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Final Presentation

The presentations will be the last 2 classes. It is 10% of your final grade  

You will choose the topic of your presentation. It can be a paper review. It can be how 
aspects of your research are related to class (it cannot be directly the project you are 
working on). 

Presentations will be 15 mins. 10 mins for presentation and 5 minutes for questions. 
Only 4 students can present per day.  

You will be evaluated based on a rubric. It will be uploaded to Canvas 

Choose preferred date on a Spreadsheet.  
https://docs.google.com/spreadsheets/d/1qCP6THaTo-
mq1jVIla6XUvFDtPnNHQUhCtG2zq1fIVk/edit?usp=sharing
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Announcements

Short quiz now. You have 10 mins. Turn it in when done.  

We will then review moisture modes and do the paper discussion. 

HW4/PA4 are due next Monday. Please come to office hours if you have 
questions.  
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Moisture modes and quasi-equilibrium

The main premise behind QE is that 
instability is quickly removed by convective 
processes.  

By definition, moisture modes are slow 
variations in moisture. Through that premise 
they are inconsistent with QE.  

However, they can still be considered 
fluctuations around a QE state.  
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MSE budget point of view

Inoue and Back (2017)

1
∇h ⋅ ⟨vDSE⟩

∂Lv⟨q⟩
∂t

≃ − (Γ − γ)

The cloud of points in the diagrams are from all precipitating regions in the tropics. 
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Temperature anomalies in moisture modes 

L
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While  in moisture modes, 
you still need temperature anomalies 
to maintain a balanced wind field.  

CpT′ ≪ Lvq′ 
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Today

More recent research has shown that moisture modes are commonplace.  

Recent candidates include: 
1. Equatorial Rossby Waves 
2. Oceanic Tropical depression-like waves 

a. Easterly waves 
b. Monsoon low-pressure systems 

Today we will discuss these
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Nmode ≫ 1

Moisture Modes
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Generality 

Horizontal moisture advection is a stronger predictor for the 
evolution of rainfall than vertical MSE advection. 

Horizontal advection is a strong control on precipitation 
occurrence.  

Inoue et al.  (2021) found that the column moisture budget 
can be written as: 

 

 is the effective gross moist stability. 

∂Lv⟨q⟩
∂t

≃ − ⟨v ⋅ ∇hLvq⟩ − Γe∇h ⋅ ⟨vDSE⟩

Γe =
ω∂pMSE − D
∇h ⋅ ⟨vDSE⟩ Inoue et al. (2021)
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Generality 

Maithel and Back (2022)

Discharge-recharge cycles in MSE in the tropics qualitatively match moisture mode 
behavior, hinting at the commonality of moisture modes.
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Today

More recent research has shown that moisture modes are commonplace. ✔ 

Recent candidates include: 
1. Equatorial Rossby Waves 
2. Oceanic Tropical depression-like waves 

a. Easterly waves 
b. Monsoon low-pressure systems 

Today we will discuss these
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Where is the variance strongest? What might this mean? 
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a)

b)

c)

d)
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[IO]

[WP]

a)

b)

c)

d)

[AT]

[EP]

[IO]

[WP]

What are the similarities and differences of these waves.  
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What does this table say about the different Rossby and TD-like waves in the tropics 
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What TD-like waves is this plot showing? Discuss the different terms in the budget.  
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Synthesize everything. Based on the results, what is this schematic telling us? 
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Mechanism of growth

The mechanism of growth can be understood as a variance budget

∂Lv⟨q′ ⟩2

∂t
= − ⟨q′ ⟩(⟨v ⋅ ∇hLvq⟩′ − ⟨ωw

∂MSE
∂p ⟩

′ 

+ ⟨Q′ r⟩ + LvE′ + SHF′ )

For a process to contribute to the growth 
of moisture anomalies, it must occur in 
phase with the moisture anomalies. 

∂Lv⟨q′ ⟩2

∂t
> 0 growth

∂Lv⟨q′ ⟩2

∂t
< 0 decay


