
HOMEWORK 3/4                                                         Due: April 30 
(200 points) 
 

Problem 1. 

Learning about your great progress in remote sensing class, your colleagues ask for help in 

designing the field mission to study clouds and interpreting the data.  

 

1.1 (5 Points) 

Which type of satellite most likely gives you information on the cloud movement? 

 

1.2 (15 Points)  

You were tasked to design a passive satellite sensor to derive information about cloud phase. 

What wavelengths would your recommend? Explain why.  

 

1.3 (10 Points)  

Your colleagues consider to use data from an AVHRR channel centered at 3.9 µm. They notice 

that a satellite image of a cloud generally appears colder (i.e., lower brightness temperature) than 

its immediate surroundings at night but warmer than its surroundings by day. Explain why. 

 

1.4 (30 Points)  

Your goal is to determine sea surface temperature by a nadir looking satellite radiometer 

operating at 11 µm. A thin cirrus cloud with an emissivity of 0.1 is present. The analysis  

procedure fails to identify the thin cirrus cloud, and proceeds to identify sea surface temperature 

with the measured 11 µm brightness temperature. How large is the error in sea surface 

temperature that will be incurred as a result of emission from the thin cirrus cloud? Assume that 

the cloud has mean temperature of 220 K and ocean surface is a blackbody with mean 

temperature T = 285 K. Ignore the atmospheric contribution.  

Hint: See G 7.6 

 

1.5 (60 Points) 

Your colleagues want to use a “CO2 slicing technique”  to determine cloud-top pressure.  

Explain how the “CO2 slicing technique” works (see G 7.7). 

Discuss the limitations of this technique.  

Recommend another remote sensing method to measure cloud-top altitude.  



Problem 2 (40 Points) 

Assuming that the cloud water droplets are in the Rayleigh regime, calculate the 
backscattering coefficient that would be observed by a cloud radar at wavelength of  
8.66 mm for a lognormal size distribution of water droplets with N0 = 150 cm-3 , 

r0= 10 µm and ln(σ) =0.35.   For water at 100, i
m
mK 059.0495.0
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Useful info: Eq. [5.24] in your textbook gives Qs in the Rayleigh regime. 
 

 

Problem 3 (40 Points) 

 For X-band (10-GHz) weather Doppler radar, find 
1) the minimum pulse repetition frequency (PRF) which may be used to 

unambiguously measure the wind velocity in a tornado with a wind speed  of 350 
km/h; 

2) at this pulse repetition frequency, how many pulses must be sampled to resolve in 
frequency two portions of the tornado with a difference in velocity of 1 km/h? 

 


