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ABSTRACT 
Rainfall measurement is important but, rainfall is one of the most difficult 
atmospheric parameters to measure because of its large variations in space and 
time. In Bangladesh, only 35 rain gauge stations data are represent the rainfall 
throughout the country, which is insufficient. Inadequate rain gauge networks 
throughout the country sometimes provide incomplete information about the 
distribution of rainfall. To overcome this problem satellite based remote sensing 
device is a solution. The GPM (Global Precipitation Measurement) mission is an 
international satellite mission led by JAXA and NASA with the collaboration of 
many international partners that provide satellites carrying microwave 
radiometer instruments. Integrated Multi-satellitE Retrievals for GPM (IMERG) 
is the unified US algorithm that provides multi-satellite precipitation product. To 
study the rainfall and the possibility to use of IMERG rainfall data in 
Bangladesh, half-hourly IMERG data of spatial resolution 0.1degree×0.1degree 
and three hourly Bangladesh Meteorological Department (BMD) rain gauge data 
of 35 stations are used. The study period was from April, 2014 to May, 2015. It 
is found that IMERG data are highly correlated with BMD rain gauge data. The 
daily, monthly and seasonally correlation coefficients (CCs) between IMERG 
and rain gauge data are found 0.79, 0.96 and 0.99, respectively. The root mean 
square errors between IMERG and rain gauge are found 6.19 mm, 88.19 mm 
and 315.02 mm for the daily, monthly and seasonal rainfall, respectively. The 
standard deviations of IMERG data are found 7.04 mm, 113.83 mm and 468.70 
mm for the daily, monthly and seasonal rainfall, respectively. On the other hand 
the standard deviations of BMD rain gauge data are found 9.86 mm, 183.21 mm 
and 773.43 mm, respectively. The IMERG and the rain gauge observed daily 
average rainfall is found 4.18mm and 5.61mm, during the study period, 
respectively. Monthly trend of rainfall variation of IMERG is almost same as 
that of rain gauge observation but most of the monsoon months IMERG is 
underestimated. The IMERG rainfall is overestimated by 7.93% (29.35mm) and 
12.09% (3.36mm) during the pre-monsoon and winter seasons, respectively. On 
the other hand, IMERG rainfall is underestimated by 37.58% (629.33mm) and 
3.54% (2.65mm) during the monsoon and post-monsoon seasons, respectively. 
The yearly underestimation of IMERG data was 27.9%. IMERG underestimated 
by 56.01%, 21.01%, 24.82%, and 11.63% for the very heavy rainfall (VHR, 
greater than 88 mm in 24 hour), heavy rainfall (88 ≥ HR ≥ 43.5 mm in 24 hour), 
moderate heavy rainfall (43.5 > MHR ≥ 22.5 mm in 24 hour) and moderate 
rainfall (22.5>MR ≥10.5 mm in 24 hour) events, respectively. On the other hand 
IMERG overestimated by 11.43% for the light rain (10.5>MR ≥2.5 mm in 24 
hour) events. IMERG is able to detect light rainfall more precisely than the very 
heavy rainfall events. IMERG is underestimated by 0.34%, 0.43% and 0.66% for 
the 90th, 95th and 99th percentiles of rainfall, respectively and overestimated by 
0.02% for the 10th percentile. Further studies are necessary to explore the 
potential of GPM-era IMERG data for meteorological, and hydrological research 
in Bangladesh. 
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CHAPTER ONE 
INTRODUCTION 

Bangladesh is narrow flat lowland and located in the largest deltaic region 

surrounded by India on the west, north and northeast, the highly elevated Himalayas 

and Tibetan Plateau in the north, Myanmar on the southeast, and the Bay of Bengal 

on the south. Bangladesh is straddling in the Tropic of Cancer and it is well known 

that two-third of the worlds rainfall occurs in the tropics. Due to its unique 

geographic location, Bangladesh has a tropical monsoon climate characterized by 

wide seasonal variations in rainfall, high temperatures, and high humidity. Rainfall is 

the most important parameter among them. It is well established that the rainfall is 

changing on both the global and the regional scales due to global warming (Dore, 

2005; Kayano, 2008). The implications of these changes are particularly significant 

for Bangladesh where hydrological disasters are a common phenomenon (Sahid, 

2008).  

Bangladesh is an agricultural country. Despite technological advances such as 

improved crop varieties and irrigation system, weather and climate are still key 

factors in agricultural productivity (Ahmed and Ryosuke, 2000). Rainfall is the most 

important parameter of the climate of Bangladesh, which has strong impact on crop 

production. All crops have critical stages when it needs water for their growth and 

development. Moreover excessive rainfall may occur flooding and water logging 

condition that also lead to crop loss. It was found that 1mm increase in rainfall at 

vegetative, reproductive and ripening stages decreased Aman rice production by 

0.036, 0.230 and 0.292 ton respectively. Scarcity of water limits crop production 

(Faroque et. al, 2013) 

Rainfall is also important in Bangladesh for water resource management, and flood 

and drought monitoring. Excessive rainfall causes widespread flooding, flash 

flooding etc and on the other hand, lack of it leads to drought in the country. 

Bangladesh is a flood proven country and it faces flood almost in every year. 

Although flood increases the freshwater availability but it also result a lot of property 

damage (Rahman et al., 2012). Characterizing the patterns of extreme rainfall is also 

vital for understanding where, when and how populations may be affected. 
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Knowledge about the extreme flood or drought will be helped to increase awareness 

and better hazard management. 

Rainfall is an important part of hydrological cycle. The hydrologic cycle begins with 

the evaporation of water from the surface of the ocean. As moist air is lifted, it cools 

and water vapor condenses to form clouds. Moisture is transported around the globe 

until it returns to the surface as rainfall. Once the water reaches the ground, one of 

the two processes may occur; 1) some of the water may evaporate back into the 

atmosphere or 2) the water may penetrate the surface and become groundwater. 

Groundwater either seeps its way to the oceans, rivers, and streams, or is released 

back into the atmosphere through transpiration. The balance of water that remains on 

the earth's surface is runoff, which empties into lakes, rivers and streams and is 

carried back to the oceans, where the cycle begins again. 

Weather forecasts are based on complex mathematical equations where the variables 

are determined through observations such as rainfall amount and intensity. So, 

rainfall measurement is important for weather forecasting. 

Though rainfall measurement is important but, rainfall is one of the most difficult 

atmospheric parameters to measure because of its large variations in space and time 

(Kummerow et al.2000). In Bangladesh, only 35 rain gauge station data represent the 

rainfall throughout the country, which is insufficient. The rain gauge stations on the 

northern side of Bangladesh are few. Inadequate rain gauge networks throughout the 

country sometimes provide incomplete information about the distribution of rainfall 

(Islam and Uyeda 2005). 

However, development of numerical weather forecast model is a challenging task 

considering the technical and financial circumstances. Technical problems arise from 

the lack of ground-based rainfall observation equipments such as automated rain-

gauges or radar network. In addition, the observational stations over the complex 

mountainous region and ocean are difficult to manage. So to overcome these 

problems people rely on the use of satellite based remote sensing devices (Islam and 

Islam, 2006). Satellite remote sensing is recognized as a powerful and essential 

means for monitoring global change of earth environment. 

Few research works in Bangladesh have been done on rainfall using observational 

and satellite data. Recently, Bari et al. (2016) analyzed 50 years (1964 - 2013) of 
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seasonal and annual rainfall temporal trends and their fluctuations over time in 

northern Bangladesh using BMD data. Sahid (2010) finds the rainfall variability and 

trend in wet and dry periods in Bangladesh using BMD data. He showed that the 

number of wet months is increasing and the dry months decreasing most parts of the 

country. Rafiuddin et al.(2011) studied Regional and seasonal variations of 

precipitation systems to understand the monsoonal rainfall in Bangladesh using 

BMD S-band weather radar Plan Position Indicator scans data and National Centers 

for Environmental Prediction reanalysis data. 

Research conducted on the estimation of rainfall in Bangladesh using remote sensing 

data remains inadequate. Ohsawa et al. (2001) studied the diurnal variations of 

convective activity and rainfall in tropical Asia using hourly equivalent black body 

temperature (TBB) data from GMS (Geostationary Meteorological Satellite) data and 

rain gauge data in Bangladesh. Islam et al. (2002; 2003) shows an early attempt to 

estimate rainfall in Bangladesh from GMS-5 satellite data using Convective 

Stratiform Technique (CST). Islam and Uyeda (2007) determine the climatic 

characteristics of rainfall in Bangladesh using the Tropical Rainfall Measuring 

Mission (TRMM). A statistical evaluation of European Centre for Medium-Range 

Weather Forecasts (ECMWF) model and TRMM data over Bangladesh for flood 

related studies using Bangladesh Meteorological Department (BMD) data as a 

reference data has been performed by Rahman et al. (2012). 

The Tropical Rainfall Measuring Mission (TRMM) launched at November 28, 1997 

is a joint mission between US and Japan, and it was the first satellite earth 

observation mission to monitor tropical rainfall, which closely influences to global 

climate and environment change (NASDA, 2001).The TRMM Multi-satellite 

Precipitation Analysis (TMPA) is more feasible than other multi-satellite rainfall 

products over Bangladesh in determining climate characteristics of rainfall and its 

variability. Following the highly successful TRMM mission, NASA and JAXA 

designed an international project Global Precipitation Measurement (GPM) mission 

launched at 27 February, 2014 to provide improved estimates of precipitation over 

most of the globe (Huffman et al. 2015). GPM is the first satellite that has been 

designed to measure light rain and snowfall, in addition to heavy tropical rainfall. 

Integrated Multi-satellite Retrievals for GPM (IMERG) products have improvements 
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in spatial and temporal resolutions. Very few preliminary works on GPM has 

published recently. There has been no research work using GPM data in Bangladesh. 

A number of researchers are working on the development of GPM data. In this study 

the validity of IMERG data and characteristics of rainfall in Bangladesh are being 

researched. This work will be helpful for the GPM satellite developers.  

 

Objectives of the Research 

The specific objectives of the present research work are: 

 

 To study the daily, monthly and seasonal variation of rainfall  of IMERG and 

rain gauge data of BMD in Bangladesh. 

 To analyze the spatial distribution of monthly, seasonally and annually 

rainfall and  their anomalies. 

 To study the regional rainfall in Bangladesh. 

 To study the thresholds and different percentiles of rainfall events  measured 

by IMERG and  rain gauge. 

 To find out the Root Mean Square Error, Correlation Coefficient and 

Standard deviation between IMERG and rain gauge data. 

 To determine the relationship between climatic variables and rainfall 

characteristics 

 

For better weather forecasting and numerical weather modeling more dense rainfall 

data are required. The results of this research will be helpful to understand the 

possibility of use of IMERG data in Bangladesh. This work will also give valuable 

information to weather forecaster. This study will be helpful for the developer of 

GPM satellite.  
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CHAPTER TWO 
LITERATURE REVIEW AND OVERVIEW OF 

THE STUDY 
2.1 Review 
There are many studies related to rainfall characteristics and comparison of rainfall 

using rain gauge, radar and satellite data. 

Prakash et al. (2016) investigated the capabilities of the Tropical Rainfall Measuring 

Mission (TRMM) Multi-satellite Precipitation Analysis (TMPA) and the recently 

released Integrated Multi-satellitE Retrievals for GPM (IMERG) in detecting and 

estimating heavy rainfall across India. They found that an initial assessment of the 

GPM-based multi-satellite IMERG precipitation estimates for the southwest 

monsoon season shows notable improvements over TMPA in capturing heavy 

rainfall over India. 

Liu (2016) compared the newly released IMERG Final Run monthly product with 

the TMPA monthly product (3B43) in the boreal summer of 2014 and the boreal 

winter of 2014/15 on a global scale. In his study he found that IMERG monthly 

product can capture major heavy precipitation regions in the Northern and Southern 

Hemispheres reasonably well. 

Libertino (2016) evaluates the ability of both TRMM and the recently launched 

global precipitation measurement (GPM) mission. He found that at the global scale 

GPM products show a greater ability in matching the day of occurrence of intense 

rainfall, with a probability of detection in the order of 0.6–0.7 

Sharifi et al. (2016) compared the final run of the Integrated Multi-satellitE 

Retrievals for GPM (IMERG) product, the post real time of TRMM and Multi-

satellite Precipitation Analysis (TMPA-3B42) and the Era-Interim product from the 

European Centre for Medium Range Weather Forecasts (ECMWF) with the Iran 

Meteorological Organization (IMO) daily precipitation measured by the synoptic 

rain-gauges over four regions at different topography and climate conditions in Iran. 

They found that in daily scale all three products lead to underestimation but IMERG 

performs better than other products. 
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Chen and Li (2016) analyzed the error structures of Integrated Multi-satellite 

Retrievals for GPM (IMERG) monthly precipitation products over Mainland China 

from March 2014 to February 2015 using gauge measurements at multiple 

spatiotemporal scales. They found that the IMERG performs better at low latitudes 

than at middle latitudes, and shows worse performance in winter than at other time. 

Ma et al. (2016) studied the similarity and error inter-comparison of the GPM and 

TRMM using hourly gauge data over the Tibetan Plateau. They found that IMERG 

can detect light rainfall better than 3B42 V7. Analyses of three-hourly rainfall 

estimates in the warm season of the year 2014 reveal that IMERG shows appreciably 

better correlations and lower errors than 3B42V7. 

Rafiuddin et al. (2011) studied the regional and seasonal variations of precipitation 

systems in Bangladesh using BMD radar data. They divided the precipitation system 

into arc, line and scattered type. They found that arc type precipitation system 

dominated in pre-monsoon and scattered type in monsoon. 

Islam et al. (2008) calibrated PRECIS model in employing future scenarios in 

Bangladesh. They observed that the changes in daily precipitation and the 

precipitation extremes are increasing during monsoon (June to September) season 

than dry season (December to February). Under A1B scenarios, towards the end of 

21st century frequency of the events and the intensity of heavy precipitation will be 

increasing while number of wet days will be decreasing. 

Kodama et al. (2005) describes and compare the large-scale distribution, 

predominant rain types, and lightning activity of pre-monsoon rainfall and monsoon 

rainfall using TRMM-PR and Lightning Imaging Sensor (LIS) observations for 1998 

to 2000 between 36S and 36N. Greater lighting intensity, high echo top and deep 

convection was found in pre-monsoon. 

Hoque et al. (2011) obtained climate characteristics of monsoon in Bangladesh using 

Japanese 25-year re-analysis data and BMD data. They studied seasonal rainfall in 35 

stations of BMD. They found high rainfall occurred in the northeast region (Sylhet) 

during the pre-monsoon season and southeast region (Teknaf) during the monsoon 

season. The central west region (Ishurdi) received relatively less rainfall in all 

seasons. In the post-monsoon season, rainfall amount did not differ much among the 

stations. 



Chapter Two: Literature Review & Overview of the Study 

 7 

Kirstette et al. (2012) compare TRMM 2A25 Products, Version 6 and Version 7, 

with NOAA/NSSL Ground Radar–Based National Mosaic QPE using March to May 

2011. The major changes from version 6 to version 7 address rather the quantitative 

estimation of rainfall in 2A25 products than the detection of rainfall itself. 

Schumacher and Houze (2003) examined the mapping of the shallow, isolated radar 

echo category over the whole Tropics and infer from this mapping a meaningful view 

of the overall ensemble of precipitating convection in the Tropics. Shallow, isolated 

rain elements dominate the outer fringes of the tropical rain area but give way to 

deeper, more organized convective systems and associated stratiform areas toward 

the heavy-rain regions of the near-equatorial Tropics. The shallow, isolated echoes 

seen by the TRMM PR represent warm rain processes and, therefore it classified as 

convective. 

Zulkafli et al (2013) compared the TRMM 3B42 version 7 and the older version 6 

products with data from 263 rain gauges in and around the northern Peruvian Andes. 

The authors found that the version 7 product has a significantly lower bias and an 

improved representation of the rainfall distribution. They also found a reduction in 

the relative bias between the observed and simulated flows by 30%–95%. 

 

2.2 Overview of the study 
2.2.1 Rainfall: Rainfall is the amount of rain that falls on an area in a particular 

period of time. Rain is liquid water in the form of droplets that have condensed from 

atmospheric water vapor and then precipitated—that is, become heavy enough to fall 

under gravity. Its Diameter is greater than 0.5 mm (0.02 inch). Concentrations of 

raindrops typically range from 100 to 1,000 per cubic m (3 to 30 per cubic foot). The 

major cause of rain production is moisture moving along three-dimensional zones of 

temperature. 

2.2.2 Rainfall process: There are two main rain formation processes: Warm rain 

process, Cold rain process. 

1) Warm rain process: 

• Condensation  

• Collision-coalescence  
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2) Cold rain process: 

• Vapor deposition (Bergeron-Findeisen process)  

• Riming/accretion  

• Aggregation 

1) Warm rain process: ‘‘Warm rain’’ refers to rain derived from non ice-phase 

processes in clouds. According to the Glossary of Meteorology (Glickman 2000), 

warm rain is ‘‘rain formed from a cloud having temperatures at all levels above 0C, 

and resulting from the droplet coalescence process’’. It is formed primarily by 

coalescence of water droplets of different sizes as they fall at different terminal 

velocities within the clouds. The broad droplet size distribution usually arises 

because of the initial presence of aerosol particles of different size. This broad size 

distribution is typical of marine aerosols, so this process is common over oceans and 

coastal areas. However because sufficient liquid water and updraft are required to 

sustain collision-coalescence, warm rains are not restricted to low to-middle level 

clouds, but may also occur in deep convective clouds [Glickman, 2000; Schumacher 

and Houze, 2003] 

2) Cold rain process: It requires the presence of both super-cooled water 

droplets and ice crystals in a cloud at temperatures below freezing. This process 

produces most of the precipitation in temperate continental regions. When cloud 

droplets and ice crystals coexist, water vapor diffuses from liquid droplets to ice 

particles because the saturation vapor pressure over water is greater than that over 

ice. The ice particles grow at the expense of the water droplets and then fall, 

oftentimes gaining additional mass through riming (accretion). When the ice particles 

fall through the freezing level they may melt and reach the ground as rain. The ice 

particles, during their fall, may collide and stick to one another (aggregation). 

2.2.3 Causes of rainfall:  

There are many causes of rainfall. Some important causes are discussed here. 

1) Convection: Convection rainfall is what happens when the sun heats a water 

source to the point that water turns into vapor and rises. By the time it reaches the 

condensation level, the vapor is usually cool enough to turn back into water and fall 

in the form of rain.  It falls as showers with rapidly changing intensity. Convective 



Chapter Two: Literature Review & Overview of the Study 

 9 

precipitation falls over a certain area for a relatively short time, as convective clouds 

have limited horizontal extent. Most precipitation in the tropics appears to be 

convective. 

2) Orographic effects: The orographic effect is a change in atmospheric conditions 

caused by a change in elevation, primarily due to mountains. Orographic lift occurs 

when an air mass is forced from a low elevation to a higher elevation as it moves 

over rising terrain. As the air mass gains altitude it quickly cools down adiabatically, 

which can raise the relative humidity to 100% and create clouds and, under the right 

conditions, precipitation. The highest precipitation amounts are found slightly 

upwind from the prevailing winds at the crests of mountain ranges, where they 

relieve and therefore the upward lifting is greatest. The influence of mountains upon 

rain and snowfall is often profound, creating some of the Earth's wettest places (e.g. 

Cherrapunji in India, where monsoon flow encounters the southern Himalayas, has 

received 26.5 m in one year) and driest places (e.g. The central valleys of the 

Atacama desert, shielded by surrounding mountains, can go for decades without 

rainfall). Orographic effects on precipitation are also responsible for some of the 

planet's sharpest climatic transitions. 

3) Relative humidity: Relative humidity is the amount of moisture in the air 

compared to what the air can hold at that time i.e. it indicates how moist the air is.  

Relative humidity may be defined as the ratio of the water vapor density (mass per 

unit volume) to the saturation water vapor density, usually expressed in percent: 

:  

The mean annual average humidity of each station on the basis of the available data 

shows that the area of Bangladesh like Barisal, Bhola, Maijdi Court, Hatiya, 

Sandwip, Patuakhali, Khepupara and Comilla are recorded the highest average 

humidity of Bangladesh ranging from January–June, 2014 80.14 (%) to 82.82 (%) 

where as the lowest annual humidity ranging from 74.11 (%) to 76.75 (%) is 

observed to the north and north east part of the country (Islam, 2014). 

https://en.wikipedia.org/wiki/Tropics
https://en.wikipedia.org/wiki/Air_mass
https://en.wikipedia.org/wiki/Elevation
https://en.wikipedia.org/wiki/Terrain
https://en.wikipedia.org/wiki/Altitude
https://en.wikipedia.org/wiki/Adiabatic_cooling
https://en.wikipedia.org/wiki/Relative_humidity
https://en.wikipedia.org/wiki/Cloud
https://en.wikipedia.org/wiki/Precipitation_(meteorology)
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4) Convective Available Potential Energy (CAPE): CAPE is the energy available 

for free lifting of the air parcel from level of free convection (LFC) to level of 

neutral buoyancy (LNB). CAPE is also a measure of maximum kinetic energy per 

unit mass of air parcel achievable by moist convection and, hence, is an estimate of 

the maximum possible updraft velocity. Since the positive CAPE is necessary for 

the occurrence of deep convection (Bhat et al., 1996) and it determines the potential 

of deep convection, the spatial distribution of CAPE can be used to identify the 

regions where the atmosphere is convectively unstable. There are some studies 

about the relationship of CAPE and rainfall. Adams and Souza (2009) have shown 

that the relationship between convective rainfall and CAPE is regional dependent 

and not consistent at most of the times. Zawadzki et al. (1981), for a continental 

region of eastern Canada, have found large positive correlations between areal 

rainfall rates and CAPE. Over northern Africa and the tropical Atlantic region, 

Monkam (2002) has observed a good correlation between CAPE and rainfall around 

the ITCZ and towards some mountains. However, some studies report negative 

correlation between CAPE and rainfall. For example, McBride and Frank (1999) 

found negative relationships between CAPE and areal measures of precipitation 

with large sensitivity to parcel level of origin for the Australian monsoon. Sobel et 

al. (2004) and Yano et al. (2005) also found a weak negative correlation between 

CAPE and rainfall rate. Peppler and Lamb (1989) and Zhang (2002) found that there 

is essentially no relationship between CAPE and precipitation over the central 

United States. 

 

2.3 Geography of Bangladesh  
Bangladesh is located in South Asia and can be located on a map using the 

geographic coordinates of 24°N, 90°E. The country has an area of 147,610 square 

kilometers (56,990 sq mi) and extends 820 kilometers (510 mi) north to south and 

600 kilometers (370 mi) east to west. This area can be divided into two distinct areas 

– a broad deltaic plain and a small hilly region. The deltaic plain is the larger of the 

two and has wonderfully fertile soil. It is also subject to frequent flooding. The hilly 

area is found in the southeast of the country and is made up of the Chittagong Hills. 

Bangladesh is bordered on the west, north, and east by a 4,095 kilometers (2,545 mi) 
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land frontier with India and, in the southeast, by a short land and water frontier (193 

kilometers (120 mi)) with Burma (Myanmar). On the south is a highly irregular 

deltaic coastline of about 580 kilometers (360 mi), fissured by many rivers and 

streams flowing into the Bay of Bengal. The territorial waters of Bangladesh extend 

12 nautical miles (22 km), and the exclusive economic zone of the country is 200 

nautical miles (370 km).  

 

2.4 Seasons of Bangladesh 
In Bangladesh there are four prominent seasons, namely, Pre-monsoon (March to 

May), Monsoon (June to September), Post-monsoon (October to November) and 

winter (December to February) 

Pre-monsoon: During the pre-monsoon season, its climate is characterized by high 

temperatures and the occurrence of thunderstorms. April is the hottest month in this 

season. Temperatures of this month range from 27°C along the northeastern foothills 

to 30°C along the western border. Rainfall from the thunderstorms of this season is 

copious, varying from 15 cm in the west-central part of the country to more than 80 

cm in the northeast. This reflects the effect of orography in the northeastern parts of 

the country which sets the trigger action for uplift and convectional overturning of 

the moist air from the Bay of Bengal (Sanderson and Ahmed, 1978). 

Monsoon: The performance of monsoon systems, namely southwest monsoon, 

active during June–September. The southwest monsoon of Bangladesh, which is also 

known as the summer monsoon, is an important source of water for Bangladesh 

during June– September contributing most of the annual rainfall over Bangladesh. 

Nearly 65–70% of the annual rainfall is received in Bangladesh during the southwest 

monsoon season (Rahman 2006). 

Post-monsoon: After the monsoon withdrawal in the post-monsoon season rainfall 

gradually decreased. In the post-monsoon season, the regional differences in rainfall 

were smaller than those in the pre-monsoon and winter season [Hoque et al., 2011] 

Post-monsoon is the transitional season from monsoon to winter. 
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Winter: The months December, January and February form the winter season in 

Bangladesh. During this season, pressure over the country increases south to north as 

part of the Siberian high (Skamaruk et al., 2008). The air temperature drops down 

significantly and thus the atmosphere remains foggy, mostly the river bank areas 

(Houze, 1993). In recent years Bangladesh has experienced numerous winter events 

during the winter. In January 2010, northern and southwest parts of the country 

experienced a rapid fall in temperature with cold winds and dense fog. In January 

2011 the Meteorological Department recorded the temperature as 2 to 5 degrees 

Celsius lower than the normal average temperature (about 10°C) (Begum et al. 

2015). Generally light rainfall occurred in winter season. 

 

2.5 Global Precipitation Measuring Mission: 
2.5.1 Overview of GPM Project  

The Global Precipitation Measurement Project (GPM) is follow-on and expansion of 

the tropical rain observation satellite (TRMM) satellite, and an international 

cooperative mission to measure global precipitation more accurately and frequently 

for elucidating changes in climate and water circulation using one GPM core satellite 

with the Dual-frequency Precipitation Radar (DPR) and the GPM Microwave Imager 

(GMI) onboard and constellation of several other satellites with a microwave imager 

onboard. By cooperation with multiple number of constellation satellites will enable 

global measurement of precipitation about every three hours. Figure 2.1 shows 

constellation satellites consists GPM Project.  
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 Figure 2.1: GPM Constellation of Satellites 

 

The GPM core satellite has been cooperatively developed by JAXA and NASA, and 

the DPR has been jointly developed by JAXA in cooperation with NICT. And JAXA 

performs both developing mission instruments as well as launch services with the H-

IIA Rocket Vehicle at Tanegashima Space Center and data processing/providing. 

The constellation of satellites is feasible by international cooperation for the existing 

or future microwave imager (imager/sounder) onboard project of which NASA, 

National Oceanic and Atmospheric Administration (NOAA), European Organization 

for the Exploitation of Meteorological Satellites (EUMETSAT), Centre National 

D'Etudes Spatiales (CNES), and Indian Space Research Organization (ISRO), and so 

on. 

 Similar to a mission for water cycle variation observation under JAXA’s Earth 

Environmental program, mission objectives of GPM are to continue and expand 
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knowledge and outcomes obtained by the TRMM satellite, and to achieve the 

following targets:  

(1) Highly accurate and frequent global precipitation observation for climate and 

water cycle change  

(2) Data utilization method development through distribution of near real time global 

precipitation maps  

(3) Development and demonstration of the improved precipitation retrieval method 

of the multi microwave radiometers (including both imager and sounder) using DPR 

data  

(4) Application demonstration for operational use, such as flood prediction, 

numerical weather forecast, prevention of damage from a storm and flood; and  

(5) Demonstration of DPR technology, which will succeed and expand TRMM/PR 

technology, to achieve highly accurate precipitation observation  

 

2.5.2 The GPM Microwave Imager (GMI): 

The Global Precipitation Measurement (GPM) Microwave Imager (GMI) instrument 

is a multi-channel, conical- scanning, microwave radiometer serving an essential role 

in the near-global-coverage and frequent-revisit-time requirements of GPM. The 

GMI is characterized by thirteen microwave channels ranging in frequency from 10 

GHz to 183 GHz. In addition to carrying channels similar to those on the Tropical 

Rainfall Measuring Mission (TRMM) Microwave Imager (TMI), the GMI carries 

four high frequency, millimeter-wave, channels about 166 GHz and 183 GHz. With a 

1.2 m diameter antenna, the GMI will provide significantly improved spatial 

resolution over TMI. 

The off-nadir-angle defining the cone swept out by the GMI is set at 48.5 degrees 

which represents an earth-incidence-angle of 52.8 degrees. To maintain similar 

geometry with the predecessor TMI instrument, the-earth-incidence angle of GMI 

was chosen identical to that of the TMI. Rotating at 32 rotations per minute, the GMI 

will gather microwave radiometric brightness measurements over a 140 degree sector 

centered about the spacecraft ground track vector. The remaining angular sector is 

used for performing calibration; i.e. observation of cold space as well as observation 
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of a hot calibration target. The 140 degree GMI swath represents a swath of 904 km 

(562 miles) on the Earth's surface. 

Only the central portions of the GMI swath will overlap the DPR swaths (and with 

approximately 67 second duration between measurements due to the geometry and 

spacecraft motion). These measurements within the overlapped swaths are important 

for improving precipitation retrievals, and in particular, the radiometer-based 

retrievals. 

The appearance diagram of GMI is shown in Figure 2.2.  

 
Figure 2.2: GMI instrument 

Integrated Multisatellite Retrievals for GPM (IMERG) is the unified U.S. algorithm 

that provides the Day-1 multi-satellite precipitation product for the U.S. GPM team. 

The precipitation estimates from the various precipitation-relevant satellite passive 

microwave (PMW) sensors comprising the GPM constellation are computed using 

the 2014 version of the Goddard Profiling Algorithm (GPROF2014), then gridded, 

intercalibrated to the GPM Combined Instrument product, and combined into half-

hourly 0.1°x0.1° fields which are named IMERG. IMERG data are used in this 

study.
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CHAPTER THREE 

DATA AND METHODS 

3.1 Data Sources and Duration 

In this research work three types of data are used, these are 

 Integrated Multi-satellite Retrievals for GPM (IMERG) half-hourly data 

 Bangladesh Meteorological Department (BMD) 3-hourly rain gauge data and 

 European centre for Medium-Range Weather Forecasts (ECMWF) 6-hourly 

data  

 

Study period: April, 2014-May, 2015 

The above duration has been chosen because IMERG data started from 12 March, 

2014. 

3.2 Data Description 

3.2.1. IMERG: 

IMERG is a multi-satellite, global, precipitation estimate that is associated with the 

Global Precipitation Measurement (GPM) mission, an international collaboration 

between NASA and the Japan Aerospace Exploration Agency (JAXA). The GPM 

core satellite was launched on 27 February, 2014. IMERG uses as many satellites of 

opportunity as possible in a very flexible framework. IMERG produces and archives 

the data in the HDF5 file format. The IMERG HDF5 files contain variables that 

describe the surface precipitation rate and the phase of the precipitation reaching the 

Earth's surface. In the HDF5 files, precipitation rate is expressed in millimeters per 

hour. The data is stored in a rectangular latitude-longitude grid that has 3600 

columns for longitude and 1800 rows for latitude. This grid covers the globe (90°S to 

90°N and 180°W to 180°E) at 0.1° resolution. The temporal resolution of the 

products is:  3IMERGHH: half hour and 3IMERGM: month. The half-hour period 

for the 3IMERGHH is driven by the basic observational interval for the geo-IR data. 
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The monthly period for 3IMERGM is driven by the typical calendar monthly period 

of precipitation gauge analyses. The detailed IMERG estimation procedure is 

described at the 

 https://pmm.nasa.gov/sites/default/files/document_files/IMERG_doc.pdf. In this 

study, IMERG half-hourly rainfall data from April, 2014-May, 2015 will be used for 

the analysis of rainfall characteristics and validation of GPM data in Bangladesh. 

 

3.2.2. Rain Gauge Data: 

Rain gauge is a meteorological instrument for determining the depth of precipitation 

(usually in mm) that occurs over a unit area (usually one meter squared) and thus 

measuring rainfall amount. The level of rainfall is sometimes reported as inches or 

centimeters. Bangladesh Meteorological Department (BMD) used Recording type 

rain gauge. BMD has 35 rain-gauge stations all over the country. The locations of 

these 35 rain gauges are shown in Fig. 3.1. Rain gauges have their limitations. Rain 

gauges only indicate rainfall in a localized area. In the current study, 3 hourly rain 

gauge data collected by BMD are utilized and analyzed for comparison to GPM 

products over Bangladesh 

 
Figure 3.1: Locations of the rain-gauge stations of Bangladesh Meteorological 

Department (BMD). 
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3.2.3 ECMWF: 

The European Centre for Medium-Range Weather Forecasts (ECMWF) is an 

independent intergovernmental organization supported by 35 states. ERA-Interim is 

a global atmospheric reanalysis data started from 1979, continuously updated in real 

time. The data assimilation system used to produce ERA-Interim is based on a 2006 

release of the IFS (Cy31r2). The system includes a 4-dimensional variational 

analysis (4D-Var) with a 12-hour analysis window. The spatial resolution of the data 

set is approximately 80 km (T255 spectral) on 60 vertical levels from the surface up 

to 0.1 hPa.[ http://www.ecmwf.int/en/research/climate-reanalysis/era-interim, last 

access: August,2016]. It is presented as a gridded data set at approximately 0.7 

degrees spatial resolution, and 37 atmospheric 

levels.[http://www.esrl.noaa.gov/psd/data/gridded/data.erainterim.html] 

 

Temporal Coverage: 

 4 times daily, January 1979 to present 

 

Spatial Coverage: 

 Global grid, 0.7 degrees approximate resolution. 

 89.5S - 89.5N, 0E - 359.3E. 

 Grid dimensions are 256 latitudes x 512 longitudes. 

 Grid type: N128 Gaussian grid. Equal spacing on longitudes. 

Levels: 

 All 37 original pressure levels, 1 to 1000 hPa, quasi-logarithmic. 

 Pressure levels: 1, 2, 3, 5, 7, 10, 20, 30, 50, 70, 100, 125, 150, 175, 200, 

225, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 775, 800, 825, 

850, 875, 900, 925, 950, 975, 1000 hPa. 

 All 15 original isentropic (theta) levels, 265 to 850 Kelvin. 

 Theta levels: 265, 275, 285, 300, 315, 330, 350, 370, 395, 430, 475, 530, 

600, 700, 850 Kelvin. 

ECMWF 6-hourly data from April, 2014 to May, 2015 with 0.125 degree by 0.125 

degree gridded resolution is used in this study. In this study Relative humidity, 

Convective Available Potential Energy (CAPE) and wind are used.  
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3.3 Methods 

The Grid Analysis and Display System (GrADS) script are used to extract IMERG 

data at 35 rain gauge stations location of Bangladesh. Three hourly rain gauge and 

half hourly IMERG data are converted to daily data. Daily data are converted to 

monthly, seasonally and annual data for analysis. 

Surfer and MS Excel are used for details analysis. 

3.3.1. Correlation Coefficient: 

The formula for the correlation (r) is 

𝑟 =
1

(𝑛 − 1)
(
∑∑(𝑥 − �̅�)(𝑦 − �̅�)

𝑆𝑥𝑆𝑦
) 

Where n is the number of pairs of data. x̅ and y̅ are the sample means of all the x-

values and all the y-values, respectively; and 𝑆𝑥 and 𝑆𝑦 are the sample standard 

deviations of all the x- and y-values, respectively. 

3.3.2. Root Mean Square Error (RMSE): 

The RMSE (also called the root mean square deviation, RMSD) is a frequently used 

measure of the difference between values predicted by a model and the values 

actually observed from the environment that is being modeled. These individual 

differences are also called residuals, and the RMSE serves to aggregate them into a 

single measure of predictive power. 

The RMSE of a model prediction with respect to the estimated variable Xmodel is 

defined as the square root of the mean squared error: 

 

n

XX
RMSE

n

i idelmoiobs 


 1
2

,, )(
 

Where Xobs is observed values and Xmodel is modeled values at time/place i. 
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The calculated RMSE values will have units. In this study IMERG data is observed 

values and rain gauge data is modeled/reference values. The unit of RMSE is 

millimeter in this study. 

However, the RMSE values can be used to distinguish model performance in a 

calibration period with that of a validation period as well as to compare the 

individual model performance to that of other predictive models. 

 

3.3.3. Standard deviation: 

In statistics, the standard deviation (SD, also represented by the Greek letter sigma σ 

or the Latin letter s) is a measure that is used to quantify the amount of variation or 

dispersion of a set of data values. A low standard deviation indicates that the data 

points tend to be close to the mean (also called the expected value) of the set, while a 

high standard deviation indicates that the data points are spread out over a wider 

range of values. 

The formula for standard deviation (SD) is 

SD=√∑ (𝑥−�̅�)2

𝑛
 

Where ∑ means "sum of", x is a value in the data set, x̅ is the mean of the data set, 

and n is the number of data points. 

 

3.3.4. Regional classification: 

The whole country was divided into two regions named: wet and dry regions (Figure 

.3.2), based on humidity anomalies as proposed by Islam and Uyeda (2007). 
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Figure 3.2. The names of the BMD observational site over Bangladesh are shown 

above the station location. The left side of dash line is dry region and right side is 

wet region. Topography is shown by grey shading. 

 

 

3.3.5 Classification of different threshold extreme rain  

There are different threshold rainfalls according to BMD given below: 

 

•   Very heavy rainfall (VHR) is defined as the occurrence of rainfall amount greater 

than 88 mm in 24 hours. 

•   Heavy rainfall (HR) is defined as the occurrence of rainfall amount from ≥43.5 to 

88 mm in 24 hours. 

•   Moderately heavy rainfall (MHR) is defined as the occurrence of rainfall amount 

from ≥22.5 to <43.5 mm in 24 hours. 

•   Moderate rainfall (MR) is defined as the occurrence of rainfall amount from ≥10.5 

to <22.5 mm in 24 hours. 

•   Light rainfall (LR) is defined as the occurrence of rainfall amount from ≥2.5 to 

<10.5 mm in 24 hours. 
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Numbers of different threshold rainfall events are detected by using the Microsoft 

excel program as follows: 

 

 The number of very heavy rainfall (VHR) events were calculated using the 

command =COUNTIF(data range,”>88”) 

 

 The number of Heavy rainfall (HR) events were calculated using command 

=SUMPRODUCT ((data range≥43.5 )*(data range≤88)) 

 

 The number of moderately heavy (MH) rainfall events were calculated using 

command =SUMPRODUCT ((data range≥22.5 )*(data range<43.5)). 

 

 The number of moderate rainfall (MR) events were calculated using 

command =SUMPRODUCT ((data range≥10.5 )*(data range<22.5)). 

 

 The number of light rainfall (LR) events were calculated using command 

=SUMPRODUCT ((data range≥2.5)*(data range<10.5)). 

 

 

In this study, different percentiles of rainfall events are calculated using the 

following the formula: 

 The number of 10th percentile events were calculated using command 

=COUNTIF (C13:C42,"<1.8"). 

 The number of 90th percentile events were calculated using command 

=COUNTIF (C13:C42,">48"). 

 The number of 95th percentile events were calculated using command 

=COUNTIF (C13:C42,">70").  

 The number of 99th percentile events were calculated using command 

=COUNTIF (C13:C42,">122"). 
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CHAPTER FOUR 
RESULTS AND DISCUSSION 

4.1. Variability of rainfall 
Daily, monthly, seasonal and annual variations of IMERG and BMD rain gauge 

observed rainfall during the study period are discussed in the following sections.  

4.1.1. Daily rainfall 
4.1.1.1. Daily variation of rainfall 
Figure 4.1 showed the average daily variation of rainfall measured by IMERG and 

rain gauge. From this figure it is found that the daily variation of rainfall measured 

by IMERG is almost similar to rain gauge observation. IMERG detected peaks of 

rainfall variations but the amount is less than that of rain gauge, especially during the 

monsoon period. The correlation coefficient (CC) and root mean square error 

(RMSE) between IMERG and rain gauge is found 0.79 and 6.19, respectively. The 

standard deviation of IMERG and rain gauge is found 7.04 and 9.86, respectively. 

The daily rainfall measured by IMERG and rain gauge is found 4.18mm and 5.61mm 

during the study period, respectively. Therefore, IMERG is able to measure 74.5% of 

the surface rainfall in Bangladesh. 

 

Figure 4.1: Variation of daily average rainfall from June, 2014 to May, 2015 over 
Bangladesh measured by IMERG and rain gauge. 
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4.1.1.2. Scattered plot of daily rainfall 
Figure 4.2 showed the scatter plots of daily average IMERG and rain gauge 

measured rainfall during June, 2014- May, 2015. The value of R2 between IMERG 

and rain gauge is found 0.632.  

 
 

Figure 4.2: Scatter plots of average daily rainfall between IMERG and rain gauge 

from June, 2014 to May, 2015.The blue dashed line is a 1:1 line and red solid line 

represents linear fit (Y=a+ bX) 

 

In this figure the blue dashed line (1:1) is above the red solid line (linear fit), 

suggesting the negative (IMERG < rain gauge) systematic difference is significant 

for higher rainfall rate. This systematic difference is small for low rainfall rate. 

However, it increases rapidly and becomes higher at 10mm/day and above. 
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4.1.2. Monthly rainfall 
4.1.2.1. Monthly spatial distribution of rainfall 

Spatial distribution of IMERG and rain gauge rainfall for the month of April 2014 is 

shown in Figure 4.3(a, b). The rainfall distribution observed by IMERG and rain 

gauge are almost similar. The rainfall is increased gradually from the 

western/southwestern part of the country to the east/northeast-ward. The amount of 

rainfall measured by IMERG and rain gauge during this month is found 40.10 mm 

and 29.68 mm, respectively. IMERG is overestimated by 35% in this month. IMERG 

measured the maximum rainfall in Srimangal (249 mm/month) whereas BMD rain 

gauge showed the maximum in Sylhet (117.3 mm/month). The minimum amount of 

rainfall measured by IMERG and rain gauge is found in Patuakhali (0.47mm/month) 

and Rangamati (1mm/month), respectively. 

The spatial distribution of IMERG and rain gauge rainfall for the month of May 2014 

is shown in Figure 4.3(c, d). The amount of rainfall measured by IMERG and rain 

gauge during this month is found 197.18 mm and 212.39 mm, respectively. The 

underestimation is found 7.17% during this month. IMERG observed the maximum 

rainfall in Jessore (347.84 mm/month) whereas BMD rain gauge observed in Sylhet 

(540.1 mm/month). The minimum rainfall measured by IMERG and BMD rain 

gauge is found in Cox’sbazar (64.64mm/month) and Chuadanga (66.1 mm/month), 

respectively. 

Figure 4.3(e, f) showed the spatial distribution of IMERG and rain gauge observed 

rainfall during June 2014. Monsoon season starts from this month. IMERG and 

BMD observed maximum rainfall of the year in this month. The maximum rainfall 

observed by IMERG and BMD rain gauge is 328.11 mm and 549.33, respectively. 

IMERG is underestimated by 40.27% during this month. IMERG found maximum 

rainfall in Khepupara (739.23mm/month) whereas BMD rain gauge found the 

maximum in Chittagong (1294 mm/month). The minimum rainfall found by IMERG 

and rain gauge in Satkhira (136.43mm/month) and Rajshahi (191.5mm/month), 

respectively.  

The spatial distribution of IMERG and rain gauge observed rainfall during July 2014 

showed in figure 4.3(g, h). The amount of rainfall measured by IMERG and BMD 
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rain gauge is 234 mm and 353.20 mm, respectively. IMERG is underestimated by 

33.67% in this month. IMERG found maximum rainfall in Srimongal (666.37 

mm/month) whereas rain gauge found in Hatiya(711.8 mm/month). The minimum 

rainfall found by IMERG and rain gauge in Sathkhira (56.72 mm/month) and 

Rangpur (99.7 mm/month), respectively. 

 
 

Figure 4.3: Spatial distribution of monthly rainfall April, 2014 – July, 2014 

measured by IMERG (a, c, e, g) and BMD (b, d, f, h). 

 

Figure 4.4(a, b) showed the spatial distribution of August, 2014 rainfall measured by 

IMERG and rain gauge. During this month rainfall measured by IMERG and rain 

gauge is 298.27mm and 449.59mm rainfall, respectively. IMERG is underestimated 

by 33.66% during this month. The highest amount of rainfall measured by IMERG 
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and rain gauge is Mymensingh (623.2 mm/month) and Teknaf (1030mm/month), 

respectively. The lowest amount of rainfall measured by IMERG and rain gauge is 

Mongla (94.39mm/month) and Satkhira (181.8mm/month), respectively. 

 

Figure 4.4(c, d) showed the spatial distribution of September, 2014 measured by 

IMERG and rain gauge. September is the last month of monsoon. IMERG is also 

underestimated here like other monsoon months. There is an increasing gradient of 

rainfall from southwest to northeast part of the country. The amount of rainfall 

measured by IMERG and BMD rain gauge is 184.55mm and 322.43mm, 

respectively. The highest amount of rainfall found in Srimongal (416.3 mm/month) 

and Sylhet (721.6 mm/month) by IMERG and rain gauge, respectively. The lowest 

amount found in Jessore (36.97 mm by IMERG and 128 mm by rain gauge).  

 

The spatial distribution of October, 2014 rainfall measured by IMERG and rain 

gauge is shown in Figure 4.4(e, f). Post-monsoon season starts from this month. 

IMERG found 50.07 mm/month and rain gauge found 73.58 mm/month rainfall in 

October, 2014. IMERG is underestimated by 31.94% in this month. Maximum 

rainfall found in Hatiya (108.8 mm by IMERG 168.6 mm by rain gauge). Minimum 

rainfall found in Teknaf (8.17mm/month) and Rajshahi (5.1mm/month) by IMERG 

and rain gauge, respectively. 

 

Fig 4.4(g, h) showed the spatial distribution of November, 2014 measured by 

IMERG and rain gauge. In this month IMERG found 22.29 mm and BMD rain gauge 

found only 1.44 mm rainfall. The highest amount of rainfall observed by IMERG and 

rain gauge in Cox’s Bazar (254.61 mm/month) and Teknaf (30 mm/month), 

respectively.The lowest amount of rainfall found in Satkhira (0.02mm/month) and 

Rangpur (0.2mm/month) measured by IMERG and rain gauge, respectively. 

 



Chapter Four: Results and Discussion 

 28 

 
Figure 4.4: Spatial distribution of monthly rainfall August, 2014 – November, 2014 

measured by IMERG (a, c, e, g) and BMD (b, d, f, h). 

 

The spatial distribution of IMERG and rain gauge rainfall for the month of 

December, 2014 is shown in figure 4.5(a, b). Winter season starts from this month. 

IMERG found 13.83 mm and rain gauge found 0.90 mm rainfall in this month. 

IMERG is highly overestimated in this month. Maximum rainfall found in Cox’s 

Bazar (55.21mm) and minimum rainfall in Chandpur (1.99 mm) observed by 

IMERG. On the other hand rain gauge found maximum rainfall in Hatiya (5 mm) and 

minimum rainfall in Sitakunda (0.1 mm/month). 

The spatial distribution of IMERG and rain gauge rainfall during January 2015 is 

shown in figure 4.5(c, d). IMERG found 2.80 mm and rain gauge found 9.81 mm 

rainfall in this month. IMERG is underestimated by 71.40 % in this month. 

Maximum rainfall observed by IMERG and rain gauge found in Hatiya (13.86 
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mm/month) and Satkhira (59.2 mm/month), respectively. The minimum rainfall 

measured by IMERG and rain gage found in Bogra (0.01mm/month) and Chuadanga 

(0.1mm/month), respectively. 

Figure 4.5(e, f) showed the spatial distribution of IMERG and rain gauge observed 

rainfall during February 2015. This month is the last month of winter season. 

IMERG found 14.5 mm/month and rain gauge found 17.07 mm/month rainfall in 

February, 2015. IMERG is underestimated by 15.08% during this month. IMERG 

found maximum rainfall in Sylhet (79.60 mm/month) where rain gauge found 

maximum in Jessore (93 mm/month). The minimum rainfall found in Kutubdia 

(1.025 mm/month) and Sydpur (2.3 mm/month) measured by IMERG and rain 

gauge, respectively. 

The spatial distribution of IMERG and rain gauge rainfall for the month of March, 

2015 is shown in Figure 4.5(g, h). IMERG found 45.45 mm and rain gauge found 

26.32 mm rainfall in this month. IMERG is overestimated by 72.69 % . Maximum 

rainfall observed by IMERG in Ambagan (114.025 mm/month) and by rain gauge in 

Hatiya (67 mm/month). Minimum rainfall observed by IMERG in Cox’s Bazar (2.42 

mm/month) and by rain gauge in Mymensingh (1.1 mm/month). 

The spatial distribution of IMERG and rain gauge rainfall during April 2015 is 

shown in figure 4.5(i, j). IMERG found 146.03 mm and BMD rain gauge found 

172.04 mm rainfall in this month. IMERG is underestimated by 15.12 % in this 

month. The highest amount of rainfall observed by IMERG and rain gauge found in 

Bogra (294 mm/month) and Sylhet (549.2 mm/month), respectively. The lowest 

amount of rainfall found in Cox’s Bazar(46.28 mm/month by IMERG and 72 

mm/month by rain gauge).  

The spatial distribution of rainfall measured by IMERG and rain gauge in May 2015 

in different station of Bangladesh is shown in figure 4.5(k, l). In this month IMERG 

found 208.17 mm/ rainfall and BMD rain gauge found 171.93 mm/month rainfall. 

IMERG is overestimated by 21.08% during this month. IMERG detect maximum 

rainfall in Rangpur (700.1 mm/month) and minimum rainfall in Mongla(23.35 

mm/month). On the other hand rain gauge measured maximum rainfall in Sylhet 

(756.4 mm/month) and minimum in Satkhira (16.60 mm/month).  
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Figure 4.5: Spatial distribution of monthly rainfall December, 2014 – May, 2015 

measured by IMERG (a, c, e, g, i, k) and BMD (b, d, f, h, j, l). 

Figure 4.6(a) showed the anomalies of rainfall between IMERG and rain gauge 

observation during the month of April 2014. The red and blue regions of the figure 
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indicated the overestimation and underestimation of IMERG, respectively. IMERG 

observed rainfall was overestimated in the northeastern and northwestern regions and 

underestimated in the southern part of the country. IMERG highly overestimated in 

the area of Srimangal and underestimated in Faridpur. 

The standard deviation of rainfall between IMERG and rain gauge during April, 

2014 is shown in figure 4.6(b). The maximum standard deviation is found in 

Faridpur (16.27 mm) and the minimum deviation is found in Ambagan (0.46 mm). 

Rainfall anomalies for the month of May 2014 between IMERG and rain gauge are 

shown in Figure 4.6(c). IMERG underestimated most of the parts of Bangladesh in 

this month and overestimated in central-western part of the country. The highest 

overestimation and underestimation is found in the area of Chuadanga and Sylhet in 

the month of May 2014. 

The standard deviation of rainfall between IMERG and rain gauge during May, 2014 

is shown in figure 4.6(d). The maximum standard deviation is found in Ambagan 

(37.09 mm) and the minimum deviation is found in Kutubdia (4.68 mm). 

 
 

Figure 4.6: Anomaly rainfall in (a) April, 2014 and (c) May, 2014. Standard deviation of 

(b) April, 2014 and (d) May, 2014. 

 

(a) (b) 

(c) (d) 
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The anomalies of rainfall between IMERG and rain gauge observation during June 

2014 are shown in Figure 4.7(a). In this month IMERG underestimated almost 

everywhere in Bangladesh. IMERG highly overestimated in Khepupara and 

underestimated in Chittagong. 

The standard deviation of rainfall between IMERG and rain gauge during June, 2014 

is shown in figure 4.7(b). The maximum standard deviation is found in Kutubdia 

(49.70 mm) and the minimum deviation is found in Rajshahi (10.92 mm). 

The Anomalies of rainfall between IMERG and rain gauge during July 2014 is 

shown in figure 4.7(c). From this figure it is found that IMERG observed rainfall 

data is underestimated southwestern and southeastern part and overestimated in 

northern and northeastern part of the country. IMERG overestimated highly in 

Dinajpur and underestimated in Teknaf.  

The standard deviation of rainfall between IMERG and rain gauge during July, 2014 

is shown in figure 4.7(d). The maximum standard deviation is found in Teknaf 

(36.68 mm) and the minimum deviation is found in Chuadanga (6.52 mm). 

The anomaly of monthly rainfall measured by IMERG and rain gauge during August, 

2014 is shown in figure 4.7(e). From this figure it is observed that IMERG is 

overestimated in central part to western part of the country and underestimated in the 

some part of the north, south and east part of the Bangladesh. IMERG is mostly 

overestimated in Dinajpur (129.85%) and underestimated in Teknaf (83.27%). 

Topography of different region may be responsible for the above anomaly. 

The standard deviation of rainfall between IMERG and rain gauge during August, 

2014 is shown in figure 4.7(f). The maximum standard deviation is found in Sandwip 

(46.29 mm) and the minimum deviation is found in Satkhira (9.31 mm). 

Figure 4.7(g) showed the anomalies of rainfall between IMERG and rain gauge 

observation during the month of September, 2014. IMERG is underestimated by 

42.76% in this month. From the above figure it is found that IMERG is 

underestimated most of the part of the Bangladesh and overestimated in Dhaka 

(21.52%) and Khepupara (22.18%). 
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The standard deviation of rainfall between IMERG and rain gauge during September, 

2014 is shown in figure 4.7(h). The maximum standard deviation is found in 

Rangpur (32.32 mm) and the minimum deviation is found in Patuakhali (6.14 mm). 

 
 Figure 4.7: Anomaly rainfall in (a) June, 2014, (c) July, 2014,(e) August, 2014, and (g) 

September, 2014 . Standard deviation of (b) June, 2014, (d) July, 2014,(f) August, 2014, 

and (h) September, 2014 

 

 

 

(a) (b) 

(c) (d) 

(e) (f) 

(g) (h) 
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The anomalies between IMERG and rain gauge observation in October, 2014 are 

shown in figure 4.8(a). IMERG underestimated mostly in the southern part of 

Bangladesh and overestimated in the northern part of the country. IMERG highly 

overestimated in Rangpur and underestimated in Teknaf. 

Figure 4.8(b) showed the standard deviation of rainfall between the IMERG and rain 

gauge during October, 2014. The maximum standard deviation is found in Mongla 

(14.82 mm) and the minimum deviation is found in Khulna (1.40 mm).  

Anomaly of rainfall in November 2014 observed by IMERG and rain gauge is shown 

in figure 4.8(c). IMERG is overestimated most of the part of Bangladesh in this 

month. IMERG highly overestimated in Cox’s bazar station and underestimated in 

Rangamati station. 

The standard deviation of rainfall between the IMERG and rain gauge during 

November, 2014 is shown in figure4.8 (d). The maximum standard deviation is 

found in Cox’sbazar (14.82 mm) and the minimum deviation is found in Satkhira 

(0.0036 mm).  

Figure 4.8(e) represents the anomalies of rainfall between IMERG and rain gauge 

during December, 2014. IMERG is overestimated in this month. IMERG highly 

overestimated in Cox’sbazar station. 

The standard deviation of rainfall between the IMERG and rain gauge during 

December, 2014 is shown in figure4.8 (f). The maximum standard deviation is found 

in Cox’sbazar (8.20 mm) and the minimum deviation is found in Chuadanga (0.28 

mm).  

Figure 4.8 (g) shows the anomaly of rainfall in January 2015 observed by IMERG 

and rain gauge. From this figure it is found that IMERG is underestimated most of 

the part of Bangladesh except some station of the central part. IMERG highly 

underestimated in Satkhira station and overestimated in Comilla station. 

Figure 4.8(h) showed the standard deviation of rainfall between the IMERG and rain 

gauge during January, 2015. The maximum standard deviation is found in Satkhira 

(10.63 mm) and the minimum deviation is found in Khepupara (0.20 mm).  



Chapter Four: Results and Discussion 

 35 

 
 Figure 4.8: Anomaly rainfall in (a) October, 2014, (c) November, 2014,(e) December, 2014, 

and (g) January, 2015 . Standard deviation of (b) October, 2014, (d) November, 2014,(f) 

December, 2014, and (h) January, 2015 
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An anomaly between the IMERG and rain gauge observation in February, 2015 is 

shown in figure 4.9 (a). IMERG underestimated mostly in the southern part of 

Bangladesh and overestimated in the northern part of the country. IMERG highly 

overestimated in Rangpur and underestimated in Teknaf. 

Figure 4.9(b) showed the standard deviation of rainfall between the IMERG and rain 

gauge during February, 2015. The maximum standard deviation is found in Sylhet 

(9.97 mm) and the minimum deviation is found in Kutubdia (0.18 mm). 

Figure 4.9(c) shows the anomaly of rainfall in March 2015 observed by IMERG and 

rain gauge. From this figure it is found that IMERG is overestimated most of the part 

of Bangladesh. IMERG highly overestimated in Ambagan station and 

underestimated in Hatiya station. 

Figure 4.9(d) showed the standard deviation of rainfall between the IMERG and rain 

gauge during March, 2015. The maximum standard deviation is found in 

Mymensingh (11.16 mm) and the minimum deviation is found in Ishurdi (1.52 mm). 

The anomalies between IMERG and rain gauge observed rainfall during April 2015 

is shown in figure 4.9 (e). IMERG is underestimated mainly in the eastern region of 

Bangladesh. IMERG is highly underestimated in Sylhet and overestimated in Barisal 

station. In Bhola, Chuadanga, Rajshahi and Sandwip station IMERG and BMD 

shows close values. 

Figure 4.9(f) showed the standard deviation of rainfall between the IMERG and rain 

gauge during April, 2015. The maximum standard deviation is found in Khulna 

(23.04 mm) and the minimum deviation is found in Ishurdi (2.92 mm). 

Figure 4.9 (g) showed the anomaly of rainfall measured by IMERG and rain gauge 

during this month. From this figure it is found that IMERG is overestimated most of 

the part of the country. IMERG underestimated in twelve stations and overestimated 

in twenty three stations. IMERG highly overestimated in Rangpur station. 

The standard deviation of rainfall between the IMERG and rain gauge during April, 

2015 is shown in Figure 4.9(h). The maximum standard deviation is found in Sylhet 

(31.78 mm) and the minimum deviation is found in Patuakhali (2.85 mm). 
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Figure 4.9: Anomaly rainfall in (a) February, 2015, (c) March, 2015,(e) April, 2015, and 

(g) May, 2015 . Standard deviation of (b) February, 2015, (d) March, 2015,(f) April, 2015, 

and (h) May, 2015 
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4.1.2.2. Monthly variation of rainfall 
Figure 4.10 showed the monthly rainfall variation of IMERG and BMD during the 

study period. The trend of monthly variation of rainfall observed by IMERG and rain 

gauge is almost same. From this figure it is clear that IMERG is mainly 

underestimated during the period June – September. The IMERG data is highly 

correlated with rain gauge observation and the value of CC is found 0.96. The value 

of RMSE is found 88.19 mm. The standard deviation of IMERG and BMD is found 

113.83 mm and 183.21 mm, respectively.  

 
Figure 4.10: Monthly variation of rainfall during the study period. 

 

4.1.3. Seasonal rainfall 

4.1.3.1. Spatial distribution of seasonal rainfall 

(a) Pre-monsoon 

Figure 4.11(a, b) showed the spatial distribution of pre-monsoonal rainfall measured 

by IMERG and rain gauge. From this figure it is clear that the rainfall increases 

gradually from southwestern part of the country to the northeastern part. IMERG 

measured 399.65 mm and BMD rain gauge observed 370.29 mm rainfall in pre-
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monsoon season during the study period. IMERG overestimated by 8% in the pre-

monsoon season. IMERG is capable to detect pre-monsoon rainfall spatial pattern 

very well. The maximum rainfall is found in the Sylhet (925.945 mm by IMERG and 

1334.20 mm by rain gauge) and minimum rainfall found in the Chuadanga 

(124.89mm by IMERG and 71.87mm by rain gauge) stations during the pre-

monsoon period. 

(b) Monsoon 

Figure 4.11(c, d) showed the spatial distribution of monsoonal rainfall over 

Bangladesh during the study period. IMERG and rain gauge observed 1045.22 mm 

and 1674.55mm rainfall during the monsoon season. IMERG underestimated by 38% 

in the monsoon season. The maximum rainfall observed by IMERG and rain gauge 

in the Khepupara (1812.09 mm) and Teknaf (3310.6 mm), respectively. Both the 

IMERG and rain gauge are observed minimum rainfall in the Chuadanga (200.52mm 

by IMERG and 209.63mm by rain gauge).  

(c) Post-monsoon  

The spatial distribution of post monsoonal rainfall measured by IMERG and rain 

gauge is shown in Figure 4.11(e, f). IMERG and rain gauge measured 72.36 mm and 

75.01mm rainfall in this season. IMERG is underestimated by 4 % in the post 

monsoon season. The maximum rainfall is observed at cox’sbazar (299.48mm) by 

IMERG and at Hatiya (170.6mm) by rain gauge. On the other hand the lowest 

amount of rainfall is observed by IMERG and rain gauge at Rajshahi (19.24mm by 

IMERG and 5.1mm by rain gauge). 

(d) Winter  

Spatial distribution of winter rainfall measured by IMERG and rain gauge are shown 

in Figure 4.11(g, h). In winter season, Bangladesh received 31.14 mm rainfall and 

27.78 mm observed by IMERG and rain gauge, respectively. From this figure it is 

found that the southern part of the country received lowest amount of rainfall than 

northern. IMERG observed the maximum rainfall in the Sylhet (98.63mm) and 

minimum in Chuadanga (8.97mm) stations. On the other hand rain gauge observed 

the maximum rainfall in the Jessore (95mm) and minimum in Rangamati (1.1mm) 

stations. 
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Figure 4.11: Spatial distribution of seasonal rainfall measured by IMERG (a, c, e, g) and 

BMD rain gauge (b, d, f, h). 
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Figure 4.12(a) showed the pre-monsoonal rainfall anomalies between IMERG and 

rain gauge observation. The maximum underestimation is found in the Sylhet region 

and overestimation is found in the Rangpur region.  

The anomaly of monsoonal rainfall observed by IMERG and rain gauge is shown in 

Figure 4.12(b). The maximum underestimation is found in the Teknaf region and 

overestimation is found in the Khepupara region. 

The rainfall anomalies of IMERG and BMD observation in the post-monsoon season 

are shown in Figure 4.12(c). From the figure it is clear that IMERG overestimated in 

the northern region and underestimated in southern region except some coastal areas. 

IMERG underestimated in 19 stations and overestimated in 16 stations. IMERG 

highly overestimated in the Cox’sbazar station and underestimated in the Rangamati 

station. 

The incongruity in rainfall during winter measured by rain gauge and IMERG is 

shown in Figure 4.12(d). IMERG is overestimated in the eastern and northeastern 

parts whereas underestimated in the western part of the country. IMERG highly 

overestimated in the Cox’sbazar and underestimated in Jessore stations. IMERG 

underestimation is found in the 12 stations and overestimation in the 23 stations 

during season. 

 
Figure 4.12: Anomalies of (a) Pre-monsoon (b) Monsoon (c) Post-monsoon (d) winter rainfall distribution 

measured by IMERG and BMD rain gauge. 
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4.1.3.2. Inter-seasonal variation of rainfall 
Figure 4.13 showed the inter-seasonal comparison of rainfall variation during June, 

2014 to May, 2015 measured by IMERG and rain gauge. From this figure it is found 

that the IMERG rainfall is overestimated by 7.93% (29.35mm) and 12.09% 

(3.36mm) during the pre-monsoon and winter seasons, respectively. On the other 

hand, IMERG rainfall is underestimated by 37.58% (629.33mm) and 3.54% 

(2.65mm) during the monsoon and post-monsoon seasons, respectively. These 

seasonal underestimation and overestimation may be due to the variation of vertical 

height of the convection observed by IMERG. Islam and Uyeda (2008) showed that 

the echo top height of convection is high in pre-monsoon than in other periods. They 

also showed that pre-monsoon convection activities are mainly observed over land, 

whereas monsoon and post-monsoon activities are distributed over the Bay of Bengal 

and land. They also showed that pre-monsoon rainfall is more intense than that 

during other rainy periods.. Basically deep convection occurred by cold rain process 

during pre-monsoon season and shallow convection occurred by warm rain process 

during monsoon season. IMERG may successfully detect the deep convection during 

the pre-monsoon period, on the other hand it unable to detect properly the low level 

shallow convection during the monsoon period (Islam and Uyeda, 2008; Kidd, 

2001). The CC and RMSE between IMERG and BMD data is found 0.99 and 

315.02, respectively. 

 

Figure 4.13: Variation of inter-season rainfall from June, 2014 to May, 2015 

measured by IMERG and rain gauge. 



Chapter Four: Results and Discussion 

 43 

4.1.4. Annual rainfall 

4.1.4.1. Spatial distribution of annual rainfall 

Figure 4.14 showed the spatial distribution of annual rainfall measured by (a) 

IMERG and (b) BMD rain gauge during June, 2014 to May, 2015. Spatial pattern 

showed that amount of rainfall increases from western part to eastern part of the 

country. From this figure it is clear that the western part of the country received less 

rainfall than that of northeastern and southeastern parts. The Meghalaya and Assam 

hills are situated in the northeastern part of the country, which help for the 

development of convection in this area of the country.  

 

 

Figure 4.14: Spatial distribution of annual rainfall by (a) IMERG and (b) BMD 

The annual rainfall measured by the IMERG and rain gauge is found 1548.366 mm 

and 2147.64 mm, respectively. The yearly underestimation of IMERG data was 

27.9%. The highest amount of rainfall is found in Sylhet (2645.42 mm by IMERG 

and 3989.10 mm by rain gauge). The lowest amount of rainfall measured by IMERG 

and rain gauge was found in Satkhira (698.34 mm) and Chuadanga (1188.60mm), 

respectively. 

(a) (b) 
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4.1.4.2. Anomaly of annual rainfall: 
Anomalies between IMERG and rain gauge measured rainfall are shown in Figure 

4.15. IMERG overestimated in the central and northwestern parts of the country 

whereas underestimated in the remaining area of the country. The maximum 

underestimation and overestimation is found in Teknaf and Dhaka regions, 

respectively. IMERG underestimated in 26 stations and overestimated in 9 stations.  

 

Figure 4.15: Anomaly of annual rainfall. The red color represents overestimation 

and blue color represents underestimation. 

4.2. Dry and wet regions 
Based on excess and deficit of average humidity, Bangladesh can be divided into two 

regions: wet and dry (Islam and Uyeda, 2007). The wet region of the country is also 

the path of the monsoon progression. 19 stations are found in the wet region and 16 

stations are found in the dry region. Figure 4.16 showed the comparison of rainfall 

between IMERG and rain gauge in the wet- and dry-region seasonally. In pre-

monsoon the IMERG rainfall is underestimated in wet region by 7% (28.36 mm) and 

overestimated in dry region by 34% (113.62 mm). In monsoon the IMERG rainfall is 

underestimated in the both region [in dry region by 28% (311.86 mm) and in wet 

region by 42% (891.66)] with maximum in the wet region. In post-monsoon and 
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winter season IMERG is underestimated in dry region [21% (12.5mm) in post-

monsoon and 24% (9.7 mm) in winter] and overestimated in wet region [9% (8.24 

mm) in post-monsoon and 86% (14.79 mm) in winter] 

 

 

Figure 4.16: Rainfall for the wet and dry region in (a) Pre-monsoon (b) Monsoon (c) 

Post-monsoon (d) Winter season and for (e) One year in study period (June, 2014 – 

May, 2015). 

(a) 

(d) 

(b) 

(c) 

(e) 
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Figure 4.16 (e) showed that the IMERG rainfall is underestimated in the both region 

with maximum in the wet region. In dry region, IMERG rainfall is found 1340.07 

mm whereas BMD is observed 1560.48 mm. On the other hand in wet region, 

IMERG and BMD are observed 1745.11 mm and 2642.09 mm rainfall during one 

year period (June, 2014 to May. 2015), respectively. IMERG underestimated 33.95% 

of the surface rain in the wet region and 14.12% in the dry region 

4.3. Rainfall events 
4.3.1. Threshold rainfall events 
Figure 4.17 showed the different threshold rainfall events measured by IMERG and 

BMD during the study period. The IMERG measured occurrence number of different 

threshold rainfall events are underestimated than that of rain gauge except for light 

rainfall event. The number of VH, H, MH, M and Light rainfall events measured by 

IMERG is found 1.54, 8.49, 14.63, 23.23 and 45.40, respectively. On the other hand 

rain gauge observed the number of VH, H, MH, M and Light rainfall events is 3.51, 

10.74, 19.46, 26.29 and 40.74, respectively. 

 

Figure 4.17: Threshold rainfall events measured by IMERG and BMD 

IMERG underestimated by 56.01%, 21.01%, 24.82%, and 11.63% for VHR, HR, 

MHR and MR events, respectively. On the other hand IMERG overestimated by 

11.43% for the LR events. Therefore it is concluded that IMERG can detect light 

rainfall with more precision. 
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4.3.2. Different percentiles of rainfall events 
Figure 4.18 showed the comparison between different percentiles of rainfall events 

measured by IMERG and rain gauge during the study period. IMERG is 

underestimated by 0.34%, 0.43% and 0.66% for the 90th, 95th and 99th percentile, 

respectively. IMERG overestimated by 0.02% for the 10th percentile. It is found that 

IMERG successfully detect extreme low rainfall events. 

 
Figure 4.18: Extreme rainfall events measured by IMERG and BMD 

 

4.4. Reason of overestimation in pre-monsoon and 
underestimation in monsoon  

In Bangladesh, the significant amount of rainfall is found during pre-monsoon and 

monsoon seasons. Due to this reason, the overestimation and underestimation of 

these periods are selected for details study using environmental factors. Spatial 

distribution of pre-monsoonal and monsoonal average relative humidity (RH), 

convective available potential energy (CAPE) and wind at 1000 hPa and 500 hPa are 

shown in Figure 4.19.  

During the pre-monsoon season the relative humidity is found 60-80% at 1000 hPa. 

The maximum relative humidity is found in the northeastern part of the Bangladesh. 

CAPE is found 400-1400 J/kg during the pre-monsoon season. The maximum CAPE 

is found in the southwestern part of the country. The low level southwesterly wind is 

prevailed in the most of the part of country during pre-monsoon season. 
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In pre-monsoon RH varies from 25 to 30% at 500 hPa level. RH is found highest in 

the northeastern and southwestern parts of the Bangladesh in pre-monsoon season. In 

this season, westerly wind prevails at the 500 hPa level. 

 

Figure 4.19: Spatial distribution of pre-monsoon and monsoon season RH 

(shadded), CAPE (contour) and wind (arrow head direction) for 1000 hPa and 

500hPa. 
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During the monsoon season at 1000 hPa level, the ample supply of relative humidity 

is found in the whole country and value was more than 80%. The maximum amount 

of relative humidity is found in the northeastern and southeastern part of the country. 

CAPE varies from 400 to 800 J/kg in this season. Southwesterly and northeasterly 

wind prevails throughout the country during the monsoon season.  

RH varies from 58 to 70% at 500 hPa level during monsoon. RH shows maximum 

value in the southeastern part of the country. The southerly and northwesterly wind 

prevails at 500 hPa level.  

Bluestein (1993) showed that the intensity of rainfall, are proportional to √ (CAPE). 

The maximum value of CAPE is found in the pre-monsoon season. Therefore pre-

monsoon rainfall is found more intense but short duration than other rainy periods of 

Bangladesh.  

From the above analysis it is found that in Bangladesh, the low level wind 

convergence in the areas of  strong relative humidity gradient with moderate CAPE 

is suitable for the development of convection during pre-monsoon season. Whereas 

the low level southwesterly (cyclonic pattern) wind in presence of the high relative 

humidity with low CAPE is favorable for the development of convection during 

monsoon season. 

Rafiuddin et al. (2010) showed that the scattered-type large and stationary or slow 

moving systems are dominated in the monsoon period. On the other hand arc-type 

small and fast moving systems are dominated in the pre-monsoon period. Pre-

monsoon rainfall is more intense and echo regions extend up to relatively higher 

altitudes for those in other periods (Islam and Uyeda, 2008). But infra red (IR) can 

detect high eco topes more accurately than low echo tops (Kidd, 2001). This is may 

be the reason of overestimation in pre-monsoon and underestimation monsoon 

seasons. 
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CHAPTER FIVE 
CONCLUSIONS 

Rainfall is the most important atmospheric parameter. To study the rainfall and 

possibility to use of IMERG data in Bangladesh, half hourly IMERG data of spatial 

resolution of 0.1 degree by 0.1 degree and three hourly rain gauge data of 35 stations 

of Bangladesh Meteorological Department (BMD) are used. Daily, monthly, 

seasonal and yearly variation of rainfall and their spatial distribution and anomalies 

are studied during April, 2014 –May, 2015. Different threshold rainfall events and 

percentiles are also studied.  

 

It is found that IMERG data is highly correlated with BMD rain gauge data. The 

daily, monthly and seasonally correlation coefficients (CCs) between IMERG and 

rain gauge data are found 0.79, 0.96 and 0.99, respectively. The root mean square 

error between IMERG and rain gauge are found 6.19, 88.19 and 315.02 for the daily, 

monthly and seasonal rainfall, respectively. The standard deviations of IMERG data 

are found 7.04, 113.83 and 468.70 for the daily, monthly and seasonal rainfall, 

respectively. On the other hand the standard deviations of BMD rain gauge data are 

found 9.86, 183.21 and 773.43, respectively.  

 

The average daily rainfall measured by IMERG and rain gauge is found 4.18mm and 

5.61mm during the study period. Therefore, IMERG is able to measure 74.5% of the 

surface rain in Bangladesh. The value of R2 between IMERG and rain gauge is found 

0.61. 

Monthly rainfall variation of IMERG rainfall is almost same as rain gauge 

observation but most of the monsoon months IMERG is underestimated. IMERG is 

mainly underestimated during the monsoon months June- September.  

Seasonal analysis of rainfall data revealed that IMERG is highly co-related with rain 

gauge data. IMERG is found underestimated during monsoon and post-monsoon 

seasons on the other hand overestimated during pre-monsoon and winter seasons. 

Vertical height of convection and different rain processes during different seasons 

may be responsible for these anomalies. 
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Spatial analysis of rainfall showed that the maximum rainfall occur in the 

northeastern part of the country during pre-monsoon period. During monsoon and 

post-monsoon seasons, the maximum rainfall is found in the south eastern part of the 

country.  

The underestimation is found higher in the wet region than that of dry region.  

IMERG underestimated by 56.01%, 21.01%, 24.82%, and 11.63% for the VHR, HR, 

MHR and MR events, respectively. On the other hand IMERG overestimated by 

11.43% for the LR events. Therefore it is concluded that IMERG can detect light 

rainfall with more precision. 

IMERG is underestimated by 0.34%, 0.43% and 0.66% for the 90th, 95th and 99th 

percentiles, respectively. INERG overestimated by 0.02% for the 10th percentile. It is 

found that IMERG successfully detect extreme low rainfall events. 

In Bangladesh, the low level wind convergence in the areas of strong relative 

humidity gradient with moderate CAPE is suitable for the development of convection 

during pre-monsoon season whereas during monsoon season the low level 

southwesterly (cyclonic pattern) wind in the high relative humidity areas of country 

with low CAPE is favorable for the development of convection during monsoon 

season. 

On the basis of correlation coefficients IMERG data are usable for meteorological 

study purpose although there have some underestimation. This is preliminary study 

but long range of IMERG data analysis is needed for a more comprehensive 

assessment of rainfall in Bangladesh. 

 
 

 

 

 

 

 



 
 

52 

REFERENCES 
Adams, D. K, and Souza, E. P., “CAPE and Convective Events in the Southwest 
during the North American Monsoon”. Monthly Weather Review, vol. 137, pp. 83-
98, 2009, doi:10.1175/2008MWR2502.1. 

Ahasan, M.N., Chowdhary, M.A., Quadir, D.A., “Variability and trends of summer 
monsoon rainfall over Bangladesh”, Journal of Hydrology and. Meteorology, vol. 7, 
pp. 1-17, 2010. 

Ahmed, A., and Ryosuke, S., “Climate change and agricultural food production of 
Bangladesh: an impact assessment using GIS-based biophysical crop simulation 
model”, Center for Spatial Information Science, University of Tokyo, 4-6-1 Komaba, 
Japan, 2000. 

Bari, S. H., Rahman, M. T. U., Hoque, M. A., and Hussain, M. M., “Analysis of 
seasonal and annual rainfall trends in the northern region of Bangladesh”, 
Atmospheric Research, 2016, doi:10.1016/j.atmosres.2016.02.008. 

Begum, S., Muhammad M. A., Chakma, S., and Shaha, S. B., “Analytical Study and 
Monitoring of Winter Events in Bangladesh Using Satellite Data”, Journal of 
Environmental Science and Natural Resources, vol. 8, pp. 165-167, 2015. 

Bluestein, H. B., “Synoptic-Dynamic meteorology in middle latitudes, II 
observations and theory of weather systems”, Oxford University Press, New York, 
pp. 594, 1993. 

Chen, F., and Li, X., “Evaluation of IMERG and TRMM 3B43 Monthly 
Precipitation Products over Mainland China”, Remote Sensing, vol. 8, pp. 1-18, 
2016, doi:10.3390/rs8060472. 

Dore, M. H. I., “Climate change and changes in global precipitation patterns: What 
do we know. Environment International, vol. 31, pp. 1167-1181, 2005. 
doi:10.1016/j.envint.2005.03.004. 

Faroque, M. A. A., Asaduzamman, M., Hossain, M., “Sustainable Agricultural 
Development under Climate Change in Bangladesh”, Journal of Science Foundation, 
vol. 11, pp. 17-28, 2013 

Hoque, R., Matsumoto, J., and Hirano, Junpei., “Climatological characteristics of 
monsoon seasonal transitions over Bangladesh”, Geographical reports of Tokyo 
metropolitan university, vol. 46, pp. 31-41, 2011. 

http://cola.gmu.edu/grads (last access: August, 2016) 

http://www.ecmwf.int/en/research/climate-reanalysis/era-interim, (last access: 
August, 2016) 

http://www.esrl.noaa.gov/psd/data/gridded/data.erainterim.html (last access: August, 
2016) 

http://cola.gmu.edu/grads
http://www.esrl.noaa.gov/psd/data/gridded/data.erainterim.html


References 
 

 53 

Huffman, G. J, Bolvin, D. T., Braithwaite, D., Hsu, k., Joyce, R., Kidd, C., Nelkin, E. 
J., and Xie, P., NASA Global Precipitation Measurement (GPM) Integrated Multi-
satellitE Retrievals for GPM (IMERG). Algorithm Theoretical Basis Doc., version 
4.5, pp.1-26, 2015b [Available online at 
http://pmm.nasa.gov/sites/default/files/document_files/IMERG_ATBD_V4.5.pdf]. 

Huffman, G. J., and Nelkin, E. J., Integrated Multi-satellitE Retrievals for GPM 
(IMERG) technical documentation. NASA Doc., pp. 1-47, 2015a [Available online 
at http://pmm.nasa.gov/sites/default/files/document_files/IMERG_doc.pdf]. 

Islam M. N., Terao, T., Uyeda, H., Hayashi, T., and Kikuchi, K., “Spatial and 
Temporal Variations of Precipitation in and around Bangladesh”. Journal of the 
Meteorological Society. of Japan, vol. 83, pp. 23-41, 2005, doi:10.2151/jmsj.83.21. 

Islam, A. K. M. S., Islam, M. N., “ Rainfall estimation over Bangladesh using remote 
sensing data” final report, June 2006. 

Islam, M. M., “Regional Differentials of Annual Average Humidity over 
Bangladesh”, ASA University Review, vol. 8, pp. 1-14, 2014. 

Islam, M. N., and Uyeda, H., “Use of TRMM in determine the climatic 
characteristics of all over Bangladesh”, Remote sensing of Environment, Vol. 108, 
pp. 264-274, 2007, DOI: 10.1016/j.rse 2006.11.001. 

Islam, M. N., and Uyeda, H., “Vertical variations of rain intensity in different rain 
intensity in different rainy periods in and around Bangladesh derived from TRMM 
observations”, Vol. 28, pp. 273-279, 2008. 

Islam, M. N., Islam, A. S., and Uyeda, H., “Application of GMS-5 data in estimation 
of rainfall distribution”. Mausum, vol. 54, pp. 521-528, 2003. 

Islam, M. N., Islam, A. S., Hayashi, T., Terao, T., and Uyeda, H., “Application of a 
method to estimate rainfall in Bangladesh using GMS-5 data”, Journal of Natural 
Disaster Science, vol. 24, pp. 83-89, 2002. 

Islam, M. N., Terao, T., Uyeda, H., Hayashi, T., and Kikuchi, K., “Spatial and 
temporal variations of precipitation in and around Bangladesh”, Journal of 
Meteorological Society of Japan, vol. 83 pp.23-41, 2005. 

Kayano, M. T., and Sansıgolo, C., “Interannual to decadal variations of precipitation 
and daily maximum and daily minimum temperatures in southern Brazil”, 
Theoretical and Applied Climatology, vol. 97, pp. 81-90, 2008, doi:10.1007/s00704-
008-0050-4. 

Kidd, C., “Satellite Rainfall Climatology: A Review”, International Journal of 
Climatology, vol. 21, pp. 1041-1066, 2001, doi:10.1002/joc.635. 

Kirstetter, P., Hong, Y., Gourley, J. J., and Schwaller, M., “Comparison of TRMM 
2A25 Products, Version 6 and Version 7, with NOAA/NSSL Ground Radar–Based 
National Mosaic QPE”, Journal of Hydrometeorology, vol. 14, pp. 661-669, 2013, 
doi: 10.1175/JHM-D-12-030.1. 

Kodama, Y., Ohta, A., Katsumata, M., Mori, S., Satoh, S., and Ueda, H., “Seasonal 
transition of predominant precipitation type and lightning activity over tropical 

http://pmm.nasa.gov/sites/default/files/document_files/IMERG_ATBD_V4.5.pdf
http://pmm.nasa.gov/sites/default/files/document_files/IMERG_doc.pdf


References 
 

 54 

monsoon areas derived from TRMM observations”, Geophysical Research Letters, 
vol. 32, pp. 1-4, 2005, doi:10.1029/2005GL022986. 

Kummerow, C., Simpson, J., Thiele, O., Barnes, W., Chang, A. T. C., Stocker,E., 
“The status of the Tropical Rainfall Measuring Mission (TRMM) after two years in 
orbit”, Journal of Applied Meteorology, vol. 39, pp.1965−1982, 2000. 

Libertino, A., Sharma, A., Lakshmi, V., and Claps, P., “A global assessment of the 
timing of extreme rainfall from TRMM and GPM for improving hydrologic design”, 
Environmental. Research. Letters, vol. 11, pp. 1-9, 2016. 

Liu, Z., “Comparison of Integrated Multisatellite Retrievals for GPM (IMERG) and 
TRMM Multisatellite Precipitation Analysis (TMPA) Monthly Precipitation 
Products: Initial Results”, Journal of Hydrometeorology, vol. 17, pp. 777-790, 2016. 

Ma, Y., Tang, G., Long, D., Yong, B., Zhong, L., Wan, W., and Hong, Y., 
“Similarity and Error Intercomparison of the GPM and Its Predecessor-TRMM 
Multisatellite Precipitation Analysis Using the Best Available Hourly Gauge 
Network over the Tibetan Plateau”, Remote Sensing, vol. 8, pp. 1-17, 2016, 
doi:10.3390/rs8070569. 

Mannan, M. A., Chowdhury, M. A. M. and Karmakar, S. “Study of heavy rainfall 
over northwestern part of Bangladesh and its prediction using NWP technique”. 
International Journal of Integrated Science and Technology, Vol. 1, pp. 9-26, 2015. 

McBride, J. L, Frank, W. M., “Relationships between stability and monsoon 
convection”, Journal of Atmospheric Science, vol. 56, pp. 24–36, 1999. 

Monkam D., “Convective available potential energy (CAPE) in Northern Africa and 
tropical Atlantic and study of its connections with rainfall in Central and West Africa 
during Summer 1985”, Atmospheric Research, vol. 62, pp. 125–147, 2002. 

NASDA, “TRMM Data Users Handbook”, Earth Observation Center, National 
Space Development Agency of Japan, 2001. 

Ohsawa, T., Ueda, H., Hayashi, T., Watanabe, A., and Matsumoto, J., “Diurnal 
variations of convective activity and rainfall in tropical Asia”, Journal of 
Meteorological Society of Japan, vol. 79, pp. 333-352, 2001. 

Prakash, S., Mitra, A. K., Pai, D. S., and Kouchak, A. A., “From TRMM to GPM: 
How well can heavy rainfall be detected from space?”, Advances in Water 
Resources, vol. 88, pp. 1-7, 2016. 

Rafiuddin, M., Uyeda, H., and Islam, M. N., "Regional and seasonal variations of 
precipitation systems in Bangladesh", Sri Lankan Journal of Physics, vol. 12, pp. 7-
14, 2011. 

Rahman, M. M., “A validation of regional climate model simulation with 
observational data over Bangladesh”,M. Phil. thesis, Bangladesh University of 
Engineering and Technology (BUET) Library, Dhaka, Bangladesh, 2006. 

Rahman, M. N., Arya, D. S., Goel, N. K., and Mitra, A. K., “Rainfall statistics 
evaluation of ECMWF model and TRMM data over Bangladesh for flood related 
studies”, Meteorological Applications, vol. 19, pp. 501–512, 2012. 



References 
 

 55 

Sahid, S., “Rainfall variability and the trends of wet and dry periods in Bangladesh”, 
International Journal of Climatology, vol. 30, pp. 2299–2313, 2010. 

Sanderson, M., and Ahmed, R., “Pre-monsoon rainfall and its variability in 
Bangladesh: a trend surface analysis”, Hydrological Sciences-Bulktin-des Sciences 
Hydrologiques, vol. 24, pp. 277-287, 1978. 

Schumachar, C., and Houze, R. A., “The TRMM Precipitation Radar’s View of 
Shallow, Isolated Rain”, Journal of applied meteorology, vol. 42, pp. 1519-1524, 
2003. 

Shahid, S., “Spatial and temporal characteristics of droughts in the western part of 
Bangladesh” Hydrological Processes, vol. 22, pp. 2235-2247, 2008, 
doi:10.1002/hyp.6820. 

Shahid, S., and Behrawan, H., “Drought risk assessment in the western part of 
Bangladesh”, Natural Hazards, vol. 46. pp. 391-413, 2008, doi 10.1007/s11069-007-
9191-5. 

Sharifi, E., Steinacker, R., and Saghafian, B., “Data Analysis of GPM Constellation 
Satellites-IMERG and ERA-Interim precipitation products over West of Iran”, EGU 
General Assembly 2016, vol. 18, 2016. 

Skamarock, W. C., Klemp, J. B., Dudhia, J., Gill, D. O., Barker, D. M., Duda, M. G., 
Huang, X. Y., Wang, W., Powers, J. G.,“A Description of the Advanced Research 
WRF Version 3”, Ncar Technical Note, pp. 1-105, 2008. 

Sobel, A. H, Yuter, S. E, Bretherton, C. S., Kiladis, G. N., 2004. “Large-scale 
meteorology and deep convection during TRMM KWAJEX”, Monsoon Weather 
Review, vol. 132, pp. 422–444, 2004. 

Subash, N., and Gangwar, B., “Statistical analysis of Indian rainfall and rice 
productivity anomalies over the last decades”, Journal of climatology, vol. 34, pp. 
2378-2392, 2014, doi: 10.1002/joc.3845. 

Surfer® Getting Started Guide, April, 2009. 

Yano, J., Chaboureau, J., Guichard, F., “A generalization of CAPE into potential-
energy convertibility”, Quarterly Journal of the Royal Meteorological Society, vol. 
131, pp. 861–875, 2005. 

Zawadzki, I., Torlaschi, E., Sauvageau, R., “The relationship between mesoscale 
thermodynamic variables and convective precipitation”, Journal of Atmospheric 
Science, vol. 38, pp. 1535–1540, 1981. 

Zhang, G., “Convective quasi-equilibrium in midlatitude continental environment 
and its effect on convective parameterization”. Journal of Geophysical Research, vol. 
107, pp. 4220, 2002, doi:10.1029/2001JD001005. 

Zulkafli, Z., Buytaert, W., Onof, C., Manz, B., Tarnavsky, E., Lavado, W., and 
Guyot, J., “A Comparative Performance Analysis of TRMM 3B42 (TMPA) Versions 
6 and 7 for Hydrological Applications over Andean–Amazon River Basins”, Journal 
of Hydrometeorology, vol.15, pp. 581-592, doi: 10.1175/JHM-D-13-094.1. 

  



 
 

52 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix- 1 
Station wise variation in monthly and seasonal rainfall pattern 

  



Appendix-1 
 

57 

Station: Barishal 

 

Figure A-1.1: (a) Monthly variation of rainfall and (b) seasonal rainfall in Barishal 

Station: Bhola 

 

Figure A-1.2: (a) Monthly variation of rainfall and (b) seasonal rainfall in Bhola 

Station: Bogra 

 

Figure A-1.3: (a) Monthly variation of rainfall and (b) seasonal rainfall in Bogra 

 

(a) (b) 

(b) (a) 

(a) (b) 
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Station: Chandpur 

 

Figure A-1.4: (a) Monthly variation of rainfall and (b) seasonal rainfall in Chandpur 

Station: Chittagong 

 

Figure A-1.5: (a) Monthly variation of rainfall and (b) seasonal rainfall in 

Chittagong 

Station: Chuadanga 

 

Figure A-1.6: (a) Monthly variation of rainfall and (b) seasonal rainfall in 

Chuadanga 

(a) 

(a) 

(a) 

(b) 

(b) 

(b) 
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Station: Comilla 

 

Figure A-1.7: (a) Monthly variation of rainfall and (b) seasonal rainfall in Comilla. 

Station: Cox’sbazar 

 

Figure A-1.8: (a) Monthly variation of rainfall and (b) seasonal rainfall in 

Cox'sbazar. 

Station: Dhaka 

 

Figure A-1.9: (a) Monthly variation of rainfall and (b) seasonal rainfall in Dhaka. 

(a) 

(a) 

(a) 

(b) 

(b) 

(b) 
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Station: Dinajpur 

 

Figure A-1.10: (a) Monthly variation of rainfall and (b) seasonal rainfall in 

Dinajpur. 

Station: Faridpur 

 

Figure A-1.11: (a) Monthly variation of rainfall and (b) seasonal rainfall in Faridpur. 

Station: Feni 

 

Figure A-1.12: (a) Monthly variation of rainfall and (b) seasonal rainfall in Feni. 

(a) 

(a) 

(a) 

(b) 

(b) 

(b) 
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Station: Hatiya 

 

Figure A-1.13: (a) Monthly variation of rainfall and (b) seasonal rainfall in Hatiya. 

Station: Ishurdi  

 

Figure A-1.14: (a) Monthly variation of rainfall and (b) seasonal rainfall in Ishurdi. 

Station: Jessore 

 

Figure A-1.15: (a) Monthly variation of rainfall and (b) seasonal rainfall in Jessore. 

 

(a) 

(a) 

(a) (b) 

(b) 

(b) 
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Station: Khepupara 

 

Figure A-1.16: (a) Monthly variation of rainfall and (b) seasonal rainfall in 

Khepupara. 

Station: Khulna 

 

Figure A-1.17: (a) Monthly variation of rainfall and (b) seasonal rainfall in Khulna. 

Station: Kutubdia 

 

Figure A-1.18: (a) Monthly variation of rainfall and (b) seasonal rainfall in 

Kutubdia. 

(a) 

(a) 

(a) 

(b) 

(b) 

(b) 
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Station: M.Court 

 

Figure A-1.19: (a) Monthly variation of rainfall and (b) seasonal rainfall in M. 

Court. 

Station: Madaripur 

 

Figure A-1.20: (a) Monthly variation of rainfall and (b) seasonal rainfall in 

Madaripur. 

Station: Mongla 

 

Figure A-1.21: (a) Monthly variation of rainfall and (b) seasonal rainfall in Mongla. 

(a) 

(a) 

(a) (b) 

(b) 

(b) 
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Station: Mymensingh 

 

Figure A-1.22: (a) Monthly variation of rainfall and (b) seasonal rainfall in 

Mymensingh. 

Station: Patuakhali 

 

Figure A-1.23: (a) Monthly variation of rainfall and (b) seasonal rainfall in 

Patuakhali. 

Station: Rajshahi 

 

Figure A-1.24: (a) Monthly variation of rainfall and (b) seasonal rainfall in Rajshahi. 

(a) 

(a) 

(a) (b) 

(b) 

(b) 
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Station: Rangamati 

 

Figure A-1.25: (a) Monthly variation of rainfall and (b) seasonal rainfall in 

Rangamati. 

Station: Rangpur 

 

Figure A-1.26: (a) Monthly variation of rainfall and (b) seasonal rainfall in Rangpur. 

Station: Sandwip 

 

Figure A-1.27: (a) Monthly variation of rainfall and (b) seasonal rainfall in Sandwip. 

(a) 

(a) 

(a) (b) 

(b) 

(b) 
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Station: Satkhira 

 

Figure A-1.28: (a) Monthly variation of rainfall and (b) seasonal rainfall in Satkhira. 

Station: Sitakunda 

 

Figure A-1.29: (a) Monthly variation of rainfall and (b) seasonal rainfall in 

Sitakunda. 

Station: Srimongal 

 

Figure A-1.30: (a) Monthly variation of rainfall and (b) seasonal rainfall in 

Srimongal. 

(a) 

(a) 

(a) 

(b) 

(b) 

(b) 
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Station: Sydpur 

 

Figure A-1.31: (a) Monthly variation of rainfall and (b) seasonal rainfall in Sydpur. 

Station: Sylhet 

 

Figure A-1.32: (a) Monthly variation of rainfall and (b) seasonal rainfall in Sylhet. 

Station: Tangail 

 

Figure A-1.33: (a) Monthly variation of rainfall and (b) seasonal rainfall in Tangail. 

 

(a) 

(a) 

(a) 

(b) 

(b) 

(b) 
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Station: Teknaf 

 

Figure A-1.34: (a) Monthly variation of rainfall and (b) seasonal rainfall in Teknaf. 

Station: Ambagan 

 

Figure A-1.35: (a) Monthly variation of rainfall and (b) seasonal rainfall in 

Ambagan. 
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Appendix.2 
Station wise scattered plot of daily rainfall 
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Figure A-2: Station wise scattered plot of daily rainfall 
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Figure A-2: Station wise scattered plot of daily rainfall 
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Figure A-2: Station wise scattered plot of daily rainfall 
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Table of CC, RMSE and value of the determinant of stations 

And 

Table of GPM product 
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Table A-3.1: Correlation Coefficient (CC), Root Mean Square Error (RMSE) 

and value of the determinant (R²) of stations 

Stations CC RMSE R² 
Barisal 0.63 10.75 0.39 
Bhola 0.66 12.35 0.44 
Bogra 0.49 14.33 024 

Chandpur 0.39 16.60 0.15 
Chittagong 0.52 21.49 0.27 
Chuadanga 0.46 13.82 0.21 

Comilla 0.69 15.66 0.47 
Coxbazar 0.42 19.99 0.18 

Dhaka 0.59 13.49 0.34 
Dinajpur 0.42 14.41 0.18 
Faridpur 0.52 14.77 0.27 

Feni 0.50 16.87 0.25 
Hatiya 0.61 18.91 0..38 
Isurdi 0.53 12.90 0.28 

Jessore 0.41 16.06 0.17 
Khepupara 0.55 14.88 0.30 

Khulna 0.53 10.62 0.28 
Kutubdia 0.36 23.25 0.13 

M.cort 0.58 17.83 0.34 
Madaripur 0.60 13.06 0.36 

Mongla 0.45 12.35 0.21 
Mymensingh 0.43 17.93 0.19 

Patuakhali 0.47 15.64 0.22 
Rajshahi 0.54 12.19 0.29 

Rangamati 0.51 15.01 0.26 
Rangpur 0.51 19.11 0.26 
Sandwip 0.71 22.48 0.50 
Sathkhira 0.59 9.62 0.35 
Sitakunda 0.57 19.07 0.33 
Srimongal 0.47 21.16 0.22 

Sydpur 0.50 15.38 0.25 
Sylhet 0.58 22.73 0.33 
Tangail 0.42 18.80 0.18 
Teknaf 0.44 23.57 0.19 

Ambagan 0.50 21.38 0.25 
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Table A-3.2: Definitions of Processing Levels of GPM Product 

Processing level Descriptions 

Level 0 The processing input APID Sorted Data (data originated 

in GPM core satellite, packet-synchronized in 

accordance with CCSDS standard and divided by 

APIDs). From the primary and secondary headers of the 

packets, they check the time range, the continuousness 

(data missing) and so on. Level 0 data, which they 

output, are not provided to users. 

Level 1A  The processing input Level 0 data and output Level 1A 

data. Level 1A data store sensor output engineering 

values, satellite attitude/position, sensor status, transform 

coefficients and so on in the time range, or scene, of 

respective files. L1A data are archived as master data, 

but not provided to users 

Level 1B, Level 1C  The processing input Level 1A data, conduct geometric 

corrections, and convert into received powers, brightness 

temperatures and so on. 

Level 2. The processing input Level 1 products and derive 

physical quantities regarding precipitation, e.g. earth 

surface scattering cross-sections, precipitation types, 

bright band height, attenuation-compensated radar 

reflectivity factor, precipitation intensity, latent heating 

and so on 

Level 3 The processing input Level 1 or 2 products and conduct 

spatial and/or temporal statistical processing. The output 

products cover whole globe. The time coverage of the 

products are one month, one day or one hour (this goes 

for global precipitation mapping, latent heating, 

convective stratiform heating). 
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: 

Table A-3.3: Different types of GPM data Products 

Level Resolution Regions- 

Dates 

Latency Format Source 

1A-GMI: 

GMI Packet 

Data 

Transmitted 

by the 

Satellite 

4km x 4km 

- 16 orbits 

per day 

Latitudes 

70°N-S, 

March 2014 

- present 

40 hours 

(Prod) 

HDF5 Prod: FTP 

(PPS) 

HDF5 Prod: 

STORM 

HDF5 Mirador 

OPeNDAP OPeNDAP 

HDF5 Prod: FTP 

(GES DISC) 

1B-GMI: GMI 

brightness 

temperature 

Varies by 

Channel - 

16 orbits 

per day 

Latitudes 

70°N-S, Past 

2 Weeks 

(NRT 

20 

minutes 

(NRT); 

6 hours 

(Prod) 

HDF5 NRT:FTP 

(PPS) 

HDF5 Prod: FTP 

(PPS) 

HDF5 Prod: 

STORM 

HDF5 Mirador 

OPeNDAP OPeNDAP 

HDF5 Prod: FTP 

(GES DISC) 

1C-GMI: 

Calibrated 

GMI 

brightness 

temperature 

Varies by 

Channel - 

16 orbits 

per day 

orbital, Past 

2 Weeks 

(NRT) 

20 

minutes 

(NRT); 

6 hours 

(Prod) 

HDF5 NRT : FTP 

(PPS) 

HDF5 Prod: FTP 

(PPS) 

HDF5 Prod: 

STORM 

HDF5 Mirador 

OPeNDAP OPeNDAP 
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HDF5 Prod: FTP 

(GES DISC) 

1C-R: 

Common 

Calibrated 

Brightness 

Temperature 

Collocated 

Varies by 

Channel, 

16 orbits 

per day 

Latitudes 

90°N-S - 

Past 2 

Weeks 

(NRT) 

20 

minutes 

(NRT) 

HDF5 NRT : FTP 

(PPS) 

HDF5 Mirador 

 

1C-

constellation: 

Calibrated 

brightness 

temperatures 

for each 

passive-

microwave 

instrument in 

the GPM 

constellation. 

Varies by 

satellite 

orbital, 

varies by 

satellite 

varies by 

satellite 

(NRT); 

2 days 

(Prod) 

HDF5 NRT : FTP 

(PPS) 

HDF5 Prod: FTP 

(PPS) 

HDF5 

HDF5 

Prod: 

STORM 

Mirador 

OPeNDAP OPeNDAP 

HDF5 Prod: FTP 

(GES DISC) 

2B-CMB: 

Combined 

GMI + DPR 

single orbit 

rainfall 

estimates 

5km orbital, Past 

2 weeks 

(NRT) 

3 hours 

(RT); 40 

hours 

(Prod) 

HDF5 NRT : FTP 

(PPS) 

HDF5 Prod: FTP 

(PPS) 

HDF5 Prod: 

STORM 

HDF5 Mirador 

OPeNDAP OPeNDAP 

HDF5 Prod: FTP 

(GES DISC) 

2A-Ku: DPR 

ku-only single 

5.2km x 

125m - 16 

Latitudes 

70°N-S, Past 

20 - 120 

minutes 

HDF5 NRT : FTP 

(PPS) 

https://pmm.nasa.gov/resources/acronyms#RT
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orbit rainfall 

estimates. 

orbits per 

day 

2 Weeks 

(NRT); 

March 2014 

- present 

(Prod) 

(NRT); 

24 hours 

(Prod) 

HDF5 Prod: FTP 

(PPS) 

HDF5 Prod: 

STORM 

HDF5 Mirador 

OPeNDAP OPeNDAP 

HDF5 Prod: FTP 

(GES DISC) 

2A-Ka: DPR 

ka-only single 

orbit rainfall 

estimates. 

5.2km x 

125m - 16 

orbits per 

day 

Latitudes 

70°N-S, Past 

2 Weeks 

(NRT), 

March 2014 

- present 

(Prod) 

20 - 120 

minutes 

(NRT); 

24 hours 

(Prod) 

HDF5 

HDF5 

HDF5 

HDF5 

OPeNDAP 

HDF5 

NRT : FTP 

(PPS) 

Prod: FTP 

(PPS) 

Prod: 

STORM 

Mirador 

OPeNDAP 

Prod: FTP 

(GES DISC) 

2A-DPR: 

DPR ku &ka- 

single orbit 

rainfall 

estimates. 

5.2km x 

125m - 16 

orbits per 

day 

Latitudes 

70°N-S; 

Past 2 

Weeks 

(NRT), 

March 2014 

- present 

(Prod 

20 - 120 

minutes 

(NRT); 

24 hours 

(Prod) 

HDF5 NRT : FTP 

(PPS) 

HDF5 Prod: FTP 

(PPS) 

HDF5 

HDF5 

Prod: 

STORM 

Mirador 

OPeNDAP OPeNDAP 

HDF5 Prod: FTP 

(GES DISC) 

2A-GPROF-

constellation: 

Varies by 

satellite 

orbital, 

varies by 

Varies 

by 

HDF5 NRT : FTP 

(PPS) 
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single orbit 

rainfall 

estimates.from 

each passive –

microwave 

instrument in 

the GPM 

constellation.  

satellite - 

past week 

(RT) 

satellite 

(NRT) 

HDF5 Prod: FTP 

(PPS) 

HDF5 Prod: 

STORM 

HDF5 Mirador 

OPeNDAP OPeNDAP 

HDF5 Prod: FTP 

(GES DISC) 

2A-GPROF-

GMI:GMI 

single orbit 

rainfall 

estimates 

4km x 

4km, 16 

orbits per 

day 

Latitudes 

90°N-S, Past 

2 weeks 

(NRT); 

March 2014 

- present 

(Prod) 

2 hours 

(NRT); 

40 hours 

(Prod) 

HDF5 NRT : FTP 

(PPS) 

HDF5 Prod: FTP 

(PPS) 

HDF5 Prod: 

STORM 

HDF5 Mirador 

OPeNDAP OPeNDAP 

HDF5 Prod: FTP 

(GES DISC) 

3-IMERG: 

Rainfall 

estimates 

combining 

data from all 

passive-

microwave 

instruments in 

the GPM 

Constellation. 

0.1° - 30 

minute 

Gridded, 

90°N-90°S, 

March 2015 

to present 

6 hours 

(NRT / 

early 

run) 

HDF5 NRT : FTP 

(PPS) 

GIS TIFF+ 

Wordfile 

NRT : FTP 

(PPS) 

 

Giovanni Giovanni 

HDF5 OPeNDAP 

HDF5 Mirador 

 Simple 

Subset 

Wizard 

NETCDF 

 0.1° - 30 Gridded, 18 hours HDF5 NRT : FTP 
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minute 90°N-90°S, 

March 2015 

to present 

(NRT / 

late run) 

(PPS) 

GIS TIFF+ 

Wordfile 

NRT : FTP 

(PPS) 

 

Giovanni Giovanni 

HDF5 OPeNDAP 

HDF5 Mirador 

NETCDF Simple 

Subset 

Wizard 

 0.1° - 30 

minute 

Gridded, 

90°N-90°S, 

March 2014 

to present 

4 

months 

(Prod / 

final 

run) 

HDF5 NRT : FTP 

(PPS) 

GIS TIFF+ 

Wordfile 

NRT : FTP 

(PPS) 

 

Giovanni Giovanni 

HDF5 OPeNDAP 

HDF5 Mirador 

NETCDF Simple 

Subset 

Wizard 

 

 0.1° - 3 

Hours 

Gridded, 

90°N-90°S, 

April 2015 

to present 

6 hours 

(NRT / 

Early 

Run) 

GIS TIFF+ 

Wordfile 

NRT: FTP 

(PPS) 

 0.1° - 3 

Hours 

Gridded, 

90°N-90°S, 

April 2015 

to presen 

18 hours 

(NRT / 

Late 

Run) 

GIS TIFF+ 

Wordfile 

NRT: FTP 

(PPS) 

 0.1° - 1 

Day 

Gridded, 

90°N-90°S, 

6 hours 

(NRT / 

GIS TIFF+ 

Wordfile 

NRT: FTP 

(PPS) 
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April 2015 

to present 

early 

run) 

NRT: FTP 

(PPS) 

GIS TIFF+ 

Wordfile 

NetCDF 

 

GES DISC 

 0.1° - 1 

Day 

Gridded, 

90°N-90°S, 

April 2015 

to present 

18 hours 

(NRT / 

late run) 

GIS TIFF+ 

Wordfile 

NRT: FTP 

(PPS) 

 

NetCDF GES DISC 

 0.1° - 1 

Day 

Gridded, 

90°N-90°S, 

April 2015 

to presen 

4 

Months 

(research 

/ final 

run) 

NetCDF OpenDAP 

NetCDF GES DISC 

 0.1° - 3 

Day 

Gridded, 

90°N-90°S, 

April 2015 

to present 

18 hours 

(NRT / 

late run) 

GIS TIFF+ 

Wordfile 

NRT: FTP 

(PPS) 

 0.1° - 7 

Day 

Gridded, 

90°N-90°S, 

April 2015 

to present 

18 hours 

(NRT / 

late run) 

GIS TIFF+ 

Wordfile 

NRT: FTP 

(PPS) 

 0.1° - 

Monthly 

Gridded, 

90°N-90°S, 

March 2014 

to present 

4 

months 

(Prod / 

final 

run) 

HDF5 Prod: 

FTP(PPS) 

HDF5 Mirador 

Giovanni Giovanni 

NETCDF Simple 

Subset 

Wizard. 

3-CMB : 

Combined 

0.25°, 

daily 

Gridded, 

70°N-70°S, 

Daily 

(Prod) 

HDF5 Prod: FTP 

(PPS) 
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GMI+ DPR 

rainfall 

average 

March 2014 

to present 

Gridded 

ASCII 

HDF5 

Prod: FTP 

(PPS) 

 

Prod: 

STORM 

HDF5 Mirador 

 5°, daily Gridded, 

70°N-70°S, 

March 2014 

to present 

Daily 

(Prod) 

HDF5 Prod: FTP 

(PPS) 

HDF5 Prod: 

STORM 

HDF5 Mirador 

 .25°, 

monthly 

Gridded, 

70°N-70°S, 

March 2014 

to present 

Monthly 

(Prod) 

HDF5 Prod: FTP 

(PPS) 

HDF5 Prod: 

STORM 

HDF5 Mirador 

 5°, 

monthly 

Gridded, 

70°N-70°S, 

March 2014 

to present 

Monthly 

(Prod) 

HDF5 Prod: FTP 

(PPS) 

HDF5 Prod: 

STORM 

HDF5 Mirador 

3-DPR rainfall 

average 

0.25°, 

daily 

Gridded, 

67°N-67°S, 

March 2014 

to present 

Daily 

(Prod) 

HDF5 Prod: FTP 

(PPS) 

 5°, daily Gridded, Daily HDF5+PNG Prod: 
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70°N-70°S, 

March 2014 

to present 

(Prod) STORM 

 0.25°, 

monthly 

Gridded, 

67°N-67°S, 

March 2014 

to present 

Monthly 

(Prod) 

HDF5 Mirador 

    

Giovanni Giovanni  

NetCDF TOVAS 

OPeNDAP OPeNDAP 

 

GDS 

GrADS Data 

Server 

(GDS) 

 5°, daily Gridded, 

70°N-70°S, 

March 2014 

to present 

Monthly 

(Prod) 

HDF5 Prod: FTP 

(PPS) 

3-GPROF 

:GMI rainfall 

average 

0.25°, 

daily 

Gridded, 

90°N-90°S, 

March 2014 

to present 

daily 

(Prod) 

HDF5 NRT: 

FTP(PPS) 

HDF5 Prod: FTP 

(PPS) 

Gridded  Prod: FTP 

(PPS) 

ASCII Mirador 

HDF5 Giovanni  

Giovanni TOVAS 

NetCDF 

 

Simple 

Subset 

Wizard 
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OPeNDAP OPeNDAP 

GDS 

 

GrADS Data 

Server 

(GDS) 

 0.25°, 

monthly 

Gridded, 

90°N-90°S, 

March 2014 

to present 

Monthly 

(Prod) 

HDF5 Prod: FTP 

(PPS) 

HDF5 Prod: 

STORM 

 

From the above GPM products half hourly IMERG products are used in this 

research. 
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STUDY OF RAINFALL IN BANGLADESH USING GLOBAL 
PRECIPITATION MEASUREMENT DATA 

 
M. A. Khatun, A. T. M. S. Azam and M. Rafiuddin 

Department of Physics, Bangladesh University of Engineering and Technology, Dhaka 
Email: asma240490@gmail.com 

  
Bangladesh is recognized worldwide as one of the most vulnerable countries to the 

impacts of strong rainfall variability. Rainfall is among the atmospheric parameters, 

one of the most difficult to measure because of its high temporal and spatial 

variability and discontinuity. To study the possibility of use of Global Precipitation 

Measurement (GPM) data in Bangladesh, half hourly rainfall data of Integrated 

Multi-satelliE Retrievals for GPM (IMERG) and three hourly Bangladesh 

Meteorological Department (BMD) rain gauge data are used. The daily, monthly and 

seasonal variations of rainfall are studied during April, 2014 to May, 2015. The 

correlation coefficients between daily and monthly rainfall are found 0.86 and 0.99. 

The root mean square error is found 5.05 between IMERG and rain gauge data. The 

IMERG and BMD observed daily average rainfall is found 4.29 mm and 5.54 mm, 

respectively. It is found that yearly rainfall of IMERG is underestimated by 24.51% 

(520.15mm). IMERG rainfall is underestimated by 5.08% (6.24 mm), 30.30% 

(125.05 mm) and 49.29% (6.80 mm) during pre-monsoon, monsoon and winter 

season, respectively. On the other hand, IMERG rainfall is overestimated by 16.54% 

(4.13 mm) during post-monsoon season. 
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Comparison of Integrated Multi-satellite Retrievals for GPM 
(IMERG) monthly precipitation and rain gauge data 

 
M. A. Khatun, A. T. M. Shafiul Azam and M. Rafiuddin 

Department of Physics, Bangladesh University of Engineering and Technology, Dhaka, 
Bangladesh 

Email: asma240490@gmail.com 
 

In this study the Integrated Multi-satellite Retrievals for GPM (IMERG) final run 

monthly precipitation product is compared with 34 rain gauge stations data of 

Bangladesh Meteorological Department (BMD) during the period April, 2014-

December, 2015. The spatial coverage and resolution of IMERG monthly 

precipitation products is 60 degree north to 60 degree south and 0.1 degree by 0.1 

degree, respectively. From this study it is found that the IMERG monthly data is 

highly correlated with rain gauge observation and the value of Correlation 

Coefficient (CC) is 0.998. The Root Mean Square Error (RMSE) between these 

products is found 31.82. The standard deviation of IMERG monthly product and rain 

gauge is found 214.36 and 236.40, respectively. Monthly trend of IMERG rainfall is 

found almost similar to the rain gauge observation with some underestimation. 

Seasonal comparison showed the maximum and minimum underestimation during 

the monsoon (9.04%) and post-monsoon (3.43%), respectively. The spatial 

distribution pattern of IMERG and rain gauge observation is found similar. On the 

other hand CC between IMERG daily and rain gauge data is found 0.79. So, monthly 

precipitation product of IMERG provides relatively better performance than that of 

half hourly product. 
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VALIDATION OF INTEGRATED MULTI-SATELLITE RETRIEVALS FOR 
GPM DATA IN BANGLADESH 

Mst. Asma Khatun1*, A. T. M. Shafiul Azam2 and Md. Rafiuddin3 

1 M. Sc. student, Department of physics, Bangladesh University of Engineering and 
Technology, Dhaka-1000, Bangladesh, e-mail: asma240490@gmail.com 

2 Assistant Professor, Department of physics, Bangladesh University of Engineering 
and Technology, Dhaka-1000, Bangladesh, e-mail: atmshafi@phy.buet.ac.bd 

3 Professor, Department of physics, Bangladesh University of Engineering and 
Technology, Dhaka-1000, Bangladesh, e-mail: rafiuddin@phy.buet.ac.bd 

ABSTRACT 
To study the possibility to use of Integrated Multi-satellitE Retrievals for GPM (IMERG) rainfall data 
in Bangladesh, half-hourly IMERG data of spatial resolution 0.1degree×0.1degree and three hourly 
Bangladesh Meteorological Department (BMD) rain gauge data of 35 stations are used. The study 
period was from April, 2014 to May, 2015. In daily scale, the Correlation Coefficient (CC) and Root 
Mean Square Error (RMSE) between IMERG and rain gauge data is found 0.79 and 6.19, 
respectively. The IMERG and BMD observed daily average rainfall is found 4.18mm and 5.61mm 
during the study period, respectively. IMERG is able to measure 74.5% of the surface rainfall in 
Bangladesh during the study period. In monthly and seasonal scale, the IMERG data is highly 
correlated with BMD observation. The IMERG rainfall is overestimated by 7.93% (29.35mm) and 
12.09% (3.36mm) during the pre-monsoon and winter seasons, respectively. On the other hand, 
IMERG rainfall is underestimated by 37.58% (629.33mm) and 3.54% (2.65mm) during the monsoon 
and post-monsoon seasons, respectively. The yearly underestimation of IMERG data was 27.9%. 
IMERG and BMD data detect 45.40 and 40.74 light rainfall (≥2.5 to <10.5mm) events, and 1.54 and 
3.51 very heavy rainfall (>88mm) events during the study period, respectively. IMERG is able to 
detect light rainfall more precisely than the very heavy rainfall. IMERG and BMD data detect 319 
and 311 extreme low (10th percentile) rainfall events, and 8 and 12 extreme high (90th percentile) 
rainfall events during the study period, respectively. Further studies are necessary to explore the 
potential of GPM-era IMERG data for meteorological, and hydrological research in Bangladesh. 
 
Keywords: Rainfall, Global Precipitation Measurement, Bangladesh, Correlation Coefficient, 
Rainfall event. 

1. INTRODUCTION 
The primary source of water for agricultural production over most of the world is rainfall (Subash and 
Gangwar, 2014). The characteristics of rainfall vary from place to place, day to day, month to month 
and also year to year. Precise knowledge of these characteristics is essential for its proper utilization. 
So, rainfall variation measurement is important but, rainfall is one of the most difficult parameters to 
measure because of the large variations with respect to space and time (Kummerow et al., 2000). In 
Bangladesh, only 35 rain gauge stations data are represent the rainfall throughout the country, which 
is insufficient for meteorological and hydrological study. Inadequate rain gauge networks throughout 
the country sometimes provide incomplete information about the distribution of rainfall (Islam and 
Uyeda, 2005). To overcome this problem satellite observation may play an important role for the 
country. Satellite remote sensing is recognized as a powerful and essential means for monitoring 
global change of earth environment (Islam and Islam, 2006). Following the highly successful TRMM 
mission, NASA and JAXA designed an international project Global Precipitation Measurement 
(GPM) mission launched at 27 February, 2014 to provide improved estimates of precipitation over 
most of the globe (Huffman et al., 2015a, b). GPM carrying both a dual frequency radar instrument 
and a passive microwave radiometer, the core spacecraft serves as a calibration standard for the other 
members of the GPM spacecraft constellation. GPM is the first satellite that has been designed to 
measure light rain and snowfall, in addition to heavy tropical rainfall. In this paper validation of 
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Integrated Multi-satellitE Retrievals for GPM (IMERG) data in Bangladesh is studied using rain 
gauge data from Bangladesh Meteorological Department (BMD).  

2. DATA AND METHODOLOGY 

2.1 IMERG Product 
IMERG is the unified US algorithm that provides multi-satellite precipitation product. The 
precipitation estimates from the various precipitation-relevant satellite passive microwave sensors 
comprising the GPM constellation using the Goddard Profiling Algorithm (GPROF), then gridded, 
inter-calibrated to the GPM combined instrument product, and combined into half-hourly 0.1° × 0.1° 
fields. IMERG data products provide global high spatial and temporal resolution precipitation data. 
The data are archived in HDF5 (Hierarchical Data Format, latest version) format available from the 
NASA Goddard Earth Sciences Data and Information Services Centre (GES DISC). The GPM 
constellation of satellites can observe precipitation over the entire globe every 2-3 hours. The detailed 
IMERG estimation procedure is described at the 
https://pmm.nasa.gov/sites/default/files/document_files/IMERG_doc.pdf. In this study, IMERG half-
hourly rainfall data from April, 2014-May, 2015 is be used for the validation of GPM data in 
Bangladesh. 

2.2 Rain Gauge Data 
Rain gauge is a meteorological instrument for determining the depth of precipitation (usually in mm) 
that occurs over a unit area (usually one metre squared) and thus measuring rainfall amount. BMD 
used recording type rain gauge. BMD has 35 rain-gauge stations all over the country. The locations of 
these 35 rain gauges are shown in Fig.1. In the current study, 3 hourly rain gauge data collected by 
BMD are utilized. 
 

 
Figure 1: Locations of the rain-gauge stations of BMD. 

 

2.3 Method 
Grid Analysis and Display System (GrADS) script was used to extract point data from GPM global 
data at different BMD rain gauge station locations. In this study surfer was also used to plot spatial 
distribution of IMERG and BMD rainfall data. The daily, monthly and yearly rainfall is calculated 
from the half hourly data. In this study the Correlation Coefficient (CC), Root Mean Square Error 
(RMSE) and Standard deviation (SD) are also calculated. Different thresholds rainfall events are also 
calculated from the IMERG and rain gauge data. 
There are different thresholds rainfalls according to BMD (Mannan et al., 2015) given below: 
•   Very heavy rainfall (VHR) is defined as the occurrence of rainfall amount greater than 88 mm in 24 
hours. 
•   Heavy rainfall (HR) is defined as the occurrence of rainfall amount from ≥43.5 to 88 mm in 24 
hours. 
•   Moderately heavy rainfall (MHR) is defined as the occurrence of rainfall amount from ≥22.5 to 
<43.5 mm in 24 hours. 
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•   Moderate rainfall (MR) is defined as the occurrence of rainfall amount from ≥10.5 to <22.5 mm in 
24 hours. 
•   Light rainfall (LR) is defined as the occurrence of rainfall amount from ≥2.5 to <10.5 mm in 24 
hours. 
In this study, it is found that the 10th, 90th, 95th and 99th percentiles of rainfall amount were 1.8, 48, 70 
and 122 mm/day, respectively. 

3 RESULTS AND DISCUSSION 

3.1 Daily Rainfall Variation 
Figure 2 showed the variation of daily average rainfall measured by IMERG and rain gauge during 
June, 2014- May, 2015. 

 

 

From the above figure it is found that the variation of daily average rainfall measured by IMERG and 
rain gauge are almost same. IMERG detected peaks of rainfall variations but amount was less than 
that of rain gauge, especially during monsoon period. The CC and RMSE is found 0.79 and 6.19, 
respectively. The standard deviation of IMERG and BMD is found 7.04 and 9.86, respectively. The 
IMERG and rain gauge measured 5.61 and 4.18mm of rainfall per day, respectively. Therefore, 
IMERG is able to measure 74.5% of the surface rain in Bangladesh.  

 

3.2 Monthly Rainfall Variation 
Figure 3 showed the IMERG and BMD rain gauge observed monthly variation of 
rainfall during the study period. The trend of monthly variation of IMERG and rain 
gauge data are almost same. The monthly CC and RMSE between IMERG and BMD 
is found 0.96 and 88.19, respectively. It is found that the IMERG and rain gauge data 
are highly co-related. The standard deviation of IMERG and BMD is 113.83 and 
183.21, respectively. 

Figure 2: Variation of daily average rainfall from June, 2014 to May, 2015 over Bangladesh 
measured by IMERG and rain gauge. 
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Figure 3: Monthly variation of rainfall measured by IMERG and BMD rain gauge. 

From this figure it is clear that IMERG is mainly underestimated during June – 
September.  

3.3 Seasonal Rainfall Variation 
Figure 4 showed the seasonal variation of rainfall measured by IMERG and rain 
gauge during study period. 

 

 

From this figure it is found that the IMERG rainfall is overestimated by 7.93% 
(29.35mm) and 12.09% (3.36mm) during the pre-monsoon and winter seasons, 
respectively. On the other hand, IMERG rainfall is underestimated by 37.58% 
(629.33mm) and 3.54% (2.65mm) during the monsoon and post-monsoon seasons, 
respectively. These seasonal underestimation and overestimation may be due to the 
variation of vertical cross section of convection observed by IMERG. Islam and 
Uyeda (2008) showed that pre-monsoon convection activities are mainly observed 
over land, whereas monsoon and post-monsoon activities are distributed over the 
Bay of Bengal and land. They also showed that pre-monsoon rainfall is more intense 
than that during other rainy periods. The echo top height is high in pre-monsoon than 
in other periods. IMERG may successfully detect the tall convection during the pre-
monsoon period, on the other hand it unable to detect properly the low level shallow 
convection during the monsoon period. The CC and RMSE between IMERG and 
BMD data is found 0.99 and 315.02, respectively. 

 

Figure 4: Seasonal variation of rainfall from June, 2014 to May, 2015 measured 
by IMERG and rain gauge. 
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3.4 Spatial Distribution of Annual Rainfall 
Figure 5 showed the spatial distribution of annual rainfall measured by (a) IMERG 
and (b) BMD during June, 2014 to May, 2015. Spatial pattern showed that amount of 
rainfall increases from western part to eastern part of the country. From this figure it 
is clear that the western part of the country received less rainfall than that of 
northeastern and southeastern parts.  

 

 

The Meghalaya and Assam hill are situated in the northeastern part of the country, 
which helps for the development of convective in this area of the country. The annual 
rainfall measured by the IMERG and rain gauge are found 1548.366 mm and 
2147.64 mm, respectively. The highest amount of rainfall measured by IMERG and 
rain gauge was 2645.42 mm (Sylhet) and 3989.10 mm (Sylhet), respectively. The 
lowest amount of rainfall measured by IMERG and rain gauge was 698.34 mm 
(Satkhira), and 1188.60mm (Chuadanga), respectively. 

3.5 Anomaly of Annual Rainfall 
Anomalies between IMERG and rain gauge measured rainfall is shown in figure 6. 
IMERG overestimated in the central and northwestern parts of the country whereas 
underestimated in the remaining area of the country. The yearly underestimation of 
IMERG data was 27.9%. The maximum underestimation and overestimation is found 
in Teknaf and Dhaka region, respectively. 
 

 

Figure 6: Anomaly of annual rainfall 

Figure 5: Spatial distribution of annual rainfall measured by (a) IMERG 
(b) BMD 
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3.6 Rainfall Events 
Figure 7(a) showed the threshold rainfall events measured by IMERG and BMD and 
figure 7(b) showed the different percentiles of rainfall events measured by IMERG 
and BMD. 

 

Figure.7: (a) Threshold rainfall events measured by IMERG and BMD. (b) Percentile 
of rainfall events measured by IMERG and BMD 

Number of VHR, HR, MHR, MR and LR events measured by IMERG during the 
study period is 1.54, 8.49, 14.63, 23.23 and 45.40, respectively. On the other hand 
the number of VHR, HR, MHR, MR and LR events measured by BMD rain gauge is 
3.51, 10.74, 19.46, 26.29 and 40.74, respectively. Therefore it is concluded that 
IMERG can detect light rainfall with more precision. IMERG overestimated for 10th 
percentile rainfall events on the other hand underestimated for other percentiles of 
rainfall events (Figure 7b). From the figure 7(b) it is also found that IMERG and 
BMD data detect 319 and 311 extreme low (10th percentile) rainfall events, and 8 
and 12 extreme high (90th percentile) rainfall events during the study period, 
respectively It is also found that IMERG successfully detect extreme low rainfall 
events more accurately. 

4 CONCLUSIONS: 
The IMERG data and BMD rain gauge rainfall data are compared during April, 2014 
to May, 2015 to validate IMERG data in Bangladesh. The CC of daily, monthly and 
seasonal rainfall between IMERG and rain gauge data was found 0.79, 0.96 and 0.99, 
respectively. In monthly and seasonal scale, the IMERG data is highly correlated 
with BMD observation. Based on correlation coefficient daily, monthly, seasonally 
IMERG data are useable for meteorological study although there have some 
underestimation. The IMERG are able to detect light rainfall ((≥2.5 to <10.5mm) and 
extreme rainfall (10th percentile) more precisely. Based on this priliminary analysis 
IMERG data may be used in Bangladesh for meteorological and hydrological study 
but longer range of data analysis are needed for a more comprehensive assessment of 
IMERG data. 
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