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Contouring, scale, and gradient homework 
GEO 370 Numerical Methods in Geography 


Due Tues. Feb. 10 
 


I. Contouring (8 pts.) 


The attached map is of surface pressure data, measured at one instant across the contiguous United States. 
The pressure data are in units of millibars (mb). One isoline for the 1012 mb measurements is already 
shown, as well as a portion of the 1008 isobar. 


1. Your task is to construct a chloropleth map of the pressures. 


First, complete the isopleths across the map, drawing isobars every 4 mb, from 1008 mb to 1024 mb (i.e., 
even numbers). This includes completing the 1008 isobar already started. (4 pts.) 


Second, use colored pencils, crayons, or watercolors to shade in the isopleths. (2 pts.) You must also 
create a legend with proper labels. (2 pts.) 


 


II. Scale (16 pts.) 


2. Brownsville, Texas and Fargo, North Dakota both lie very close to the -97 meridian. Their latitudes 
are 


Brownsville 25 54’ 6” 


Fargo  46 52’ 38” 


Clearly label both locations on the map. (1 pt.) 


3. A nautical mile (nmi) is defined as the surface distance spanned by one minute of latitude. How many 
nautical miles apart are Brownsville and Fargo? Report your answer to four significant digits. You must 
show your work. (4 pts.) 
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4. By international agreement, the nautical mile is accepted as exactly 1852 m. What is the Fargo-
Brownsville distance, in km? Again adhere to the proper number of significant digits in your answer, and 
show your work. (2 pts.) 


 


 


 


 


 


5. Why is the nautical mile defined for one degree of latitude, rather than one degree of longitude? Isn’t a 
degree a degree? (2 pts.) 


 


 


 


6. Use a metric ruler and measure the meridional distance from Brownsville to Fargo. Use this distance to 
compute the verbal scale of the map, showing your work below. Be sure to also write your verbal scale 
near the map legend. (3 pts.) 


HINT: The precision of your ruler measurements should dictate the appropriate number of significant 
digits in your final answer. 


One centimeter equals                                      kilometers. 


 


 


 


 


 


7. Draw a bar scale on the map, displaying practical units for the scale. (3 pts.) 


HINT: Use ratios to determine practical units for display. For example, if the answer was 479 km per cm, 
then your bar scale should not have tick marks and labels every centimeter (479 km). Instead, it should 
probably be determined what the map length is for 400 or 500 km, and those should be the tick marks 
along the bar scale. Show your conversion work below. 
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8. Show your work in computing the representative fraction for the map. That is, your dimensionless 
answer should be  


1: __________________________ (2 pts.) 


 


 


 


 


 


 


 


Part III. Gradients (6 pts.) 


Background 
The gradient describes the direction and magnitude of the greatest rate of change from a particular 
coordinate. There is a theoretically unbounded number of directions that could be travelled from a single 
point (i.e., any of the directions found on the ring of a compass), but only of them will be in the direction 
of the gradient. 


Mathematically, the direction of a gradient is the direction of greatest increase in the value being mapped. 
However, in nature it is very common for physical processes to occur in the direction of the greatest 
decrease of the quantity. This would be the negative of the gradient, the completely opposite direction of 
the mathematical gradient. For example, 


 winds blow from regions of high pressure to low 
 water flows downhill along the steepest path of high elevation to low 
 heat conducts from high temperature to low 
 chemicals migrate most rapidly in the direction of weakest concentration 


 
Thus, in the natural sciences, it is very common that scientists refer to “the gradient” when they mean the 
direction that the phenomenon propagates most rapidly. This would be the negative of the gradient, rather 
than the direction which the variable increases most rapidly (the gradient). Since the gradient magnitude 
is computed as a positive quantity, regardless of its direction, the negative/positive convention presents no 
problem as long as the user correctly knows the direction in which the phenomenon truly propagates. 


 


 








4 of 4 


9. At the Oklahoma panhandle, draw both the gradient and the negative gradient on the map, using line 
segments with arrowheads. Use a red color for the gradient and a bold black color for the negative 
gradient. HINT: Because they have equal magnitudes, you should represent each arrow as being equally 
long. (2 pts.) 


 


10. Compute the pressure gradient, in mb/km, for the gradient. Adhere to the proper number of significant 
digits in your answer. Show your work below. (4 pts.) 


 


 


 


 


 


 


Part IV. Extra credit (+5 pts.) 


Charleston, South Carolina has a longitude of 79 55’ 51” West. Charleston and CSUDH are at 
approximately the same latitude. For the latitude and longitude of CSUDH, refer to the Geography 
calculations using Excel homework. Specifically, the DD and DMS coordinates for CSUDH were in 
problems 4 and 11, respectively. 


11. On a particular summer night in Charleston, the sun sets at 7:32 pm. What time the sun will set at 
CSUDH? (+5 pts.) 


HINT: This problem requires using the rotational rate of the Earth, expressed in units of angular measure 
per time. 
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