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Chapter 6 | “The Water Planet” 
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Figure 6.1: Vertical Profile of Globally Averaged 
Specific Humidity

3

Which latitude(s) 
have relatively 
high/low water 

vapor?

Randall (2012)



Relative Humidity and the Hadley Circulation:
January
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Fig. 6.2 | Latitude-Height Distribution of Zonally 
Averaged Relative Humidity  (%)

Fig. 4.1 | Latitude-Height Distribution of Zonally 
Averaged Streamfunction of Mean Meridional 

Circulation (1012 g/s)
Randall (2012)Randall (2012)
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Relative Humidity and the Hadley Circulation:
July

Fig. 6.2 | Latitude-Height Distribution of Zonally 
Averaged Relative Humidity  (%)

Fig. 4.1 | Latitude-Height Distribution of Zonally 
Averaged Streamfunction of Mean Meridional 

Circulation (1012 g/s)
Randall (2012)Randall (2012)



Source: https://journals.ametsoc.org/view/journals/hydr/4/6/1525-7541_2003_004_1147_tvgpcp_2_0_co_2.xml 

Fig. 6.3
Maps of the 
January and 

July 
Precipitation 

Rate 
(GPCC)

6Randall (2012)

https://journals.ametsoc.org/view/journals/hydr/4/6/1525-7541_2003_004_1147_tvgpcp_2_0_co_2.xml


Fig. 6.4 | Zonally 
& Annually 
Averaged 
Evaporation and 
Precipitation 
Rates and their 
Differences

7

Randall (2012)



Admission Ticket Q1
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• What is the Walker Circulation?
• How does it differ from the Hadley Cell 

Circulation?



Hadley—
Walker 

Circulation
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Where Is Outgoing LW 
Radiation stronger? 

Randall (2012)



Heating and Vertical Motion in the Tropics
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𝐷𝑠

𝐷𝑡
≅

𝜕𝑠

𝜕𝑧

𝐷𝑧

𝐷𝑡
(6.1)

𝜕𝑠

𝜕𝑧
𝜌𝑤 = Q (6.2)

What does each term mean?

How does Eq. (6.2) explain the 
physics/dynamics in Warm 
Pools and Cold Pools?

…

Randall (2012)



Admission 
Ticket Q2:

• What determines speed of atmospheric water 
cycle?

• How would this cycle change as Earth warms?
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Water Cycle Strengthening: Negative 
Feedback
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Increase 
evaporation 

rate

START



Admission 
Ticket Q2:
• What determines speed of 

atmospheric water cycle?
• How would this cycle change 

as Earth warms?
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Water vapor feedback effects at
• Surface?
• Atmosphere?

https://apollo.nvu.vsc.edu/classes/met130/notes/chapter4/es_temp.html



Chapter 7 | “Predictability of 
Weather and Climate”
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Admission Ticket Q3: Did you learn anything 
new about how forecasts are made? 
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What I Learned: Model Resolution Advancements
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• 2011: ~30km horizontal 
res

• 2024: 3 km horizontal res 
(HRRR)

• 100x-fold increase



What I Learned: Turbulence is RELATIVE
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Both motions above can be considered “turbulent”, under what 
condition?



Fig. 7.1 Substitute: GEFS Spaghetti Plot (Day 0)
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Initial Time: 
16 Oct 2024 
18 UTC



Lorenz’s Toy 
Model
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ሶ𝑋 = −𝜎𝑋 + 𝜎𝑌,
ሶ𝑌 = −𝑋𝑍 + 𝑟𝑋 − 𝑌,
ሶ𝑍 = 𝑋𝑌 − 𝑏𝑍.

𝜎=10, b=8/3, r=24.74

Which expressions in the 
toy model best explain 

the shape of the 
solution?

Randall (2012)



Fig. 7.3 | Error Growth Evolution
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Randall (2012)



Fig. 7.4 | 
Determining Limit 
of Predictability -
Dynamical 
Approach 
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“Limit of Predictability” 
– Forecast is no better 
than a random guess

Randall (2012)



Fig. 7.5 | Climate 
Forecasting 
Application
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Analogies:
• Contours/Shaded 

regions: Preferred states 
of the atmosphere
• Say X ∝ Temperature; 

Y ∝ Humidity
• Arrow direction: Climate 

forcing 
• Ex: Earth’s orbital 

procession (seasons)

Randall (2012)
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