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Abstract

Dendrochronology in West Africa has not yet been developed despite encouraging reports suggesting the potential for long

tree-ring reconstructions of hydroclimate in the tropics. This paper shows that even in the absence of local tree chronologies, it

is possible to reconstruct the hydroclimate of a region using remote tree-rings. We present the West Sub-Saharan Drought Atlas

(WSDA), a new paleoclimatic reconstruction of West African hydroclimate based on tree-ring chronologies from the Mediter-

ranean Region, made possible by the teleconnected climate relationship between the West African Monsoon and Mediterranean

Sea surface temperatures. The WSDA is a one-half degree gridded reconstruction of summer Palmer Drought Severity indices

from 1500–2018 CE, produced using ensemble point-by-point regression. Calibration and verification statistics of the WSDA

indicate that it has significant skill over most of its domain. The three leading modes of hydroclimate variability in West

Africa are accurately reproduced by the WSDA, demonstrating strong skill compared to regional instrumental precipitation

and drought indices. The WSDA can be used to study the hydroclimate of West Africa outside the limit of the longest observed

record and for integration and comparison with other proxy and archaeological data. It is also an essential first step toward

developing and using local tree-ring chronologies to reconstruct West Africa’s hydroclimate.
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Abstract 15 

Dendrochronology in West Africa has not yet been developed despite encouraging reports 16 

suggesting the potential for long tree-ring reconstructions of hydroclimate in the tropics. This 17 

paper shows that even in the absence of local tree chronologies, it is possible to reconstruct 18 

the hydroclimate of a region using remote tree-rings. We present the West Sub-Saharan 19 

Drought Atlas (WSDA), a new paleoclimatic reconstruction of West African hydroclimate 20 

based on tree-ring chronologies from the Mediterranean Region, made possible by the 21 

teleconnected climate relationship between the West African Monsoon and Mediterranean Sea 22 
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surface temperatures. The WSDA is a one-half degree gridded reconstruction of summer 23 

Palmer Drought Severity indices from 1500–2018 CE, produced using ensemble point-by-point 24 

regression. Calibration and verification statistics of the WSDA indicate that it has significant 25 

skill over most of its domain. The three leading modes of hydroclimate variability in West 26 

Africa are accurately reproduced by the WSDA, demonstrating strong skill compared to 27 

regional instrumental precipitation and drought indices. The WSDA can be used to study the 28 

hydroclimate of West Africa outside the limit of the longest observed record and for integration 29 

and comparison with other proxy and archaeological data. It is also an essential first step 30 

toward developing and using local tree-ring chronologies to reconstruct West Africa’s 31 

hydroclimate. 32 

 33 
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1.0 Introduction 37 

Recent hydroclimatic changes in West Africa have visibly adverse socioeconomic ramifications 38 

(Turco et al 2015). For instance, in 2015, severe drought limited water availability in the Volta 39 

River Basin, an essential source of water distribution and economic activity in West Africa. 40 

Consequently, electricity generation by several dams within the basin came to a halt, including 41 

the Akosombo Dam, the single largest electricity source in Ghana, crippling the country’s 42 

economy and threatening the basic livelihood of many of its already impoverished 43 

communities.  44 
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Policies premised on leveraging science and technology hold the greatest promise to mitigating 45 

such climate driven economic impacts, but their formulation is limited by the lack of important 46 

information and considerable uncertainty in the projections of hydroclimatic variability in 47 

West Africa (Challinor et al 2007, Biasutti 2009, Roudier et al 2011, Biasutti 2013).  48 

Long observational records for key climatic variables against which to evaluate the 49 

performance of climate models, the primary tools for climate projections, are rare in West 50 

Africa. In fact, only during the 1930’s did synoptic observation stations become generally 51 

established in the sub-region and these remain sparse even today (Tarhule and Hughes 2002). 52 

The instrumental record is thus often too short to give an adequate account of the range of 53 

possible behavior of the region’s climate and is not enough to vet model performances in 54 

reproducing them. In addition, lack of long observational records limits our ability to 55 

accurately attribute the relative contributions of human influences versus natural variability 56 

to recent hydroclimatic changes and provides an unreliable baseline for deriving 57 

observationally constrained estimates of future climate projections based on a past climate 58 

regime. Ultimately, this precludes a proper assessment.  59 

In the absence of ample instrumental records, dendrochronological methods of climate 60 

reconstruction have yielded unique insights into the natural variability of Earth's climate 61 

system (Cook and Kairiukstis 1990, Cook et al 2010, Buckley et al 2010, Anchukaitis 2017), 62 

thus allowing us to test model performances outside the limit of the longest observed record. 63 

Due to their strong response to environmental changes, trees are particularly well suited for 64 

studying hydroclimate variability (St. George 2014, St. George and Ault 2014), although the 65 

specific monthly or seasonal climate response can vary across regions and continents (St. 66 
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George et al 2010, Touchan et al 2014). Trees provide annually resolved information on past 67 

climate variability and can be dated to the exact calendar year, thus enabling quantitative and 68 

precise calibration and verification. Despite inherent uncertainties, proxy data, including tree 69 

rings can be used in conjunction with instrumental records to reduce uncertainty in 70 

hydroclimatic projections (Henderson et al 2009, Haywood et al 2019).  71 

The potential for dendrochronology in West Africa has not yet been developed, 72 

notwithstanding the vital role it often plays in our understanding of past hydroclimate 73 

variability and future climate projections. To date, paleolimnological investigations of the 74 

Kajemarum oasis in the Manga Grassland of northeastern Nigeria have furnished much of the 75 

information on Holocene climate for West Africa (Salzmann 1996, Waller and Salzmann 1999, 76 

Street-Perrot et al 2000).  77 

In this study, we show that even in the absence of local tree chronologies, it is possible to 78 

reconstruct the hydroclimate of a region using remote tree-ring growth. We present a Palmer 79 

Drought Severity Index (PDSI) reconstruction as a proxy for the hydroclimate over West Africa 80 

based on tree-ring chronologies from the Mediterranean region. This is made possible by a 81 

strong teleconnection signal between the Mediterranean region and West Africa. Rowell 82 

(2003) first demonstrated the positive influence of Mediterranean Sea surface temperatures 83 

(SST) anomalies on West African Monsoon (WAM) precipitation through northerly moisture 84 

advection from the Mediterranean toward the Sahel. Since then, a number of studies  including 85 

Jung et al 2006, Peyrille and Lafore 2007, and Diatta et al 2020 have been dedicated to the 86 

WAM-Mediterranean interaction and the existence of this teleconnection is now widely 87 

accepted. 88 
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 89 

Figure 1: Geographic context for the study. Shaded black circles with gray outlines represent 90 

the 333 sites of the tree-ring chronologies utilized in reconstructed scPDSI over West Africa 91 

(i.e., WSDA). The one-half degree grid points (i.e., green dots) represent the WSDA grid. 92 

Shading outside land areas  represent the summer (JJA) correlation between SST and the time 93 

series of EOF1 of instrumental scPDSI over West Africa, from 1901-2020. 94 

 95 

Our results are encapsulated in the novel West Sub-Saharan Drought Atlas (WSDA, figure 1), 96 

an annually resolved spatial reconstruction of West Africa’s hydroclimate over the past five 97 

hundred years. The WSDA can be used to assess the performance of climate models and for 98 

integration and comparison with other proxy, historical, and archaeological data. It is also an 99 

important first step toward the goal of developing and using local tree-ring chronologies to 100 

reconstruct West Africa’s hydroclimate. 101 

Figure 1: Geographic context for the study. Shaded black circles with gray 
outlines represent the 333 sites of the tree-ring chronologies utilized in 
reconstructed scPDSI over West Africa (i.e., WSDA). The one-half degree grid 
points over West Africa represent the WSDA grid. Shading outside land areas 
(white) represent the summer (JJA) correlation between SST and the time 
series of EOF1 of instrumental scPDSI over West Africa, from 1901-2020.
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2.0 Data and Methodology 102 

2.1 Tree-ring Network and Reconstruction Method 103 

The tree-ring network we used for the WSDA reconstruction is based on the Mediterranean 104 

portion of the Old-World Drought Atlas tree-ring network (Cook et al 2015). It is comprised 105 

of 333 tree-ring chronologies and its spatial distribution is shown in figure 1. All chronologies 106 

begin on or before 1798 and end no earlier than 1990. We used this network because of its 107 

previous success in reconstructing past drought over the Mediterranean region and its clear 108 

association with the Mediterranean teleconnections that influence West Africa rainfall. 109 

The method of reconstruction we used is the Point-by-Point Regression (PPR) method (Cook 110 

et al 1999) and its extension to ensemble PPR (EPPR) as described most recently in Cook et 111 

al (2020). PPR was specifically developed for the reconstruction of hydroclimate variability 112 

from tree rings, but it originally relied on relatively local tree-ring chronologies to reconstruct 113 

local hydroclimate (Cook et al 1999). This limitation was relaxed through the use of multiple 114 

search radii for locating tree-ring chronologies in more remote locations to reconstruct 115 

hydroclimate at each grid point and a novel correlation-weighted method for generating the 116 

principal component regression models used for reconstruction (Cook et al 2010a, 2020). This 117 

resulted in an ensemble of reconstructions at each grid point (hence EPPR) that could be 118 

evaluated for skill. 119 

The tree-ring chronologies used for reconstruction have a common end year of 1990 because 120 

of the widely varying years in which the trees were sampled but lose one year (1990) due to 121 

the inclusion of a lagged tree-ring variable in the model (Cook et al 1999). For this reason, 122 
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the calibration period chosen for developing the reconstructions was set to 1951–1989. This 123 

period includes the highest number of rainfall stations used for calculating the self-calibrating 124 

Palmer Drought Severity Index (scPDSI) over West Africa (figure 2 in Nicholson et al 2018) 125 

and therefore ought to be the highest quality period for calibrating each EPPR model. Of the 126 

remaining pre-1951 scPDSI data, only the 1920–1950 period was used for model validation 127 

because of the sharply declining number of rainfall stations over West Africa in the early 20th 128 

Century (figure 2 in Nicholson et al 2018). 129 

The WSDA reconstructions cover the period 1500-2018 CE. Each grid point reconstruction has 130 

been scaled to recover lost variance due to regression (proportional to 1-R2). This enabled 131 

each reconstruction to be updated from 1990 to 2018 with instrumental data. 132 

2.2 Calibration and Verification Statistics 133 

We provide five rigorous calibration and verification statistics that are typically used for 134 

assessing the quality of dendroclimatic reconstructions (e.g., Michaelsen 1987, Meko 1997, 135 

Cook et al 1999). They include the calibration period coefficient of determination or R2 136 

(CRSQ) and cross-validation reduction of error (CVRE). The latter is a ‘leave-one-out’ 137 

procedure analogous to R2 based on Allen’s PRESS statistic (Allen 1971) and its R2 equivalent 138 

(Quan 1988) and is a more conservative measure of explained variance than CRSQ. In 139 

extremely weak calibration cases CVRE can actually go negative, which is a clear indication of 140 

no calibration skill.  141 

The validation period statistics are the square of the Pearson correlation (VRSQ, sign of the 142 

correlation applied), the reduction of error statistic (VRE), and the coefficient of efficiency 143 
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(VCE), and these can be interpreted as expressions of shared variance between the actual data 144 

and the tree ring estimates. Negative values indicate no reconstruction skill as measured. The 145 

formulae of these statistics require that VRSQ is greater than or equal to VRE, which in turn is 146 

greater than or equal to VCE when calculated from the same data, thus making VCE the 147 

hardest validation statistic to pass. No theoretical significance tests are available for the VRE 148 

and VCE. Simply, values greater than zero indicate that the reconstruction has skill in excess 149 

of the calibration or verification period climatology of the instrumental data. In addition to 150 

these validation metrics, the root mean square error (RMSE) statistic is provided as a simple 151 

estimate of uncertainty. For a full explanation of these statistics, the reader is referred to Cook 152 

et al (1999). 153 

2.3 Hydroclimatic and SST Datasets  154 

The instrumental hydroclimate data used for statistical calibration and validation in this study 155 

is the widely used self-calibrating Palmer Drought Severity Index (scPDSI; Wells et al 2004, 156 

van der Schrier et al 2013), specifically the CRU TS 4.03 dataset that covers the period 1901-157 

2018 (Barichivich et al 2018). It is calculated from the University of East Anglia’s Climatic 158 

Research Unit’s instrumental temperature and precipitation dataset, available on a 0.5° 159 

resolution from 1901 to the present. From these monthly data we reconstructed the summer 160 

(June-August) average scPDSI over West Africa. This matches the season reconstructed for the 161 

OWDA and also coincides with the summer rainfall season over the WSDA domain.  162 

We also used the Joint Institute for the Study of the Atmosphere and Ocean (JISAO) Sahel 163 

precipitation index which spans 1901 to present, derived from the 0.25o resolution Deutscher 164 

Wetterdienst Global Precipitation Climatology Centre monthly precipitation dataset and the 165 
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Sahel rainfall time series from Nicholson et al (2018), which is based on 602 rain gauge 166 

records of variable length extending from 1854 to 2014. A comparative series for the Gulf of 167 

Guinea region to the south is also utilized. Together, the latter two rainfall indices from 168 

Nicholson et al (2018), hereafter referred to as NRI, collectively provide insight into the long-169 

term variability of the West African monsoon. 170 

Apart from these meteorological datasets, we make use of the Hadley Center Sea Ice and Sea 171 

Surface Temperature dataset (HadISST, Rayner et al 2003), which is analyzed in concert with 172 

the aforementioned instrumental scPDSI to deduce the connection between West African 173 

hydroclimate and Mediterranean SST. 174 

2.4 EOF Analysis 175 

The primary goal of Empirical orthogonal function (EOF) analysis is to simplify a given space-176 

time dataset by extracting the smallest set of independent modes of variability that can 177 

adequately describe it (e.g., Lorenz 1956, LaMarche and Fritts 1971). Standard EOFs are 178 

found by computing the eigenvalues and eigenvectors of the anomaly covariance matrix of a 179 

field. The eigenvalues provide a measure of the percent variance explained by the 180 

corresponding mode, the latter are orthogonal to each other depending on the time period 181 

being used. The time series (aka principal component or PC) of each mode is determined by 182 

projecting the derived eigenvectors onto the spatially weighted anomalies.  183 

Here, we use EOFs to identify the coherent patterns in the reconstructed hydroclimate over 184 

West Africa and the Mediterranean Region and evaluate them against the instrumental scPDSI 185 

and precipitation datasets. Typically, the first few modes contain the most variance as well as 186 
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physically interpretable patterns when it comes to atmospheric and hydroclimatic processes, 187 

so in this paper, we focus on the first three EOFs. All analyses are based on the Boreal summer 188 

months of June, July, and August (i.e., JJA). Also, datasets are normalized before use in order 189 

to prevent areas of maximum variance from dominance and facilitate comparison.  190 

3. Results and Discussion 191 

Figure 1 shows the locations of the tree-ring chronologies used for reconstructing the WSDA, 192 

the WSDA domain limits, and how the first principal component (PC1) of instrumental scPDSI 193 

over the WSDA is correlated to SSTs in the Mediterranean from 1901-2020. The strength and 194 

pattern of the correlations are consistent with the known teleconnection between the two 195 

regions, which is primarily characterized by the WAM response to thermal Mediterranean 196 

forcing. When the Mediterranean is warmer than normal, it reinforces the northward 197 

migration of the monsoon system and surface convergence in the vicinity of the intertropical 198 

convergence zone (ITCZ) through stronger moist convection south of the Sahara. The 199 

increased moisture convergence feeds the convective activity leading to increased precipitation 200 

(Rowell 2003, Gaetani et al 2010, Fontaine et al 2010). On the other hand, the alternate effect 201 

of WAM dynamics on Mediterranean climate is not as clearly understood, although a few 202 

studies including Rodwell and Hoskins (2001) argue that the Rossby wave response to West 203 
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African monsoonal heating, interacting with midlatitude westerlies, does impact 204 

Mediterranean climate by producing a strong region of adiabatic descent there.  205 

 206 

Figure 2: Reconstruction drought calibration and verification statistics. (a-b) Mediterranean 207 

Region cross-validation RSQ (CVRE) and validation period RSQ (VRSQ). (c-d) WSDA 208 

calibration period RSQ (CRSQ) and cross-validation RSQ (CVRE). (e-g) WSDA validation RSQ 209 
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Figure 2: Reconstruction drought calibration and verification statistics. (a-b) 
Mediterranean Region cross-validation RSQ (CVRE)  and validation period RSQ 
(VRSQ). (c-d) WSDA calibration period RSQ (CRSQ) and cross-validation  RSQ 
(CVRE). (e-g) WSDA validation RSQ (VRSQ), validation period reduction of error 
(VRE) and validation period coefficient of Efficiency (VCE). See Cook et al. (1999, 
2010, 2013, 2020). for a description of these particular statistics and their 
interpretation. Unlike CRSQ, which can never be negative, CVRE, VRSQ (by retaining 
the sign of r after squaring), VRE and VCE can have negative values, indicating that 
there is no skill in the estimates. All but RSME are in units of fractional explained 
variance. RSQ is R2.

CVRE VRSQ
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(VRSQ), validation period reduction of error (VRE) and validation period coefficient of 210 

Efficiency (VCE). Unlike CRSQ, which can never be negative, CVRE, VRSQ (by retaining the 211 

sign of r after squaring), VRE and VCE can have negative values, indicating that there is no 212 

skill in the estimates. All but RSME are in units of fractional explained variance. RSQ is R2. 213 

 214 

Calibration and verification results over the Mediterranean and WSDA grids are presented in 215 

figure 2, providing an avenue to measure the quality of reconstructions from the local 216 

chronologies and a benchmark against which to evaluate the reconstruction of the remote 217 

hydroclimate in West Africa. Most of the grid points show reasonably robust calibrations 218 

(figure 2(a)), with a validation skill map that exhibits a diagonal split between high skill in 219 

the northwest and relatively low skill in the southeast (figure 2(b)). The latter may be caused 220 

in part by a decline in the number of rainfall records contributing to the scPDSI estimates 221 

especially over Turkey and the Middle East, thus resulting in reduced instrumental data quality 222 

especially before 1930. Recall that the Mediterranean tree ring chronologies utilized in this 223 

study were previously used to build the Old World Drought Atlas (OWDA) as presented in 224 

Cook et al. 2015, which elaborates further on the quality of instrumental and proxy 225 

reconstructions in the region.  226 

Over the West Africa grid, we present four additional validation metrics, given that the WSDA 227 

is the main focus of this paper. Much like the Mediterranean, the entire WSDA grid calibrates 228 

well (figures 2(c) and (d)), with weaker but useful validations indicated by the positive VRSQ, 229 

VRE and VCE, scattered across the domain (figures 2(e) – (g)). Judging by the VCE, which is 230 

the hardest metric to pass, it is clear that the most consistent and reliable validation occurs 231 
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along the main river systems of two of the three biggest watersheds in West Africa (figure S1). 232 

Within the Volta River Basin to the east, the best grids show up along the Volta River in Ghana. 233 

In the west, they appear along the Sénégal River within the Senegal River Basin (figure 2(g)). 234 

The RMSE's in figure 2(h) provide more insight into the magnitude of the total errors of the 235 

WSDA reconstructions, both bias and variance. In congruence with the other validation 236 

metrics, the lowest reconstruction skill is largely found over the central part of the region.  237 

One possible reason for the low skill validations is the poor quality of observations particularly 238 

before 1951, when fewer stations are available and most grid point interpolations are relaxed 239 

towards the climatology as available stations diminish. The relatively strong validity of the 240 

reconstruction over the Northwestern Mediterranean and within specific river basins is also 241 

not surprising. Historically, humans have settled close to water bodies and food sources 242 

because of commerce and trade and would provide an economic incentive to take 243 

hydroclimatic measurements there. Any long systematically measured data within the WSDA 244 

grid implicitly augurs well for its validation.  245 

Considering the limitations with historical data at the grid point scale, we proceeded to 246 

evaluate the utility of the WSDA on a regional scale by comparing EOFs of the instrumental 247 

and reconstructed summer scPDSI in figure 3. EOF1 of the instrumental scPDSI (figure 3(a)) 248 

explains 44% of the total variance and exhibits a monopole mode of variability or anomalous 249 

conditions of the same sign throughout the region. EOF2 explains 10% of the variance and is 250 

characterized by a meridional dipole pattern of variability, which represents the well-known 251 

dipole of hydrological conditions over the Sahel region and the Gulf of Guinea (e.g., Nicholson 252 
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et al 2013). So, wet conditions in the Sahel are opposed by dry conditions on the Guinea Coast, 253 

and vice versa. Nicholson and Grist (2001) describe these two modes as so fundamental that  254 

 255 

Figure 3:  EOF patterns of (a) instrumental scPDSI over West Africa (spanning 1901-2020) 256 

and (b) reconstructed scPDSI over West Africa or WSDA (spanning 1500–2018 CE). (c-e) EOF 257 
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Figure 3:  EOF patterns of (a) instrumental scPDSI over West Africa (spanning 1901-2020) 
and (b) reconstructed scPDSI over West Africa or WSDA (spanning 1500–2018 CE). (c-e) EOF 
time series — WSDA is the gray line and red is instrumental scPDSI. The NRI Sahel rainfall 
index is superimposed on the PC1 of WSDA in blue and the JISAO Sahel index in yellow. The 
Gulf of Guinea index is also superimposed on the PC3 of WSDA in blue. PC1 of WSDA is 
correlated to instrumental scPDSI at R=0.77, the Sahel rainfall index from Nicholson et al. 
2018 at R=0.66  and the JISAO Rainfall index at R=0.61. If an 11 year running mean is 
applied, R goes up to  0.86, 0.92 and 0.91 respectively.
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time series: WSDA is the gray line and red is instrumental scPDSI. The NRI Sahel rainfall index 258 

is superimposed on the PC1 of WSDA in blue and the JISAO Sahel index in yellow. The Gulf 259 

of Guinea index is also superimposed on the PC3 of WSDA in blue. PC1 of WSDA is correlated 260 

to PC1 of instrumental scPDSI at R=0.77, the Sahel rainfall index from Nicholson et al. 2018 261 

at R=0.66 and the JISAO Rainfall index at R=0.61. If an 11-year running mean is applied, R 262 

goes up to 0.86, 0.92 and 0.91 respectively. 263 

 264 

they are evident on both interannual and interdecadal time scales and in the historical record 265 

of past centuries. EOF3 is a zonal dipole that explains 6% of the total variance and has been 266 

related to a recently observed long term intensification of the Saharan heat low (Lavaysse et 267 

al 2015) and enhancing effects from anthropogenic global warming (James et al 2013).  268 

The EOFs of the reconstructed scPDSI (figure 3(b)) match their instrumental counterparts 269 

(figure 3(a)), although EOF2 and EOF3 switch precedence, which is unsurprising considering 270 

the fact that the WSDA spans a much longer period of time (519 years, 1500-2018 CE) relative 271 

to the instrumental record (120 years, 1901-2020). Indeed, computing the EOFs from 1901-272 

1989, which is a period where the WSDA encompasses tree-ring only data, yields identical 273 

loading patterns and are ordered in the same way (figure S2). Further, we correlate the PCs 274 

of the WSDA to the corresponding PCs of instrumental scPDSI and rainfall indices from JISAO 275 

and NRI over their respective overlapping time periods (figures 3 (c)-(e)). Except for the NRI 276 

Gulf of Guinea index, all the other indices are significantly correlated to both the dominant 277 

monopole mode of variability (EOF1) and the dipole mode (EOF3 in WSDA) that distinguishes 278 

the hydrological conditions over the Sahel from the Gulf of Guinea. The NRI Gulf of Guinea 279 
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index is only significantly correlated to EOF3 (Table S1). This is quite intriguing, especially 280 

given the absence of local tree-ring chronologies in the WSDA. 281 

4. Conclusions 282 

The West Sub-Saharan Drought Atlas (WSDA) is a new paleoclimatic reconstruction of 283 

drought and wetness that reproduces several aspects of the spatio-temporal hydroclimatic 284 

variability over West Africa. It is a one-half degree gridded reconstruction of summer scPDSI 285 

from 1500–2018 CE and is made possible by the teleconnected climate relationship between 286 

West Africa and the Mediterranean region. An ensemble version of the point-by-point 287 

regression (EPPR) was used to produce the WSDA.  288 

The reconstructed scPDSI of the WSDA accurately reproduced the three leading modes of 289 

hydroclimate variability in West Africa and demonstrated strong skill when compared to 290 

regional instrumental precipitation and drought indices. The inclusion of local tree-ring 291 

chronologies in the WSDA is planned for the future and promises to yield a more robust 292 

reconstruction, with a much more complete and local understanding of hydroclimatic 293 

variability in West Africa. This is evident in figure S3 which shows the correlation of summer 294 

(JJA) rainfall index over the Sahel with Mediterranean SST. The correlation between the 295 

detrended rainfall index and SST in the Mediterranean is strong (figure S3(a)) but weakens 296 

significantly when the rainfall index is first differenced (figure S3(b)). The rainfall data in 297 

figure S3(a) was detrended by removing its linear best fit, which reduces the interannual 298 

variability at any given location and in this case transforms the data to an overall decadal 299 

variation. While differencing has the effect of removing trend and multi-year variability in a 300 

data series, it also results in one fewer observation than the original series (figure S3(b)). This 301 
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seems to suggest the WSDA in its current form fails to retain all hydroclimatic information, 302 

especially on the interannual timescale, making a strong case for the inclusion of local tree 303 

ring chronologies. We also recognize the potential role modes of climate variability and remote 304 

SST patterns can play in modulating the timescale of the teleconnection response in 305 

Mediterranean trees, which warrants further studies.  306 

It was widely believed that usual tree-ring dating methods may not be suitable for trees that 307 

grow in Africa because they do not necessarily grow annual rings, but that is no longer the 308 

general viewpoint today. Several researchers including Hummel 1946, Lowe 1961, Mariaux 309 

1981, Detienne 1989, Jacoby 1989, Buckley et al 1995 and D'Arrigo et al 1997 have provided 310 

evidence that annual rings form in several tropical species. In West Africa, some success in 311 

producing annual tree-ring chronologies has also been recently reported from the Ivory Coast 312 

(Ridder et al 2013) and the Cameroons (Battipaglia et al 2015). But several factors, including 313 

the difficulty in identifying and interpreting growth bands, the lack of precedents 314 

demonstrating successful cross dating, political instability, economic and logistical difficulties 315 

have contributed to stifling further investigations of these promising results. The situation is 316 

further exacerbated by the fact that most practitioners of dendrochronology are from the mid-317 

latitudes and have limited time and resources for devoting effort to evaluating tropical trees 318 

for dendrochronological research (Tarhule and Hughes 2002). However, the limited success 319 

in African dendrochronology reported to date suggests that the potential is there to develop 320 

long tree-ring chronologies. 321 

 322 

 323 
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Table S1:  Correlation between the PCs of WSDA and the (i) PCs of instrumental 
scPDSI, (ii) the JISAO Sahel rainfall index, (iii) the NRI Sahel rainfall index, and  (iv) 
the NRI Gulf of Guinea rainfall index over their respective overlapping time periods. 
Note that PC2 (PC3) of  WSDA is correlated to PC3 (PC2) of instrumental scPDSI. * 
denotes significance at p < .01.

(i) Instrumental  
scPDSI

(ii) JISAO Sahel 
Rainfall

(iii) NRI Sahel 
Rainfall

(iv) NRI Gulf of 
Guinea Rainfall

WSDA PC1 0.77* (PC1) 0.61* 0.66* 0.18
WSDA PC2 0.42* (PC3) 0.08 0.13 0.21
WSDA PC3 0.59* (PC2) 0.45* 0.39* 0.43*



Figure S1:  West Africa with its 10 river basins , including the Senegal River Basin 
(1) and Volta River Basin (7). Stanzel et al. 2018. 



Figure S2:  EOF patterns of reconstructed scPDSI over West Africa (i.e., WSDA). The percent 
variance explained by each  principal component is indicated. The EOF analysis is based on 
1901-1989, a period that compares instrumental-only to tree-ring-only scPDSI.
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Figure S3:  Correlation of summer (JJA) rainfall index (left panel) with SST (right, 
p<0.10 areas shaded) from 1901-2020. Rainfall time series in (A) is detrended and first 
differenced in (B). Rainfall is averaged over the Sahel (red boxes). Unit is mm. 




