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Abstract. Attenuation due to rain remains the most severe threat to terrestrial and satellite 

communication links in the tropics. Rain height is a precipitation parameter that plays important 

role in the determination of rain-induced attenuation. In this paper, a statistical study was carried 

out to establish the relationship between rain height and earth station latitude using rain heights 

derived from Zero Degree Isotherm Height (ZDIH) data retrieved from Global Precipitation 

Measurement (GPM). A strong positive correlation of 0.83 propelled the attempt to model 

equations for the estimation of rain height based on latitude. The research recommends a 

polynomial function of order 3 which has the best coefficient of determination (0.8). The annual 

mean values of rain heights were also computed and recommended for each of the four geo-

climatic zones in Nigeria. 
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1. Introduction 
It is generally known that transmission of radio signals at frequencies above 10 GHz is heavily degraded 

by raindrops in the tropics [1-4]. Unfortunately, the rapidly growing demand for wideband high-speed 

internetwork connection can only be fulfilled by transmitting radio signals at Super High Frequency 

(SHF) and Extra High Frequency (EHF). This great challenge has put researchers and engineers on their 

toes through the discoveries of several Fade Mitigation Techniques (FMT) such as site diversity, time 

diversity, and frequency diversity e.t.c. To choose and design any effective FMT during link budget 

calculations, it is important have an in-depth prior knowledge of rain attenuation magnitude at various 

transmission frequencies and percentage of time exceedance. The magnitude of rain-induced attenuation 

depends on certain parameters which include frequency, ground station-satellite elevation angle, slant 

path length, rain rate, rain height, polarization e.t.c. The non-rain parameters (i.e frequency. elevation, 

slant path length, polarization) tend to make rain-induced attenuation constant while the rain parameters 

(i.e rain rate and rain height) are responsible for the wide and sudden variations. Hence it is obligatory to 

study the trend of these parameters and provide effective prediction models for accurate determination 

of attenuation values. Rain height is the level up to which there are rain droplets with a diameter greater 

than 0.1 mm. It is the highest point level of rain region measured from sea level where supercooled 
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melted ice begins to fall as precipitation [5]. While rain rate can be measured directly with instrument, 

rain height can only be derived from other parameters. Generally, rain height is a localized parameter 

which can be estimated from zero degree isotherm height (ZDIH) otherwise known as freezing height 

level (FHL). To be precise, specific attenuation may be modeled as being constant from the surface to a 

height (rain height) near the 0°C isotherm level which must also be statistically estimated [6]. This 

confirms the relevance of rain height in the estimation of rain-induced attenuation. The relationship 

between rain height and ZDIH is given by ITU R P.839-4 as [7]; 

     

0.36r oh h km� �         (1) 

where ho is the zero-degree isotherm height above mean sea level obtainable from ITU-R P.839-4 map. 

Several research works have proved that rain heights estimated based on the ITU-R map of ZDIH are not 

accurate globally. Moreover, recent ZDIH measurements from satellite-borne and on-ground precipitation 

radars have also corroborated this claim. For instance, the ITU-R P.839-4 map recommends rain height of 

4.86 km for the entire tropical zone whereas [2, 5, 8-9]( Mondal and Sarkar (2003), Mandeep (2009), Ojo 

2018, Lawal et al., (2020) have proved that ITU-R value provides a poor estimation of rain height in 

some areas in the tropical region. The aim of this research is to model a localized equation for the 

accurate prediction of rain height based on GPM ZDIH and latitudes of some selected study stations in 

Nigeria. Several research works have reported a strong relationship between rain height and latitudes 

above 23o [10-16]. Most of this work recommends a constant rain height for low-latitude (|ϕ|<20o) 

regions. [11] modeled the linear regression equations which recommend a fixed rain height of 4 km for 

areas with latitude less than 36o and [4-0.075(ϕ-36)] for other regions. The model provides good results in 

the estimation of rain-induced attenuation for stations in Europe, U.S, and Japan but performed poorly in 

Africa.  

Subsequently, CCIR  [12] recommends 5 km for 23o latitudinal stations and [5 – 0.0075(φ - 23)] 

for stations above 23o latitude. Unfortunately, several succeeding kinds of research have proved that rain 

height is not fixed. The United States Federal Communication Commission recommends a fixed height 

of 5 km for low-latitude (ϕ < 23o) and [5-0.075(ϕ-23)] for high-latitude regions in the southern 

hemisphere [15]. The recommendations are not absolutely accurate because recent researches have 

debunked the constancy of rain height over the equatorial region. 

The works of [17] and [5] which utilized ZDIH from TRMM and GPM respectively have indicated that 

these models including ITU-R models underestimate rain heights in Nigeria. Moreover, The ZDIHs 

obtained from GPM data are higher than those obtained from TRMM and ITU-R map for the same 

location [18].  Hence, the need to formulate a localized equation for accurate prediction of rain heights 

based on the latitude of stations in Nigeria. 

 

2. Data Source, Research Locations and Methodology 
The data utilized for this research are the rain heights provided by Lawal et al., 2020 for some selected 

locations in Nigeria. The rain heights were derived from the ZDIH extracted from the GPM database of 

the National Aeronautical and Space Administration (NASA) and Japan Aerospace Exploration Agency 

(JAXA). The data covers a period of six years from 2008 to 2013. The rain heights based on the 

available stations were increased to 37 stations by extracting more ZDIH data from GPM and following 

the procedure described in [5]. Table 1 presents the study stations and their associated parameters. 

According to meteorological classification, Nigeria is broadly divided into four major zones 
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which are Sahel, Midland Savannah, Guinea Savannah, and Coastal zone [19]. The Sahel is the 

northernmost part of the country. This region is characterized by the predominance of tropical 

continental (cT) air mass over tropical maritime (mT) air mass annually. The cT period in the Midland 

zone is less compared to the Sahel but the humidity is usually higher due to localized convection and 

orographic effects. The Guinea savannah zone is associated with the dominance of mT air masses for 

about 7 months and cT for the remaining 5 months annually. 
 

Table 1. The study locations and their characteristics. 

Geoclimatic Zone Station Long (oE) Latitude (oN) Elevation (m) Rain Height (m) 

Sahel Kaduna 7.43 10.52 250 5298 

Kano 8.50 11.5 488 5319 

Katsina 7.60 12.98 519 5363 

Gusau 6.67 12.17 463 5195 

Sokoto 5.23 13.07 318 5111 

Dutse 9.28 11.73 419 5308 

Birni-kebbi 4.20 12.45 228 5210 

Yola 11.93 9.91 599 5140 

Midland Bauchi 9.83 10.32 616 5247 

Maiduguri 13.15 11.83 320 5159 

Gombe 11.17 10.28 388 5256 

Jalingo 11.37 8.90 349 5205 

Damaturu 11.95 11.73 371 5233 

Makurdi 8.53 7.73 104 4966 

Lokoja 6.82 7.75 53 4906 

Ilorin 4.55 8.50 320 5162 

Lafia 8.52 8.48 205 5198 

Minna 6.55 9.62 251 5246 

Jos 8.90 9.92 1186 5335 

Guinea Savannah Abuja 10.00 9.00 360 5191 

Umuahia 7.48 5.53 152 4867 

Awka 7.73 6.20 142 4853 

Abakaliki 8.10 6.33 300 4950 

Enugu 7.50 6.50 180 4856 

Owerri 7.02 5.48 75 4853 

Ado-Ekiti 5.22 7.62 455 5046 

Ikeja 3.33 6.58 41 4898 

Coastal Zone Abeokuta 3.33 7.15 66 4970 

Oshogbo 4.57 7.77 320 5050 

Ibadan 3.90 7.38 230 5153 

Akure 5.20 7.25 350 5205 

Benin 5.60 6.32 200 4860 

Asaba 6.18 6.75 49 4851 

Uyo 7.93 5.05 43 4862 

Calabar 8.32 4.95 32 4884 

Port Harcourt 7.00 4.75 65 4907 

Yenagoa 6.26 4.92 8 4912 
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The Coastal Region is the southernmost part of Nigeria which shares a border with the Atlantic Ocean. 

The tropical maritime (mT) air mass dominates for most period of the year due to its proximity to the 

ocean.  

The rain heights presented in table 1 were correlated and regressed on the corresponding earth stations 

using exponential, linear, log-normal, polynomial, and power-law functions. The coefficient of 

determination, coefficient of correlation, and other statistical were computed and discussed in the next 

section. 

 

3. Results and Discussion 

3.1 Spatial Distribution of Rain Height Across Nigeria 
Rain height varies significantly across all the stations studied due to the changes in the topographical 

and climatological properties of various stations. The results, as depicted in Figure 1, shows that rain 

height increases from the coastal zone (Southern Nigeria) towards the Sahel zone (Northern Nigeria) 

with a minimal irregular variation. Katsina, Kano, and Jos possess the highest Hr of 5.33, 5.31, and 5.33 

respectively. Lower rain height prevails in the coastal region due to the nearness of the ground surface to 

sea level in this area. According to equation (1), areas with low land levels are associated with low Hr 

and vice versa [7]. 

 

 

Figure 1. Spatial distribution of Rain Height across Nigeria 
 

The Sahel stations possess the higher rain heights because the zone is largely dominated by tropical 

continental (cT) air masses hence, the prevalence of dry season for 6-8 months every year. Moreover, 

the latitudinal dependence of rain height is also responsible. However, the low value observed in Sokoto 

is due to the altitude of this station. The average rain height in this geo-climatic zone is 5.23 km. In the 

Midland zone, Hr is fairly stable at the mean value of about 5.2 km for Gombe, Abuja, Jalingo, and 

Bauchi. Jos is a special station situated on a plateau that is responsible for an abrupt spike up to 5.33 km 

in this zone. The high elevation of this station is mainly responsible for the rise in Hr compared with 

other stations. The annual mean Hr in the region was computed at 5.24 km with a standard deviation of 
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64.9 km. Similarly, the Hr in the guinea savanna zone reduces gradually with average annual values of 

5.20, 5.16, 4.96, 4.07 km in Akure, Ilorin, Makurdi, and Lokoja respectively. Akure and Lokoja have 

the maximum and minimum rain height in this region. The overall annual mean for the guinea savanna 

is 5.06 km with a standard deviation of 145.7 km.  The coastal area stations possess the lowest Hr when 

compared to all other stations in the country. This is due to the dominance of tropical maritime (mT) air 

masses for most periods of the year in this region [19]. This period, known as the intra-monsoonal 

period, is believed to be a consequence of several factors such as coastal upwelling and the northern 

advance of the subtropical high-pressure systems of the southern Atlantic Ocean. It is also caused by the 

circulation aloft, which becomes divergent and subsidence as a result of the frequent occurrence of 

inversions and isothermals in the upper atmosphere along the coast when the weather in the E1 zone 

makes its appearance a short way inland from the coast [20-24]. The annual rain height for Lagos, Port 

Harcourt, Calabar, and Warri are 4.89, 4.90, 4.88, and 4.85 km respectively. The annual mean rain 

height for the coastal zone stands at 4.89 km with a standard deviation of 0.024 km. The results provide  

better estimate of rain height, which is one of the input parameters for accurate prediction of rain-

induced attenuation in each station and geoclimatic zone. 

 

3.2 Latitudinal Dependence of Rain Height 
A strong positive coefficient of correlation r which was found to be 0.83 exists between the two datasets 

(rain height and latitude). This corroborates the claims of previous works on latitudinal dependence of 

rain height on earth station altitude [6,11,25]. The positive result of r informed the decision to formulate 

regression equations for the prediction of rain height in Nigeria.  
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Figure 2: Models for regression of rain height on latitude in Nigeria; (a) Exponential Function (b) Linear 

Function  (c) Logarithmic Function   (d) Polynomial Function   (e) Power Law Function 

 

Figures 2-6: present the various trend lines fitted onto the scatter diagrams of rain height against latitude. 

All the regression equations produced good functions with coefficient of determination r2 greater than 

0.60. The modeled functions are presented in equations (2)-(6) with their corresponding r2.  
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where Hr and ϕ are the rain height and latitude of the earth station respectively.  Equation (5) has the best 

coefficient of determination and it is therefore recommended for prediction of expected rain height in 

any location in Nigeria.  

 

4. Conclusion 
Statistical analysis of the spatial distribution of rain height over Nigeria has been studied. The research 

revealed that rain decreases with latitude towards the southern part of Nigeria. The Sahel, Midland 

savannah, Guinea Savannah and Coastal zone possess mean rain height of 5.23, 5.23, 5.06 and 4.89 km 

respectively. The results obtained show that rain height has a strong positive correlation of 0.83 with 

latitude. The rain heights were regressed on latitude using various mathematical functions. The 

polynomial function with order 3 has the best coefficient of determination, hence the function is 

recommended for accurate prediction of rain height in Nigeria.  
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