
























Figure 1: Surface temperature distribution for various values of solar constant

delQp [%] Global mean temperature [◦C] Sea ice boundary [◦N]
0 16.4 72
-2 11.2 61
-4 5.6 52
-6 -30.2 0
-8 -31.6 0

Table 1: Calculated global mean temperature and sea ice boundary for various values of delQp.

3 The Budyko model

(a) The model gives a fairly realistic temperature distribution for delQp=0%. The temperature is warmest
at the equator and decreases towards the pole where there is lower solar insolation and a higher albedo
due to the presence of sea ice. The global mean temperature is about 16◦C, which is roughly similar
to current conditions on Earth.

As delQp is decreased, the temperature at all latitudes decreases, as we would expect (see Figure 1
and Table 1). However, the decrease is not smooth: between -4% and -6% there is a much larger
change in the temperature distribution than between any other values delQp. The reason for this
sudden jump is that at delQp=-6.0% the Earth has entered a “snowball Earth” state in which the
entire surface is covered with ice.

(b) Increasing or decreasing the albedo over either the ocean or sea ice has the effect of, respectively,
decreasing or increasing the surface temperature. The surface temperature distribution is more sensitive
to changes in the ocean’s albedo than changes in the ice’s albedo, primarily because the ocean covers
much more surface area than the sea ice. See Figure 2.

(c) See attached code for how to properly incorporate the for loop and create the appropriate figures.

(d) As seen in Figure 3, at just less than -6% reduction in solar insolation there is a dramatic jump where
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the Earth becomes entirely ice-covered and the global mean temperature correspondingly decreases.
This a substantially larger decrease than in [1] where the value at which the jump occured was around
-1.6%. It is similar to the value found in Question 2a (around -6.4%).

Figure 2: Surface temperature distribution for various perturbations to the surface albedo.

Figure 3: Extent of sea ice (blue) and global mean temperature (red) as a function of delQp.

(e) See Figures 4 and 5. As one would expect, by increasing the sea ice albedo, the shift to a snowball
Earth state happens sooner (i.e. for a smaller decrease in solar insolation). The opposite is also
true: decreasing the sea ice albedo means the shift doesn’t happen until there is a larger decrease in
insolation.

The effect of changing the albedo of the ocean is reversed. When we increase the albedo of the ocean,
even though the global mean temperature is lower for delQp=0, the shift to complete sea ice cover
doesn’t occur until delQp=-7.5%. If the albedo of the ocean is decreased, the shift happens sooner.
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Figure 4: Extend of sea ice and global mean temperature as a function of delQp for an ice albedo of 0.72 (left) and
0.52 (right) as opposed to the default value of 0.62.

Figure 5: Extend of sea ice and global mean temperature as a function of delQp for an ocean albedo of 0.37 (left)
and 0.27 (right) as opposed to the default value of 0.32.

3




