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Global Atmospheric Motion Should Follow Topological Theorem

LIU Shida

Department of Atmospheric and Oceanic Sciences, School of Physics, Peking University, Beijing 100871

Abstract The isobaric pattern in surface synoptic chart shows contours of space pressure surface. The global pressure
surface is a spherical surface with concaves and convexes. The peaks, valleys and passes in the space pressure surface
correspond to high pressure centers, low pressure centers and saddle points in surface synoptic chart. Although the
locations of concaves and convexes in the spherical surface change with time, and the corresponding locations of high and
low-pressure centers also change with time, the Euler characteristic of the spherical surface is a topology invariant, whose
number is 2. Topologically, the Morse theorem states that if a gradient vector field on the spherical surface synoptic chart
has many zeros, then (number of high pressure center) + (number of low pressure center)—(number of saddle point)=2.
For any vector field, the extended theorem is called Poincare-Hopf theorem. This theorem is very important for weather
prediction. The present paper shows application of this theorem in longitudinal flow, latitudinal flow, Hadley circulation,
and three-cell circulation etc. Atmosphere scientists know for sure that global atmosphere motion follows not only the
Navier-Stokes equation, but also the topological theorem.
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Fig. 1 One-dimensional topographic curve
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Fig.2 Three types of pressure surfaces and their critical points
1004
1008
«— G
1008
1004

B3 =i e RS BB (SRR AEIRE, BT AL hPa, /NSRRI RKIRE) 5 i)
Fig. 3 Curves on the synoptic weather chart corresponding to the three types of surfaces. Solid lines are isobars, units: hPa; small arrows show the flowing

directions of rain
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Fig. 4 Isobars (solid lines) under the balance condition of pressure gradient force and Coriolis force
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Fig. 6 Westerly flow along the latitudes
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Fig. 7 (a) Four parts of the earth surface divided by the equator and a longitude circle; (b) cross section along two saddle points (S, S;) where the vortex
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Fig. 8 Surface flow corresponding to single-cell circulation
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Fig. 10 Global dipole flow with only one singular point
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Fig. 11 Geopotential perturbations at 500-hPa synoptic weather chart are equal to straight isohypses plus high or low pressure
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low pressure trough line is the saddle point
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