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Context and Data Coherent modes of rainfall variability

Strong drying signal across Sahel rain gauges, peaking 1984

. Drought in semiarid Sahel between ~1970-90 was one of the clearest regional climate signals and One of the clearest regional climate signals over 20th century, how well are physical mechanisms understood?
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. No agreement on whether the Sahel will be drier or wetter in the future (e.g., Held et al. 2005, Biasutti Ton M | /mwk r°*'”““"_m%~m g
and Giannini 2006, Hoerling et al. 2006, Cook and Vizy 2006, Lickley et al., 2024) B “ﬁ?f : Q;WU\__Q‘“J?";\ e
. Regional climate predictions are generally more uncertain than global estimates, especially for e & | V=l T - .

rainfall, compared to other variables, and in Africa, compared to other regions. Here the goal is to: BT Average across rain gauges for Atgust rainfall, with 5-year
1 identify coherent modes of historical rainfall variability in Africa Location of 52 (monthly) rain gauges from 1930-2022, with August vegetative greenness smoothing
2. deconvolve competing external forcings of these rainfall changes, and
3. provide observational benchmarks for climate models _ _ o _
Relative SSTs (tropical-mean - Atlantic SSTs)_explain ~30% of variability in first mode of Sahelian
summer rainfall (July-Sept.), following Giannini et al., 2013, cf. Vecchi et al., 2008

Data Tropical-mean temperatures set threshold for convection (e.g., Chiang and Sobel, 2002) and whether upped ante
(Neelin et al., 2003) is reached depends on Atlantic SSTs and moisture/MSE advection in monsoon flow
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CO2 concentrations applied to carbon cycle, in Coupled Climate Carbon Cycle Model
Intercomparison Project (C4MIP), Jones et al., 2018
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First mode of a singular value decomposition of August rainfall

. hist-aer, aerosol-only simulations, Detection and Attribution Model Intercomparison Projection Sea surface temperatures (SST) averaged May-October from HadISST averaged anomalies across monthly rain gauge stations (orange), explaining 27 %
- for tropical-mean (red) and tropical North Atlantic (top panel) and the difference of variance, and Atlantic-tropical SST difference (blue), with correlation
(DAMIP), Gillett et al., 2016 (bottom panel), following Giannini et al., 2013 r=0.54

Coherent modes of rainfall variability (ll) Deconvolving physical drivers?
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North-south shifts in tropical rain belt in Africa
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seen in different rain data sets, as well as vegetative greenness (NDVI) m;::* ww
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contours are early period (solid, black) and later period (dashed, navy)



