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Abstract It is acknowledged that seasonal reversal of wind vector is the essential characteristic of monsoon in widely
recognitions and definitions. So the variation of wind direction with seasonal evolution is significant for monsoon re-
search. On the other hand, how to evaluate the monsoon simulation well on daily scale in dynamic way is an impor-
tant work in model evaluation as there are major shortcomings in our ability to simulate even basic aspects of the
monsoon with atmospheric general models. Then based on the seasonal reversal of wind vector which is the essential
characteristic of monsoon, a new concept, directed rotary angle that is quite different from the previous studies of
angle between wind vectors, has been presented. Define the positive angles indicate counter-clockwise rotation of
daily wind vector to reference vector (say January climatology wind) and negative angles indicate clockwise rotation.
It reflect the daily variations of wind direction including the rotary direction and the degree of rotary angle, and re-
veals the inimitable features of monsoon seasonal evolution. Meanwhile, based on the concept, six categories of

wind vector rotation with seasonal cycle have been detected and classified as follows: (I) Clockwise to counter-clock-
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wise rotation; (II) counter-clockwise to clockwise rotation; (III) full clockwise rotation; (IV) full counter-clock-
wise rotation; (V) stable rotation; (V) instable rotation. In addition, the wind in monsoon regions almost rotates
in the forms of the first four categories. The authors analyze the global distribution character and investigate the re-
lationship between the variation of wind direction and annual evolution of atmospheric circulation. It shows that dif-
ferent rotary styles of wind vector are closely related to annual evolution of atmospheric circulation, including the
strength of trough and ridge, movement of trough and ridge, development of anticyclone or cyclone, movement and
split of anticyclone or cyclone. Also, different monsoon systems indicate different rotary styles, which are possibly
related to different circulation systems that influence the formation and onset of monsoon. Then the new concept is
applied in evaluating the model output of 8 AGCMs of AMIP in IPCC 4th assessment. The results show that it re-
flects not only the dynamic process and global distribution of wind vectors’ rotation styles in monsoon simulation,
but also the ability to reproduce circulation seasonal variation. And most of models can simulate the global distribu-
tion pattern. However, so little skill is showed in the monsoon rotation style of some models, especially in the

South China Sea and West Africa. A few models such as GISS-MODEL-E-R, INM-CM3-0, MIROC3. 2-MEDRES,

MPI-ECHAMS5 and FGOALS-gl. 0 can reproduce the rotation styles correctly in some monsoon regions.
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Fig. 1 Time evolutions of the directed rotary angle (solid line) and angle (dashed line) of wind vectors at (a) (10°N, 50°E), (b) (12.5°N,
62.5°E), (¢) (10°N, 110°E) and (d) (12.5°N, 42.5°E) in the monsoon area
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Fig. 4 The sketch maps of the relationship between wind direction variation and circulation system evolution in the extratropical regions:

(a) Strength of trough and ridge; (b) movement of trough and ridge; (¢) development of anticyclone (A); (d) development of cyclone (C);

(e) movement and split of anticyclone; (f) movement and split of cyclone
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