
Tel/us ( 1993), 45A, 525-538 
Printed in Belgium - all rights reserved 

Copyright © Munksgaard, 1993 

TELL US 
ISSN 0280-6495 

Treatment of on/off switches in the adjoint method: 
FDDA experiments with a simple model 

By JIAN-WEN BA0*· 1 and THOMAS T. WARNER 1
•
2

, 
1Department of Meteorology, 503 Walker 

Building; 2 Earth System Science Center, The Pennsylvania State University, University Park, 
PA 16802, USA 

(Manuscript received 2 November 1992; in final form 7 June 1993) 

ABSTRACT 

The purpose of this study is to illustrate the feasibility of using the adjoint method in the data 
assimilation procedure, where the assimilation model involves on/off switches associated with 
physical processes. Although the assimilation model used in this study is very simple, it has the 
on/off switches that are typical in more sophisticated and realistic assimilation models. The 
calculus of variations is used to confirm that variational FDDA using the adjoint method allows 
the equations of the assimilation model to have a finite number of first-order discontinuous 
points. These points represent the on/off switches for which the Jacobian matrix of the model 
equation may not exist. In practice, when the on/off switches are involved, the gradient of the 
functional can be obtained by assuming that an infinitesimally small initial perturbation does not 
change the time interval within which the switching takes place. The time when the correspond­
ing switching in the adjoint equations is performed is the same as that in the forward integration 
of the model equations, i.e., the switching time is determined by the basic state. Numerical 
experiments are then conducted using the aforementioned ideas in a simple one-dimensional 
convection model involving on/off switches associated with latent heat release. The implication 
of the numerical experiments is that there is no difficulty, in theory, in treating the on/off switches 
in the adjoint of the assimilation model. Rather, the success of the adjoint method is dependent 
on the numerical aspects of the implementation, such as the proper scaling of the variables. 

1. Introduction 

Most pnmttlve-equation numerical models 
simulate, explicitly or through parameterization, 
many processes of the hydrological cycle in 
atmospheric circulations. When such models are 
integrated from observed initial conditions, for 
data assimilation or forecasting, the hydrological 
variables (in addition to the dynamic variables) 
should be initialized. Lack of initialization for the 
hydrological variables results in the so-called spin­
up problem (Girard and Jarraud, 1982; Reckley, 
1985; Kasahara et al., 1988; Krishnamurti et al., 
1988) because of a large hydrological imbalance in 
the early period of model integration. The presence 
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of the hydrological spin-up time has a severe 
impact on the very-short-range forecasts of mesos­
cale systems. Therefore, initializing hydrological 
variables and, thus, reducing the hydrological 
spin-up time are an important problem in mesos­
cale initialization. Variational four-dimensional 
data assimilation (FDDA ), especially the one 
using the adjoint method, is expected to be very 
promising in addressing the spin-up problem 
(Daley, 1991 ). 

Research on variational FDDA using the 
adjoint method has been mainly concerned with 
the objective analysis and initialization of model 
variables such as wind, temperature and pressure 
(or geopotential). Although variational FDDA 
using the adjoint method is regarded as one of the 
"next-generation" FDDA methods, little research 
has been done regarding the treatment of the 




























