
AOS 103 
Week 1 Discussion



• Fridays!

• 10:00-11:00 (1C) MS 7124B!

• 11:00-12:00 (1D)  MS 7124B!

• TA: Daniel Dauhajre!

• ddauhajre@atmos.ucla.edu!

• Office hours Thursday 2:30-4:30PM (or by appointment) in MS 7101 (AOS Computer 
Lab on 7th floor of Math Sciences)!

• Office: 9277 Boelter Hall (roof of Boelter Hall)!

• http://people.atmos.ucla.edu/ddauhajre/teaching.html (I will be posting discussion 
material here, and emailing out the link each week)!

• If you ever have any questions about applying to graduate school in oceanography 
(or any environmental/engineering/geophysics field really) feel free to send me an 
email and ask me how to go about it. There’s no set path or way get into a PhD 
program in science

Discussion Logistics

mailto:ddauhajre@atmos.ucla.edu
http://people.atmos.ucla.edu/ddauhajre/teaching.html


Setting expectations for the quarter…!
!
!
!

What kind of knowledge you can (and should 
attempt to) get out of this class!

!
!
!

How will discussions be run?!
!
!



Problem Solving Tip

If you have no idea how to solve a problem 
(clicker quiz, exam, etc.)…just see what units the 
answer should have, and work backwards from 
there!



Why math, why calculus?

Model and video made by Leonel Romero at UCSB



Differentiation (Derivatives)

Di↵erentiation and Integration in One Variable

Di↵erentiation
A derivative is just the fancy Calculus way to calculate change over a given axis. To refresh
your memory on the mechanics of derivatives, here is an example with a made up function
that represents the horizontal temperature structure of an oceanic phenomenom known as a
temperature filament (a patch of cold water bordered by patches of warm water):

T (x) = T0 � �T0exp(�x/L)2 (1)

Where T0, �T0, L are constants that have been chosen to make the values of the function (Figure
1) similar to real ocean values. The derivative of T (x) with respect to x is as follows:

dT

dx

=
2x�T0

L

exp(�x/L)2 (2)

If you are unsure of how that derivative was calculated revisit exponential derivative rules

The most important aspect of derivatives in this course will have to do more with visualization
and interpretation of derivatives as opposed the mechanics of taking a derivative. The figure
below shows the plot of the function above and its derivative:

Figure 1: Plot of temperature (top) and derivative of temperature (bottom).

Visually, the derivative (dT/dx) follows the rise and fall of temperature along the x-axis. On
the left side of the origin and moving from left to right (along the x-axis), temperature changes
from warm to cold (dT/dx < 0) and on the right side temperature changes from cold to warm
(dT/dx > 0). The derivative dT/dx just says how fast or slow the temperature is changing.

If you have trouble putting the equations into this physical perspective, sometimes it can help
to literally translate what the equation is telling you.
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Integration
Now imagine that we have a biomass measurements along this line (B(x)) in units of (kg/km))
at a depth of 20m below the surface. A very plausible way to take this measurement would be
to drive a boat along that line with an instrument sitting at 20m depth measuring biomass. Let
us now say that the biomass (B(x)) along that line happens to b given by the (again made up)
function (which is plotted on the right panel of the figure below):

B(x) = 2 + 0.1x5 + cos(x) (4)

Figure 3: : Left: Illustration of transect extending from Marina Del Rey (MDR) to Palos
Verdes (PV). Right: Plot of B(x). For the map on the left colors and thin black lines are
contour showing the bathymetry of the seafloor (i.e., the ocean depth)

We can calculate the total amount of biomass across a certain range [a,b] along the transect by
integration:

ˆ
b

a

B(x)dx =

ˆ
b

a

2+0.1x5+cos(x)dx = 2x+
0.1x6

6
+ sin(x)

����
b

a

= B

tot

= total biomass(kg) (5)

Note that this calculation is only telling us the biomass at a certain depth (which would have
units of kg). If we wanted to know the biomass along the line covering all depths (not just at
20m), we would redo our calculation using an area integral, which will be discussed later.

Partial Derivatives

Partial derivatives are used for fields that are multidimensional. If you were to look at a
snapshot of Santa Monica and San Pedro Bay from the sky, you would be looking at it in 2-
dimensions. A snapshot of sea surface temperature (SST) from a regional ocean model simulation
of this area is shown in the figure below:
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Measure (calculate) biomass along a line



Scalars and Vectors– Ocean scalars include temperature, salinity, density, nutrient concentration

• Vectors are fully described by BOTH a magnitude and direction

– Ocean vectors include velocity and gradients of the above scalar fields

We write the ocean’s 3D velocity (U) as a vector:

U = ui+ vj+ wk (12)

With the following coordinate conventions in space:

Figure 8: Illustration of the coordinate system corresponding to the ocean 3D velocity. The
horizontal velocities (u,v) flow through the page and to the right/left on the page, respectively.
Vertical velocity (w) flows up or down on the page.

Gradient

If a field (say, temperature again) is a 3D function, the gradient is calculated by simply taking
the partial derivative along each dimension and representing the partial derivatives in vector
form:

T (x, y, z) = 2x+ sin(y) + e

�z (13)

We use r (or grad) to denote the gradient operator:

r =
@

@x

i+
@

@y

j+
@

@z

k (14)

gradT = rT =
@T

@x
i+

@T

@y
j+

@T

@z
k = 2i+ cos(y)j� e�zk (15)

You can think about what rT means geographically as follows: rT will be a vector that is
aligned with the direction along which T changes most rapidly. You can see an ex-
ample of this in Figure 9 (below), in which rT is aligned across the regions where temperature
(colors) change most rapidly (the snapshot below shows an example of a ‘temperature front’).
The convention used is to point the vector in the direction in which temperature is rising most

What are some ocean scalars?!
!

What are some ocean vectors?



Partial Derivatives

Figure 4: Snapshot of sea surface temperature (SST) of Santa Monica and San Pedro Bay in
Southerin California (data taken from Regional Oceanic Modeling System (ROMS) simulation).
Colors indicate temperature (blues = cool, reds = warm), with black contours indicated depth
(white is land). The black and white lines across the domain indicate lines to visualize partial
derivatives across. The xand y axes orientation are denoted in the bottom left-hand corner.)

The temperature in the snapshot above is variable in 2-dimensions in the horizontal (temper-
ature of course varies with depth as well, but that dimension is not shown in the figure). That
is, the colors change along both axes. Again, a very important skill to develop for this class is
the visual interpretation of the variation of fields along dimensions. Let us denote the horizontal
axis as the x�axis and the vertical axis as the y�axis.

If you were to draw a line along the vertical axis at the 80km mark on the x-axis (black line in
figure), you would say that the temperature is generally decreasing from the o↵shore to nearshore
(red colors to orange/green-blue). This of course is not an exact description as there is an oscilla-
tion of temperature in the nearshore (warm-cold-warm = orange-green-orange), but generally we
can say, mathematically, that @T/@y < 0. (We denote the partial part of the partial derivative
as @T instead of dT , which would denote a full derivative).

If you were to similarly draw a line parallel to the x�axis along the 5km mark on the y�axis
(white line), you could say that temperature generally increases in that direction (orange/red
to darker red from Malibu to Orange County). Again, mathematically we would state this as
@T/@x > 0.

These statements are a description of the partial derivatives of temperature (*roughly speaking,
i.e, not exact) in this snapshot. Partial derivatives express the rates of change of multidimen-
sional functions along their given axes (dimensions).

Just like before, let us imagine that the temperature field is described by a made up function,
but this time it is variable in both x and y:



Area Integrals
How can we calculate transport of something through 

some part of the ocean?

T (x, y) = T = (cos(2x+ 5))2 + sin(3y + 2)

The partial derivatives that result from di↵erentiation in x and y are as follows:

@T

@x

= �4 cos(2x+ 5) sin(2x+ 5) (7)

@T

@y

= 3 cos(3y + 2) (8)

(??) and (??) are derived by regular 1D di↵erentiation with x treated as a variable and y treated
as a constant for (??) and vice versa for (??). The meaning of each is simply the temperature
change along each respective axis.

Area Integrals and Control Volumes

The snapshot below is from a computer model (made here at UCLA) of the Gulf stream. If
you’re unsure on what the Gulf Stream is, its just that ”stream” of water flowing northeast
along the red contours (that indicate warm temperature) in the snapshot.

Figure 5: Sea surface temperature (colors) from a ROMS simulation of the Gulf Stream.
The numbers on the bottom axis denote longitude and the numbers on the vertical axis denote
latitude. The black line denotes the horizontal width of the area where we wish to calculate
transport through.

Let’s suppose that we wanted to know how much of some ocean property (water,
mass, salt, nutrients, oil!) is transported across some part of the Gulf Stream, a very fast
and globally important current. And let’s say that we want to know the transport that happens
across some horizontal distance (denoted by the black line in the figure) and down to a depth of
1km. We can do this calculation using an area integral.

Area Integrals



Area Integrals
How can we calculate transport of something through 

some part of the ocean?

We can set up and visualize our transport calculation in Figure 6. We are essentially dropping
a rectangular ‘frame’ (what we call a ‘cross-section’) into the water from above the ocean and
letting it sit in the (x, z) plane (i.e one axis in the horizontal, one in the vertical going down to
depth).

Transport is achieved by advection (bulk movement due to fluid flow). Thus, all we
need to calculate transport are the following:

• Area of the domain to calculate transport through (width times height of our cross-
section) = dx⇥ dz

• Property transported (let’s keep it simple and let it be water; but we could just as
easily calculate transport of heat, salt, nutrients, etc.)

• Velocity normal to the face of the cross-section (i.e flowing through the cross-
section) = v

Figure 6: Illustration of set up for calculating transport. The 2D domain has a vertical height
dz and horizontal width dx, with a velocity v transporting (advecting) material through it.

Since we have decided to calculate the amount of water transported, we are calculating the
volume transport, which will give us units of (m3

/s). Volume transport has the following,
very simple, equation:

volume transport = velocity ⇥ area ===>

m

s

⇥m

2 =
m

3

s

(9)

If the velocity throughout the cross-section is a continuous function in (x, z) (e.g. v(x, z) =
x

2 + e

�z) we can formally write this as an area integral:

total volume transport =

ˆ ˆ
v(x, z)dxdz (10)

The double integral is used because we are summing over 2 dimensions: x and z. We can easily
extend this formulation for mass transport by adding in a density profile, ⇢(x, z):

total mass transport =
NX

i=1

v

i

⇢

i

dx

i

dz

i

=

ˆ ˆ
v(x, z)⇢(x, z)dxdz (11)



Gradient
Global	Sea	Surface	Temperatures	Can you see/draw the gradients on this map?



Divergence

quickly (at that point). So, for the point denoted by the ‘x’, the most rapid temperature cold to
warm (orange to purple) temperature change is in the onshore to o↵shore direction.

Figure 9: Illustration of temperature gradient vector at a point X. The gradient vector points
in the direction in which temperature changes most quickly

When we want the spatial variation of a scalar we use the gradient operator. If we want to
look at the full spatial variation of a vector field, we need to use the gradient operator combined
with vector operations (r· and r⇥). This is not to say that we cannot take the gradient of, say,
the x-component of velocity (u), which by itself can be thought of as a scalar...but curl (r⇥) and
divergence (r·) of vector fields are typically more meaningful.

Divergence

Figure 10: Oil patches with separate velocity fields surrounding each, denoted by the red
arrows.

Imagine that there is are 2 oil spills at separate locations in the surface of the ocean, and for
simplicity, imagine that this oil on the surface of the ocean (oil is less dense than ocean water,
therefore it will float at the surface) has an initial shape of a perfect circle and it is not di↵using
through the water. That is, the only way the oil will move is through advection by the ocean’s

What will happen to each of these oil spills?



Curl

Curl

In the ocean, currents often exhibit rotational tendencies. This is visualized in the figure below,
which shows a vortex o↵ the coast of Malibu. The red colors represent a quantity called relative
vorticity. Vorticity is a very important quantity in physical oceanography as it can be used to
easily visualize flow fields and it is used a great deal in the formulation of theories for fluid flow
in the ocean. Vorticity is calculated by taking a component of the curl of the velocity field.

Figure 11: Surface horizontal velocity (arrows) and surface relative vorticity (colors) o↵ the
coast of Malibu. The velocity field is from the output of ROMS simulation.

Simply put, the curl is a calculation of the amount of rotation in a flow(vector) field.
Unlike the divergence, the result of a the curl operator is a vector that describes rotation in each
plane that there is fluid flow. The curl operator (r⇥ or curl) for a 3D flow field is defined as
follows:

Given the same 3D velocity field from before:

U = ui+ vj+ wk (23)

The curl is the cross product of the gradient operator with the vector field:

curlU = r⇥U =

⌧
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(24)
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✓
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Again note that r⇥U is a vector, not a scalar.

The surface vorticity shown in Figure 8 is just the last component
⇣

@v

@x

� @u

@y

⌘
k of the curl

operator (it is also normalized by the rotation of the Earth, but it is the curl operation that
gives the spatial structure of the colors in the figure). Vorticity is an indicator of rotation in the


