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ABSTRACT 

 

 This study looks to examine trends in the annual cycle of Mesoscale 

Convective System (MCS) activity over Equatorial Africa and the Sahelian region 

to the north.  Convective precipitation features such as these are a vital source of 

rainfall for this region.  Improvements in the understanding and forecasting of 

these convective systems could lead to improvements in water resources 

throughout the region. 

 5 years of data (1998-2003, 2001 exempt) from the University of Utah 

Precipitation Feature Database are analyzed over Central Africa. Trends of MCC 

activity are examined to establish a seasonal cycle of activity and to identify 

signals that may identify wet/dry years.  To do this, the overall region of study is 

split into 3 separate sub-regions based on location and precipitation schemes.  

Each of these regions is then investigated independently to determine trends and 

patterns in the seasonal cycle.   Aside from number of systems, parameters such 

as the amount of rainfall per system and lightning data are also utilized to 

examine the seasonal cycles of activity.   

 Strong trends emerge in the lightning data across the whole of central 

Africa, that link convection to topography across the region.  As convection is 

initiated in the early afternoon hours, it is strongly correlated with regions of 

highlands across central Africa.  From which point the cells intensify and 

concentrate over the lowland forests of the central African Basin.  Orgainized 

convective features also favor certain highland features as well.  Maxima in these 

features are noted in the Cameroon Highlands as well as the highlands to the 

west of the Great Rift Valley.   Seasonal cycles in activity display a pattern that 

follows the maximum in solar insolation over each sub-region.  A maximum in 

activity in each region is seen with this occurrence, including bi-modal trends in 

the regions closest to the equator.    Also of note is a seemingly strong 

connection in the southern region to the size/strength of the southern branch of 

the African Easterly Jet.  This relationship could prove to be a strong predictor of 

monthly rainfall for this region. 
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CHAPTER 1: INTRODUCTION 

 

 

With the African continent as a whole undergoing an overwhelming drought 

spanning decades, understanding the patterns and distribution of precipitation systems 

becomes an even more important aspect of meteorological research.   The most recent 

drought began in 1968, and relatively dry conditions have persisted since then 

(Nicholson et. al. 1998).  The Sahel region of West Africa is especially sensitive to these 

drought conditions.  A large portion of Central and Northern Africa’s rainfall is 

convective in nature, and a large part of this is a result of organized Mesoscale 

Convective Systems (MCS).  Thus, studying and understanding the patterns and 

frequency of these organized convective systems could enhance water availability and 

usage for this region.  These convective features have been extensively studied in the 

past, but very few have studied activity over Central Africa.   

MCS evolve over 3-6 h and longer, contain at some point both convective and 

stratiform precipitation and typically attain horizontal dimensions of at least 100 km. 

(Houze 1993).  The mesoscale convective complex (MCC) (Maddox 1980) is a unique, 

well-organized subset of mesoscale convective systems (MCS) that is well known for its 

production of severe weather and copious rainfall (Maddox 1908; Fritsch et al. 1986; 

McAnelly and Cotton 1989).  They are denoted for extremely large spatial coverage and 

are classified by satellite data, consisting of an area of cloud top temperatures <-32o C 

of at least 100,000 km2 as well as a 50,000 km2 area of temperatures < 52o C. MCC’s 

occur very frequently in the African Sahel, and they contribute significantly to the rainfall 

over this region (Laing et al. 1999).  Mathon (2002) performed an extensive study of 

Mesoscale Convective Systems (MCS) observed by satellite over the Sahel.  This study 

showed that Organized Convective Systems, (OCS), a sub-population of Mesoscale 

Convective Systems, are also the main source of rain in this region, accounting for 

about 90% of the seasonal rainfall, with a mean aerial-averaged rainfall of 14.7 mm per 
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system.  In a later study by Laing et al. (1999), MCC’s were found, on average, to 

contribute 26% of the rainfall in the northern part of Sahelian Africa.  Squall lines are 

likely to contribute to a large share of this Sahelian 

precipitation, but it is not easy to find objective criteria to identify them in a population of 

MCS (Mathon 2002).  

Here in the United States, 20% of extreme rainfall events are related with an 

MCC, while they make up only 7% of the rainfall observations.  The implications for 

flood potential may be just as important in the Sahel (Tollerud and Collander 1993, 

Laing et al. 1999).  This small population of precipitation features (PF’s) accounts for a 

large percentage of the total rainfall production.  Improvements in forecasting these 

systems would likely lead to improvements in rainfall and runoff prediction: information 

that is vital to this region (Laing and Fritsch, 1993).  Thus, my aim is to investigate the 

convective patterns over this region to better understand the spatial and temporal 

patterns and variability of Mesoscale Convective Systems (MCS). 

 Convective activity will be examined over much of the Central African Continent 

examining MCS activity and frequency, along with variations in the intensity of the MCS 

themselves, such as, rainfall and lightning flash activity.  From this examination, areas 

of interest will be selected to undergo further examination to develop an annual cycle of 

activity and characteristics.  

 Development of MCC’s over Africa is clearly favored in certain geographic 

locations. In particular, activity is concentrated in two main areas: 

1) Central and northern Africa between 5o S and 18o N, and 

2)  Southeastern Africa south of 15o S and east of 25o E (Laing and Fritsch, 1993) 

In this study, we will concentrate on the first area, Central and Northern Africa, and split 

it into three separate regions of study.   
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Figure 1. Overall region of study, further examinations break area into three sub regions 

 

The overall region of study encompasses much of equatorial and Sahelian Africa 

(fig. 1).  Latitudinally, the area spans 25o N to 10o S, longitudinally it runs from 17o W to 

25o E.  Within this overall region, the area of study is separated into three main regions.  

These regions are separated based on rainfall patterns, seasonal variation, and overall 

location.  Region 1 will encompass the Sahelian region of Africa.  This region spans 

from 10o N to 25o N and 20o E to 17o W.  Regions 2 and 3 cover tropical equatorial 

Africa.  They span from the equator to 10o N and S respectively, and from 7o E to 25o E.    

Laing and Fritsch also found indications that topography had some affect on the 

development of MCS. They found that convective systems that form over western Africa 
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are not directly induced by orography but seem to be related to the summer monsoonal 

flow.  In particular, they noted that there are steady lower-tropospheric vortices 

associated with the main genetic regions over North Africa. They also found that most 

systems developed downstream, relative to mid-tropospheric flow, of mountain ranges 

and that MCC genesis in the tropical easterlies tended to occur west of the North 

African mountains, within the Sahelian region. These regions of study satisfy these 

criteria for the favorable region of MCS development over Africa.   

Within these regions, an annual cycle of convective activity will be determined. 

While the overall trends follow the North/South variability of the seasonal cycle, some 

interesting findings arise in the transition seasons of spring and fall.  These appear to be 

a result of the development and placement of the southern branch of the African-

Easterly Jet (AEJ) during the southern hemisphere spring season.  

  It is interesting to note that the rain belt is most intense when both the AEJ-N 

and the AEJ-S are well developed (Nicholson and Grist 2003). Although it should be 

acknowledged that the wind shear associated with the AEJ-S is relatively weak, the 

most intense mesoscale convective systems in southern Africa are on the equatorward 

side of this jet (Laing and Fritsch 1993, Mohr and Zipser 1996).  The development and 

magnitude of this southern branch of the AEJ may have an influence on the MCS’ being 

more active and producing more rain in the September-October-November months in 

the equatorial regions of study than in the other transition season of March-April-May 

due to the Southern branch of the AEJ not being present at that time.   

 This region of Africa has been studied in depth as a result of the ongoing drought 

crisis in the region (Laing and Fritsch 1993, Mohr and Zipser 1996, Hodges and 

Thorncroft 1997, Cook 1999, Grist and Nicholson 2002, Mathon 2002).  However, there 

has not been a specialized examination of the patterns of organized convection.  This 

study seeks to begin this process of examining these features and provide a look into 

the development and variability of organized convection over the Central/Northern 

African continent.   
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Before these goals can be accomplished, the overall convective patterns in the 

region were examined using the gridded data from the University of Utah Precipitation 

Feature database.  These patterns were examined to discern favored areas for 

convective development and activity across Central Africa.  Once this is complete, the 

three regions that were chosen are further examined to develop their seasonal cycle of 

activity.  Furthermore, characteristics, such as rainfall production, of the convective 

systems in each of the regions were examined to note any marked differences 

throughout this seasonal cycle.  Additionally, MCS activity is examined along with 

rainfall data across the region of study for this period.  This examination is performed to 

decipher if wet (dry) years can be attributed to an increase (decrease) in MCS activity 

over the region. 
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CHAPTER 2: DATA 

 

  

This project investigates the frequency and properties of Mesoscale Convective 

Systems (MCS) over the equatorial regions of western Africa as well as the transition 

zone to the north known as the Sahelian region.  The majority of the data for this project 

was from the current version of the University of Utah TRMM precipitation feature (PFs) 

database.  This database was compiled from data obtained from the Tropical Rainfall 

Measuring Mission (TRMM).  The precipitation feature algorithm was developed in the 

fall-spring of 1998-99 at Texas A&M University by the Tropical Convection Research 

Group, primarily by Dan Cecil, Ed Zipser, and Steve Nesbitt.  A full description of the 

algorithm can be found in documentation from Steve Nesbitt, Documentation for 

University of Utah TRMM Precipitation Feature Database, 2003.   

 The database itself currently comprises 8 years of version 6 TRMM data, 1998-

2005.  However for this project, only data up to the end of 2003 were available. The 

data for this database were obtained from the TRMM (Tropical Rainfall Measuring 

Mission) satellite.  TRMM is a NASA satellite platform with 5 separate observing 

instruments on board.  The TRMM satellite is positioned in low-earth orbit at an altitude 

of 217 miles (350 km).  This allows for far better resolution than its geostationary 

cousins.  The orbit ranges from 35o N to 35o S in a non-sun synchronous orbit.  This 

allows the instruments to monitor locations at different time periods of the solar day.  By 

doing this, it can retrieve data about the daily cycle of rainfall in the tropics. This higher 

spatial resolution comes at a price of temporal resolution. The TRMM satellite orbits the 

earth every 91 minutes.  The Visual and Infrared Scanner (VIRS) has a swath width of 

only 833 km wide. This means that in a given orbit, some locations in the region of study 

may not be visualized.  However, given the length of time that the features exist, 6-12+ 

hrs, a sufficient sampling is achieved. 
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The scientific instruments on-board TRMM include: Precipitation Radar (PR), 

TRMM Microwave Imager (TMI), Visual and Infrared Scanner (VIRS), Cloud and Earth 

Radiant Energy Sensor (CERES), and a Lightning Imaging Sensor (LIS). 

In this Dataset, criterion that is used to identify MCS for this study include a 

minimum Polar Corrected Temperature (PCT) of <250 K encompassing an area of at 

least 2000 km2, as well as an enclosed minimum below 225 K.  The properties of the 

MCS include: date and time, center latitude and longitude, its location over land or 

ocean, and the orbit number.  Meteorological aspects that were retrieved from the 

database are: number of pixels (size of the PF), maximum 20, 30, and 40 dbz height, 

maximum reflectivity at 6 km, 9 km, maximum storm height, maximum near surface 

reflectivity, minimum TMI 37GHz, 85 GHz PCT, minimum IR temperature, flash counts, 

flash rates, number of pixels with 85GHz PCT colder than 250K, 225K, 200K, 175K, 

150K, 125K, and 100K.  Also available are volumetric rain, and Convective/Stratiform 

rain. 

 Also utilized was version 3 Precipitation feature data, also available in the PF 

database.  This data set is a composite of TRMM precipitation data as well as data from 

the Global Precipitation Index (GPI), Global Precipitation Climatology Centre (GPCC), 

and the Global Precipitation Climatology Project (GPCP).  The data were then compiled 

into 1o x 1o gridboxes.  Once the data are compiled, 52 separate parameters are 

available in 3, 4, and 5-year composites.  A full explanation of these data and products 

can be found at: 

http://www.met.utah.edu/zipser/pub/projects/trmm/level_3/creation_level3.pdf

(Liu, 2004).  The data were used to investigate general properties such as monthly total 

number of MCS and lightning flash data.  

 Data from the National Centers for Environmental Prediction /National Center for 

Atmospheric Research (NCEP/NCAR) Reanalysis Project (Kalnay et al. 1996) were 

also utilized in this project.  This dataset provided upper-air wind data that were used in 

investigating climatologically averaged wind fields and synoptic situations over the 
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region of interest.  Reanalysis data were also used to investigate reasoning for MCS 

development and characteristics.  This dataset is comprised of a combination of output 

from the T62 run of the Global Spectral Model, as well as observational results from 

global rawinsonde data, (COADS) surface marine data, aircraft data, surface land 

synoptic data, satellite sounder data, SSM/I surface wind data, and satellite-derived 

cloud-drift winds.  This data is compiled, quality controlled, and then put into a gridded 

dataset with a 2.5o x 2.5o horizontal resolution and 17 vertical pressure levels. 
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CHAPTER 3: METHODOLOGY 

 

 The main purpose of this study is to gain an overall understanding of the 

climatological and annual cycle of Mesoscale Convective Systems (MCS) over the 

region of interest.   We also hope to acquire an understanding of the characteristics of 

these systems change during the cycle 

For this project, the focus is on MCS activity over Equatorial West Africa.  The PF 

feature dataset is utilized to examine the seasonal cycle in the MCS activity over this 

area of study.  To do this the area of interest is split into three separate sub-regions.  

These sub-regions will be called, North Africa, North-Equatorial Africa, and South-

Equatorial Africa (figure 1a).  

 

Figure 1a. Regions of Study over Central/Northern Africa: North Africa, North Equatorial, and 
South Equatorial  

 

The North African region spans 10oN to 25oN and 20oE to 17oW.  This is what is 

commonly known as the Sahelian region of Africa.  This region is mostly comprised of 
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savannah grasslands and steppe regions.  At its northern extremes, it borders the 

Saharan region. The second region, North-Equatorial Africa ranges from 0o to 10oN in 

latitude and from 7oE to 25oE in longitude.  South-Equatorial Africa has these same 

dimensions albeit in the southern hemisphere.  For the purposes of this study we 

concentrated only on those MCS that formed over the continent of Africa and ignored 

those forming offshore.  This only trimmed our dataset slightly, as most of these 

systems developed over land or in the immediate vicinity (within 250 km) of the African 

continent (Laing and Fritsch 1993). 

Before the regions are split apart, MCS activity across the whole of Central Africa 

is monitored over the period of study.   Any favored areas of development and activity 

are noted.  Topography seems to have a large effect on the development of these 

storms.  For example, highland areas across the continent have a large concentration of 

MCS development.  This phenomenon will be explained further in the results section.   

MCS genesis in the tropical easterlies tended to occur west of the North African 

mountains, located in extreme southeastern Sudan and Ethiopia.  This area of Africa is 

within the Sahelian region (Laing and Fritsch, 1993).  The Inter-Tropical Convergence 

Zone (ITCZ) is the dominant weather system/rainfall producer over our region of study.  

However, this feature constantly moves with the passing of the seasons, creating 

several different rainfall regimes in our area of study.  The three separate regions 

capture the different rainfall variability schemes that are prominent in the region of 

interest.  The study is not extended further north due to the impact of the Sub-Tropical 

High, prevailing large-scale subsidence in the sub-tropical Sahara, which precludes the 

activity from advancing much beyond the Sahel (Laing and Fritsch 1993).   

 To discern the annual cycle of MCS activity, a simple averaging method is 

utilized.  For each year of data, and each of our sub-regions, the number of systems 

that occur over the area of study are tallied.  Once this has been done for all years of 

the study, each month’s count is averaged.  This allows us to see what an “average” 

year of MCS activity over the region would look like in each sub-region of study during 
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the period of interest.  The seasonal cycle that develops leads to trends in the data that 

are displayed in active and inactive years in both the amount and frequency of these 

systems, as well as characteristics of the systems themselves . 

 Aside from examining strictly the number of MCS across our regions, some of the 

characteristics of the MCS themselves throughout the annual cycle are examined.  

Characteristics such as lightning flash frequency, volumetric rainfall, percentage of 

convective activity, and size.  Percentage of convective activity showe little to no 

correlation and was removed from the results.   The lightning flash and volumetric 

rainfall data proved useful and were examined in each region.  These features are used 

to formulate an annual pattern of MCS structure and intensity.  

 With the data and methods utilized, this project intends to analyze frequency and 

seasonal cycles of convective systems over Sahelian and Equatorial Africa.   
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CHAPTER 4: RESULTS 

 

 

Looking at the results of the tests and analysis of the data, a general pattern of 

MCS activity over the regions of study can be formed.  These three regions display 

distinct annual convective patterns that follow the sun’s north/south transition about the 

equator and thus follow the maximum of heating that would be expected for convection 

to be present.  Also evident are differences in the intensity and annual pattern that 

suggest differences in the dynamics and forcing that govern the precipitation systems.  

Before investigating the three previously defined regions, convective activity, including 

MCS activity, across the whole of Central Africa is studied.  These data will further 

assist on the analysis that is done on each of the three pre-determined regions of study. 

 

 

4.1 General Convective Patterns Over Africa 

Convection over the African continent is an extremely important rainfall producer 

and influence on its general climatology.  The main contributor to rainfall over the region 

of interest in Equatorial and Sahelian Africa is known to be convective rainfall.  It has 

been found that MCS occur very frequently in the African Sahel, and that they contribute 

significantly to the rainfall over this region (Laing et al. 1999).  Thus, the goal is to 

discern and understand the seasonal and monthly cycle of MCS activity for this 

sensitive region. To do this, and achieve an overall idea of convective activity over the 

area of study, gridded data was utilized and plotted both by year, and by season.  The 

goal is to identify the peak seasons for convective activity.  Seasonality was defined 

arbitrarily into December-January-February (DJF), March-April-May (MAM), June-July-

August (JJA), and September-October-November (SON).  These seasonal averages 

are calculated from a 5-yr mean.  This 5-yr mean runs from 1998 to the end of 2003, 

 12

 



excluding 2001 as its data were unusable.  Another goal is to search for climatologically 

favored areas for convective development. 

 

 

 

 

0.00                                                                                                                                                                     0.50 

Figures 2a, b, c, d. Seasonal distribution of MCS activity within 1
o
x1

o
 gridbox, units in 

MCS/day. Clockwise from top left: a)DJF, b)MAM, c)JJA and d)SON 
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These figures show that the seasonal transition of convective activity can clearly be 

seen.  In the DJF (JJA) seasons, figures 2a and c, the activity is largely confined to the 

Southern (Northern) Hemisphere.  Also, in the transition seasons of spring and fall, 

figures 2b and d, the activity is clearly more uniformly spread about the continent.  

Noticeable too, is that there appears to be a higher level of activity in the region during 

the Northern Hemisphere Summer and fall seasons. (figures 2c and d)  

   

 

 

 

Figures 3a, b, c, d. Annual distribution of MCS activity within 1
o
x1

o
 gridbox, units in MCS/day: 

clockwise from top left: a)1998, b)1999, c)2000, d)2002 

 14

 



 

 
Figure 3e. Annual distribution of MCS activity within 1

o
x1

o
 gridbox, units in MCS/day: 2003 

 

 In addition to analyzing a seasonal average, each year’s convective activity is 

also analyzed.  Investigating each year individually (figures 3 a-e), as well as the 5-yr 

mean (figure 4), displays an interesting pattern of MCS development.  There seems to 

be definitive climatologically favored areas for MCS activity over the region of interest in 

Central Africa.  

Looking at these years in the MCS data, several “hot-spots” and trends emerge 

from the data.  Possibly most striking is the maximum activity located over coastal 

Cameroon/Nigeria evidenced in each year and most strikingly in the 5-yr mean (figure 

4).  
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Figure 4. 5-yr mean MCS activity activity within 1
o
x1

o
 gridbox, units in MCS/day 

By looking at the seasonal distribution of MCS activity, we note that it is primarily 

a Summer/Fall seasonal occurrence (figures 2c and d).  This maximum is co-located 

with the Cameroon Highlands, including Mt. Cameroon (el. 4095 m).  This fact suggests 

a strong topographical influence to convective activity in the region which will be 

discussed in chapter 5.   

Another feature of note is the active region in Central Africa (figure 4).  This area is a 

basin covering portions of the Republic of the Congo and the Democratic Republic of 

the Congo in Central Africa.  The area is surrounded by highlands to all sides, with the 

majority being the mountainous regions of the Great Rift Valley around Lake Victoria to 

the west, as well as the aforementioned Cameroon Highlands to the north and west.  To 

the south, the highlands in Angola and Zambia encircle the region (figure 1).   

With these generalized patterns and tendencies in convection over Africa formed, 

looking further into statistics of each MCS in the three main regions of study for this 
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project can highlight seasonal cycles and rainfall distribution over the area.  By 

separating each month individually and examining trends and characteristics, a truer 

representation of MCS activity and characteristics are developed for each region of 

interest. 

 

 

4.2  Seasonal and Interannual variability of MCS Activity 

 

MCS activity is investigated by month in three different areas of the African 

Continent.  These areas are identified as North Africa, Northern Equatorial Africa (NE), 

and Southern Equatorial Africa (SE).  Within each region, a monthly pattern of MCS 

activity is established for an average solar year.  The individual years are also 

investigated for variations about this mean in both active and inactive years.  

Characteristics of these convective systems, by month, are also investigated to examine 

features such as intensity, size, and rainfall production throughout the yearly cycle.  

The first variable to be examined over the three regions of interest is strictly a 

tally of MCS counts in each of the regions.  Each MCS that is registered during the 

period of study within the lat/lon restrictions of the region is counted.  This will display 

the general patterns and trends of MCS activity. 

 

Table 1: MCS counts per month: North Africa Region 

       May      June 

              

July   August September October Total 

1998 7 21 27 24 24 6 109

1999 6 10 29 35 18 7 105

2000 5 16 33 27 10 6 97

2002 12 17 41 30 20 5 125

2003 7 21 30 31 29 2 120

Average 7.4 17 32 29.4 20.2 5.2 111.2
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Table 2: MCS counts per month: North Equatorial Region 

 Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec TOTAL 

1998 1 4 9 24 33 26 35 32 24 45 19 9 261

1999 4 12 23 19 34 26 25 36 39 43 24 3 288

2000 8 7 13 21 21 34 23 40 35 27 13 0 242

2002 2 7 23 34 27 38 38 44 44 31 18 7 313

2003 5 6 22 27 33 30 36 39 45 43 25 5 316

AVERAGE 4 7.2 18 25 30 31 31 38 37 38 20 4.8 284

 

 

 

Table 3: MCS counts per month: Southern Equatorial Region 

 Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec TOTAL 

1998 12 17 30 32 10 5 3 5 21 21 25 28 209

1999 23 18 24 25 22 8 7 6 16 22 30 37 238

2000 20 25 20 28 18 4 3 2 18 33 25 34 230

2002 18 21 35 45 12 11 10 10 15 24 27 35 263

2003 20 17 36 30 15 11 4 5 21 33 41 36 269

Average 18.6 19.6 29 32 15.4 7.8 5 5.6 18 27 30 34 241.8

 

Tables 1-3 display the numerical counts of MCS for each month across all three 

regions of interest.  The Northern Equatorial Region is the most active region, averaging 

greater than 280 complexes annually.  Also as expected, the Northern Africa Region is 

by far the least active region for MCS development averaging less than half of the two 

equatorial regions at only 111 MCS annually.    

In all cases 2002 and 2003 are the most active years for MCS activity.  In the 

regions north of the Equator, 2000 is the least active year.  In the Southern Equatorial 

Region, 1998 is the least active region. 
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Plotting these data against the averages that have been calculated provides a better 

visualization of the annual patterns as well as variations in activity.  Again, this is 

performed region by region to discern each region’s patterns in MCS activity. 

Annual Summary of MCS Activity: North Africa
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Figure 5. Number of MCS per month: North Africa Region 

 

 

The first region of study is the Northern Africa Region.  This region lies between 

10o and 25o N and from 20o E to 17o W.  This encompasses what is known as the 

Sahelian region of Africa as well as some of the Southern Saharan Desert. 

 For the Northern Africa region, the months May through October are used for 

analysis.  The northern hemisphere winter season is left out of the analysis due to the 

void of convective activity consistently present during these months.  These months, as 

a whole, averaged < 1 MCS/month over the duration of the study.   

 The trends in MCS activity over this region follow what one what should be 

expected.  MCS activity grows as the sun, and subsequent heating, moves north into 

the region (figure 5).  It reaches its maximum in late July/early August, well after the 
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solar maximum, but during the time of the maximum heating.  1999 and 2003 are the 

only years that show their maximum activity during the month of August, with the rest 

having their maximum activity during the month of July. 

 The next region to investigate is the Northern Equatorial region which spans  0-

10o N latitude and from 7 -25o E longitude.  The two equatorial regions in this study 

span an area of Africa that is mostly covered in dense foliage and rainforest and tends 

to be more convectively active.  Unlike the Northern Africa region, the entire solar year 

is used in the analysis since convection is constantly present due to the tropical nature 

of the climate in this region.  
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Figure 6. Annual plot of MCS activity: NE region 

 

Each year progresses in a manner which would be expected after seeing the results 

from the Northern Africa region.  MCS activity in the NE region follows the maximum in 

solar heating, coming to a climax in late September and into October, as the sun has 

 20

 



just passed over into the Southern hemisphere (figure 6). In general, the peak intensity 

occurs in September/October; however, an anomalous drop in September in 1998 

skews the average to a smaller value than suggested by the remainder of years. A 

striking feature is the dramatic drop in activity following October extending through 

December after this passage occurs.    

The Southern Equatorial region appears to be somewhat more uniform in MCS 

distribution than the Northern Equatorial region (figures 6, 7).  This region exhibits a true 

bi-modal trend in MCS activity.   
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Figure 7. Annual plot of MCS activity: South Equatorial Region 

 

Both peaks in activity appear during the late parts of the transition seasons of  

spring and fall (figure 7).  Again with this region being so near the equator, the solar 

insolation is maximized during these seasons.  Four out of the five years of study have 

the first maximum in the month of April.  2003 is the exception, having its first peak in 
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March.  This trend continues in the secondary peak of the year. 2003 peaks in activity in 

November while the remainder of the years peak in December.   

 

 4.3  Averaged MCS Activity 

Looking at a plot of the average MCS activity over the 5 years of study, a clearer 

picture of the seasonal cycle emerges for each of the regions. The northernmost region 

of the study, North Africa, is averaged as a whole over the entire region.  Within the two 

equatorial regions, they are separated into sub-regions.  Each equatorial region is cut in 

half latitudinal at 5o N and S.  Since these regions are so low in latitude and split 

between the Northern and Southern Hemispheres, there seems to be enough variation 

within these areas themselves that would warrant such a division. 

In the North Africa region, the months of May through October display the 

temporal distribution of MCS as a well developed bell curve (figure 8). 
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Figure 8. Average MCS activity: North Africa region 

 

Both May and October, the onset and demise of our MCS season for the region, 

average approximately 5 MCS per year, with October being the least active.  During the 
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maximum in MCS activity, during July and August, the region averages about 30 MCS 

per month, or approximately 1 per day.  July proves to be the most active month for 

MCS activity over the Northern Africa region as it averages 32 MCS over its timespan.  

Between the onset and maximum as between the maximum and termination of the 

season, the slope of activity is constant, showing a steady increase to the maximum in 

July/August and a similar decline to the end of the season in October, though onset of 

the decline of the convective season appears to be delayed as it remains quite active 

through the month of September.  

Next, the two equatorial regions of Africa are investigated. Both of these regions 

are similar in intensity as far as the number of MCS that occur annually are concerned.  

As was shown earlier, the Northern Equatorial region is the more active of the two, but 

they still compare well to each other, especially when viewed against the North African 

region with its far less active season. 
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Figure 9. Average MCS activity: NE region 

 23

 



 

Overall, the Northern Equatorial Region (0o – 10o N) displays an expected pattern 

of activity displaying the maximum during the late summer months and the minimum 

during the winter (figure 9).  Beginning the annual cycle in January, activity is 

expectedly at minimum and a steady increase in activity leads up to June/July where it 

seems to plateau before a jump in activity to another plateau in 

August/September/October.  The convective season abruptly ends after October and a 

drastic drop in MCS activity is noted in November/December. Being more of a tropical 

climate than further north, convective activity never truly ends in this region.  Even 

during the winter months where activity is at minimum, this NE region averages 4 to 5 

MCS occurrences annually. 

The North Equatorial Region, as expected shows a strong maximum of activity in 

the late summer months at the peak of the warm season (figure 9).  We can also see 

the difference that halving each region at the 5 degree line makes and looking at the 

differences between the 0 -5 degree latitude and the 5-10 degree latitude. 
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Figure 10. MCS per month for sub-regions of N. E. Africa 
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 The 0-5 degree range shows a bi-modal pattern in activity during the transition 

seasons of spring/fall.  Still, the more active season is during the early fall when heating 

is still maximized, but there is a definite secondary peak in April before a small lull 

through June and July.   

The 5-10o N region has a more definitive summer activity peak (figure 10). 

Activity peaks in August where an average of 23 MCS occur over this area during the 

month every year.  This region also exhibits traits of our North Africa Region as well.  

During the convective off-season, November – March, there is a marked lack of activity, 

including a drastic drop-off in activity after October.  

   Overall across the Northern Equatorial Region, January begins in an inactive 

state (figure 10).  It averages 4 MCS in January, and virtually all of these, 3.8, are 

located in the equatorward section of the region. Activity begins to rise in February 

moving up to 7.2 MCS per month, and again, all of this activity is seen in the extremely 

low latitudes near the equator.  Through March and April, a more abrupt increase in 

activity takes place, increasing to >25 MCS by April.  The Northern section also begins 

its activity in these months from virtually nothing in January/February to averaging more 

than 11 MCS by April.  May/June/July sees activity plateau, holding steady at 

approximately 30 MCS as activity in the 5-10o N section intensifies, and the 

equatorward section experiences an extremely slight depression.  Another jump in 

activity is seen in August/September/October as both sections of the region peak in 

intensity of MCS activity.  Activity jumps suddenly ~15% in this period to about 37 MCS 

per month.  At the conclusion of this active season, however, the activity declines 

sharply.  The northern section again becomes miniscule in its activity, decreasing 90% 

between October and November.  However, the Equatorial zone remains constant in its 

activity through November, as the effect of decreasing insolation takes longer to reach 

this zone on its southward trek, before the minimum period in winter is reached with little 
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to no activity in December.  What activity does take place in December develops in the 

equatorward (0-5o N) section of the region. 

Moving into the Southern Equatorial Region of study, the bi-modal tendency of 

the MCS activity becomes evident (figure 11).  The most inactive period for the southern 

equatorial region, as a whole, predictably is the winter months of July and August (figure 

12).  Though, being a tropical environment, the region never truly becomes inactive, 

averaging >5 MCS per month in this period.  However, most of these MCS occur in the 

equatorward section of the region with the higher latitude area averaging <1 MCS per 

month during this lull.   

By September, activity begins to sharply increase again to the most active 

timeframe for this region.  From August to September, activity increases ~200%, from 

an average of 5.6 MCS per month in August to over 18 MCS per month in September.  

Activity then jumps to a plateau of approximately 30 MCS per month in October-

November-December, with the peak occurring in December, averaging ~34 MCS per 

month before dropping down to the relative lull in January/February.   
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                       Figure 11. Average number of MCS for total SE Region 
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In January and February, MCS activity decreases by about one-third.  While this 

is still quite active, 18.6 and 19.6 MCS per month respectively, it is considerably less 

than the approximately 30 systems per month seen in March/April, and 

Oct/oberNovember/December. 

As was done for the Northern Equatorial Region, the Southern Equatorial region 

is split in half at the 5o S latitude.   The equatorward (0-5o S) section of this region is the 

more active section of the SE region (figure 12).  This section is more active, or at least 

as active, as the southern section (5-10o S) for each month of the year.  
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                                      Figure 12. Average MCS per Month: SE Region (Sub regions) 

 

 A striking observation is the relative inactivity during the true “summer” months in 

this region.  January and February (the southern hemisphere summer) activity is 

moderately depressed when compared with November/December and March/April.  

This differs to what was seen in the Northern Equatorial Region where the peak activity 

occurs in August/September, the peak summer months.  However, given the low-

latitude of the equatorial regions, the peak heating comes overhead of the areas during 
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the equinoxes in March and September.  This would support the case for the maximum 

activity in these months and those immediately following, which we do see in the April 

and November/December peaks.  This is further supported in the timing of the peak 

activity within the region itself.  

The first peak in MCS activity occurs in the 5-10o S belt (figure 12).  This occurs 

in March as the sun is returning northward back towards the equator. This occurs with a 

~50% jump in MCS activity from the previous two months of January/February.  This 

small peak in activity is short-lived, however, as activity quickly drops to a minimum 

period by May.  The 0-5o belt finds its first peak a month later, in April.  This peak is 

similar in magnitude to the southern section’s peak but greater in actual number of MCS 

as the equatorial section stays more active during inactive periods.  The time-span of 

this jump in activity is also similar, as the peak occurs approximately 1 month after the 

onset in the southern section, the equatorward section activity mirrors it, returning to a 

minimuml period in June, one month after the decline in the southern section.   

Overall trends in MCS activity over the three regions display characteristics that 

correlate quite well with the north/south progression of the maximum of incoming solar 

insolation.  The North Africa Region has its peak in activity during the height of summer 

in July and August.  The northern location of this region also leads to convection being 

virtually absent from mid-Fall all the way through May as sources of moisture/heat are 

lacking in this area during this time.  The NE region also has its peak activity in the 

summer, but it comes later than the more northern area. This region peaks in activity 

during August-September-October.  This is the time of year when the sun is passing 

directly overhead of this area, moving back to the southern hemisphere.  The sun also 

passes directly overhead in the spring as well but there is no peak in activity during this 

time, though there is a large increase.  The SE region is the only region of study that 

displayed two separate peaks in MCS activity.  Both peaks occur in transition seasons.  

This is constant with the results of the NE region as well.  The larger of the peaks 

occurs in the Southern Hemisphere spring as the sun moves into the Southern 
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Hemisphere.  The other peak in fall occurs as the sun moves back north.  There is also 

a slight lull in activity in January and February as the sun reaches its maximum southern 

extent. 

 

4.4  Diurnal Cycle of MCS Activity 

 

MCC’s have a distinct diurnal pattern of development and evolution. Convection 

typically reaches MCC criteria between 0000 and 0200 UTC. Thereafter, the MCC 

continually grows until reaching maximum anvil extent around 0600 UTC. Subsequently, 

the MCC begins a lengthy decay until, on average, the system falls below MCC criteria 

around 00 UTC (figure 13) (Ashely et al.).   

 
 

Figure 13. From Ashley (2003): Number of MCC’s that reached threshold criteria by time of day 
 

 Though Ashley’s study was conducted with MCC’s over the United States, these 

findings should be fairly consistent with complexes that form over Africa as well. Once 

again, each region has been separated and examined.  The results are generally what 

would be expected to be seen. 
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Figure 14. Diurnal Cycle of MCC Activity by Region 

 

 As figure 14 shows, the majority of MCS activity in each of the regions of study 

takes place between 15 utc and 03 utc.  There is also a distinct minimum in the late 

morning hours, 9-12 utc.  This is the time frame after the majority of systems have 

dissipated and prior to new system generation which takes place later on in the evening.   

 There is no major difference between regions in diurnal cycle.  The one point that 

could be made is that in the North Africa Region, MCS generation tends to occur slightly 

later in the day on average, during the 18-21utc time frame, the equatorial regions tend 

to favor the 15-18 utc period. 

 

 

 30

 



4.5 Volumetric Rainfall Production 

 

As a way to understand the rainfall that these systems produce, volumetric 

rainfall is analyzed for each month’s MCS.  Volumetric Rain is calculated as a product of 

the instantaneous rain area and the area-averaged rain rate (Laing et al. 1999).  This 

gives volumetric rain units of km2*mm/hr.  This volumetric rain value was then used to 

compute the rainfall volume or total water from each system.  By looking at the 

volumetric rain produced by each of these MCS, we can evaluate the size and intensity 

of the systems as the season progresses.  

 As could be expected, the maximum amount of rain per system occurs in the 

month of August, late in summer, when the heating is a peak. While not dramatic by any 

means, volumetric rain per MCC is not quite as symmetric as the number of MCS per 

month (figure 8).  The maximum occurs in August then begins to significantly drop off in 

the final two months of September and October.  In the months of initiation, MJJ, there 

is a more gradual development leading up to the maximum.   
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Figure 15. Volumetric Rain per MCS: North Africa 
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As figure 15 shows, the majority of the years in our study follow a similar trend.  

However, 2002 seems to be an erratic year during the rainy season.  A dry July is 

followed by an extremely wet August.  This is supported in the monthly total volumetric 

rain as well.  The MCS per month, however, shows that July 2002 was an above 

average month, as far as MCS activity goes, in the region with that month being the 

most active, in shear number alone, in this study with 41 MCS being recorded.  This 

suggests that these MCS, while frequent, were not as intense, and produced much less 

rainfall than normal for that month.  In general, rainfall production in this region peaks 

during August, suggesting that the most intense period for these systems occurs in the 

late summer. 

The Northern Equatorial Region displays a much more erratic pattern in the annual 

volumetric rainfall per MCS, but still some general trends do emerge. 
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Figure 16. Volumetric rainfall production per MCS: NE region 

2002, overall, produced the most intense activity as far as rainfall is concerned.  1999 is 

on the low end, producing the least rainfall per system for this time period.  Interesting 
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to note, rainfall does not appear to be maximized during the time of peak MCC intensity 

for this region, which would be the late summer months of August, September, and into 

October.  Instead, the time period that shows the most intense rain production occurs in 

the late spring, during April, May, and June.  (Figure 17) 
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Figure 17. NE Region: Average volumetric rainfall per MCS 

 

The Southern Equatorial Region displays very interesting patterns of rain production 

from the MCS.  Overall, the region is about on par with the Northern Equatorial Region 

as far as the average amount of volumetric rain produced.  However, the overall pattern 

is more consistent, and contains a striking feature.   
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Figure 18. Volumetric rainfall production per MCS: SE region  

 

1999, which produced the least amount of rain per MCC in the NE region, now 

proves to be the most intense year for the SE region.  2002, which produced the most 

volumetric rain in the NE region, produces the second least amount in this Southern 

Equatorial Region (figure 18).  The intensities seem to be negatively correlated between 

these two regions. 

The most striking feature in this plot is the significant peak in rainfall production 

that occurs in September (figures 18 and 19).  While the other months follow a trend, 

but are generally erratic, every year in the study shows evidence of this sudden 

intensification.   
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Figure 19. South Equatorial region average volumetric rainfall per MCS 

 

This “anomalous” peak in rainfall per MCS is an intriguing feature.  Searching for 

a cause of this feature, the data were examined to ensure this was not a false signal 

given by one anomalous storm or active year.  This was determined not to be the case 

as the majority of the years displayed this feature.  Also, September is a relatively active 

month for MCS activity over this region; so it was determined that this was a proper 

relative sampling and that one anomalous feature did not skew the data in such a way 

to present this anomaly in the overall data.  In order to examine what may be the cause 

of such a vigorous increase in rainfall activity for this time and place, previous studies of 

the region were examined to discern if this had been observed before.  Interestingly, the 

development of a southern branch of the African Easterly Jet (AEJ) in the mid-levels of 
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the atmosphere was suspected of influencing rainfall in this region of Africa at this time 

period (figure 20).   
The African Easterly Jet(AEJ) is a region of the lower troposphere over West 

Africa where the seasonal mean wind speed is maximum and easterly. The jet develops 

because heating of the West African land mass during the Northern Hemisphere 

summer creates a surface temperature and moisture gradient from the Gulf of Guinea 

and the Sahara, and the atmosphere responds by generating vertical wind shear to 

maintain thermal wind balance (Cook 1999). It is best examined at the mid-troposphere, 

between 600 and 700 mb and a location of 10-15o N. There is also a secondary jet 

streak associated with the AEJ.  This jet streak is known as the AEJ-South, and 

develops between 5-10o S. 

 

Figure 20. Long term mean U-wind field (m s
-1

) for September 
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This feature had been mentioned in several previous studies such as: Nicholson 

and Grist (2003), Laing and Fritsch (1993), and Mohr and Zipser (1996).  It is this 

feature that may contribute to the lift and shear environments over the region to help 

enhance the rainfall in this Southern Equatorial Region.   If this is so, monitoring the 

development and strength of the AEJ-S may prove to be a good predictor of rainfall in 

the low latitude regions of Southern Africa. 

There seems to be some correlation between the strength of the core of the AEJ-

South, and the magnitude of the increase in rainfall production.  This correlation may 

also be present in the aerial coverage of the feature as well.  In 1998, which is the 

weakest year during this study, the core speed of the AEJ-S was about 9 m s-1 during 

the month of September (figure 21). Additionally, its spatial coverage was significantly 

less than the rest of the years having only a very small area with wind speeds in excess 

of 9 m s-1.   

It is during 1998 where the greatest increase in rainfall production, in percentage, 

is measured.  1998 displays a 93.8% increase in rainfall production in September.  This 

suggests that with a weakening of the core of the AEJ-S, an increase in volumetric 

rainfall production from MCS activity may bee seen. 
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Figure 21. Mean U-wind field (m s
-1

): September 1998 

 

During 2002 the AEJ-S had a core intensity of around 11 m s-1 (figure 22).  This 

was the most intense value for the period of study.  It also displays a very large area of 

wind speeds of 10 m s-1 or greater.   
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Figure 22. Mean U-wind field (m s
-1

): September 2002 

 

It is during this year, 2002, that there is only a 35% increase in rainfall production 

from August to September.  This further supports the idea that the strength of the AEJ-S 

plays a role in determining the intensity of the MCS that form over this region. 

Rainfall production by these convective systems displays some interesting 

results.   The North Africa Region proves to be somewhat uninteresting, however, as its 

peak rainfall intensity occurs simultaneously with its peak convective activity during the 

height of the summer.  This region also proved to be consistent as well.  Each year 

follows generally the same pattern of activity.  2002 proved to be somewhat of the 

outlier, however, as July was considerably lower then average, followed by a much 

more intense August.  The NE region is much less uniform in rainfall production.  The 
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maximum in rainfall production though, appears to take place during the spring season.  

This is not correlated with the peak in activity, which occurs later in the year in August-

September-October.  It does correlate, however, with the time period where MCS 

activity is sharply increasing over the region. Though the data are quite erratic over this 

region, it does appear that there is a trend of higher rainfall production in the late spring 

before tapering off slightly during the peak MCS activity.  The SE region is more uniform 

than its northern counterpart, and it is the site of perhaps the most interesting feature of 

note in the rainfall data.   There seems to be slightly enhanced rainfall production during 

the peak activity time frame in the summer months, which in and of itself is not worth of 

note.  However, the anomalous large peak in rainfall production during September 

stands out clearly.   This feature would not be so unusual if it appeared in only a year or 

two of the study.  However, it is present every year.  This leads to speculation that the 

southern branch of the African Easterly Jet which develops over this region during this 

timeframe has a large impact on the development of convective systems.  
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CHAPTER 5: DISCUSSION 

 

 

5.1 Topographic Influence on Convection 

 

 As discussed in chapter 4, the topography of Central Africa seems to play a 

significant role in both the timing and the location of convective development.  MCS 

activity seems to congregate around the highland areas in the region.  Using TRMM 

lightning flash data, further analysis can be pursued to investigate this phenomenon.   

Lightning is detected by the TRMM satellite using the Lightning Imaging Sensor (LIS).  It 

consists of a staring imager, which is optimized to locate and detect lightning with 

storm-scale resolution of 5-10 km over a large region (600 x 600 km) of the Earth's 

surface. The field of view (FOV) is sufficient to observe a point on the Earth or a cloud 

for 80 seconds, adequate to estimate the flashing rate of many storms. The instrument 

records the time of occurrence of a lightning event, measures the radiant energy, and 

estimates the location.  Using this data, over a long period of study, we are able to 

determine the regions within the overall area of study, where convection is present, 

where convection is initiated with regularity, as well as what time of day is most/least 

active.   
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Figure 23.  5-yr mean TRMM lightning flash activity, Flashes/MCS within 1x1
o
 grid box 

The impact that topography has on the convective features is astonishing.  The 

large basin area in central Africa contains a maximum for TRMM lightning flashes 

(figure 23).  Activity in this basin is much more intense than any other area on the 

continent. The densest of the flash activity occurs directly over this basin, centered over 

the Democratic Republic of the Congo.  This is expected as this basin encompasses 

mostly tropical rainforest where convection is a regular occurrence.  
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                           Figure 24.  5-yr TRMM lightning data (zoomed in on basin) 

 

 What is interesting of note though, is how the activity correlates with topography.  

Note the increase in activity near many of the highlands across the region (figures 23 

and 24), including Ethiopia and Cameroon, as well as the Chad-Sudan-C.A.R. border.  

Activity seems to originate with the increased orographic lift that is provided by these 

mountains, proceeding then to “drain” into the lower elevations such as the large basin 

region, where by far the most intense activity is located.  The influence that topography 

has on convective initiation is further evidenced by the enhanced activity in the small 

mountain pass in extreme Southwestern Sudan, as well as another mountain pass on 

the border of Nigeria and Niger (figure 23).  These features are also evident in the 5-yr 
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mean MCS–count data in the figure below (figure 25).  Where elevated activity of 

lightning is evident, there are also increased levels of MCS activity.  This is especially 

noticeable in the three highland areas mentioned previously. 

 

 

Figure 25.  5-yr mean: number of MCS/day within 1 x 1 degree grid box 
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From these data there seems to be a considerable connection between 

convective activity and topography within this region of study.  These topographic 

influences on convection and MCS development are further displayed in the lightning 

data. Lightning data is split into three-hour increments during the solar day.  The time 

series of this data, as well as the spatial location of convection during different time 

periods, displays some curious results.  As convection is initiated during the early 

afternoon hours of the solar day, hours 12-15 (figure 26), it is limited to areas near the 

rim of the aforementioned basin.  Scattered convection continues to develop and 

intensify near this highland area encircling the basin for the next several hours into the 

evening.  As night begins to fall, hours 18-24, the convection begins to organize into 

clusters and groupings, which suggests the formation of MCS, and move into and over 

the central basin region.  It is in this basin area that the majority of the convection is 

confined to as it weakens and begins to subside in the early morning hours.  A flare up 

in activity is observed in hours 3-6, especially in the middle of the basin.  The causes of 

these brief impulses are unknown.  This could be a short-lived flare-up due to 

convergence of surface boundaries put down by the ongoing convection.  However, this 

intensity quickly subsides by mid-morning when the minimum of convective activity is 

evident before new convection begins to develop.  At this time of day new convection 

begins to develop as daytime heating begins to destabilized the atmosphere once again 

over the region. 
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Figure 26. TRMM lighting flash-counts per MCS, averaged for DJF season in 3-h increments 
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Figure 27. TRMM lighting flash-counts per MCS,  averaged for MAM season in 3-h increments 
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Figure 28. TRMM lighting flash-counts per MCS, averaged for JJA season in 3-h increments 
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Figure 29. TRMM lighting flash-counts per MCS, averaged for SON season in 3-h increments 
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As figures 26-29 show, this occurrence is not just a seasonal effect.  Evidence of 

topographic influence on convective initiation is evident year-round over central Africa.  

The northern hemisphere summer, JJA (figure 28), seems to vary the most from this 

state.  While there is still activity located within the basin, the majority of the convection 

and MCS are located further to the north, as the ITCZ forms over the Sahel.  

Topography still plays a role here however, as convection commences near the 

Cameroon Highlands and the mountains of southern Sudan/Uganda as well as the 

Sudanese border with Chad. 

 This lightning data strongly support a significant topographic influence on 

significant convection across Central Africa.  These results suggest a tendency for 

convective initiation to be favored in highland regions around the rim of the Central 

African Basin.  Once this convection has formed, movement of the cells brings them 

inward towards the center of the basin in the overnight hours.   Interactions between 

convective cells and outflow boundaries in this region in the overnight hours show 

pulses of activity and may play a part in the formation of larger storm complexes or 

MCS. 
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CHAPTER 6: SUMMARY AND CONCLUSIONS 
 

 

 Rainfall associated with convection is a major contributor to water availability in 

Africa where a severe drought has been ongoing for recent decades.  This project has 

aimed to clarify the seasonal cycles of convection, and more specifically, Mesoscale 

Convective Systems, over three separate regions of western and equatorial Africa.  

MCS activity, as in the number of MCS per month, in the region regularly follows the 

north/south progression of the sun, and maximum solar heating, very closely, as was 

expected.  Several characteristics of theses MCS, e.g., lightning data, rainfall, etc., 

display unique properties and tendencies that display the various influences and 

complex dynamics that govern the regions’ sensitivity to convection. 

 The Northern Africa, or Sahelian region, of Africa (10-25o N) shows the most 

variability in MCS activity over the course of the year.  This is expected due to the 

Sahel’s major difference in the wet and dry seasons.  It is also the least active region as 

it is only convectively active for about 6 months out of the year.  The most active period 

occurs in the mid-summer with a peak in activity in July, which averages just over 32 

systems each year. Rainfall production in this region, measured by volumetric rain, 

reaches its maximum in August.  This suggests that peak intensity for Mesoscale 

Convective System activity in the North Africa region occurs in late July to early August, 

with a maximum number of systems producing rainfall at a maximum rate.   

 The Northern Equatorial Africa Region (0-10o N) is a much more active region 

than the North Africa Region.  This region averages the highest number of MCS 

annually of the three regions of study.  Being adjacent to the equator, it has a tropical 

climate and is convectively active year-round.  The peak in MCS activity in this region 

comes later than its neighbor to the north.  The maximum in activity also lasts for a 

longer time period here.  August, September, and October all average ~ 38 systems per 

year.   This plateau in activity is centered around the autumnal equinox, during the 
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period when the sun is passing directly over the region, regressing to the Southern 

Hemisphere, allowing for maximum solar insolation to assist convective development.   

 The maximum in volumetric rainfall production in the NE region does not coincide 

with the peak in MCS activity as was seen in Northern Africa.  The peak in volumetric 

rain in this region comes much earlier.  The maximum occurs in the late spring months, 

with a plateau of maximum rainfall production occurring during April, May, and June.     

In this region, the maximum in activity is not correlated with the maximum in intensity, at 

least as measured in rainfall production. 

 The Southern Equatorial Region (0-10o S) is also a tropical climate and very 

convectively active.  This region is not quite as active as its northern counterpart, 

averaging only about 85% of the systems that the north equatorial region sustains.  

Unlike the two regions in the northern hemisphere, the SE region displays a bi-modal 

trend in MCS activity.  This region experiences peaks in activity in both March/April and 

November/December.  The latter peak is slightly stronger than the peak in March/April 

but only on the order of 1.5 systems per year over the two-month span, averaging 30.5 

and 32 systems per year respectively.   

 The volumetric rainfall production is also bi-modal.  The peaks in rainfall 

production are found in the months prior to the respective peak in MCS activity.  

January/February display the first peak, and September-November compose the 

second.  It is this September peak in rainfall production that stands out most of all. This 

peak encompasses a marked increase, significantly more than any other month.  It is 

also displayed in all years of study, so it is not an artifact of a random outlier in the data.  

It is believed that this could be a result of the development of the AEJ-S.  The location 

of the jet with respect to the region could have a large dynamic impact on the vertical 

motions over the area.  

 While this paper investigates the seasonal cycle of MCS activity over Western 

and Equatorial Africa, it does not explain the dynamics and forcing that may lead to 

higher or lower than average convective activity.  Future work on this topic may include 
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investigations into this topic.  Other interests may be linking MCS activity to African 

Easterly Waves, or a deeper look into the development of the AEJ-S with respect to 

rainfall in the SE region of study. 
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