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CHANGES IN THE SEASONAL CYCLE OF TEMPERATURE AT MULTI-DECADAL 

SCALES ACROSS WEST AFRICA: COMPARING OBSERVATIONS AND REANALYSES

1. INTRODUCTION

The observed multi-decadal variability of rainfall in West Africa has received much attention 
in the literature (e.g.; Charney 1975, Charney et al. 1975, Hulme 1992, Le Barbé et al. 2002, Lebel 
and Ali 2009, Giannini et al. 2003). 

By contrast, only few studies have focussed on temperature fluctuations in this region. Past studies 
show that the observed warming of the past decades displays sharp contrasts at regional scale. It is 
overall larger over land than over ocean. Over West Africa, this warming displays a meridional 
gradient: it is much stronger over the Sahel than further South. The recent work of Collins (2011), 
based on an analysis of satellite data, specifically focuses on West Africa. However, such satellite 
datasets inform on a thick atmospheric layer (the first 8 km of the atmosphere) as opposed to the air  
temperature at the surface, and are limited by the observational record to the last 30 years. 

The Sahel is indeed a climatic region where temperatures are high, especially in Spring, prior to the 
arrival of the monsoon rain; for instance monthly mean temperature reaches 35°C at 15°N (Fig. 1). 
Therefore, any climatic warming at this period of the year, when the temperature is already at its 
annual maximum, is likely to have particularly strong societal implications.  

These considerations underly the present study, whose goal is to analyse how this multi-decadal 
warming has affected the structure of the annual cycle of temperature and to assess whether current 
reanalyses  are able to reproduce the observations. 

ANNUAL CYCLE of T2m, q2m and RAINFALL in AGOUFOU, CENTRAL SAHEL

Figure 1: Time series of temperature (T2m, top curves) and specific humidity (q2m, middle  
curve) at 2m above the surface measured by the meteorological station installed at Agoufou  
from 2002 to 2007. Data are displayed as 10-day running mean values as a function of day of  
year; each bar at the bottom corresponds to the cumulative rain of one rain event and their  
ensemble delineate the rainy season. The sequence of seasons is indicated by the dark grey  
segments at the top of the figure, while the pale grey shading represent the solar zenith angle;  
the  latter  partly  accounts  for  the  annual  fluctuations  of  the  insolation  at  the  top  of  the  



atmosphere at this latitude.  

2. DATASETS

2.1 Observational local datasets

Over the past decades, temperature at 2m above the surface (T2m) has been recorded by 
several tens of meteorological stations. They record either values of daily minimum and maximum 
temperature (hereafter Tmin and Tmax), or values of temperature at selected hours (e.g. 0000 UTC 
and 1200 UTC). The quality and time coverage of this type of data is extremely variable from one 
station to the other. However, this is the only reliable source of information at the daily time scale. 
In practice, we used different sources of local data:

(i) the historical SYNOP dataset of daily Tmin and Tmax provided by Météo-France over 
West Africa (note that this dataset does not extend beyond 1980 though); 
(ii) for the more recent decades, the SYNOP dataset prepared for the realization of the 
modern re-analyses (modern refers here to the satellite era) and retrieved by the AMMA 
database team (it provides values of T2m at different hours);

(iii) the Hombori SYNOP dataset prepared by Mougin and colleagues which does suffer 
from this lack of homogeneity in the measurements (Tmin Tmax prior to 1980 versus T2m 
at different hours after) and is very complete from 1950 to now – The site of Hombori is  
located in the central Sahel, at 1.5°W, 15.3°N (see Mougin et al. 2009 for information on 
this Malian Gourma area);
(iv) the recently (Oct 2011) released BEST dataset, which comprises data from much more 
stations than the regular SYNOP network, but as monthly mean values of Tmin and Tmax 
(not shown below). 

2.2 Observationally-based and re-analysed gridded datasets
  

Only a few gridded datasets have been developed from the observations presented above. 
This notably includes the CRU TS3.1 dataset of monthly mean Tmin and Tmax over a regular 0.5  
deg x 0.5 deg grid; it is used here over the period 1950-2009. We also explored the more recent 
dataset of Fan and van den Dool (2008) referred to as GHCN-CAMS available on the same grid for 
this period. T2m is estimated by averaging Tmin and Tmax.

The  meteorological  re-analyses  are  also  gridded  datasets  based  on  the  observational  record. 
However,  these  datasets  are  by  design  quite  different  as  they  involve  complex  assimilation 
procedures together with the representation of various physical processes.

We performed a comparison of the ERA-40 reanalysis (Uppala et al. 2005) with the CRU dataset.  
This reanalysis may be less refined than more recent reanalyses, but it presents the advantage to 
cover more than 40 years, starting in 1958. We also explored the performances of the modern era  
reanalyses, namely ERA-Interim (Dee et al. 2011), MERRA (Rienecker et al. 2011) and NCEP-
CFSR (Saha et al. 2010). These three reanalyses share a relatively high resolution (around 0.7 deg x 
0.7 deg or less), assimilate more observations, but all cover a shorter period than ERA-40 as they 
start in 1979. The time sampling varies among these reanalyses from one to six hours, and daily-
mean values are provided.

3. THE ANNUAL CYCLE OF TEMPERATURE



Figure 2 presents a comparison over a common 30-year period of the annual cycle of T2m, 
on average over the Sahelian region [10°W-10°E, 10°N-20°N]. This cycle displays a distinctive 
sub-tropical structure with two annual maxima (as already seen in Fig. 1), which are not simply 
related to the two annual maxima of solar insolation at the top of the atmosphere (e.g., Slingo et al. 
2009; Guichard et al. 2009). The absolute maximum occurs in spring, prior to the monsoon rainfall 
onset, when the soil is still very dry, and typically at the same time as the establishment of a humid 
low-level  monsoon  flow  in  the  Sahel.  The  summer  rainfall  leads  to  enhanced  surface 
evapotranspiration (Timouk et al. 2009) and to an overall cooling at the surface which is the most 
pronounced in August. A second, weaker, maximum of temperature is then observed in autumn, at 
the retreat of the monsoon flow, when the insolation is still high. The temperature then rapidly drops 
to its winter absolute minimum. 

The  CRU,  GHCN-CAMS,  ERA-Interim  and  MERRA datasets  agree  fairly  well,  with  larger 
differences among them on the order of 1K. It is noticeable though that the NCEP-CFSR reanalysis  
is systematically colder by 2 K all year long except for the monsoon season. This perhaps surprising 
result is nevertheless fully consistent with recent comparisons performed over land (Wang et al. 
2011;  Bao  and  Zhang  2012).   It  would  be  useful  to  assess  whether  the  NCEP1  and  NCEP2 
reanalyses, which are also widely used, display such large biases. On the other hand, ERA-40 is 
found to be only slightly colder than ERA-Interim,  by about 0.2K (not shown).

Figure 2: Annual cycle of T2m on average over the Sahelian region [10°W-10°E, 10°N-20°N]  
estimated by CRU, GHCN-CAMS, ERA-Interim, MERRA and NCEP-CFSR – using monthly-
mean values averaged over a common 30-year period (1979-2009).

The SYNOP datasets allowed to further analyse this annual cyele and the day-to-day variability. 
They showed in particular that the diurnal dynamics acts to broaden the spring maximum, with this 
period of the year being characterized by a decrease of Tmax and and increase of Tmin which tend 
to compensate each other, this behaviour lasting up to  a few weeks  (not shown).

3. Annual pattern of temperature increase over the past 60 years

The analysis of the SYNOP data of Hombori reveals an overall strong warming since 1950 
(Fig. 3, top) - it is indeed stronger than further South in the wetter Soudanian and Guinean tropical  
regions,  and  more  pronounced  for  Tmin  than  for  Tmax,  leading  to  a  decrease  of  the  diurnal  
temperature range, DTR (see Fig A1 in Appendix). At Hombori, this warming appears to vary with 
the  season  though.  During  the  dry  cold  season,  from November  to  March,  no  obvious  trends 
emerge.  Instead,  a  wide  spread  induced  by year-to-year  fluctuations  dominates  the  patterns  of 



variability.  The strongest  warming is  observed prior  and after  the rainier  months,  in  particular 
during April (almost 2K). During the core of the rainy season, in August, the warming is weaker, 
and the evolution over the past 60 years appears related to precipitation change, as illustrated by the  
2nd order  fit  (displayed  just  below  the  linear  trends,  with  purple  curves),  with  maximum 
temperatures  observed  during  the  less  rainy  decades,  prior  to  2000.  The observed  warming  is 
associated with an increase of the amplitude of the annual cycle of temperature, with the larger 
increase occurring during the climatologically warmer Spring months, when it does not yet rain. 

It is noticeable that the CRU dataset, although only very partially including the Hombori SYNOP 
dataset, provides a very close depiction of these changes (Fig. 3, bottom), with stronger warming in  
Spring and Autumn, and much weaker warming and year-to-year variability during the dry cold 
months. 

Figure 3: Trends in the annual cycle of temperature (T2m) in the Central Sahel: SYNOP data of Homori (top) and  
closest CRU point, from 1950 to 2009. For each months, the series of dots correspond to the monthly-mean values  
obtained from 1950 to 2009. A linear fit is added, and, for comparison, a second order fit is displayed below. The  
trends over this 60-year period is also indicated for each month on the top-right (coloured bars).Dots are shonw  
in red for correlations greater than 0.4.The blue bars in the bottom plot indicates trace the months when rainfall  
occurs.

4. Evaluation of the annual cycle of warming in the reanalyses

Here, temperature on average over a Sahelian region is considered, namely [10°W-10°E, 
10°N-20°N] and from 1958 to 2009. Firstly,  a comparison of Fig.  3 (bottom) and Fig.  4 (top) 
indicates that very similar patterns  are observed at Hombori (local scale)  and over this wider 
domain with the CRU dataset. ERA-40 is found to reproduce the observations remarkably well.



The performance of ERA-Interim over 1979-2009 (Fig. 5a and b) also appears reasonable,  beyond 
a too weak annual amplitude of the trend (too flat). However, the same does not apply to MERRA 
and NCEP-CFSR which both depict an unrealistically large warming and do not capture its annual 
cycle. The period is much shorter here, and the series appear relatively more noisy in both CRU and 
ERA-Interim, while in MERRA and NCEP-CFSR, the decennal trends dominates: note for instance 
their large summer warming, or the strong cooling over the last decade, present during most of the  
year in MERRA. This comparison indicate that it is not well suited to use these two products in  
order to further explore the changes observed in the Sahel during the past 30 years.   

Figure 4: Same as Fig. 3 except on average over 10°W-10°E, 10°N-20°N] and from 1958 tp 2009 for CRU (top)  
and ERA-40 (bottom) – ERA-Interim is used after 2002 when ERA-40 stops, after an adjustement (see text).



Figure 5: Same as Fig.4 except  from 1979 to 2009 for CRU (top) and reanalyses (three last plots).
 



5. Conclusion

The analysis  of the observational  datasets  discussed above establishes that a  strong increase of 
temperature, on the order of 1K or more, has occurred in Spring (April-May) in the Sahel over the 
past 60 years, at a time of the year when the temperatures are already the highest, with larger values  
at night. They further show that in Spring, the short-term inter-annual variability (less than 10 years) 
is the weakest, while on the other hand, the multi-decennal trend is the more pronounced.

Overall, reanalyses qualitatively reproduce the observed warming but MERRA and NCEP-CFSR 
fail to properly depict its annual cycle. On the other hand, ERA-40 and ERA-Interim perform  better 
and appears as the more accurate. Still, this work revealed that reanalyses are often affected by 
discontinuities  which  do  not  appear  to  be  physically  consistent  and  highlighted  issues  in  the 
simulation of physical processes (notably those associated with the night-time atmospheric surface 
layers and with the formation rainfall); these weaknesses cannot be overlooked in further studies.

The mechanisms at play in the observed evolution are not clear.   Indeed, the processes associated 
with  the  increase  of  temperature  in  Spring  are  expected  to  be  radically  different  from  those 
accounting for the trends observed during the rainy season (The latter involves couplings between 
rainfall and temperature, with more rainfall associated with lower temperature.)  Analysis at finer 
than monthly time scale (typically down to 24h, with distinction of daytime versus nighttime) are 
needed in order to assess whether the warming is associated with a uniform increase of temperature 
or corresponds to a lengthening of the spring warming period. 
The operating mechanisms could involve the monsoon flow and the sensitive and large radiative 
impact  of  water  vapour in  Spring (greenhouse effect),  an impact which is  expected to  weaken 
during the rainy season when precipitation induces a cooling of the surface. More analyses of the 
couplings emerging between temperature, humidity, DTR, radiative fluxes, precipitation, clouds and 
aerosols are needed to investigate this issue. 
It is not yet clear either whether such changes in the annual cycle of temperature can affect the  
timing  of  the  monsoon  large-scale  circulation  and  rainfall,  for  instance  via  changes  in  the 
meridional gradients of temperature whose importance has been emphasized by previous studies. 
Such studies are needed to help addressing the potential  societal  implications of this  evolution, 
including vegetation, agriculture, but also health issues.
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APPENDIX

Figure A 1: Same as Fig. 3a except for Tmax (top) and Tmin (middle) and the diurnal temperature range  
(DTR=Tmax-Tmin).


