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Abstract 

This research investigates the correlation between Precipitable Water Vapor (PWV), derived from Global 

Navigation Satellite System (GNSS) measurements, and rainfall during flood events in Chanthaburi, Surat 

Thani, and Songkhla, Thailand. Utilizing GPS-PWV and meteorological data collected from 2007 to 2016, the 

study reveals a significant increase in average PWV during flood events at CHAN, SRTN, and SOKA stations, 

suggesting its potential as an anticipatory indicator for impending rainfall. The robust correlation between 

PWV and rainfall patterns underscores the pivotal role of meteorological parameters in shaping PWV 

distribution. Categorized by flood events, consistent correlations were observed, with Case 1 (2009) showing 

correlation coefficients of 0.78 for CHAN, Case 2 (2010) displaying correlation coefficients of 0.70 for SRTN 

and 0.27 for SOKA, and Case 3 (2011) exhibiting correlation coefficients of 0.64 for SRTN and 0.71 for SOKA. 

These findings contribute valuable insights for precipitation forecasting and flood management, emphasizing 

the utility of PWV as a reliable tool. Future studies incorporating an expanded network of GNSS CORS stations 

aim to refine PWV distribution understanding for enhanced monitoring and prediction of precipitation events 

in the region. 
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1. Introduction 

Studying precipitable water vapor (PWV) in the 

atmosphere is crucial for monitoring climate change, 

the Earth's greenhouse effect, and predicting 

precipitation [1]. While various methods exist for 

determining atmospheric water vapor, such as 

meteorological satellites and radiosondes, they often 

suffer from poor temporal resolution and cost 

constraints [2][3] and [4]. Microwave radiometers 

face practical limitations in Thailand due to sparse 

station availability and measurement inconsistencies 

[5]. In contrast, GNSS-Meteorology, utilizing 

ground-based GNSS receivers, has emerged as a 

promising technique due to its affordability, all-

weather operability, high accuracy, extensive 

coverage, and continuous data accessibility [6]. 

Contemporary researchers are increasingly interested 

in conducting experiments to forecast extreme events 

based on variations in precipitable water vapor 

(PWV). Most extreme events, such as floods, heavy 

snowfall, cyclones, and droughts, can typically be 

identified through surface meteorological 

parameters, precipitation levels, shifts in wind 

direction, and other data. GPS-PWV observations for 

predicting extreme events have been ongoing since 

the early 20th century. Studies conducted in mid-

latitude regions have shown an increase in PWV 

concurrent with a decrease in temperature during 

heavy precipitation [7]. Additionally, research 

indicates a direct correlation between GPS-PWV and 

precipitation in South China [8]. However, 

investigations by [9] and [10] have demonstrated a 

high correlation between PWV and rainfall using 

GPS data over Peninsular Malaysia.  
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Nevertheless, these studies have noted discrepancies 

in results concerning PWV and rainfall trends, 

primarily due to variations in data resolution and 

study location. 

This study investigates the correlation between 

GNSS-derived PWV and heavy rainfall intensity to 

enhance understanding of local weather patterns, 

improve forecasting accuracy, and develop effective 

disaster management and water resource planning 

strategies. Initially introduced by [11], ground-based 

GPS stations are crucial in regional and local climate 

research [12]. Ongoing PWV research in Thailand, 

including time-series analysis [13], contributes to 

understanding monsoon onset and the impacts of El 

Niño–Southern Oscillation (ENSO) [14][15][16] 

[17]. The study by [18] found that areas with 

differing characteristics may experience varying 

flood probabilities under similar rainfall conditions. 

This underscores the importance of precise 

hydrological data for practical flood risk assessment 

and management. By leveraging GNSS 

measurements, particularly GPS-PWV data from 

Continuously Operating Reference Stations (CORS) 

managed by the Department of Public Works and 

Town & Country Planning, the study aims to 

establish PWV as a reliable indicator for anticipating 

rainfall and enhancing Thailand's resilience to 

flooding. 

 

2. Methodology 

2.1 Dataset and Location 

PWV Data: Precipitable Water Vapor (PWV) data 

were collected using Global Navigation Satellite 

System (GNSS) measurements, specifically from 

GNSS Continuously Operating Reference Stations 

(CORS) in the study areas. These stations include 

CHAN, SRTN, and SOKA, strategically located in 

Chanthaburi, Surat Thani, and Songkhla, 

respectively. The GNSS CORS stations provide 

precise and continuous PWV measurements based on 

the signals received from global navigation satellites. 

Rainfall Data: Rainfall data for the relevant periods 

were obtained from the Thai Meteorological 

Department (TMD) meteorological stations near 

GNSS CORS stations. This data served as reference 

data for analyzing the correlation between PWV and 

rainfall during flood events. 

 

 
Figure 1: Geographic locations of the meteorological stations and GNSS CORS stations utilized in this study. 

The figure was adapted from [15] 
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2.2 Time Period Selection 

The study will focus on specific flood events 

identified in Chanthaburi (CHAN), Surat Thani 

(SRTN), and Songkhla (SOKA). The selected time 

periods are Case 1 (2009) for CHAN between July 

19th and July 25th, Case 2 (2010) for SRTN and 

SOKA between October 26th and November 13rd, and 

Case 3 (2011) for SRTN and SOKA between March 

21st and March 30th. Additionally, one week before 

and after each flood event was considered for a 

comprehensive analysis. 

 

2.3 PWV Calculation 

In our study, Precipitable Water Vapor (PWV) 

calculation relies on Zenith Total Delay (ZTD) 

values obtained from GNSS measurements. We 

establish the relationship between ZTD and PWV 

using the Saastamoinen model [19], which considers 

atmospheric pressure, temperature, and water vapor 

content. Additionally, the Zenith Wet Delay (ZWD) 

is a crucial component in enhancing the accuracy of 

our calculations. Derived from the Precise Point 

Positioning (PPP) technique, the calculation of ZWD 

involves subtracting the Zenith Hydrostatic Delay 

(ZHD) from the ZTD. This parameter plays a pivotal 

role in our methodology, contributing significantly to 

the precision of our PWV calculations. Equation 1 

represents the calculation of ZWD: 

 

ZWD = ZTD – ZHD 

Equation 1 

 

The Zenith Hydrostatic Delay (ZHD) is a crucial 

component in our calculations. Its accuracy is 

improved by incorporating surface meteorological 

data, especially the mean temperature (Tm). By 

subtracting ZHD from ZTD, we obtain the Zenith 

Wet Delay (ZWD). This ZWD is then transformed 

into PWV using a function determined by the 

atmosphere's weighted mean temperature (Tm). This 

transformation allows us to provide a comprehensive 

measure of the vertical steam content above a 

receiver. Equations 2 show the calculations for ZHD 

and PWV. 
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Where Ps represents the surface air pressure (hPa),  

denotes the station latitude (rad), and H indicates the 

mean height above sea level (m). After determining 

the ZWD value from the relationship between ZTD 

and ZHD, PWV can be calculated using Equation 3. 

 

PWV = ×ZWD 

Equation 3 

 
1

6 '310 2w

m

k
R k

T


−

  
 = +   

  
 

Equation 4 

 

The factor  determined from Equation 4 depends on 

the weighted average temperature (Tm), where w is 

the density of liquid water, R is the specific gas 

constant of water vapor (461.525 JK-1kg-1), k'2 is 22.1 

K/hPa, and k3 is 3,739 K2/hPa. The Tm value is 

derived using an equation from [20]. In terms of data 

collection and processing, this study utilized rainfall 

data from the Thai Meteorological Department 

alongside Precipitable Water Vapor (PWV) data 

obtained from GNSS CORS stations across Thailand, 

as depicted in Figure 1. The analysis employed the 

Precise Point Positioning (PPP) technique. The 

Zenith Total Delay (ZTD) calculation utilized the 

Global Mapping function (GMF). According to [15], 

there is an explanation of the Precise Point 

Positioning technique (PPP) and Global Mapping 

Functions (GMF) used to determine the Zenith Total 

Delay (ZTD). 

 

3. Results 

3.1 Comparison of PWV during Flood Events 

Correlation coefficients (R) were computed to 

quantify the relationship between PWV and rainfall 

during the identified flood events. The correlation 

analysis was performed separately for each case, 

examining the stations (CHAN, SRTN, SOKA) to 

determine the strength and direction of the 

association between PWV and rainfall. By 

employing these methodologies, the study aims to 

provide a comprehensive understanding of the 

correlation between PWV and rainfall during flood 

events in the specified regions of Thailand, 

contributing valuable insights to flood prediction and 

management strategies. Table 1 illustrates the 

average Precipitable Water Vapor (PWV) levels one 

week before and after flood events at the SOKA and 

SRTN stations, revealing a substantial increase 

compared to the corresponding period in the previous 

year. This emphasizes the potential of PWV as a 

predictor of upcoming rainfall. Furthermore, the 

correlation between PWV variability during flood 

events and rainfall patterns emphasizes the influence 

of meteorological factors on PWV distribution. 

Notably, the consistent upward trend observed at the 

CHAN station highlights its significance, warranting 

further investigation to enhance understanding of 

PWV trends and facilitate improved detection of 

forthcoming rainfall events.  
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Table 1: Average PWV for one week before and after the flooding event 
 

Case Station 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

1 CHAN 59.30 58.31 63.24 62.86 62.56 60.50 62.08 62.36 60.23 - 

2 SRTN - 57.41 53.26 60.24 52.43 52.42 53.98 - - - 

 SOKA - - 56.84 58.92 56.30 54.33 55.39 - - - 

3 SRTN 50.04 48.08 53.17 45.09 58.61 - 40.76 43.59 42.37 36.90 

 SOKA - 49.21 55.24 49.50 56.76 - 38.54 45.94 37.43 35.50 
 

 
 

 

 

 

 

 

 

 

 

 

Figure 2: Correlation PWV-Rain at CHAN (Case1) 
 

 

In our study, Case 1 focuses on flood incidents in 

Chanthaburi province in 2009, explicitly examining 

PWV dynamics at the CHAN station. We observed a 

significant elevation in PWV levels leading up to the 

flooding event, suggesting increased atmospheric 

moisture content and potentially indicating an 

impending heavy rainfall episode. The alignment 

between PWV elevation and the subsequent flood 

event underscores the predictive value of PWV as a 

precursor to intense rainfall and flooding. 

Transitioning to Case 2 and Case 3, which involves 

flood events in Surat Thani and Songkhla provinces 

in 2010 and 2011, our analysis encompasses multiple 

stations in these regions. We identified a consistent 

pattern of heightened PWV levels preceding the 

flood events at stations in both provinces, reinforcing 

the robustness of our findings and underscoring the 

applicability of PWV as a predictive indicator for 

flood events in diverse geographical contexts. 

Additionally, the consistent correlation between 

PWV variability and rainfall patterns across both 

cases further underscores the meteorological 

influence on PWV distribution during flood events in 

these regions. Overall, our comprehensive analysis 

across multiple cases elucidates the consistent 

relationship between PWV levels and flood 

occurrences, providing valuable insights for 

enhancing flood prediction and disaster management 

strategies in Thailand. 

 

 

 

 

3.2 Correlation Analysis 

From Figure 2, for Case 1, focusing on the CHAN 

station in 2009, a strong positive correlation was 

observed between Precipitable Water Vapor (PWV) 

and rainfall. The correlation coefficient (R) was 

calculated to be 0.78, indicating a significant and 

direct relationship between PWV and rainfall during 

flood events in Chanthaburi Province. This robust 

correlation suggests that higher PWV values 

correspond to increased rainfall amounts during the 

specified period. Therefore, the analysis underscores 

the utility of PWV as a reliable indicator for 

anticipating rainfall occurrences, particularly during 

flood events in the Chanthaburi region in 2009. The 

cumulative rainfall map from the Naval Research 

Laboratory of the United States reveals a distinct 

cluster of rainfall over Trat and Rayong provinces. 

This cluster persists from July 20th to July 23rd and 

gradually diminishes on July 24th. This pattern 

indicates a localized and continuous precipitation 

event in the specified regions during the mentioned 

period (see Figure 3). 

In Case 2, the weak correlation coefficient of 0.27 

observed at the SOKA station in Songkhla indicates 

that localized meteorological conditions, such as 

topography, microclimate variations, and local 

weather patterns, may influence the PWV-rainfall 

relationship differently than other stations. 

Additionally, the La Niña event of 2010-2011, as 

studied by [16], may have contributed to these 

discrepancies, as La Niña can lead to significant 

rainfall without substantial anomalies, causing severe 

weather and floods in multiple areas.  
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Figure 3: Accumulated rainfall CHAN [21] 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Correlation PWV-Rain at SRTN-SOKA (Case2) 

 

Strategies to improve the accuracy of rainfall 

forecasting using PWV data include incorporating 

additional meteorological parameters like humidity, 

temperature, wind speed, and atmospheric pressure, 

localized model calibration, multi-station data 

integration, and advanced machine learning 

techniques. Real-time data, continuous updates, 

extensive cross-validation, and robustness testing can 

further enhance predictions. Collaborating with local 

meteorological agencies can refine models tailored to 

regional needs, improving flood forecasting and 

management efforts in Songkhla and similar regions. 

According to the cumulative rainfall map from 

the Naval Research Laboratory of the United States, 

there was a continuous clustering of rainfall in the 

southern region of Thailand, particularly notable 

from October 31st to November 2nd.  

During this period, a thick cluster of rainfall was 

observed in the lower southern provinces, including 

Yala, Narathiwat, Songkhla, Pattani, Phatthalung, 

and Satun. Subsequently, from November 3rd to 4th, 

the rainfall cluster persisted but shifted northward 

towards provinces like Nakhon Si Thammarat, Surat 

Thani, and Chumphon. Following this, the rainfall 

intensity gradually diminished, only to re-emerge as 

a thick cluster again around November 9th to 10th, this 

time in provinces such as Nakhon Si Thammarat, 

Surat Thani, Chumphon, Krabi, and Phang Nga. 

Despite intermittent reductions, the rainfall 

clustering remained consistent until the end of the 

month (see Figure 5). The accumulated rainfall maps 

the Naval Research Laboratory provided show a 

significant discrepancy compared to the observed 

local rainfall data, particularly in Figures 4 and 5.  
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Figure 5: Accumulated rainfall SRTN-SOKA CASE2 [22] 

 

While local data report high rainfall on DOY 305 

followed by a substantial drop, the Naval Research 

Laboratory's maps indicate sustained high rainfall 

from DOY 305 to DOY 309. This inconsistency may 

be attributed to the low resolution of the rainfall 

maps, which may not capture localized rainfall 

variations as accurately as ground-based 

measurements. Addressing this issue, our study 

emphasizes the necessity for enhanced data 

assimilation techniques and acknowledges the 

limitations of global models in reflecting localized 

rainfall patterns. This approach aims to provide a 

more nuanced discussion on the reliability and 

interpretation of rainfall data, which is crucial for 

hydrology research and practical meteorological 

applications. In Case 3, focusing on the SRTN station 

in Surat Thani and the SOKA station in Songkhla in 

the year 2011, the analysis revealed correlations 

between Precipitable Water Vapor (PWV) and 

rainfall during flood events. At the SRTN station in 

Surat Thani, a moderate correlation was observed, 

with a correlation coefficient (R) of 0.64, indicating 

a moderate association between PWV and rainfall. 

Conversely, at the SOKA station in Songkhla, a 

stronger correlation was identified, with a correlation 

coefficient (R) of 0.71, suggesting a more robust 

relationship between PWV and rainfall during flood 

events in 2011. These results, referring to Figure 6, 

highlight the variability in the strength of the 

relationship between PWV and rainfall across 

different stations in Surat Thani and Songkhla 

provinces during the specified year, emphasizing the 

influence of local meteorological conditions on 

precipitation dynamics during flood events. 
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Figure 6: Correlation PWV-Rain at SRTN-SOKA (Case3) 
 

 
Figure 7: Accumulated rainfall SRTN-SOKA CASE3 [23] 
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According to the cumulative rainfall map from the 

Naval Research Laboratory of the United States, 

towards the end of March, there was a significant 

clustering of rainfall observed, particularly notable 

from March 26th to March 29th. During this period, 

there was a dense cluster of rainfall in the lower 

southern region of Thailand. This clustering of 

rainfall was particularly thick, indicating a 

substantial accumulation of precipitation in the lower 

southern part of the country (see Figure 7). 

 

4. Discussion 

The investigation explored the relationship between 

Precipitable Water Vapor (PWV) and rainfall during 

flood events in Thailand. Table 1 highlights the 

average PWV levels one week before and after flood 

occurrences at the SOKA and SRTN stations, 

revealing a substantial increase compared to the 

corresponding period in the previous year. This 

significant elevation in PWV levels suggests its 

potential utility as a precursor to rainfall. The 

correlation between PWV variability during flood 

events and rainfall patterns also underscores the 

intricate interplay between meteorological 

parameters and PWV distribution. Notably, the 

consistent upward trend observed at the CHAN 

station aligns with the patterns seen at SOKA and 

SRTN, indicating its relevance in assessing PWV 

trends and forecasting rainfall events. Statistical 

analysis revealed significant correlations between 

PWV and rainfall, with correlation coefficients (R) of 

0.78 for CHAN, 0.70 for SRTN, and 0.71 for SOKA, 

highlighting PWV as a valuable indicator for 

anticipating impending rainfall. 

In the analysis of data from the SOKA station, 

Case 3 in 2011 shows a notably stronger correlation 

between PWV and rainfall compared to Case 2 in 

2010. This difference highlights that the weather 

conditions 2011 were more favorable for a clear 

relationship between PWV and rainfall. Possible 

factors include variations in weather patterns, 

atmospheric dynamics, and the influence of broader 

climatic phenomena like the prominent La Niña 

event during 2010-2011. According to [16], La Niña 

increased rainfall without significant anomalies, 

leading to severe weather and widespread flooding 

due to heavy precipitation. Additionally, local 

elements such as topography, microclimate 

variations, and specific weather patterns in Songkhla 

during these periods likely influenced these 

correlations. Addressing these differences in the 

conclusion and discussion sections stresses the 

importance of considering temporal and regional 

variations in meteorological factors when utilizing 

PWV data for effective flood prediction and 

management strategies. 

Addressing the limitations of this study involves 

recognizing potential sources of error in PWV 

measurement, including instrumental inaccuracies, 

data processing inconsistencies, and the spatial and 

temporal limitations of GNSS stations. Local factors 

such as topography, microclimate variations, and 

specific weather patterns in Songkhla also influence 

the PWV-rainfall relationship. Strategies to mitigate 

these challenges include enhancing data assimilation 

techniques, calibrating models to local conditions, 

integrating multi-station data, employing advanced 

machine learning, and incorporating real-time 

updates. Collaboration with local meteorological 

agencies is crucial to refining models and improving 

flood forecasting and management efforts. These 

efforts ensure a nuanced discussion on PWV data 

reliability, which is essential for hydrology research 

and meteorological applications. 

The variability in PWV during flood events 

underscores its potential as a tool for precipitation 

forecasting, enhancing flood management strategies. 

These findings offer actionable insights for 

policymakers and disaster management authorities to 

implement proactive measures based on PWV 

predictions. Future studies leveraging PWV could 

revolutionize precipitation forecasting in Thailand, 

providing timely information to protect lives and 

livelihoods. This research highlights PWV's critical 

role in understanding and addressing extreme 

weather challenges, paving the way for informed 

decision-making and climate-resilient development 

strategies. 

 

5. Conclusion 

This study demonstrates a significant correlation 

between Precipitable Water Vapor (PWV) and 

rainfall during flood events in the provinces of 

Chanthaburi, Surat Thani, and Songkhla, Thailand, 

using data from the Global Navigation Satellite 

System (GNSS). The findings support that PWV can 

be a reliable leading indicator for anticipating heavy 

rainfall. A marked increase in average PWV was 

observed during flood events at the CHAN, SRTN, 

and SOKA stations, highlighting PWV's potential as 

a predictive rainfall and flood management tool. The 

strong correlation between PWV and rainfall patterns 

underscores the critical role of meteorological 

parameters in determining PWV distribution, which 

is crucial for preparing for and responding to heavy 

rainfall and flooding events.  
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When analyzed by specific flood events, the 

correlation between PWV and rainfall remained 

consistent, with Case 1 (2009) showing a correlation 

coefficient of 0.78 for CHAN, Case 2 (2010) showing 

correlation coefficients of 0.70 for SRTN and 0.27 

for SOKA, and Case 3 (2011) showing correlation 

coefficients of 0.64 for SRTN and 0.71 for SOKA, 

affirming PWV's reliability as a meteorological 

parameter.  

These results suggest important implications for 

improving precipitation forecasting and flood 

management strategies in the studied regions. Future 

research should include a broader network of GNSS 

CORS stations across Thailand to enhance the 

accuracy of PWV distribution predictions, offering a 

more comprehensive tool for forecasting heavy 

rainfall and managing disaster response. The benefits 

derived from this research include improved rainfall 

prediction capabilities and preparedness for flood 

events, potentially reducing the economic and social 

impacts of flooding in Thailand. Additionally, using 

PWV as a predictive tool for rainfall has the potential 

to develop more effective early warning systems, 

enhancing safety and security for lives and property. 

 

Acknowledgments 

We acknowledge the MAPS research center under 

Department of Survey Engineering, Faculty of 

Engineering, Chulalongkorn University, the Faculty 

of Engineering and Architecture, Rajamangala 

University of Technology Suvarnabhumi, the 

Department of Public Works and Town & Country 

Planning (DPT), and the Thai Meteorological 

Department (TMD) for providing the GNSS data and 

rainfall data. Also, we would like to thank the GNSS 

Research Center, Wuhan University of China, for 

providing us with the PANDA Software for GNSS 

data processing. 

 

References 

 

[1] Wang, S., Xu, T., Nie, W., Jiang, C., Yang, Y., 

Fang, Z., Li, M. and Zhang, Z., (2020). 

Evaluation of Precipitable Water Vapor from 

Five Reanalysis Products with Ground-Based 

GNSS Observations. Remote Sensing, Vol. 

12(11). https://doi.org/10.3390/rs12111817. 

[2] Wang, J., Zhang, L. and Dai, A., (2005). Global 

Estimates of Water-Vapor-Weighted Mean 

Temperature of the Atmosphere for GPS 

Applications. Journal of Geophysical Research, 

Vol. 110(D21). https://doi.org/10.1029/2005JD 

006215. 

 

 

 

 [3] Elhaty, N. M., Abdelfatah, M. A., Mousa, A. E. 

and El-Fiky, G. S., (2019). GNSS Meteorology 

in Egypt: Modeling Weighted Mean 

Temperature from Radiosonde Data. 

Alexandria Engineering Journal, Vol. 58(2), 

443-450. https://doi.org/10.1016/j.aej.2019.04. 

001. 

[4] Zhou, C., Wang, J., Dai, A. and Thorne, P. W., 

(2021). A New Approach to Homogenize 

Global Subdaily Radiosonde Temperature Data 

from 1958 to 2018. Journal of Climate, Vol. 34, 

1163–1183. https://doi.org/10.1175/JCLI-D-20 

-0352.1. 

[5] Satirapod, C., Anonglekha, S., Choi, Y. S. and 

Lee, H. K., (2010), Performance Assessment of 

GPS-Sensed Precipitable Water Vapor in 

Thailand Using IGS Ultra-rapid Orbits: A 

Preliminary Study in Thailand. Engineering 

Journal, Vol. 15(1), 1-8. https://www.engj.org/ 

index.php/ej/article/view/129. 

[6] Rizos, C. and Satirapod, C., (2011). 

Contribution of GNSS CORS Infrastructure to 

the Mission of Modern Geodesy and Status of 

GNSS CORS in Thailand. Engineering 

Journal, Vol. 15(1), 25-42. https://engj.org/ 

index.php/ej/article/view/136. 

[7] Fadil, A. and Sari, D. B., (2006). Correlation 

between Precipitation Water Vapor and Rainfall 

Using Global Positioning System (GPS) 

Technique. Perrin, A., Ben Sari-Zizi, N., 

Demaison, J. (eds) Remote Sensing of the 

Atmosphere for Environmental Security. NATO 

Security through Science Series, Dordrecht: 

Springer, 271-284. https://doi.org/10.1007/978-

1-4020-5090-9_17. 

[8] Xie, Y., Wei, F., Chen, G., Zhang, T. and Hu, 

L., (2010). Analysis of the 2008 Heavy 

Snowfall Over South China Using GPS PWV 

Measurements from the Tibetan Plateau. 

Annales Geophysicae, Vol. 28(6), 1369-1376. 

https://doi.org/10.5194/angeo-28-1369-2010. 

[9] Suparta, W., Adnan, J. and Ali, M. A. M., 

(2012). Monitoring of GPS Precipitable Water 

Vapor During the Severe Flood in Kelantan. 

American Journal of Applied Sciences, Vol. 

9(6), 825-831. https://doi.org/10.3844/ajassp 

.2012.825.831. 

[10] Musa, T., Amir, S., Othman, R., Ses, S., Omar, 

K., Abdullah, K., Lim, S. and Rizos, C., (2011). 

GPS meteorology in a Low-Latitude Region: 

Remote Sensing of Atmospheric Water Vapor 

Over the Malaysian Peninsula. Journal of 

Atmospheric and Solar-Terrestrial Physics, 

Vol. 73(16), 2410-2422. https://doi.org/10.10 

16/j.jastp.2011.08.014. 



 

International Journal of Geoinformatics, Vol. 20, No. 11, November, 2024 

ISSN: 1686-6576 (Printed)  |  ISSN  2673-0014 (Online) | © Geoinformatics International 

10 

[11] Bevis, M., Businger, S., Chiswell, S., Herring, 

T. A., Anthes, R. A., Rocken, C. and Ware, R. 

H., (1994). GPS Meteorology: Mapping Zenith 

Wet Delays onto Precipitable Water. Journal of 

Applied Meteorology, Vol. 33(3), 379-386. 

https://doi.org/10.1175/1520-0450(1994)033< 

0379:GMMZWD>2.0.CO;2. 

[12] Liang, H., Cao, Y., Wan, X., Xu, Z., Wang, H. 

and Hu, H., (2015). Meteorological 

Applications of Precipitable Water Vapor 

Measurements Retrieved by the National GNSS 

Network of China. Geodesy and Geodynamics, 

Vol. 6(2), 135-142. https://doi.org/10.1016/j.ge 

og.2015.03.001. 

[13] Trakolkul, C. and Satirapod, C., (2021). 

Variations of Precipitable Water Vapor Using 

GNSS CORS in Thailand. Survey Review, Vol. 

53(376), 90-96. https://doi.org/10.1080/0039-

6265.2020.1713611. 

[14] Takiguchi, H., Kato, T., Kobayashi, H. and 

Nakaegawa, T., (2000). GPS Observations in 

Thailand for Hydrological Applications. Earth, 

Planets and Space, Vol. 52(11), 913-919. 

http://dx.doi.org/10.1186/BF03352305. 

[15] Trakolkul, C. and Satirapod, C., (2020). 

Analysis of PWV derived from the GNSS 

CORS stations for determining the onset of the 

southwest monsoon in Thailand. International 

Journal of Geoinformatics, Vol. 16(2), 71-78. 

https://journals.sfu.ca/ijg/index.php/journal/arti

cle/view/1821. 

[16] Trakolkul, C., Charoenphon, C. and Satirapod, 

C., (2022). Impact of El Niño–Southern 

Oscillation (ENSO) on the Precipitable Water 

Vapor in Thailand from Long Term GPS 

Observation. International Journal of 

Geoinformatics, Vol. 18(3), 13–20. 

https://doi.org/10.52939/ijg.v18i3.2197. 

 

 [17] Uang-Aree, P., Kingpaiboon, S. and Khuanmar, 

K., (2015). Determination of the Dates of the 

Southwest Monsoon in Northeastern Thailand 

from the Data on Precipitable Water Vapor 

Obtained by GPS. Russian Meteorology and 

Hydrology, Vol. 40(10), 647-657. https://doi. 

org/10.3103/S1068373915100027. 

[18] Breinl, K., Lun, D., Müller-Thomy, H. and 

Blöschl, G., (2021). Understanding the 

Relationship between Rainfall and Flood 

Probabilities Through Combined Intensity-

Duration-Frequency Analysis. Journal of 

Hydrology, Vol. 602. https://doi.org/10.1016/ 

j.jhydrol.2021.126759. 

[19] Saastamoinen, J., (1972). Contributions to the 

Theory of Atmospheric Refraction. Bulletin 

Géodésique (1946-1975), Vol. 105(1), 279-298. 

https://doi.org/10.1007/BF02521844. 

[20] Charoenphon, C., Trakolkul, C. and Satirapod, 

C., (2022). Performance Assessment of 

Weighted Mean Temperature Models Derived 

from AIRS and ERA5 Reanalysis for 

Calculating GPS Precipitable Water Vapor in 

the Thailand Region. Acta Geodaetica et 

Geophysica, Vol. 57, 661–675. https://doi.org/ 

10.1007/s40328-022-00397-1. 

[21] Record of flooding events in Rayong Province. 

Hydro-Informatics Institute. Available: 

https://tiwrm.hii.or.th/current/floodrayong_Jul

52.html. [Accessed Jan.17, 2024]. 

[22] Record of flooding events in the southern region 

(early November 2010). Hydro-Informatics 

Institute. Available: https://tiwrm.hii.or.th/curre 

nt/floodsouth_nov53.html. [Accessed Jan. 17, 

2024]. 

[23] Record of flooding events in the southern region 

(23 March - 3 April 2011). Hydro-Informatics 

Institute. Available: https://tiwrm.hii.or.th/curre 

nt/floodsouth_mar54.html. [Accessed Jan.17, 

2024].

 

 


