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Abstract: The numerical solution of Boussinesq equations is worked out as an initial-value problem to study the effect of the 
instabilities of flow on the initial error growth and mesoscale predictability. The development of weather systems depends on 
different dynamic instability mechanisms according to the spatial scales of the system and the development of mesoscale systems is 
determined by symmetric instability. Since symmetric instability dominates among the three types of dynamic instability, it makes 
the prediction of the associated mesoscale systems more sensitive to initial uncertainties. This indicates that the stronger instability 
leads to faster initial error growth and thus limits the mesoscale predictability. Besides dynamic instability, the impact of 
thermodynamic instability is also explored. The evolvement of convective instability manifests as dramatic variation in small spatial 
scale and short temporal scale, and furthermore, it exhibits the upscale growth. Since these features determine the initial error growth, 
the mesoscale systems arising from convective instability are less predictable and the upscale error growth limits the predictability of 
larger scales. The latent heating is responsible for changing the stability of flow and subsequently influencing the error growth and 
the predictability.  
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Introduction 

Since the development of weather systems 
mostly depends on the stability of atmospheric flows, 
it has been noted that the disastrous events like heavy 
rainfall and flood usually occur under the condition of 
unstable flow. Therefore, it is widely accepted that the 
study on instability of the flow is an important aspect 
in atmospheric dynamics. The investigation of 
instability aims at achieving further understanding on 
the genesis mechanism of mesoscale system and 
subsequently describing correctly this mechanism in 
sophisticated numerical model for fine prediction. 

The development mechanisms of mesoscale 
systems are associated with both dynamic and 
thermodynamic instability. Three types of mesoscale 
dynamic instability based on previous works can be 
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concluded as follows[1]. The first type is symmetric 
instability and it is characterized by the propagation of 
disturbance orthogonal to the basic flow. Some 
investigations indicated that symmetric instability 
could explain the formation of rainband along fronts 
and it plays an important role in organizing the 
mesoscale convections. The second type, defined as 
transverse instability, is characterized by the 
propagation of disturbance parallel to the basic flow. 
Different from the synoptic-scale instability, it is 
proved to be the mesoscale ageostrophic instability. 
The third type of instability actually depicts a 
generalized state in which a certain angle exists 
between the basic flow and the propagation of 
disturbance. It can be defined as heterotropic 
instability and it grows significantly in meso-  
spectral band while the symmetric- and transverse- 
disturbances remain stable in this spectrum. Such 
instability is subsequently proved to be the instability 
of ageostrophic vortex wave[2]. 

The above dynamic instabilities are constrained 
under the stable stratification. However, the effect of 
unstable stratification is also thought to be crucial and 


