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QUESTION:  Does soil moisture state impact mature storms outside of West Africa?

Preliminary Result: Large-scale (~100s km) soil moisture gradients may influence 
storm characteristics in some regions by driving changes in shear conditions through 
modulation of atmospheric temperature gradients.

Data and Methods

Using global MCS track dataset (Feng et al. 2021) the location of afternoon (1400–2000 LT) 
convective precipitation features (rainfall > 8 mm.hr-1) are identified within our regions (red 

boxes in Fig 1) for all months and dataset years 2015–2019. 

We examine pre-storm conditions by extracting variables on 6x6° domains centred on cases. 
Observed soil moisture (SM - SMAP, O'Neill et al. 2021) and reanalysis atmospheric fields 

(ERA5, Hersbach et al. 2023) are sampled at 0600 and 1000 LT respectively. Anomalies are 
generated with respect to a +/- 15 day climatology averaged over the study period.

2D spatial composites (Fig 3) are generated on the 6x6° domain. Composite mean 
hodographs (Fig 2) and case-by-case (Figs 4-6) shear and total column water (TCW) are 
calculated as the mean value in the domain. For case-by-case atmospheric temperature 

gradients, a 6° zonal mean is computed before the N to S gradient over 6° is sampled. 

2D Spatial Mean Composites –
Conditions in the morning preceding afternoon convective rainfall

At the surface WAf exhibits a preference for cases to occur downstream of >200km
anomalously dry patches consistent with previous results (Klein & Taylor, 2020) . In 

the other regions, cases appear to be associated with larger scale gradients in 
anomalous soil state.

In the atmosphere, overall there are anomalously warm conditions near the centres 
of the composites. There are also maxima in positive humidity anomalies within the 
domain, some of which are within the vicinity of CAPE maxima and/or developing 
convergence features. Temperature anomalies in GPlains, China, India and WAf are 
fairly consistent with surface patterns. In Aus, SAf and sub_SA any influence of the 

surface is not clear from the mean conditions. 

Next Steps Include

Analysing temporal evolution of atmospheric conditions leading up to storm time 
and diurnal signature of surface fluxes.

Investigate drivers of pre-storm atmospheric conditions (in particular moisture 
convergence).  

Previous work (Klein & Taylor, 2020) has shown that soil moisture heterogeneity on scales >200 km can intensify mature storms in West Africa. The current work now considers seven global regions 
which are “hot-spots” for Mesoscale Convective Systems (MCSs), West Africa (WAf), South Africa (SAf), South America (sub_SA), Great Plains (GPlains), India, China and Australia (Aus). 
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1D Case-by-Case Distributions

The regressions in Fig 5 show clear relationships between mid-to-low atmospheric shear and lower atmospheric temperature 
gradients (red line – linear regression) quantitatively comparable to theoretical thermal wind (black line). As expected, the 

regions where the observed behaviour is least aligned with the thermal wind are those closest to the equator (WAf and Aus)

The binned statistics in Figs 6 and 7 demonstrate the sensitivity of storm characteristics to the shear environment. Shear has a
clear impact on storm depth (minimum cloud-top temperature – minT) in all regions. In some regions (in particular India) the 

shear environment also influences cloud size (area) and total rainfall.

Next Steps Include

Determine whether soil moisture variability results in sufficient fluctuations in atmospheric temperature gradients to alter the
shear environment and hence influence storm characteristics.

Figure 1: Global seasonal distribution of cases and mean mid-level steering winds (650 hPa)
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Figure 3: 2D Spatial Composites of pre-storm surface and atmospheric variables 

Figure 4: Relationship between atmospheric 
temperature gradient and vertical shear

Figure 5: Relationship between vertical shear and 
storm characteristics in shear deciles 

Figure 6: Relationship between vertical shear, 
total column water and 95th percentile total 
rainfall under cloud in regular bins

Figure 2 Composite 
mean hodographs 
and storm direction 
(thick green arrow)

Case-By-Case

Error bars denote 95% 
confidence interval

Grey shading 
denotes bins with 
less than 10 cases 
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