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Abstract —The variation of tropopause height was shown can 

be lead to changes in weather conditions and also be used as 

among indicators for climate change activities. Therefore, there 

are various study was conducted a way to estimate the 

tropopause location for these purposes through atmospheric 

profiling from the data collection by various satellite missions. 

Thus, the recent year shows that the importance of Radio 

Occultation (RO) data collected by GPS-LEO satellite which 

has high accuracy data for atmospheric profiling measurement. 

Furthermore, the RO sounding which are processes from the 

bending angle profiling using Abel Transform that also 

correlated with the refractivity profile from the atmosphere 

layer structure. Due to the sensitivity of RO data towards the 

atmosphere condition and the different refractivity of 

atmosphere layer due to the water vapor content, so these 

studies has been conducted to determine the tropopause location 

by using the refractivity profile from the space-based station. 

The vertical resolution data used in this study was collected 

from 2016 to 2019 from the GRACE and METOPA satellite 

mission. The tropopause determination using the refractivity 

profile then has been validated with the current method used 

such CPT and LRT which define by WMO. The average value 

of the tropopause distribution has been measured by the latitude 

zone for both hemisphere and it shows that the good correlation 

of refractivity profile for tropopause determination with the 

standard deviation of 0.07951. Thus, from the whole research 

analysis conducted, the high precision of measurement for 

tropopause height location at the lower latitude and mid latitude 

while lower precision measurement in a high latitude >60⁰ due 

to the double tropopause layer. 
 
Index Terms—GPS-RO, tropopause, refractivity, linear 

regression 

I. INTRODUCTION 

The troposphere is a layer of the active mixing 

characterized by intensive vertical motions and it is the 

densest part of the Earth atmosphere containing almost all 

water vapor (99%), clouds, and precipitation of 

atmosphere [1]. Known, that the Tropopause is the 

boundary layer between the troposphere and the 

stratosphere and the transmission of water vapor and 

other trace constituents to the tropical tropopause affects 

their concentration and distribution in the stratosphere [2], 

[3]. Therefore, the minor changes in water vapor can 

drive significant changes in the climate below by 

modifying the global radiation budget [4], [5]. The 
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location of tropopause in atmosphere layer was varying 

due to the global temperature variation related to human 

activities. Hence, the large vertical temperature gradients 

for above and below tropopause layer act as a strong 

constraint on the tropopause height variability that can 

cause such phenomenon like El Nino [6]. It can be 

defined based on the chemical composition of the 

atmosphere make use of the fact that the tropopause is 

associated with sharp gradients in trace gases [7]. While 

the tropopause also can be defined based on critical 

values of isentropic potential vorticity (PV) and variation 

thereof [7].  

There are various methods and definition used to 

identify the variation of tropopause in the recent study. 

Cold Point Tropopause (CPT) and Lapse Rate 

Tropopause (LRT) used by World Meteorological 

Organization (WMO) to measure the tropopause height 

[8], [5]. The CPT defined as the coldest point of 

temperature due to the convection activity where the 

temperature varies with height. It also referred to the 

cross tropopause flux of water vapor in the tropics and 

affected by radiative heating of the stratosphere [9], [10]. 

The transport of water vapor from troposphere to 

stratosphere layer is a great extent controlled by the 

temperature at CPT [11]. While the LRT called thermal 

tropopause from global distributed vertical profiles, 

which the tropopause height is the lowest level that the 

lapse rate is less than 2K/km for a depth of at least 2km 

[12], [9]. This method was not suitable to use for a 

subtropical and polar region that presence double 

tropopause [9]. Besides using the temperature as an 

indicator of tropopause location, the bending angle from 

an occultation data also can use to determine the 

tropopause height by using covariance transform method 

[10]. 

The data used in the research study of tropopause 

variation also play an important role in order to get an 

accurate determination method. Radiosonde data has been 

used by researchers so many years ago in atmospheric 

studies. However, this type of data has a weaknesses and 

limitation which is it have a low vertical resolution of 

data and also limited radiosonde observations over small 

populated area such as deserts, north and south poles, 

seas and oceans and etc. The Radio Occultation (RO) 

from GPS LEO satellite has recently been used as a 

remote sensing technique for measuring the earth 

atmosphere [13]. GPS-RO data provided active limb 
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sounding measurements of the Earth’s atmosphere with a 

high 

vertical resolution [14], [9] and also have a global 

distribution for both southern and northern hemisphere. 

The data varies vertically with altitude from lower level 

0.1 to 40 km which is up to stratosphere layer. Long term 

stability enables data from different missions to be 

combined without inter-calibration [10]. This RO data 

provided the atmospheric profile such as refractivity, 

bending angle, pressure, temperature and also the 

atmospheric density.  

Therefore, the understanding of the tropopause 

trending is very important in climate change study 

especially to understand the tropical cyclone activity in 

future study 

II. METHODOLOGY 

A. GPS Radio Occultation Data 

The GPS Radio Occultation (RO) is the technique for 

sounding Earth’s atmosphere that has been demonstrated 

with the proof of concept by GPS/MET experiment in 

1995 to 1997, and continuous observation is available 

since 2001 till present [15]-[17]. The several mission 

launched by the Jet Propulsion Laboratory (JPL) [18] 

proved that the RO concept which sounded the earth has 

the capability to observe the Earth’s atmosphere [16] with 

the high accuracies of measurement with the vertical 

resolution is better than 1km [2]. Therefore, in recent 

years there are much research has been conducted 

utilizing the RO data collected from the various GPS-RO 

satellite mission for their research study especially in 

monitoring and observing the Earth’s atmosphere 

activities. Furthermore, GPS-RO has been proven as a 

climate change and weather prediction tools with high 

accuracy, high vertical resolution, full global coverage, 

suitable for all weather which not affected by cloud, rain 

and even aerosol and with an independent height and 

pressure profile [16]. The RO technique is based on the 

atmospheric refraction phenomenon, which occurs when 

a GPS/GNSS signal penetrates the Earth’s atmosphere 

and is then received by low-earth orbit (LEO) satellites 

behind the earth [19]. Table I below shows the satellite 

GPS-RO mission with a year of mission and the total 

number of occultation activities. 

TABLE I: GPS-RO SATELLITE MISSION 

GPS-RO mission Years Total atmosphere 

Occultation 

GPS/MET 1995-1997 5002 

CHAMP 2001 - 2008 468029 

SAC-C 

GRACE 

METOP A 

2002 – 2006 

2002 - 2017 

20016 - 2021 

353944 

565148 

2942250 

 

GRACE-RO data with a high vertical resolution from 

0 to 60km covered troposphere and stratosphere layer has 

been used in this study. GRACE gravity satellite program 

was jointly developed by the National Aeronautics and 

Space Administration (NASA) of the United State and 

the German Aerospace Centre (DLR) with the objective 

of providing spatiotemporal variations of the earth gravity 

field and also the atmosphere and ionosphere 

environment detection [20], [21]. The measurement of 

GRACE and Metop A satellite are based on the two 

carrier phase measurement between two satellites with L1 

and L2 frequency respectively [5]. In this study, the radio 

occultation data from GRACE satellite mission with the 

second layer data processed that has been extracted from 

Jet Propulsion Laboratory (JPL) data respository used to 

measure tropospause height. Fig. 1 below shows the 

global distribution of space-based station for the year of 

2016 to 2017. 

 
Fig. 1. The global distribution of GRACE –RO data 

In this research analysis the set of data from GRACE 

mission has been used to develop the measurement while 

Metop A used for validation purposes. 

B. Tropopause 

The tropopause can be identifying based on the term of 

Cold Point Temperature (CPT) and Lapse Rate 

Temperature (LRT) by World Meteorology Organization 

(WMO). The LRT can be define as the lowest level at 

which the lapse-rate decrease to 2°C/km or less, provided 

that the average lapse-rate between this level and all 

higher level within 2km does not exceed 2°C/km [3]. 

Tropopause height was determined which that the lapse 

rate is calculated as Eq. (1) below [22]; 
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This common definition of tropopause identification 

by LRT have weaknesses which the thermal criterion is 

that leads to ambiguities in the presence of multiple stable 

layers, which sometime occur in the jet stream region 

[22], [23]. Thus, the characteristics of tropopause layer as 

a boundary between troposphere and stratosphere layer 

which also has chemical constituents such as water vapor, 

and ozone [24]. It can be taken into account as an 

indicator for the sensitivity of atmospheric refractivity 

toward the content of water vapor in this region [25]. The 

tropopause location also varies depending on the location 

and latitude. It has a lower tropopause height at the high 
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latitude region while the tropopause altitude will increase 

near to equatorial zone. the high altitude also occur above 

the sea compared to the land area due to high content of 

water vapor in the troposphere layer due to convection 

proses in the air [24]. 

C. Method Approach 

In this study, the new approaches have been proposed 

to identify or estimate the tropopause location by using 

the atmospheric refractivity profile. Therefore, from the 

curve of refractivity profile, the linear regression 

technique has been implemented to fine the linear 

equation of the graph as shows in Fig. 2 below: 

 
Fig. 2. The linear regression for refractivity profile curve. 

The covariance transform technique was able to use to 

identify the transition of atmospheric boundary layer. 

[10]. Therefore, the covariance linear transformation has 

been develop refer to Eq. (2) below: 

 

                                  (2) 

 

where, Zd and Zt is the lower and upper limit of data 

profile which 1km to 60 km respectively. The a and b is a; 

inear function of data profiling, while n is a gradient 

function which in this study 37km was used. The Φ 

parameter was tuning based on the latitude zone vertical 

scale value which identified from the reflection signal 

observed [26]. 

III. ANALYSIS 

The vertical resolution data from the GRACE and 

MetopA mission was used to evaluate the tropopause 

determination using a refractivity profile. This data 

distribution divided by three latitude zone which is 

tropical (0° to 30°), sub-tropical (30° to 60°) and high 

latitude near polar (60° to 90°) for southern and northern 

hemisphere respectively. Fig. 3 shows the tropopause 

height determination for the 47°S, 178°W which the data 

is on the south pacific ocean surface. With a strong 

temperature profile distribution, it is easy to determine 

the tropopause level through the CPT method. However, 

as reported by NOAA (National Oceanic and 

Atmospheric Administration) that 2016 is the warmest 

year compare to the previous resulting of the El Nino 

phenomenon. The warm surface of the ocean that leads to 

the convection process that can produce a large amount of 

water vapor contained in the atmosphere which definitely 

will affect the refractivity profiling through the 

atmosphere layer [24]. The result of analysis shows that 

the identification of tropopause layer by using refractivity 

profile was consistent with a very small standard 

deviation value of 0.02. 

 
Fig. 3. Tropopause measurement using the CPT and LRT method.  

Fig. 4 shows the global average distribution of 

tropopause height measurement over the year of 2016 to 

2019 using CPT definition and new method. In this study, 

the double tropopause layer has been eliminated by using 

the LRT definition which lower LRT has been selected as 

a reference to identify the tropopause layer. Based on 

observation through this study, it shows that the 

significance of assumption with the lower bias. From the 

analysis, there is no significant difference in tropopause 

measurement between these two methods with a small 

rms value of 0.025. 

 
Fig. 4. The tropopause height distribution using LRT and ɷ(N) 

measurement 

Refer to the Table II, the highest tropopause layer is at 

18.8 km above in the middle of the Atlantic ocean with 

the location coordinate is 25.34°N, 36.4°W while the 

lowest tropopause height recorded as 7km at the location 

of 84.18°S 96.68°E which is above the Antarctic. 
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TABLE II:   THE MEASUREMENT OF COMPARISON TROPOPAUSE 

DETERMINATION BETWEEN THE NEW METHOD AND LRT 

 
 

For the evaluation performance of measurement, the 

error mean bias was calculated from the difference 

between population mean of measurement toward the 

reference or true value [27]. Thus, the accuracy also been 

calculated from the error bias of measurement as shown 

in Table III. 

TABLE III: THE BIAS MEAN VALUE, µ AND STANDARD DEVIATION (SD) 

OF MEASURING ERROR BETWEEN TREF AND CPT METHOD FOR AN 

LATITUDINAL ZONE WITH AN INTERVAL OF 10° 

Latitude 

zones 

80N-

90N 

70N-

80N 

60N-

70N 

50N-

60N 

40N-

50N 

30N- 

40N 

20N-

30N 

10N-

20N 

0- 

10N 

µ 0.03 0.045 0.073 0.061 0.052 0.006 0.04 0.02 0.009 

SD 0.008 0.023 0.057 0.033 0.016 0.016 0.004 0.013 0.008 

MSE 0.009 0.025 0.063 0.036 0.019 0.016 0.006 0.014 0.015 

Latitude 

zones 
80S-

90S 

70S-

80S 

60S-

70S 

50S- 

60S 

40S-

50S 

30S- 

40S 

20S- 

30S 

10S- 

20S 

0- 

10S 

µ 0.075 0.13 0.09 0.029 0.065 0.0385 0.02 0.006 0.035 

SD 0.025 0.034 0.041 0.012 0.013 0.016 0.013 0.008 0.010 

MSE 0.031 0.05 0.049 0.013 0.029 0.018 0.013 0.008 0.012 

 

The mean error bias, the standard deviation of data 

sampling, and mean square error was determined for the 

each of latitudinal zone with an interval of 10° for the 

north and south hemisphere respectively as shows in 

Table III. The lowest mean error bias is 0.006 at the 30N-

40N zone, while 0.073 is the highest mean bias at the 

60N-70N zone for the northern hemisphere. However, the 

lowest mean bias for the Southern hemisphere stated that 

0.006 at the 10S-20S, and the highest value is 0.13 for the 

70S-80S zone area. Definitely, from an observation the 

highest mean error is located at the higher latitudinal zone 

which above 60°. Probably it may cause by the double 

tropopause layer which normally occurs in the subtropical 

region [9]. Thus, the total mean square error value for the 

annual distribution of 2016 and 2017 is 0.027 and 0.031 

respectively. 

Fig. 5 below shows the average tropopause height 

distribution of the latitudinal zone for the year 2016 to 

2019 that was using the refractivity profile. From the 

distribution trend, it shows that the correlation between 

the global temperature and tropopause height trend due to 

the changes in water vapor concentration in the 

atmosphere layer and the convection activity. The 

average highest level of tropopause layer for 2018 is 

18.41km while 18.4km in 2019, 17.85km in 2016 and 

17.34km height in 2017 which all in the equatorial zone. 

The lowest tropopause layer has been found above the 

antarctic ice shield which 7.627km in 2017 that slightly 

higher compared to a year 2016, 2018 and 2019. The 

average bias between these years is about 0.722. 

 
Fig. 5. The average of tropopause height distribution based on the 

latitudinal variation for 2016 to 2019 

IV. CONCLUSION 

The Global distribution of tropopause height can be 

determined by using a refractivity profile from the radio 

occultation data. The bottom atmosphere structure is 

formally known as a key indicator of the global climate 

change activity in which all the air current activity occurs 

in this troposphere layer. In this study, the evaluation of 

measurement has been performed by comparing with the 

existing method use to estimate tropopause by using the 

CPT. From the analysis, the lower value of mean square 

error shows that the high accuracy of tropopause 

identification by using a refractivity profile. This 

measurement also has an advantage compared to the CPT 

and LRT to identify the tropopause layer in the subtropic 

region. Therefore, the data assimilation process has been 

conducted well and can be used as one of the climate 

change indicators in the future. 

ACKNOWLEDGMENT 

We would like to thank Postdam to providing 

GRACE-RO mission data via their URL link of isdc-

old.gfz-postdam.de. The Ministry of Higher Education, 

Malaysia and the National University of Malaysia as a 

funder of my research study. 

 

Journal of Communications Vol. 17, No. 2, February 2022

©2022 Journal of Communications 153



CONFLICT OF INTEREST 

The authors declare there is no conflict of interest. 

AUTHOR CONTRIBUTION 

Rohaniza M. Zali: Conducted the research, Data 

collection, Conception of the work, Data analysis and 

interpretation, drafting the article, Final approval of the 

version before publishing 

Mandeep J. S: Critical revision of the article, Final 

approval of the version before publishing 

REFERENCES 

[1] A. R. Ivanova, “The tropopause: Variety of definitions and 

modern approaches to identification,” Russ. Meteorol. 

Hydrol., vol. 38, no. 12, pp. 808–817, 2013. 

[2] J. M. Astudillo, L. Lau, Y. T. Tang, and T. Moore, “A 

novel approach for the determination of the height of the 

tropopause from ground-based GNSS observations,” 

Remote Sens., vol. 12, no. 2, 2020. 

[3] E. M. Maddox and G. L. Mullendore, “Determination of 

best tropopause definition for convective transport 

studies,” J. Atmos. Sci., vol. 75, no. 10, pp. 3433–3446, 

2018. 

[4] T. Xian and C. Homeyer, “Global Tropopause Altitudes in 

Radiosondes and Reanalyses,” Atmos. Chem. Phys. 

Discuss., pp. 1–27, 2018. 

[5] Noersomadi and T. Tsuda, “Comparison of three retrievals 

of COSMIC GPS radio occultation results in the tropical 

upper troposphere and lower stratosphere 2. Aeronomy,” 

Earth, Planets Sp., vol. 69, no. 1, 2017. 

[6] C. Varotsos, M. Efstathiou, and C. Tzanis, “Scaling 

behaviour of the global tropopause,” Atmos. Chem. Phys., 

vol. 9, no. 2, pp. 677–683, 2009. 

[7] T. G. Shepherd, “Issues in stratosphere-troposphere 

coupling,” J. Meteorol. Soc. Japan, vol. 80, no. 4 B, pp. 

769–792, 2002. 

[8] F. Vespe, R. Pacione, and E. Rosciano, “A novel tool for 

the determination of tropopause heights by using GNSS 

radio occultation data,” Atmos. Clim. Sci., vol. 07, no. 03, 

pp. 301–313, 2017. 

[9] T. Han, J. Ping, S. Zhang, and G. Yang, “A new method to 

determine the tropopause,” Adv. Polar Sci., vol. 24, no. 3, 

p. 183, 2013. 

[10] H. W. Lewis, “A robust method for tropopause altitude 

identification using GPS radio occultation data,” Geophys. 

Res. Lett., vol. 36, no. 12, pp. 1–5, 2009. 

[11] J. Kim and S. W. Son, “Tropical cold-point tropopause: 

Climatology, seasonal cycle, and intraseasonal variability 

derived from COSMIC GPS radio occultation 

measurements,” J. Clim., vol. 25, no. 15, pp. 5343–5360, 

2012. 

[12] WMO (World Meteorological Organization), 

“Meteorological at all modern meteorological stations the 

precision instruments of,” WMO Bull., vol. 6, no. 4, 1957. 

[13] G. A. Hajj, E. R. Kursinski, L. J. Romans, W. I. Bertiger, 

and S. S. Leroy, “A technical description at atmospheric 

sounding by GPS occultation,” J. Atmos. Solar-Terrestrial 

Phys., vol. 64, no. 4, pp. 451–469, 2002. 

[14] Z. Zeng, S. Sokolovskiy, W. S. Schreiner, and D. Hunt, 

“Representation of vertical atmospheric structures by radio 

occultation observations in the upper troposphere and 

lower stratosphere: Comparison to high-resolution 

radiosonde profiles,” J. Atmos. Ocean. Technol., vol. 36, 

no. 4, pp. 655–670, 2019. 

[15] A. K. Steiner, B. C. Lackner, F. Ladstdter, B. Scherllin-

Pirscher, U. Foelsche, and G. Kirchengast, “GPS radio 

occultation for climate monitoring and change detection,” 

Radio Sci., vol. 46, no. 6, pp. 1–17, 2011. 

[16] R. A. Anthes, “Exploring earth’s atmosphere with radio 

occultation: Contributions to weather, climate and space 

weather,” Atmos. Meas. Tech., vol. 4, no. 6, pp. 1077–1103, 

2011. 

[17] E. R. Kursinski, G. A. Hajj, J. T. Schofield, R. P. Linfield, 

and K. R. Hardy, “Observing Earth’s atmosphere with 

radio occultation measurements using the global 

positioning system,” J. Geophys. Res. Atmos., vol. 102, no. 

19, pp. 23429–23465, 1997. 

[18] T. P. Yunck, C. H. Liu, and R. Ware, “A history of GPS 

sounding,” Terr. Atmos. Ocean. Sci., vol. 11, no. 1, pp. 1–

20, 2000. 

[19] W. Bai, et al., “Applications of gnss‐ro to numerical 

weather prediction and tropical cyclone forecast,” 

Atmosphere (Basel)., vol. 11, no. 11, 2020. 

[20] Y. Kuleshov, S. Choy, E. F. Fu, F. Chane-Ming, Y. A. 

Liou, and A. G. Pavelyev, “Analysis of meteorological 

variables in the australasian region using ground- and 

space-based GPS techniques,” Atmos. Res., vol. 176–177, 

pp. 276–289, 2016. 

[21] D. Jiang, J. Wang, Y. Huang, K. Zhou, X. Ding, and J. Fu, 

“The review of GRACE data applications in terrestrial 

hydrology monitoring,” vol. 2014, 2014. 

[22] T. Reichler, M. Dameris, and R. Sausen, “Determining the 

tropopause height from gridded data,” Geophys. Res. Lett., 

vol. 30, no. 20, pp. 1–5, 2003. 

[23] A. Ebel, H. Elbern, J. Hendricks, and R. Meyer, 

“Stratosphere-troposphere exchange and its impact on the 

structure ot the lower stratosphere,” Earth, Planets Sp., vol. 

48, no. 1, pp. 135–144, 1996. 

[24] Y. Zhang, J. Xu, N. Yang, and P. Lan, “Variability and 

trends in global precipitable water vapor retrieved from 

COSMIC radio occultation and radiosonde observations,” 

Atmosphere (Basel)., vol. 9, no. 5, 2018. 

[25] T. Rieckh, B. Scherllin-Pirscher, F. Ladstädter, and U. 

Foelsche, “Characteristics of tropopause parameters as 

observed with GPS radio occultation,” Atmos. Meas. Tech., 

vol. 7, no. 11, pp. 3947–3958, 2014. 

[26] I. M. Brooks, “Finding boundary layer top: Application of 

a wavelet covariance transform to lidar backscatter 

profiles,” J. Atmos. Ocean. Technol., vol. 20, no. 8, pp. 

1092–1105, 2003. 

[27] B. A. Walther and J. L. Moore, “The concepts a literature 

with of species richness the performance estimators of 

estimator review performance precision,” Ecography 

(Cop.)., vol. 28, no. 7, pp. 815–829, 2005. 

 

Journal of Communications Vol. 17, No. 2, February 2022

©2022 Journal of Communications 154



Copyright © 2022 by the authors. This is an open access article 

distributed under the Creative Commons Attribution License 

(CC BY-NC-ND 4.0), which permits use, distribution and 

reproduction in any medium, provided that the article is 

properly cited, the use is non-commercial and no modifications 

or adaptations are made. 

 

Rohaniza M. Zali completed her B.Eng. 

degree in Electrical Engineering from 

Universiti Sains of Malaysia in 2001, 

M.E. degree in Electronic 

(Communication & Computer) from 

Universiti Kebangsaan Malaysia in 2010 

and she is currently pursuing the Ph.D. 

degree at Universiti Kebangsaan 

Malaysia. She is now working as a senior 

lecturer in the Polytechnic Sultan Salahuddin Abdul Aziz Shah. 

Malaysia. Her research interests include radiowave propagation, 

atmospheric modeling and satellite communication systems. 

Mandeep Singh a/l Jit Singh has 

obtained his M.Sc. degree in engineering 

and Ph.D. degree at University Sains 

Malaysia in the areas of Electrical & 

Electronic Engineering and 

Telecommunication Engineering 

respectively. He is a Professor at the 

Department of Electrical, Electronic and 

Systems Engineering of the Universiti 

Kebangsaan Malaysia (UKM) and visiting Professor of 

Covenant University, Nigeria. He is author and co-author of 

more than 240 research articles in antenna and microwave RF. 

He is also the recipients of more than 40 research grants 

(national and international). Thus far, his publications have been 

cited 1480 times and his H-index is 18. His research interests 

include communication antenna design, radiowave propagation, 

satellite antennas, and IOT. Dr. Singh currently serves as the 

Editor-in-Chief for the Greener. Journal of Electronics and. 

Communication and Associate Editor for 

 

Journal of Communications Vol. 17, No. 2, February 2022

©2022 Journal of Communications 155


