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Abstract 

The Bright band (BB) observation can be used as an indication of the melting layer height. Measurement of 

BB from Normal Scan (NS) on Global Precipitation Measurement (GPM) had been compared with Micro 

Rain Radar (MRR), which is installed in Kototabang, West Sumatera (0.23° S; 100.32°E; 865 m above sea 

level). The GPM data were collected from December 2014 to June 2018 and compared with MRR observation 

from January 2012 to August 2016. The BB values from these instruments were compared with those 

recommended by the International Telecommunication Union Recommendation (ITU-R) P.839. The BB from 

GPM and MRR showed slightly diurnal and seasonal variations. BB observations from GPM and MRR 

show good agreement with slight diurnal and seasonal variations differences. BB observations are more 

similar when the intensity of solar radiation is lower, i.e., at night (18.00-24.00 LT) until early morning 

(00.00-06.00 LT). Furthermore, MRR showed a slight bimodal pattern in the seasonal variation, while GPM 

did not. Thus, the seasonal variation in the observation of both instruments is different. The most significant 

difference from the seasonal variation was observed in the summer season (June-August (JJA)). The mean BB 

of the two instruments is lower than the Freezing Height Level (FHL) value calculated from the ITU-R 

model. However, many BB from the two instruments (>36 %) have a BB altitude higher than FHL. Thus, the 

constant assumption of FHL in West Sumatera for the rain attenuation estimation of microwaves may not be 

appropriate.  

Keywords: Bright Band; GPM; MRR; Sumatera; diurnal variation; seasonal variation  

 

Perbandingan Bright Band dari Pengamatan GPM dan MRR di Sumatera Barat 

 

Abstrak 

Pengamatan Bright Band (BB) dapat mengindikasikan ketinggian melting layer. BB dari Global 

Precipitation Measurement (GPM) dengan Normal Scan (NS) scan telah dibandingkan dengan BB dari 

Micro Rain Radar (MRR) yang terpasang di Kototabang, Sumatera Barat (0,230 S; 10,320 E; 865 m di 
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atas permukaan laut). Perbandingan BB dilakukan untuk data GPM dari Desember 2014 sampai Juni 

2018 dan data MRR dari Januari 2012 sampai Agustus 2016. Hasil pengamatan BB dari kedua 

instrumen juga dibandingkan dengan nilai yang direkomendasikan oleh International 

Telecommunication Union Recommendation (ITU-R) P.839. Pengamatan BB dari GPM dan MRR di 

Sumatera Barat menunjukkan pola yang hampir sama dengan sedikit perbedaan pada variasi diurnal 

dan variasi musiman. Ketinggian BB dari GPM dan MRR menunjukkan nilai lebih seragam pada saat 

intensitas radiasi lebih sedikit yaitu pada malam hari (18.00-24.00 LT) hingga dini hari (00.00-06.00 

LT). Kedua instrumen memperlihatkan pola variasi musiman yang berbeda. MRR menunjukkan pola 

bimodal untuk variasi musiman yang mana hal ini tidak teramati dari pengamatan GPM. Perbedaan 

nilai BB lebih kuat teramati pada musim panas yaitu selama Juli-Agustus (JJA). Pengamatan BB dari 

kedua instrumen mendapatkan banyak data Freezing Height Level (FHL) yang melebihi nilai yang 

diberikan ITU-R (>36 %). Hal ini menunjukkan penggunaan nilai FHL yang konstan sebagaimana 

direkomendasikan oleh model ITU-R menyebabkan estimasi atenuasi gelombang mikro di Sumatera 

Barat kurang akurat. 

Kata Kunci: Bright Band; GPM; MRR; variasi diurnal; variasi musiman 
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I. INTRODUCTION 

Bright Band (BB) is a region of 

enhanced radar reflectivity in radar 

observation, indicating stratiform rain. The 

improved radar reflectivity is due to the 

increasing dielectric constant of drops from 

ice droplets into water droplets. Water in the 

ice phase has 0.19 dielectric constants, and 

water in the water phase has 0.9 dielectric 

constants. Therefore, radar reflectivity 

changes significantly. The BB arising area is 

also marked as a melting layer due to ice 

melting into raindrops. [1-2].  

The illustration of BB can be seen in 

Figure 1. The top of BB height is the starting 

point of the melting process and indicates 

0oC isotherm level called Freezing High 

Level (FHL) [3]. Below the BB-Top, ice 

droplet melts into a large drop and then break 

into a smaller drop that returns the 

reflectivity radar to a decrease in the melting 

layer due to a strong dependence of 

reflectivity on the large-sized drop [4]. 

 

 

Figure 1. Typical of Bright Band Radar 

The height of BB, which indicates the 

melting layer, is very important in 

microwave and millimeter 

telecommunication system design [5-7]. The 

melting layer's height is used to evaluate the 

signal attenuation in the rain region. An 

area's melting layer height usually refers to 

http://creativecommons.org/licenses/by-nc/4.0/
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the International Telecommunication Union 

Regulation (ITU-R) model. The ITU-R 

model assumes a constant melting layer 

height for one particular region and all 

rainfall intensities. The ITU-R gives the 

value of FHL for an area or the BB-Top of 

the radar observation. The BB can be 

observed by using surface radar and 

satellite-based radar. [8-10].  

The precipitation radar (PR) onboard 

the Tropical Rainfall Measurement Mission 

(TRMM) satellite provides Bright Band 

Height (BBH) and FHL. Although the height 

of BBH is close to the FHL value, which is 

between 200-300 meters below FHL, in some 

cases, the BB-Top is much different from the 

FHL of the ITU-R model[11-13]. It can be 

found in tropical region like Indonesia 

[14-16], which has a slightly larger BBH 

than the FHL value determined by ITU-R. 

The TRMM was replaced by Global 

Precipitation Measurement (GPM) in 2014 to 

give more comprehensive information on 

precipitation parameters, including BB-Top, 

BBH, and BB-Bottom [17-21]. It can observe 

the melting layer characteristics in more 

detail, but GPM can’t give real-time data for 

all regions because of satellite movement. 

This limitation can be fixed by surface radar, 

but surface radar does not directly provide 

the BB information. Thus, this research 

compared the BB from space-borne radar and 

surface radar in a tropical region with a 

strong atmospheric variation.  

In this work, the BB from GPM was 

compared with that from the surface radar 

installed at Kototabang, West Sumatera, 

namely the Micro Rain Radar (MRR). The 

MRR was used to compare BB from GPM 

because this instrument is a vertically 

pointing radar [22-26]. The comparison of 

both instruments has never been conducted in 

Indonesia. This comparison considers 

monthly and diurnal variations, which are 

significantly observed in Sumatera [16, 

27-30]. Therefore, this study analyzes the 

variation of BB over West Sumatera from 

MRR and GPM observation. This study can 

be an additional reference for BB observation 

in the tropics, especially in West Sumatera.  

 

II. METHOD 

This section provides the instrument 

and data used in this research. The data 

filtering technique was also explained. 

Because we investigated the BB height, only 

data on stratiform rain were included in this 

analysis. 

 

Data and Instrument   

The data used in this work are from MRR 

observation at Kototabang, West Sumatera, 

Indonesia (0.23°S; 100.32°E; 865 m above 

sea level (ASL)) and GPM observation. The 

GPM level-2 for Normal Scan (NS) data in 

range 0.73° S – 0.27° N and 99.32° E – 

101.32° E were used. The data from NS scan 

has more robust BB structure than other scan 

mode.   

MRR is a Vertical Pointing Radar (VPR) 

that provides Raindrops Size Distribution 

(RSD) and integrated rain parameter in 

vertical range bin resolution. MRR used 

frequency modulated continuous wave 

(FMCW) and Doppler principle to provide 

vertical falling velocity without a minimum 

distance of ambiguity. FMCW radars 

measure differences in instantaneous 

frequency between the received and 

transmitted signals. Detailed MRR 

specifications can be found in several 

references [31]. Besides the RSD observation, 

MRR is also powerful to observe BB height. 

The GPM is a Dual-frequency 

Precipitation Radar (DPR) that combines 

Ku-band (13.6 GHz) and Ka-band (35.5 GHz) 

Precipitation Radar (PR). GPM DPR works 

in three classifications (CSF) modules to 

classify rain, namely, two single-frequency 

(SF) – that is Ku-only or Ka-only modules, 
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and one dual-frequency (DF) module [32-34]. 

SF modules in GPM DPR are similar to the 

TRMM algorithm that classifies rain type 

into three categories: stratiform, convective, 

and others. On the other hand, the DF CSF 

module combines Ku-band and Ka-band to 

make a new method called the 

dual-frequency ratio method (DFRm) for 

detailed BB data [35-36]. This study used 

GPM DPR level-2 data in the DF module, 

including BB-Top, BBH, BB-Bottom, and 

BB's thickness. 

 

Table 1. Instrument Specification  

Radar 

Parameter 
MRR GPM 

Radar System 

 

Operating 

Frequency 

 

Time 

Resolution 

 

Vertical 

Resolution 

 

Range bin 

FCMWF 

 

24.1 GHz 

 

 

60 s 

 

 

150 m 

 

 

31 

DPR 

 

13.6 GHz and 

35.5 GHz 

 

- 

 

 

125 m 

 

 

176 

 

MRR has a 150 m spatial resolution with 

31 range gates covering from the ground 

surface to 4650 m above ground level (AGL) 

or 5500 m above sea level with 60 s temporal 

resolution. It differs from GPM DPR Level-2 

data resolution with 125 m vertical spatial 

resolution and 49 swathes in the NS. The 

instrument specification is given in Table 1. 

This study analyzes MRR data observation 

from January 2012 to August 2016 and 

compares it with GPM data from December 

2014 to June 2018. Optical Rain Gauge 

(ORG) observation at the same site from 

2012 to 2016 was also used to compare the 

rainfall rate from MRR observation. 

 

Retrieval of BB Parameters 

Dominant parameters for measuring 

BB from MRR are radar reflectivity factor (Z) 

and falling velocity (v). MRR estimate Z and 

v in the function of RSD can be seen in 

Equation (1). 

=
max

min

6)(

D

D

dDDDNZ  (1) 

)()( hvDv .6D))10.3exp(-0-(9.65=   (2) 

where N(D) is RSD, D is the raindrop 

diameter (mm), and δv(h) is a height 

dependent density correction for the fall 

velocity. We only analyze MRR data if the 

rainfall rate recorded by ORG more than 0.1 

mm h-1 at at the same time.  

Several methods can be used to retrieve 

the BB from the MRR data. We used the 

gradient of falling velocity (GFV) as the BB 

indicator, following the method proposed by 

Wang et al. [22]. The BB parameters from 

this method were expressed in Equation (3) – 

(6). 

);max(GFVBBBOTTOM =  (3) 

);max( )()1( nnTOP ZZBB −= +
 (4) 

);max( )(nZBBH =  (5) 

.BOTTOMTOPTHICKNESS BBBBBB −=  (6) 

The height of BB-Bottom was 

calculated by taking a range bin that has 

maximum GFV because the ice crystals melt, 

so raindrop falling velocity increases to a 

maximum value in BB-Bottom. The range 

bin with maximum GFV must be lower than 

the range bin with a maximum of Z, 

indicated by BBH. Respectively, if the range 

bin of Z's maximum is lower than the range 

bin of maximum GFV, this event does not 

have BB. Furthermore, the range bin of 

BB-Top must be higher than the range bin of 

the maximum Z that provides from the 
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Yes 

Yes 

Yes 

Yes 

No 

No 

maximum gradient of Z above BB-Bottom. 

Thus, BB thickness could be inferred from 

calculating the difference of height of 

BB-Top and BB-Bottom. The flow chart of 

the method was illustrated in Figure 2.  

 

 

Figure 2. Flow Chart to Find BB from MRR 

Observation 

 

The BB data from MRR was compared 

with BB data from GPM. The BB from GPM 

Level-2 data was downloaded from the 

National Aeronautics and Space 

Administration (NASA) official website 

(https://gpm.nasa.gov). We analyze the NS 

data with a 176 range bin. The data were 

filtered for a rainfall intensity of more than 

0.1. We only analyze the data in 0.5 degrees 

from the MRR location. The GPM retrieves 

data into an ellipsoid, so the height of BB 

from MRR must be calibrated with the 

instrument's position above sea level. The 

mean of BB from MRR and GPM was 

compared on a diurnal and seasonal basis. 

We also calculated the percentage error 

of BB between GPM and MRR observation 

using Equation (7). 

%100% 
−

=
MRR

MRRGPM
error  (7) 

We assumed the BB from MRR observation 

as reference value.   

 

III. RESULTS AND DISCUSSION  

The simultaneous observation of MRR 

and ORG was conducted over 8528 minutes, 

providing a substantial amount of stratiform 

rain data. As observed in our previous study 

[30], the variation of BB value with time 

basis is a crucial aspect of our findings. This 

variation in BB value, which measures the 

reflectivity of the rain, is attributed to the 

inherent instability of the atmosphere 

[37-38].  

The average value of BB from MRR 

and GPM was given in Table 2. Generally, 

BB-Top from MRR is 4934 m above sea 

level (ASL) with a standard deviation of 

151.66 m consistent with the ITU-R model 

P.836 for Indonesia. Its value is also 

consistent with some previous studies [9, 

15-16] that calculated FHL using TRMM 

2A25 data. However, it's worth noting that 

this value is slightly different from the 

previous study at Kototabang using MRR [39] 

that obtained FHL at 3.9 km above ground 

level (4.75 km ASL). This difference may be 

Find range bin of BBTOP (rb- BBTOP) and 

range bin of BBH (rb-BBH) 

rb-BBBOTTOM 

< rb-BBH 

Find range bin of BBTOP 

(rb-BBTOP) 

Rb-BBTOP > 

rb-BBH 

Event has BB; 

Calculate 

BBTHICKNESS 
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attributed to the difference in method to 

classify the stratiform rain type, highlighting 

the potential impact of classification methods 

on the results. 

Although the mean BB-Top from MRR 

observation is lower than the ITU-R model 

for the equator (5 km), More than 39 % of 

MRR data have FHL higher than 5 km. The 

highest and lowest BB-Top from MRR are 

5350 m and 3950 m above sea level, 

respectively. Some variations in  BB-Top, 

BBH, and BB-Bottom values from MRR 

observation were observed. The BBH from 

MRR varies from 3550 m to 5350 m above 

sea level. The difference between BB-Top 

and BBH (447 m) is close to previous studies 

[9-11]. The BB-Bottom from MRR varies 

from 3450 m to 3550 above sea level.  

 

Table 2. Mean BB from GPM and MRR  

 BB-Top 

(m ASL) 

BBH 

(m ASL) 

BB-Bottom 

(m ASL) 

GPM 

(Standard 

Deviation) 

4991 

(287.77) 

4531 

(250.68) 

4203 

(266.89) 

MRR 

(Standard 

Deviation) 

4934 

(151.66) 

4487 

(169.1) 

4248 

(170.5) 

% error 1.16 0.98 1.06 

 

The GPM obtained 3886 data for a 

0.5-degree grid box around the MRR site. 

The distribution of GPM data was given in 

Figure 3. Generally, GPM estimates BB 

slightly higher than those obtained from 

MRR observation (Table 2). Although the 

value of BB-Top from GPM observation is 

higher than MRR observation, the average 

value is still lower than the FHL height of 

ITU-R model P.836 for Indonesia. 

Furthermore, the value of BBH from GPM 

observation is also higher than MRR 

observation. The range of BB-Top and BBH 

from GPM observation is similar to the MRR 

observation (460 m). Its value is consistent 

with previous studies [9-11]. Moreover, BB's 

value from both instruments shows a similar 

average value, which can be seen from a 

small percentage error of mean BB-Top, 

BBH, and BB-Bottom between GPM and 

MRR (Table 2). 

 

Figure 3. Data Distribution of GPM Data and 

MRR Location () 

 

The values of BB from GPM vary 

significantly. The BB-Top of GPM varies 

from 2625 m to 6500 m. Moreover, BBH and 

BB-Bottom vary from 2238 to 6085 m for 

BBH and from 1875 m to 5750 m, 

respectively. This significant variation results 

in a large standard deviation of GPM 

observation. Thus,  the BB data obtained by 

GPM of NS scan is more spreading 

compared to MRR. The GPM is likely less 

sensitive to light precipitation, which causes 

the miss identification of BB [17, 34, 36]. On 

the other hand, GPM obtained several BB 

data (74 data) with an altitude larger than 

MRR observation (5500 m above sea level). 

The BB in the tropics sometimes is higher [3, 

16, 21, 23], but MRR can not detect it 

because of observation limitation. Therefore, 

GPM observation can inspect the higher BB 

than MRR. Besides, GPM also estimates a 

higher BB-Top than the ITU-R model with 

more than 36 % of data.  
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The strong variations in BB 

observation from both MRR and GPM 

observation are apparent. Some atmospheric 

variability may affect this variability. This 

research observed diurnal and seasonal 

variations in the as also found in some 

previous studies [27,29-30,40]. Thus, a 

constant BB assumption in the ITU-R model 

may be less accurate, especially at 

Kototabang, West Sumatera. 

 

Diurnal Variation in BB   

Diurnal variation is affected by a 

variation of solar radiation during day and 

night that involves the vertical variation of 

air temperature [40]. The variation of air 

temperature will be correlated to BB height 

variation [16, 41]. 

Figure 4a compares BB-Top and 

BB-Bottom at Kototabang, West Sumatera, 

from MRR and GPM observation on a 

diurnal basis. We exclude the hour with a 

small data number (< 5), such as at 05.00 and 

10.00 Local Time (LT). The small data 

number does not provide confidence in 

average BB parameters.  

The mean BB-Top from MRR is lower 

than FHL from the ITU-R model for the 

whole day, consistent with previous studies 

[15-16]. It is different from GPM with a 

strong variation mean of BB-Top. The 

average BB-Top shows that GPM estimates 

BB-Top slightly larger than MRR 

observation, particularly during 01.00 – 

06.00 LT. During this period, the mean 

BB-Top exceeded the FHL determined by the 

ITU-R model in which the peak of BB Top is 

5157 m (during 06.00 LT). Furthermore, the 

BB-Top from GPM decreases in the morning 

(06.00 – 12.00 LT), and the values are almost 

similar to MRR observation. During the 

daytime (12.00 – 18.00 LT), BB-Top from 

GPM is lower than MRR observation. The 

lowest BB-Top during daytime is 4668 m, 

which was observed at 14.00 LT. Moreover, 

the BB-Top and BB-Bottom show the most 

similar number during the night (06.00 – 

12.00 LT). Although the hourly BB-Top and 

BB-Bottom are still different, GPM and 

MRR show a similar value, which a 

maximum percentage error of 3.08 for 

BB-Top and 3.27 for BB-Bottom. 

 

 

Figure 4. Diurnal Variation of BB from GPM and MRR Observations (a) BB-Top and BB-Bottom (b) BBH, 
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and (c) BB-Thickness 

 

 

 

In addition to BB-Top and BB-Bottom, 

the BBH from GPM is also larger than that of 

MRR (Figure 4b).  A significant difference 

is observed in BB-Thickness (Figure 4c). The 

BBH observation, in which the value from 

GPM is almost the same as that of MRR, is 

unique because GPM gives precisely the 

value for BBH while MRR gives the number 

of range bin location where BBH was 

observed. It is shown from the average 

percentage error of BBH from both 

instruments is only 3.54 % that is smaller 

than BB-Top and BB-Bottom. It is consistent 

with the lowest percentage error from the 

mean of BBH observation (Table 2). This 

feature means that the BBH algorithm is 

more accurate than BB-Top and BB-Bottom 

algorithm from GPM and MRR observation 

in diurnal variation. 

The BB-Top and BB-Bottom 

measurement variation between GPM and 

MRR make BB-thickness from both 

instruments quite different. The GPM 

determined a larger BB-thickness than MRR 

observation (Figure 4c). The most 

considerable difference of BB-thickness of 

both GPM and MRR is 102 m. Thus, the two 

observations are in good agreement with 

each other in which the difference is lower 

than the range bin from MRR and GPM 

(Table 1) [43].

 

 

Figure 5. Seasonal Variation of BB from GPM and MRR Obsevation (a) BB-Top and BB-Bottom (b) 

BBH, and (c) BB-Thickness 
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Seasonal Variation in BB   

To observe the seasonal variation of BB, 

the data were classified into winter on 

December – February (DJF), spring on 

March – Mei (MAM), summer on June – 

August (JJA), and Autumn on September – 

November (SON) [42]. Dwianda and 

Marzuki [15] found that FHL in Indonesia 

has a bimodal pattern that follows the sea 

surface temperature pattern. This feature 

slightly differs from GPM and MRR 

observations at Kototabang, West Sumatera, 

as shown in Figure 5. However, although it is 

not very significant, the bimodal pattern of 

seasonal variation in BB is slightly observed 

for MRR observation and less for GPM 

observation (Figure 5).  

The GPM shows decreasing BB-Top and 

BB-Bottom values almost every season 

transition (DJF to MAM, MAM to JJA, and 

JJA to SON) and increasing values 

throughout the season. BB-Top height from 

GPM is 5 km in May, August, and November, 

with the highest peak in May (5104 m). 

Otherwise, a BB-Top peak was observed 

during DJF with a more than 5 km height in 

January (Figure 5a). Its peak decreased 

significantly in February (284 m), the most 

significant decreasing value during all 

months. It differs from MRR observation, 

which only gets an average BB-Top 

exceeding 5 km in May and December. The 

seasonal feature from MRR is quite similar to 

a previous study in Indonesia [15-16]. The 

difference in the seasonal pattern of GPM 

and MRR results in the difference in BB's 

value. The most different observation from 

both instruments for BB-Top and BB-Bottom 

was observed on JJA. Maximum percentage 

error was found in August for BB-Top 

(3.71 %) and in June for BB-Bottom 

(5.20 %). A more considerable difference in 

BB observation during summer is consistent 

with the diurnal variation in which more 

difference in BB observation was observed 

during higher solar radiation [16, 27-30].  

BB-Thickness observation is more robust 

on the seasonal variation than diurnal 

variation.BB BB-Thickness observation is 

more robust on the seasonal variation than 

diurnal variation. 

BB's variation was also identified from 

the monthly observation of BBH and 

BB-Thickness (Figure 5b and 5c). BBH from 

GPM and MRR is also most different during 

summer (JJA) and most similar during spring 

(MAM) like BB-Top and BB-Bottom. GPM 

determined larger BB-Thickness than MRR 

with a seasonal variation. The difference in 

BB-Thickness range from 51 m to 210 m 

with an average of 113.5 m. Thus, the 

difference of BB BB-Thickness observation 

is more robust on the seasonal variation than 

diurnal variation. 

We have found the variability of BB 

observation from MRR and GPM level 2 

with NS scanning. However, GPM has some 

other scan modes such as Match Scan (MS) 

and High-Sensitivity Scan (HS). This 

research is also limited to comparing BB 

observation from GPM and MRR from one 

location in Indonesia. Furthermore, the 

intra-seasonal variation of BB [44] is not 

included in the current analysis. Some of 

these limitations are being studied and will 

be published in other papers.   

   

 

IV. CONCLUSION 

The BB observations from GPM and 

MRR show good agreement with a slight 

difference in diurnal and seasonal variations 

(≤1.16 %). BB observations of the two 

instruments are similar when solar radiation 

intensity is lower, i.e., at night (18.00-24.00 

LT) until the early morning (00.00-06.00 LT). 

The seasonal variation of BB observation of 

the two instruments is slightly different. The 

MRR observed a slight bimodal pattern in 

BB's seasonal variation, while GPM did not 
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show such a pattern. The most considerable 

difference in the seasonal variation was 

observed in the summer season (JJA). The 

GPM shows a larger thickness of BB than 

MRR observation due to the difference in 

both instruments' range bin. Moreover, the 

mean BB of the two instruments is lower 

than the Freezing Height Level (FHL) value 

calculated from the ITU-R model. However, 

many BB from the two instruments (>36 %) 

have a BB altitude higher than FHL. Thus, 

the constant assumption of FHL in West 

Sumatera for the rain attenuation estimation 

of microwaves may not be appropriate. 
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