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Abstract Four-dimensional (4D) variational data assimilation (VDA) has been recognized as one of the effective
methods to improve numerical weather predication (NWP) initial field. But, the method still has some shortcom-
ings, for example, 1) the optimization method used in VDA should satisfy continual presumption, while the discon-
tinuity of a forecast model, such as the parameterization physical process, will make the presupposition available no
more; 2) the cost function always presents multimodal distribution owning to its non-linear dynamic constraint,
whereas the present descent algorithms of VDA only aim at the local optimization; 3) furthermore. the adjoint VDA
requires higher computing resource in operation. Therefore, it is necessary to seek for a new algorithm with weaker
demand to mathematical properties of cost function and higher skill in searching out the global optimum or proximi-
ty, together with less computer time to match with the operational demand.

In this context, the genetic algorithm (GA) is applied to 4DVDA. The raitional genetic coding, manipulation
and parameters, together with related theoretical basis and detailed procedure are designed based upon the properties
of the variational technique. The algorithm will be described as follows in detail: 1) real encoding of the parameters;
2) population initialization with model solutions trajectory and the reciprocal of cost function as fitness equivalent;
3) selection of the intermediate population with roulette wheel method; 4) adoption of self-adaptive and mandatory
crossover probability to produce better individuals towards greater fitness; 5) application of the quasi-elitist strategy
to directly reproduce parent individuals of higher fitness to next generation for better individual reserved; 6) intro-
duction of the steepest descent method, in order to exert its superiority of calculation velocity and precision, to make

the mutation manipulation along with the descent direction; 7) selection of genetic control parameters also playing an
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important role in GA, whose rationality depends on the solution convergence and quality after running times without
number. Thus, it can be seen that in the process of assuring the population diversity, all of the operations make the
population evolve towards greater fitness and accelerate the convergence velocity of GA global optimization.

As an example, the output of a GA-based VDA model constructed under the constraint of 2-dimensional shal-
low water equations has been compared with that of a scheme with an adjoint VDA model. The results suggest that
the convergence precision of GA-based scheme is in common with that of the adjoint equivalent to great degree.
When the assimilation window is 6 hours, the convergence velocity of GA-based method is nearly in agreement with
that of the adjoint scheme. If the window increases to 12 hours, the former is superior to the latter. Consequently,
the GA-based VDA scheme shows a better performance than the adjoint counterpart with the assimilation time win-
dow increasing. The most important is that the GA-based VDA model improves greatly mathematical properties of
cost function, only utilizing adaptability information independent of higher-order demands, such as the gradient of
cost function. In conclusion, the new method suggests a better performance than the adjoint counterpart based on

the present experimental case. The GA-based VDA scheme is of superiority to some degree, which enriches the

VDA contents and provides more extensive application prospect for future work.

Key words genetic algorithm (GA), variational data assimilation (VDA), crossover, mutation
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Table 1 The performance of the GA based VDA scheme
[F ke H ¥R RMSE H b R B (L YA [)
Assimilation B TR [CElALE FeAEE MW Cost function Average calcula-
window Height field WE wind field NS wind field Best fitness  value tion time/s
[RULHT Before 3h 50. 7378942 19. 4423780 12. 0845659 0. 99999994 7. 9850304 X 108 150
[FfL)E After 1.4388775X10~*  8.9051574X 1075 6. 96886751075
BIEH Ratio 99. 9997164 % 99. 9995420 % 99. 9994233%
FULRHT Before 6h 50. 8166784 19. 3980093 12. 0945393 0. 99999993 6. 0985925 108 220
[ffbjE After 9.6952785X107°  1.2674686X10~*  5.0608128X10~5
BIEEE Ratio 99. 9998092 % 99. 9993466 % 99. 9995816 %
[RULHT Before 12 h 50. 8296068 19. 3832135 12. 0968061 0. 99999993 7. 3844960 X 108 390
[ffbJE After 9.1779120X1075 1. 568566110 1. 2982066 X 10~
BIELL Ratio 99. 9998194 % 99. 9991908% 99. 9989268%
2 HBEEXTHSENREMEITHLE
Table 2 The performance of the adjoint VDA scheme
[Ffb o ¥ RiR2E RMSE H b e $UE BFTIR ]
Assimilation =R 475 X3 R Cost function e R Calculation
window Height field WE wind field NS wind field ~ value Best fitness time/s
[FALHT Before 3h 50. 5311871 19. 5479842 12. 0385700 8. 35857481078 0, 99999992 35
[AlfbfG After 7. 7486683 4. 7821633 8. 8502584
BIEHE Ratio 99. 9984666 % 99. 9997554 % 99. 9992648 %
[FULRT Before 6 h 50. 5311871 19. 5479842 12. 0385700 9. 67490131078 0. 99999990 250
[ffbJE After 9. 695887210~ 6. 74875641075 1.1520427 X 10+
BIE L Ratio 99. 9980812% 99. 9996548 % 99. 9990430%
[FULRT Before 12h 50. 5311871 19. 5479842 12. 0385700 9. 8047424 X108 0. 99999990 1280
LG After 1.0207927X107%  7.0355943X107°  1.2355713X10~*
BIE L Ratio 99. 9979799% 99. 9996401 % 99. 9989737%
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