
Introduction    

     Compared to other continents, Africa has the least developed climate 
science in the world. Instrumental weather records in southern Africa are 
largely limited to the last 100 years and documentary weather-related data 
are rare prior to the 1800s, which is why only a few studies of  the temporal 
variability of  precipitation have been made in Africa, particularly in south-
ern Africa. The relatively short instrumental record makes it difficult to as-
sess tropical climate variability, such as long-term trends and extremes in 
precipitation. It’s clear that precise, long-term records of  precipitation vari-
ability are needed to improve long-range seasonal forecasts of  hydrologic 
activity in southern Africa.   

     Trees are archives of  climatic history and one of  their greatest hidden 
potentials is as recorders of  oxygen isotopes (δ18O) incorporated from the 
environment each year and imprinted in their annual rings. The measure-
ment of  stable isotope ratios in tree rings has contributed greatly to the un-
derstanding of  past climatic conditions. Tree ring samples can provide ex-
cellent records of  paleoclimate variability, most often for precipitation and 
temperature fluctuations as well as drought indices and large-scale circula-
tion patterns 

     Few studies have examined δ18O of  trees growing in tropical locations, 
and the environmental conditions under which variation in oxygen isotopes 
are recorded in tree rings as well as the climatic significance of  this variabil-
ity remains poorly understood. The few available oxygen isotope studies of  
trees from the tropics have shown the presence of  a significant inverse cor-
relation between δ18O of  tree rings (δ18Otr) and precipitation amount. The 
inverse correlation between δ18Otr and precipitation is known as the 
“amount effect” (or degree of  rainout). Correlations have also been found 
among the stable isotope values of  tree wood and temperature.  Though 
temperature effects may contribute to δ18Otr variation in the tropics, it has 
been suggested that in tropical regions, isotopic temperature effects may be 
overridden by the amount effect due to wet season precipitation amount 
and warm temperatures coinciding. 

 

 Methods                     

 Study Site 

     The study site is located in the arid to semi-arid Mzola region of  western Zimbabwe 
(Figures 1 & 2; -18.20°, 27.40°, 1,106 meters asl). Temperatures remain fairly constant 
throughout the year with a diurnal temperature range of  about 10 to 15°C and an annual 
range that does not exceed 6°C, with November being the warmest month (~ 30.7°C), and 
July and August being the coolest (~23.6°C). Total annual rainfall exhibits a high degree of  
spatial and temporal variation with a mean of  ~700 mm per year. Approximately 80% of  
annual precipitation occurs between November and February (~579 mm) whereas, during 
the dry season months of  June-October, ~5% of  annual precipitation occurs.                          

Field and Lab Methods 

   Four wedge-shaped partial cross sections (Figure 3) collected from P. angolensis cut 
stumps and felled logs in the Mzola Forest will be usedd in this study. Ring-width indices 
from the exactly dated P. angolensis tree rings were obtained from a previous study con-
ducted by Therrell et al. (2006).      

      For oxygen isotope analysis, powdered samples will be extracted from each wedge for 
the years 1900-1990 using a drill bit width of  0.4 to 0.5 mm. Early wood δ18Otr values are 
influenced by the previous year’s climate, therefore late wood samples were chosen for 
analysis.  

Isotope Analysis  

     An amount of  approximately 0.30 to 0.50 mg of  powdered wood extracted from each 
ring was placed into 3.5 x 5 mm silver capsules for δ18Otr analysis and compressed gently 
into a tiny ball to remove any extraneous atmosphere. The pyrolysis of  samples to CO will 
be performed in a Thermal Conversion/Elemental Analyzer (TC/EA).                           
 

 

  Results 

 
 
 

                    δ
18

O Analysis in Tree Rings of Pterocarpus angolensis in Zimbabwe           

     
     This study was designed to identify the relationships between climate pa-
rameters, such as precipitation amount and temperature fluctuations, and 
δ18Otr extracted from exactly dated tree rings of  Pterocarpus angolensis growing 
in the Mzola region of  western Zimbabwe. This species is known to be sensi-
tive to variation in rainfall. Here we present preliminary results from four 
wedge-shaped partial cross sections collected in the Mzola region of  Zimba-
bwe. This is the first tree-ring research focused as a systematic study of  the in-
terannual climate variability in southern Africa using the stable isotope ratios 
of  oxygen and ring widths in Zimbabwe. These isotopic records will provide 
new paleoclimate data for use in the study of  large-scale climate phenomenon 
such as drought and flooding.  
 
Research objectives:  

1) To assess the potential of  δ18Otr as a proxies for precipitation and tempera-
ture variability in Zimbabwe;  

2) δ18Otr analysis to reveal changes in the frequency and intensity of  extreme 
climatic events (drought/floods) in Zimbabwe; 

 

Fig 1 Location of the Mzola forest 
study site.  

 
 
 
 
 
 

Fig. 3 Partial cross-section of Pterocarpus an-
golensis  from the Mzola forest.  

Fig. 2 Mzola Forestland. The forest is dominated by 
Baikiaea plurijuga, Brachystegia spiciformis, and Pterocar-
pus angolensis 

Fig. 4 δ
18
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values of sample 1 (red line), sample 2 (blue line), sample 3 (green line), and 

the average of the three samples (black line).  

Fig. 5 Correlat ions between average 
δ

18
O tr

 
and total precipitation for (a) the 

previous-year December (r = -0.34, p = 
0.001, (b) current year January (r = -
0.45, p < 0.0001, and (c) the combined 
wet season months of November, De-
cember and January (r = -0.55, p < 
0.001). 

a. b. 

c. 

Fig. 6 Correlat ions between average δ
18

O tr
  
and maximum temperature for the (a) 

month of January (r = 0.37, p < 0.0005 and (b) average maximum temperature for 
the months of November, December, January, and February ( r = .0.45, p < 0.0001). 

a. 

b. 

Fig. 7 (a) Time ser ies  o f  November, December, and January to tal  prec ip i tat ion 
(blue line) and average δ

18
O tr

  
(black line). Note, precipitation values are shown in re-

verse order (b) Average maximum temperature for the months of November, December, 
January and February (red line) and average δ

18
O tr

 
(black line). 

Discussion 

 

        The annually resolved oxygen isotope series spans 90 years, from 1900-1990, allowing 
for analysis of  precipitation and temperature controls on the δ18Otr and, therefore, insight into 
such climate fluctuations over Zimbabwe during this time period. The following correlations 
have been observed: 
 

I.      The observed relationship between the δ18Otr values in P. angolensis and precipitation 
amount shows that 18Otr depletion/18Otr enrichment occurs in response to increases/
decreases in the amount of  precipitation. The strongest monthly correlations between 
δ18Otr and precipitation amount occurs during the previous year December and current 
year January (Figure 5), which are the two wettest months during the year. A significant in-
verse relationship was also identified between δ18Otr and combined precipitation totals for 
the months of  November, December, and January. Because of  the statistical significance 
of  these relationship, our preliminary results are promising and suggest that fluctuations in 
precipitation are recorded in the δ18Otr of  P. angolensis and that these parameters could be 
used as a possible proxy for precipitation variability in Zimbabwe. 

II.     The strongest monthly correlation between δ18Otr and maximum temperature was iden-
tified during the month of  January (Figure 6), which is the warmest month of  the year. A 
significant correlation was also identified between the average maximum temperature for 
the wet season months of  November, December, January, and February. These results are 
promising for identifying and isotopic temperature effect and the direct correlations be-
tween the δ18Otr record and wet season maximum temperature may indicate an association 
between the direct effect of  temperature on oxygen isotopic composition of  meteoric wa-
ter and/or the evaporative enrichment of  soil water.  

III.    By analyzing the inter-annual variability in the δ18Otr values, it has been suggested that 
δ18Otr fluctuate on annual timescales and that the fluctuations correspond most strongly 
with wet season precipitation patterns and maximum temperature, suggesting that δ18Otr 
values in P. angolensis could be used to estimate seasonal precipitation amounts and temper-
ature fluctuations in western Zimbabwe prior to the instrumental record. 
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Conclusion 

     As one of  the first δ18Otr proxy records developed from tree rings in Zimbabwe, this study 
is providing framework for the future analysis of  precipitation and temperature variability 
over this region and will contribute to isotope dendro-paleoclimatology in the tropics and to 
understanding  hydroclimate variability and change in this part of  the world. The potential of  
using stable isotopes in tree rings as proxies for paleoclimate analyses in southern Africa has 
not been fully exploited yet, though stable isotopes analysis appears to be a promising method 
for assessing paleoclimate variability in this region. 
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