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A new offline dust cycle model that includes dynamic vegetation

Sarah Shannon and Daniel Lunt

University of Bristol, School of Geographical Science, Bristol, United Kingdom (sarah.shannon@bristol.ac.uk)

Current offline dust cycle models are unable to predict variability in the extent of arid and semi-arid regions
caused by the transient response of vegetation cover to the climate. As a consequence, it is not possible to test
whether inter-annual variability in the dust loading is caused by vegetation changes or other processes. A new
dust cycle model is presented which uses the Lund-Potsdam-Jena dynamic global vegetation model (Sitch et al.,
2003) to calculate time varying dust sources. Surface emissions are calculated by simulating the processes of
saltation and sandblasting (Tegen et al., 2002). Dust particles are transported as independent tracers within the
TOMCAT chemical transport (Chipperfield, 2006). Dust is removed from the atmosphere by gravitational settling
and sub-cloud scavenging. To improve the performance of the model, threshold values for vegetation cover,
soil moisture, snow depth and threshold friction velocity, used to determine surface emissions are tuned. The
effectiveness of three sub-cloud scavenging schemes are also tested. The tuning experiments are evaluated against
multiple measurement datasets.

The tuned model is used to investigate whether changes in vegetation cover in the Sahel can explain the
four-fold increase in dust concentrations measured at Barbados during the 1980s relative to the 1960s (Prospero
and Nees, 1986). Results show there was an expansion of the Sahara in 1984 relative to 1966 resulting in a dou-
bling of emissions from the Sahel. However, this alone is not enough to account for the high dust concentrations
measured at Barbados. This finding adds strength to the hypothesis that human induced soil degradation in North
Africa may be responsible for the increase in high dust concentrations at Barbados during the 1980s relative to the
1960s.

Chipperfield, M. P. (2006). "New version of the TOMCAT/SLIMCAT off-line chemical transport model:
Intercomparison of stratospheric tracer experiments." Quarterly Journal of the Royal Meteorological Society
132(617): 1179-1203.

Prospero, J. M. and R. T. Nees (1986). "Impact of the North African drought and El Nino on mineral dust
in the Barbados trade winds." Nature 320(6064): 735-738.

Sitch, S., B. Smith, et al. (2003). "Evaluation of ecosystem dynamics, plant geography and terrestrial car-
bon cycling in the LPJ dynamic global vegetation model." Global Change Biology 9: 161-185.

Tegen, 1., S. P. Harrison, et al. (2002). "Impact of vegetation and preferential source areas on global dust
aerosol: Results from a model study." Journal of Geophysical Research-Atmospheres 107(D21).



