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Abstract 
The need to investigate diurnal weather cycles in West Africa originates from 
the fact that complex interactions often result between mesoscale and synoptic 
weather processes. This study investigates diurnal cycles of rainfall and convec-
tive properties using six (6) hour interval data from the ERA-Interim and de-
rived products from the Tropical Rainfall Measurement Mission (TRMM). Re-
sults showed that the land-ocean warming contrast is more strongly sensitive to 
the seasonal cycle, being very weak during March-May (MAM) but clearly spelled 
out during June-September (JJAS). Dipoles of wind convergence/divergence and 
wet/dry precipitation, between CASS and Nigeria Savannah zones, were identi-
fied in the morning and evening hours of MAM, whereas distinct night and day 
anomalies, same location in CASS, were found to be consistent during the JJAS 
season. The locations of flash count and system sizes agree with the climatology 
of convective properties, that morning and day-time hours are dominated by 
stratiform precipitation and small system sizes. Most results clearly showed that 
the eastern locations of Sudano and Sahel are consistently dry because rainfall 
and precipitation features are predominantly few. Very unique results about the 
dipole of wind and precipitation between two zones and the unusual dry zones 
of Sudan and Sahel have been found. Results presented had shown the impor-
tance of diurnal variation in understanding precipitation, flash count, system 
sizes patterns at diurnal scales, and understanding land-ocean contrast, precipi-
tation and wind field anomaly at diurnal scales. 
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1. Introduction 

In tropical West Africa (near the Guinea Coast) deep convection in the boreal 
summer has been found to develop in the late afternoon and reaches a maximum 
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in the evening. In this part of West Africa, the diurnal cycle of convection has been 
shown to correspond with boundary layer destabilization caused by daytime inso-
lation and surface energy fluxes [1]. [2] observed a link between daily averages of 
rainfall during summer and the West African Monsoon, and that intra-seasonal 
precipitation usually occurs during the transitional periods of the Monsoon (see 
also [3]), and the dry seasons occasionally produce unseasonal precipitation. In the 
semi-arid regions of the Sahel however, convection has been found to initiate in 
the evening, with peak precipitation rates occurring in the early morning ([4] [5]). 
This is similar to results by [6] that westward propagating storms in the Equatorial 
regions of the Rift Valley, Lake Victoria and part of the Congo Forest tend high 
precipitation rates. Their work also showed that precipitating systems usually 
commence during the afternoon to early morning hours [6] particularly in the 
Eastern Lake Victoria and Western Rift Valley. The diurnal cycle of convection in 
the Sahel has in large part been explained by the westward propagation of MCSs 
throughout the region. In West Africa, MCSs are often triggered by elevated day-
time heating and orography [7]. These storms typically propagate westward away 
from their source regions, such that the timing of peak precipitation occurs later 
and later as the MCS moves farther and farther away from its source region [8]. 
The seven distinct zones used in this work (Figure 1) and classified as rainforest 
(west-coast, dry, Nigeria-Cameroon), savannah (Nigeria, Central Africa and South 
Sudan (CASS)), Sudano-Sahel, and Sahel, were clearly spelled out by their rainfall 
patterns. In a study by [3], West Africa was divided into seven climate zones based 
on vegetation and rainfall characteristics. A detailed description of each of the 
zones used in this study can be found in the aforementioned journal. 

This paper is motivated by the fact that diurnal cycle of convective parame-
ters, such as flash counts and system sizes, over West Africa covering the Sahel 
region have diurnal variability which is important for sub-seasonal to seasonal 
(S2S) forecasting. The authors aim to investigate diurnal pattern/distribution 
and characteristics of convective properties. 

2. Data and Methodology 

The Tropical Rainfall Measuring Mission (TRMM, [9]) is a joint mission between 
NASA and the National Space Development Agency (NASDA) of Japan designed 
to monitor and study tropical and global rainfall. Onboard TRMM instruments 
include: Precipitation Radar (PR), TRMM Microwave Imager (TMI), Visible 
Infrared Radiometers (VIRs), Cloud and Earth Radiant Energy Sensor (CERES) 
and Lightning Imaging Sensor (LIS). The TRMM instruments provide invaluable 
measurements of atmospheric precipitation. This work utilized 16 years (1998 to 
2013) TRMM data for analysis. This research work used high resolution (0.1˚ × 
0.1˚) TRMM 2A25 radar-derived rainfall product, alongside the European Centre 
for Medium-range Weather Forecasts (ECMWF) interim reanalysis (ERA-Interim: 
[10] [11]) zonal and meridional winds (fixed 0.75˚ gridded) 10 meter U and V 
wind fields, to investigate diurnal distribution of wind and precipitation. The di-
urnal anomalies were also computed to investigate the dry and wet zones in West 
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Africa, and to identify divergent and convergent zones, and their relationship with 
the dry and wet areas in West Africa. The convective properties of flash count and 
system sizes were also investigated at diurnal scales. 

3. Results and Discussion 
3.1. Distribution of Wind and Rainfall 

Figures 2(a)-(e) and Figures 3(a)-(e) are the spatial distribution of winds and  
 

 
Figure 1. Study area showing the seven (7) selected climate zones. 

 

 
Figure 2. Mean (1998-2014) diurnal 10-meter wind from ERA-Interim and TRMM radar-derived precipitation during MAM for 
(a) (00 - 06 Z), (b) (06 - 12 Z), (c) (12 - 18 Z), (d) (18 - 23 Z), and (e) (00 - 23 Z). 
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Figure 3. Mean (1998-2014) diurnal 10-meter wind from ERA-Interim and TRMM radar-derived precipitation during JJAS for 
(a) (00 - 06 Z), (b) (06 -12 Z), (c) (12 - 18 Z), (d) (18 - 23 Z), and (e) (00 - 23 Z). 
 

rainfall at different diurnals during the MAM and JJAS seasons respectively. Con-
sistent with result presented, [12] and [13] had shown that rainfall in the Sudano 
and Sahel are generally shallow with marginal (insignificant) increase during 
MAM but a significant increase during JJAS. This may be due to the continued 
dominance or strong presence of the dry-ladden north easterly winds in MAM 
and strong presence of the moisture-ladden south westerlies during JJAS in Suda-
no and Sahel zones. The Nigeria-Cameroon and west-coast rainforest distinctly 
indicated higher rain rate (mm/day) in both MAM and JJAS when compared with 
the other zones that are south of 10 degrees north. This is consistent with results 
from [14] and [15]. [16] used data for Ghana to show that the dry rainforest zone 
has two-peak rainfall (similar to rainforest classification) and annual rainfall be-
tween 850 and 1350 mm, with 6 - 10 dry months (<100 mm rain) similar to sa-
vannah annual rainfall. Another observation in Figures 2(a)-(e) and Figures 
3(a)-(e) is the presence of a rainfall land-ocean contrast. A mechanism proposed 
by [17] on enhanced warming of land domains relative to ocean explains, for both 
MAM (Figures 2(a)-(e)) and JJAS (Figures 3(a)-(e)), why the ocean had more 
rainfall than land during the morning hours whereas during the evening hours the 
land experience more rainfall than the ocean. The land-ocean monsoonal rainfall 
contrast is highly/strongly sensitive to diurnal cycle both during MAM and JJAS 
seasons whereas the 2-meter surface temperature in JJAS (not shown) showed that 
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the land-ocean warming contrast could be partly sensitive to seasonal cycle, been 
very weak during MAM (not shown) but clearly spelt out during JJAS. 

3.2. Distribution of Wind and Rainfall Anomaly 

The diurnal wind and precipitation anomaly were investigated, to provide more 
results, especially to establish dry and wet locations and locations of wind conver-
gence and divergence. In Figures 4(a)-(d), a dipole of wind convergence/ diver-
gence and wet/dry precipitation were identified in morning (6 Z, Figure 4(b)) and 
evening (18 Z, Figure 4(d)) diurnals of MAM. A dry and wind divergence zone is 
in the Nigeria Savannah while simultaneously a wet and wind convergence zone is 
in Central Africa and South Sudan (CASS) Savannah during the morning (6 Z, 
Figure 4(b)) diurnal. On the other hand, during the evening diurnal, a wet and 
wind convergence zone is in the Nigeria Savannah while simultaneously a dry and 
wind divergence zone is in Central Africa and South Sudan (CASS) Savannah. [14] 
showed a dipole between southern and northern zones of West Africa, but the di-
pole observed here is between Central Africa and Nigeria Savannah. In Figures 
5(a)-(d), a distinct night (0 Z, Figure 5(a)) and day (12 Z, Figure 5(c)) diurnal 
anomaly of wind and precipitation were observed, in Central Africa and South 
Sudan (CASS) Savannah zone, during the JJAS season. That is, the night (0 Z) di-
urnal is consistently dry in a location in CASS Savannah while the same location is 
found to be consistently wet during the day (12 Z) diurnal. Another close location, 
in the CASS Savannah zone, exhibits this distinct diurnal anomaly during the 
morning (6 Z, Figure 5(b)) and evening (18 Z, Figure 5(d)) diurnals. It is found 
to be consistently wet during the morning diurnal but consistently dry during the 
evening diurnal. These locations are zones where moisture was transported, dis-
cussed in an earlier section on monsoonal moisture transport. 

 

 
Figure 4. Mean (1998-2014) diurnal anomalies of 10-meter wind from ERA-Interim and TRMM radar-derived precipitation dur-
ing MAM for (a) (00 - 06 Z) (b) (06 - 12 Z) (c) (12 - 18 Z) (d) (18 - 23 Z). 
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Figure 5. Mean (1998-2014) diurnal anomalies of 10-meter wind from ERA-Interim and TRMM radar-derived precipitation dur-
ing JJAS for (a) (00 - 06 Z), (b) (06 - 12 Z), (c) (12 - 18 Z), (d) (18 - 23 Z). 

3.3. Diurnal Variation of Convective Properties 

In discussing the diurnal variation of the convective properties, two (2) impor-
tant convective properties were selected for discussion; the Precipitation Feature 
(PF) Flashcount and the system sizes. These properties are important thunders-
torm and Mesoscale Convective System (MCS) parameters. The diurnal loca-
tions of the Precipitation Feature (PF) Flashcount during MAM season, in Fig-
ures 6(a)-(d), clearly indicate that Flashcount > 275 in one single system was 
never observed during the morning (6 Z, Figure 6(b)) diurnal, whereas, the 
evening (18 Z, Figure 6(d)) diurnal had the most frequent cases (at least 8) of 
Flashcount exceeding 275 in one single system. This is followed by the night (0 Z, 
Figure 6(a)) with 7 cases of Flashcount exceeding 275 in one (1) single system. 
As expected, the morning (6 Z, Figure 6(b)) diurnal had the highest percentage 
occurrence (97.30%) of zero (0) Flashcount, and this is closely followed by the 
night (0 Z, Figure 6(a)) diurnal with 97.05% occurrence of zero (0) Flashcount. 
This means that stratiform precipitation [18], or monsoonal precipitation (see 
[19]), or vortex type precipitation (see [20]) is dominant during morning (6 Z) 
hours than other periods of the day. This type of precipitation lasts longer and is 
more voluminous than the convective type of precipitation. The high presence of 
Flashcount in the evening period is due to the fact that convective systems are 
often initiated during the day (12 Z) and reach peak values in the evening (18 Z) 
time ([21] [22]). Most of the Sudano and Sahel zones could not account for sig-
nificant Flashcount in the MAM season. During the JJAS season, in Figures 
7(a)-(d), there is only one (1) case of observed Flashcount exceeding 275 in only 
one (1) single system during the morning (6 Z, Figure 7(b)) diurnal. This 
morning diurnal had the highest percentage occurrence (98.04%) of Zero (0)  
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Figure 6. 16 years (1998-2013) diurnal locations of intense PF flashcount during MAM in (a) (00 - 06 Z), (b) (06 - 12 Z), (c) (12 - 
18 Z), (d) >18 Z. The percentage for each category is indicated. Categories are similar to [27]. 
 

 
Figure 7. 16 years (1998-2013) diurnal locations of intense PF flashcount during JJAS in (a) (00 - 06 Z), (b) (06 - 12 Z), (c) (12 - 18 
Z), (d) >18 Z. The percentage for each category is indicated. Categories are similar to [27]. 
 

Flashcount in sixteen (16) years of morning time observation of the TRMM sa-
tellite Lightning Imaging Sensor (LIS). The evening (18 Z, Figure 7(d)) diurnal 
indicated the highest frequency or number of cases of Flashcount exceeding 275 
in a single system. This is closely followed by the day (12 Z, Figure 7(c)) diurnal 
in the JJAS season. As were in previous discussions, the eastern Sudano and Sahel 
zones lack significant number of Flashcount. [23] had suggested that ENSO effect 
on rainfall variability is limited to eastern Sahel. They found that the Pacific 
Ocean is the most important agent in producing the decadal rainfall reduction 
over the eastern Sahel. The latitudinal extent of the Flashcount reached the nor-
thernmost extent of western Sahel zone. Transport of moisture fluxes rarely 
reached the eastern locations of the Sudano and Sahel zones during MAM (not 
shown); this is evident in the diurnal Flashcount climatology distribution in these 
locations, which been extremely few at all periods ((00 Z - 06 Z), (06 Z - 12 Z), 
(12 Z - 18 Z), (18 Z - 23 Z)), particularly in the eastern Sahel zone. This may be 
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because less than 40% of the monsoonal moisture reached this zone as suggested 
by [24]. As was the case in the MAM season, the peak occurrence of Flashcount 
was observed in the evening (18 Z) period following similar argument that con-
vective systems are often initiated during the day (12 Z) and reached peak values 
in the evening (18 Z) diurnal ([25] [26]). Generally, Flash count is most frequent 
during the day (12 Z) and evening (18 Z) periods in both MAM and JJAS season 
(([25] [26]). This is a clue that convective and thus Mesoscale Convective systems 
could be more dominant during the day and evening periods whereas stratiform 
precipitation is dominant during the night and morning periods. This research 
work hereby concludes that most precipitation occurring in the morning originated 
from stratiform precipitation, which is often long-lived and voluminous. 

The MAM season, in Figures 8(a)-(d), also showed that extremely large sys-
tem sizes are least frequent during day (12 Z, Figure 8(c)) diurnal as were ob-
served for the MAM climatology. There are only two (2) separate or individual 
observed system sizes that exceeded 80,000 km2 in the whole of sixteen (16) 
years TRMM observation of day (12 Z, Figure 8(c)) time diurnal. As expected, 
the evening (18 Z, Figure 8(d)) and night (0 Z, Figure 8(a)) diurnals had the 
highest frequencies or number of cases of system sizes that exceeded 80,000 km2. 
The morning (6 Z, Figure 8(b)) diurnal indicated the highest percentage fre-
quency or occurrences (95.42%) of sizes in the range of 0 - 639 km2, and this is 
followed by the night (0 Z, Figure 8(a)) which had 95.29% of system sizes in the 
range of 0 - 639 km2. In the JJAS season, more extremely large system sizes were 
observed in each of the diurnals, which is consistent with results from [3] that 
larger system sizes are more frequent during JJAS than during MAM based on 
climatology of Precipitation Features investigated in their study. The day (12 Z, 
Figure 9(c)) and evening (18 Z, Figure 9(d)) diurnals have the least number of 
cases of system sizes which exceeded 80,000 km2, while the night (0 Z, Figure 
9(a)) and morning (6 Z, Figure 9(b)) diurnals indicated the highest percentage 
occurrence, and hence number of cases, of extremely large system sizes which 
exceeded 80,000 km2 during the JJAS season. Similar to the MAM season, the  

 

 
Figure 8. 16 years (1998-2013) diurnal locations of intense PF system sizes during MAM in (a) (00 - 06 Z), (b) (06 - 12 Z), (c) (12 - 
18 Z), (d) >18 Z. The percentage for each category is indicated. Categories are similar to [27]. 
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Figure 9. 16 years (1998-2013) diurnal locations of intense PF system sizes during JJAS in (a) (00 - 06 Z), (b) (06 - 12 Z), (c) (12 - 
18 Z), (d) >18 Z. The percentage for each category is indicated. Categories are similar to [27] 
 

morning (6 Z, Figure 9(b)) diurnal indicated the highest percentage frequency 
or occurrences (94.67%) of sizes in the range of 0 - 639 km2, and this is followed 
by the night (0 Z, Figure 9(a)) which had 94.31% of system sizes in the range of 
0 - 639 km2. 

4. Conclusions 

This research work investigated the diurnal variation of rainfall and two convec-
tive properties (flash count and system sizes) at six (6) hour intervals. 

Systems with an extremely large number of Flashcount and system sizes were 
dominant during day-time (12 Z) and evening periods (18 Z) than other diur-
nals in both MAM and JJAS, whereas systems with extremely few Flashcounts 
were dominant during morning diurnals, which constituted most of the strati-
form precipitation in the morning diurnals. This is a clue that convective and 
thus Mesoscale Convective systems could be more dominant during the day and 
evening periods whereas stratiform precipitation is dominant during the night 
and morning periods. 

Thus, the two (2) convective properties considered have shown different di-
urnal characteristics. While the flash count is less frequent during the morning 
period and most frequent during the evening period, larger system sizes were 
observed to be less frequent during the daytime and most frequent during the 
nighttime. Also, as was observed, the eastern Sudano and Sahel zones seemed to 
be a dry zone that lacks moisture, and hence rainfall and convective systems. 
This may be because less than 40% of the monsoonal moisture reached this zone. 
It was also observed that convective properties follow the northward migration 
of the Intertropical Convergence Zone (ITCZ). 

Results presented had shown the importance of diurnal variation in under-
standing precipitation, temperature, flash count, system sizes patterns at diurnal 
scales, and understanding land-ocean contrast, precipitation and wind field 
anomaly at diurnal scales. Future work intends to fully investigate the observed 
dipole between the two Savannahs (CASS and Nigeria Savannah), night and day 
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time anomaly in the CASS zone, and the consistent dryness in the Eastern Su-
dano and Sahel zones, which are key findings in this research work. 
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