atmosphere to the surface of the Earth. The water vapor can absorb more than 10% of solar
radiation traveling through the atmosphere, while the amount of absorption depends on the
water vapor in the atmosphere [7-9]. Water vapor is a part of the water cycle. Not only it is
the carrier and heat dissipation for the atmosphere and surface, but also it has the ability to
trap heat, keeping the temperature of the Earth warm, suitable for living organisms [10-11].
Normally, the amount of water vapor in the atmosphere is shown in the form of precipitable
water vapor in terms of the height of the water column of the atmosphere in centimeters.
Therefore we assume that the vapor inserted in the column of the atmosphere is condensed
into water [7, 12]. In Thailand, there is no direct measurement. However, it was found that
water vapor quantity is closely related to the relative humidity and the ambient temperature.
When the required water vapor data are scarce, the use of empirical models is a common
practice [5, 7, 13-14]. In this study, the objective was to determine the amount of water vapor
in the troposphere over Thailand using surface data. The location, time, and season affecting

the data distribution were also investigated.

2. Methodology

The relative humidity and air temperature from the upper air data are used. In Thailand,
there are 4 meteorological stations: Chiangmai (18.78 °N, 98.89 °E), Ubon Ratchathani
(15.25 °N, 104.86 °E), Songkhla (7.2 °N, 100.6 °E) and Bangkok Meteorological Department
(13.73 °N, 100.56 °E). The upper air data was used at various pressure levels, which was
the daily data during the years 1993 to 2014. Theoretical calculation of water vapor from

upper air data is derived from the following equation.

n M
W = —4AP| 1
;pg| |' R

where w is precipitable water vapor (cm), M, is a mixing ratio at any pressure level, g

is the acceleration due to gravity of the Earth (986.665 cm/sz), P is the density of water

(g/cm3), and P, is the atmospheric pressure at the surface level (mbar).
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A relationship between air temperature and relative humidity was investigated, which
was the surface data at the same station and the same time period in a mathematical model.
The model was tested using data from 2015, which was an independent data not used to
generate. Model performance was determined in terms of root mean square error (RMSE)

and correlation coefficient (R).

3. Result and Discussion

Precipitable water vapor was consistent at all stations. It was very high at a pressure
of 850 mbar or at an altitude of about 1.48 km. At an altitude of less than 2 km, there was
a low cloud that consisted of a water vapor that was covered by a wide area. It accounted
for 41.95 percent of the water vapor in the atmosphere. The precipitable water vapor at
Songkhla station was the highest, followed by Bangkok station, Ubon Ratchathani and
Chiang Mai stations, respectively. It decreased when the altitude increases for all stations.
It rapidly dropped to near zero at an altitude of more than 10 kilometers [5-6,13]. The result
is shown in the Figure 1. The performance of the humidity sensor of the meter does not

work at low temperatures, as shown in Figure 2.
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Figure 1 Average precipitable water vapor during the year 1993-2014 from the upper

air data of 4meteorological stations at various altitudes above the ground
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Figure 2 Precipitable water vapor, temperature and relative humidity from upper air

data which is the average during the years 1993 to 2014.

The precipitable water vapor obtained from the upper air data of four station was
compared with the temperature and relative humidity, which was the surface data at the
same station and the same time. The results showed that data were correlated in
mathematical model. The correlation coefficient (Rz) was 0.891. Relationships was fitted as

the following equation.
w = exp(0.13546t + 0.018019Rh - 0.000378Ps - 2.1508) (2)

where w is the precipitable water vapor (cm), t is the air temperature (°C), Rh is relative

humidity (%), and Ps is the pressure of water vapor in saturated air [7].
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The model was retested with independent data, which had never been used in the
modeling by using the data of year 2015 of the same stations to verify the accuracy of the
model. This result was compared to that reported by Okulov et al. [5], Adeyemi [13] and
Leckner [14] based on the relationship between surface temperature and relative humidity,
which was the same data at the same time. The actual value of the upper air data were
compared. The diagonal line represents the reference where the precipitable water vapor
from upper air data was corresponding to the precipitable water vapor obtained from the
model in this research. It was found that the precipitable water vapor obtained from the upper
air data was close to that obtained from the research model. The RMSE was 0.528 cm and
the correlation coefficient (RZ) was 0.851, which were in good agreement than other methods

(as shown in Figure 3).
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Figure 3 Comparison of observed and estimated precipitable water vapor various
models, using average monthly of the year 2015. The 1:1 line is shown in

reference.

Equation (2) was used to calculate the precipitable water vapor from monthly average
of the surface data (temperature and humidity) in during the years 1993-2014 of eighty-five
nationwide stations. The study showed that precipitable water vapor was varied throughout

the year from 2.592 to 5.779 centimeters. The yearly average of precipitable water vapor
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over the country was found to be 4.672+0.731 cm. The precipitable water vapor was quite
high in rainy season (May to October), and decreased in the dry season (November to April).
The result is shown in the following Figure 4. In addition, water vapor has changed the
location and month of the year, consistent with Okulov et al. [5], Leckner [14] and Zhai and
Eskridge [[15, found that the amount of water vapor depended on the surface data and the
seasonal changes. When studying changes according to latitude, It was found that
precipitable water vapor was inversely proportional to latitude. Precipitable water vapor was
high in the South and low in the North, which were similar to what Okulov et al. [5], Adeyemi
[13] and Zhai and Eskridge [ [15reported. There were high values for low latitudes and low
values at high latitudes, precipitable water vapor slowly increased from the North region to

the South region.
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Figure 4 Seasonal variation of the precipitable water vapor using the monthly average
of 85 stations during the year 1993-2014, while the error bars on dots denote

the standard deviation for each one of mean.

4. Conclusion

From the importance of the amount of water vapor in the atmosphere that affecting
weather and climate changes and influencing the intensity of solar radiation found that the
water vapor in the atmosphere was inversely proportional to the height above the ground. It

was very high at altitudes below 2 kilometer. It then decreased and approached zero when
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the height increased. This research has calculated the amount of water vapor from relative
humidity and temperature from upper air data of the four stations. The values of the
correlation analysis of the temperature and relative humidity from the surface data were
measured at the same station. Analysed results of analysis of precipitable water vapor
showed a relationship with the surface data, which can be written in terms of mathematical
models. By testing model using independent data and linear regression, demonstration of
the strong linear relationship between these variables was displayed. The surface data
(temperature and relative humidity) from eighty-five stations across the country were used
and applied to the model to calculate the picipitable water vapor. The simulation results
showed that the precipitable water vapor was changed by the time of the year which
displayed high values in the rainy season from May to October, and low values in the dry
season from November to April. It is also found that the precipitable water varied with
latitudes of the stations. The precipitable water vapor was high in the South and low in the
North.
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