
Thursday Sept 22 : What you should be doing:

▪ Finish assignment 4. Due Friday at noon

▪Complete/redo Assignment 3 by Tuesday 
3:30

▪Last Check Your Understanding: Chapter 10 
next Tuesday

▪Stay tuned for info on Assignments 5 & 6 
(last ones!)

▪ covering Chapter 10 plotting

▪Download the files for today from my web 
page: chpc.utah.edu/atmos_5020/
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7.0

Why use functions?

▪ Use same code in more than one place in 
program without rewriting code

▪ Reuse code for different programs

▪ Make debugging easier by putting all of one 
kind of functionality in one place

▪ Can develop one line anonymous functions 
inside program, but recommend not doing 
so

▪ Matlab uses many function functions, 
passing a function into another function, but 
again complicated and not necessary to do 
so
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7.2.1 Function Definition Line

Form of function definition line is

Function name
▪ Made up of letters, digits, underscores

▪ Cannot have spaces

▪ Follows same rules as variable names

***Avoid making function names that are 
same as names of built-in functions
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8.3 Interpolation

Interpolation is estimating values 
between data points. 
One-dimensional interpolation:

linear interpolation is estimating value 
between two data points by connecting 
points with a straight line and then 
using value on line as estimated value
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8.3 Interpolation

MATLAB function  interp1() does 
one-dimensional interpolation

"one"
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What are we trying to do???

▪ Understand environmental 
information

▪ Input  Process  Visualize
Understand

▪ Environmental fields rely heavily on 
graphical depictions of information



NWS visualizations

http://www.wrh.noaa.gov/slc/
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http://www.wrh.noaa.gov/slc/


http://weather.utah.edu/index.php?t=
ncarens&r=WE&d=PP

http://weather.utah.edu/index.php?t=ncarens&r=WE&d=PP


http://weather.utah.edu/index.php?ru
ncode=2015112822&t=hrrr&d=SF&r=
NU

http://weather.utah.edu/index.php?runcode=2015112822&t=hrrr&d=SF&r=NU


http://weather.utah.edu/index.php?runcode=2016092112&t=nam218&d=ET&r=KSLC

http://weather.utah.edu/index.php?runcode=2016092112&t=nam218&d=ET&r=KSLC


Types of spatial environmental data

▪ vector data: points, lines, polygons

▪ grids/raster data: 2 dim matrix 
organized into rows and columns 
where each cell contains a value 
representing information, such as 
temperature



GIS shapefiles

▪Shapefiles describe vector features: 
points, lines, and polygons
▪Shapefile shape format (.shp)

▪Shapefile shape index format (.shx)

▪Shapefile attribute format (.dbf)



Netcdf

▪NetCDF (Network Common Data 
Form): software self-describing, 
machine-independent data formats 
to support creation, access, and 
sharing of array-oriented scientific 
data 

▪http://www.unidata.ucar.edu/soft
ware/netcdf/

http://www.unidata.ucar.edu/software/netcdf/


High resolution elevation data surrounding 
Salt Lake radar in netcdf format

▪Obtain lat’s (588), lon’s (804) and 
elevations (804x588)

▪Matlab has lat’s as rows and lon’s as 
columns, so need to take transpose



10.0

What we often consider as 2-d plots are 
technically 3-d (location + value)

Three-dimensional (3-D) plots useful 
for:

▪ Scalar or vector function of two-
independent variables (lat/lon; 
elev/lon or elev/lat)

▪Scalar or vector data measurements in 
3-D space (google earth- lat/lon/elev)

▪Movement over time (sequences of 
“2d” images or elv/time time-height 
sections, etc.)
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10.1 Line Plots

A three-dimensional line plot is a plot 
obtained by connecting points in 
3-D space. MATLAB command is

▪x, y, and z must be same sized 
vectors

▪Remaining arguments are same as 
in 2-D plots
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10.1 Line Plots

If the spatial coordinates of a set of 
points are each functions of the same 
independent variable, the coordinates 
form a set of parametric equations.

▪Often independent variable is time 
(t) and the set shows how a particle 
moves through space over time
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10.1 Line Plots

EXAMPLE

spatial coordinates varying with 
time as

𝑥 = 𝑡 sin(2𝑡)

𝑦 = 𝑡 cos(2𝑡)
𝑧 = 0.5𝑡

Make a line plot for  0 ≤ t ≤ 6π
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t=0:.1:6*pi;

x=sqrt(t).*sin(2*t);

y=sqrt(t).*cos(2*t);

z=0.5*t;

Figure(1)

plot3(x,y,z,’r’,’linewidth’,1);

grid on

xlabel(‘x’); ylabel(‘y’);zlabel(‘z’)



10.1 Line Plots
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10.2 Mesh and Surface Plots

Mesh and surface plots are 3-D plots 
used to graph functions of the form  
a = f(x,y)

▪x and y are independent variables 
(lat/lon), a is a dependent variable

▪A mesh plot connects values of a with 
lines to form the outline of a surface

▪A surface plot connects lines in a mesh 
plot with planes to show a solid 
representation of the surface
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10.2 Mesh and Surface Plots

Three steps to making mesh or 
surface plot

1. Create grid in the x-y plane that 
contains points you're interested in

2. Calculate the value of a at every 
point of the grid

3. Make the plot
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10.2 Mesh and Surface Plots

Creating a grid in the x y plane (Cartesian coordinates):

The grid is the set of points on which 
you want to evaluate z. For example
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10.2 Mesh and Surface Plots

Can define the grid by using two 
matrices, X and Y

▪X has x-coordinates of all grid points

▪Y has y-coordinates of all grid points

For grid shown

𝑋 =

−1 0 1 2 3
−1 0 1 2 3
−1 0 1 2 3
−1 0 1 2 3

Y =

4 4 4 4 4
3 3 3 3 3
2 2 2 2 2
1 1 1 1 1
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10.2 Mesh and Surface Plots

Note that

▪X is made of identical rows because each row 
of grid has the same x-coordinates

▪Y is made of identical columns because each 
column of grid has same y-coordinates

To make matrices, use MATLAB 
command
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10.2 Mesh and Surface Plots
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10.2 Mesh and Surface Plots

Calculating the value of z at each point of the grid:

Calculate value of z at each point by 
using elementwise calculations.

▪X and Y must be same dimensions

▪Resulting z will also be same dimension 

For example grid and      𝑧 =
𝑥𝑦2

𝑥2+𝑦2

>> Z = X.*Y.^2 ./ (X.^2 + Y.^2)
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10.2 Mesh and Surface Plots

Making mesh and surface plots:

▪To make mesh plot use      mesh(X,Y,Z)

▪To make surface plot use   surf(X,Y,Z)

▪mesh(Z) or surf(Z) use row index vector on the 
x-axis and column index vector on the y-axis

EXAMPLE

Make mesh and surface plots of 𝑧 =
𝑥𝑦2

𝑥2+𝑦2

over domain -1≤ x ≤ 3  and  1 ≤ y ≤ 4
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10.2 Mesh and Surface Plots

x=-1:3;

y=1:4;

[X,Y] = meshgrid(x,y);

Z = X.*Y.^2 ./ (X.^2 + Y.^2);

figure(2)

subplot(2,1,1)

xlabel(‘columns of Z')

ylabel(‘rows of Z')

surf(Z)

subplot(2,1,2)

surf(X,Y,Z)

xlabel('X')

ylabel('Y')
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10.4 The view Command

view command controls direction from 
which you view plot. Command is

view(az,el) or  view([az el])

▪az – azimuth: angle (in degrees) in x y plane 
measured from negative y axis and positive 
in counterclockwise direction

▪el – elevation: angle of 
elevation (in degrees) 
from x y plane. Positive 
in direction of positive 
z axis

30



10.4 The view Command

Default view angles are  az = -37.5o and el = 30o

31

az = -37.5o and el = 30o
az = 20o and el = 35o

Can project 3-D curve onto 2-D plane 
by specific settings of azimuth and 
elevation



10.4 The view Command

view can also set a default view

▪view(2) sets default to top view 
(projection onto x-y plane with az = 0o, and 
el = 90o

▪view(3) sets default to standard 3-D view 
(az = –37.5o, and el = 30o)
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10.4 The view Command

Can also set viewing direction by 
selecting a point in space from which to 
view plot

▪Command has form view([x y z])
▪x, y, and z are the coordinates of the point
▪Viewing direction is direction from specified point 
to origin of coordinate system
▪Viewing direction independent of distance to 
origin, e.g., view is same with point [6 6 6] as with 
point [10 10 10]
▪Set top view with [0 0 1]
▪Set side view of x-z plane from negative y
with [0 –1 0]
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figure(3)

subplot(4,1,1)

surf(Z)

xlabel('columns of Z'); ylabel('rows of Z')

view(2)

subplot(4,1,2)

surf(X,Y,Z)

xlabel('X'); ylabel('Y')

view([2])

subplot(4,1,3)

surf(Y',X',Z')

ylabel('X'); xlabel('Y')

view([2])

subplot(4,1,4)

surf(X,Y,Z)

xlabel('X'); ylabel('Y')

zlabel('Z')

view([0 -1 0])



GIS shapefiles

▪Shapefiles describe vector features: 
points, lines, and polygons
▪Shapefile shape format (.shp)

▪Shapefile shape index format (.shx)

▪Shapefile attribute format (.dbf)



Netcdf

▪NetCDF (Network Common Data 
Form): software self-describing, 
machine-independent data formats 
to support creation, access, and 
sharing of array-oriented scientific 
data 

▪http://www.unidata.ucar.edu/soft
ware/netcdf/

http://www.unidata.ucar.edu/software/netcdf/




High resolution elevation data surrounding 
Salt Lake radar in netcdf format

▪Obtain lat’s (588), lon’s (804) and 
elevations (804x588)

▪Matlab has lat’s as rows and lon’s as 
columns, so need to take transpose



usamap and setm

▪ ax= usamap(latlim, lonlim) assigns 
axis handle for Lambert Conformal 
map axes for a region of the U.S. 
defined by its latitude and longitude 
limits in degrees. 
▪ latlim and lonlim are two-element vectors of 

form [southern_limit northern_limit] and 
[western_limit eastern_limit]

▪setm: set properties of map axes and 
graphics objects



Contourfm: slower plotting than surfm



Thursday Sept 22 : What you should be doing:

▪ Finish assignment 4. Due Friday at 
noon

▪Complete/redo Assignment 3 by 
Tuesday 3:30

▪Last Check Your Understanding: 
Chapter 10 next Tuesday

▪Stay tuned for info on Assignments 5 & 
6 (last ones!)

▪ covering Chapter 10 plotting
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