
1 of 37

上节课回顾

第一章 第二章 第三章
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1. 请查看课程网站，上完每一章后将上传相应材料（安排、课件、作业）

   Please find the course material from the following website

2. 请加入课程微信群（通知、交流），群内请注明真实姓名

   Please join the Wechat group for receiving future notification

https://qiuyang50.github.io/_pages/modeling_2024fall/
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1.2 基本控制方程
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Material Derivative
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Momentum Conservation
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Mass Conservation
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The Equation of State
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Thermodynamics Equation
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The Energy Budget
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Extra terms for real atmosphere?

1. Coriolis force

2. Diabatic heating

3. Boundary flux

4. Dissipation

......
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Sound Wave
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Boussinesq Equations
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Anelastic Approximation
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Hydrostatic Balance

Moist Static Energy

Pressure coordinate
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Pressure Coordinate
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Geostrophic Balance
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Hydrostatic + Geostrophic = Thermal Wind 



24 of 37



25 of 37

Lapse rates in dry and moist atmospheres

Dry

Moist



26 of 37

Gravity Waves
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Governing Equations in WRF model
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Numerical Scheme

See Dale R. Durran (1998): Numerical Methods for Wave Equations in Geophysical Fluid Dynamics
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参见jupyterlab python代码具体演示

建议通过安装anaconda 

https://www.anaconda.com/ 来使用python编程

https://www.anaconda.com/
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Central Difference Scheme 𝑢𝑖
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Downwind Scheme 𝑢𝑖
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Upwind Scheme 𝑢𝑖
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Von Neumann’s method for proving the stability of numerical scheme
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dt error

0.2 2e20

0.1 4e17

0.05 0.06

0.025 0.17

If we only reduce time step dt
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Courant-Fredrichs-Lewy (CFL) Condition

The CFL condition requires that the numerical domain of 

dependence of a finite difference scheme include the domain of 

dependence of the associated partial differential equation 
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Reduce dx and dt by scale times
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Lax equivalence theorem

If a finite-difference scheme is linear, stable, and accurate of order 

(p,q), then it is convergent of order (p,q) (Lax and Richtmyer 1956). 

consistency + stability = convergence
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