Investigating your climateprediction.net model results

For a user guide to installing and using the Schools Visualisation Package (SVI) go to 
http://www.climateprediction.net/client/help/vis2.php
If you have just started running an experiment and want to download a set of data from a finished experiment (NB a very large download, 300Mbytes) go to 

http://www.climateprediction.net/openu/experiment_sample/Expt files.zip

http://www.climateprediction.net/schools/data/Expt2.zip
http://www.climateprediction.net/schools/data/Expt3.zip
You should put each file in C:\Program Files\ Climate Prediction\archive on your computer and unzip it.

You can select this data set in the SVI by going to ‘change experiment’ in the ‘file’ menu of the top bar of the SVI. Experiment_1 will be the model currently running on your computer.

Before we start evaluating your model results we will briefly go through some aspects of the modelling experiment. Each model distributed by climateprediction.net is unique, and differs from all the others in three ways: the initial conditions it is started from, the attributes which force it to be in one particular climate state and the parameters which make up the actual model.

Parameters

Every climate model has to make a number of approximations, called parameterisations. Basically this means that there are numbers in the model which are given a certain, fixed value, but this value is not known for sure and a range of values could be equally realistic. The experiments investigate the effect on the modelled climate of varying the value of 20 of the most poorly understood parameters in the model - such as the relationship between the number of raindrops in a cloud and how much it actually rains. It is possible that some combinations of parameters may replicate the past climate equally well, but produce widely different forecasts for what might happen in the future. Some combinations of parameters will not work at all, produce a completely unrealistic climate (for example an Earth that boils or freezes, or oscillates between very hot and very cold every couple of years) and probably crash the model. It is not possible for us to tell beforehand what these combinations will be.

Forcing

Some things which you do not think of as part of the climate nevertheless have a huge effect on the climate - such as solar activity, the composition of the atmosphere and volcanoes. After Pinatubo erupted in 1991 the plume it created in the stratosphere affected the climate for several years. We call these things forcing mechanisms, as, when they change, they force the climate to change. In the experiment you are taking part in, the only change in the forcing mechanisms is a doubling of CO2 at the start of phase 3. 

Initial Conditions

'The flap of a butterfly's wings in Brazil can set off a tornado in Texas'. This famous quote by Ed Lorenz in the 70’s sums up the fact that very small differences in what is going on in the world now can have huge effects on what happens in the future. As we cannot have perfect knowledge about what is going on now (down to the scale of individual butterflies) this means that, to produce a complete forecast of everything that might happen in the future, we need to take into account everything that might be happening now. To do this, we need to use a range of starting, or initial, conditions for our models when we start running them to make a climate forecast.

Whereas the initial conditions will affect what the weather is at any given time and place in the model, they do not have any bearing on the climate which is purely determined by the parameters and forcing mechanisms. However, to be able to tell what the climate in a model actually is, you have to investigate the full range of possible initial conditions (or perform a very long model run with the forcing mechanisms held constant).

The climateprediction.net experiment is more about learning how the model reacts to changes in parameters than about actually trying to replicate the Earth's climate for any specific period. For this reason, the model we use has a sophisticated atmosphere, but a simplified ocean (a single layer, 'slab' ocean). This means that some aspects of the climate system (such as oceanic currents, and the El Nino oscillation) are not replicated, but the model runs a lot faster and a lot more calculations can be completed.
The standard model which we show in the figures is the model which combines the ‘best guess’ at the values of the parameters. It is the model that was used by scientists until it became possible to run many models and explore the effect of using different, equally plausible, combinations of parameters – either by using supercomputers or, better still, the spare time on PCs of the general public worldwide. One of the things the climateprediction.net experiment will show is whether the ‘standard’ model really was an appropriate one to be using.

We will investigate the 3 phases of the experiment in turn:

Phase 1
Phase 1 is the calibration phase of the experiment. In this phase, the temperature of the surface of the ocean is artificially held constant. The movement, or flux, of heat, in or out of the ocean that is required to keep the ocean at a constant temperature is calculated. This is an easy solution to having a very simple ocean in the model which cannot actually store heat in the way that a real, deep, complex ocean can.  The dates assigned to this phase are 1810-1825.

All the figures are surface average fields of global data (accesses through the ‘view’ button on the top bar of the SVI). For example, figure 1 shows the global mean surface temperature through the 3 experiment phases.
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Figure 1: Globally averaged surface temperature in the standard experiment. Phase 1 is shown by a blue line, phase 2 by a yellow line and phase 3 by a red line.

Figure 2 shows the globally averaged longwave (infrared) and shortwave (solar) radiation at the top of the Earth’s atmosphere. The longwave radiation is the sum of the infrared atmospheric radiation escaping to space and the infrared surface radiation escaping to space. The shortwave radiation is the difference between the intercepted solar radiation and the solar radiation scattered by the atmosphere or reflected by the Earth’s surface – so, if the shortwave radiation increases, there is less shortwave radiation escaping to space.

[image: image2.jpg]250

| | | |
2 2 4 4
[z-ua] uoneipes axonbuo) au oL

240

<902/0vRL
+90z/6£81
©90Z/8E8L
T90T/L581H
190z/9581
090Z/5581
6502/be8l
B90Z/£E8L
£50T/z581H
9502/1581
s50z/0581L
+60z/6281
©50z/828L
T50T/ TR
150z/9281
szel
vzl
281
=t
et
ozel
slel
LIES
Lisk
sigl
siel
el
S
zisk
Ligk

Year

Field 1 TOA net longwave radiation

ecl imateprediction.net|

*1DL

Analysis & Visualization
POWERED by





[image: image3.jpg]240

| | | |
8 4 &
[z-un] ustiogpes anowpiows 12 YOL

230

<902/0vRL
+90z/6£81
©90Z/8E8L
T90T/L581H
190z/9581
090Z/5581
6502/be8l
B90Z/£E8L
£50T/z581H
9502/1581
s50z/0581L
+60z/6281
©50z/828L
T50T/ TR
150z/9281
szel
vzl
281
=t
et
ozel
slel
LIES
Lisk
sigl
siel
el
S
zisk
Ligk

Year

Field 1 TOA net shortwave radiation

ecl imateprediction.net|

*1DL

Analysis & Visualization
POWERED by





Figure 2. Globally averaged outgoing longwave radiation (left) and incoming shortwave radiation (right) in the standard experiment. Phase 1 is shown by a blue line, phase 2 by a yellow line and phase 3 by a red line.

In the standard experiment, you can see that in phase 1, the shortwave radiation is constant at approximately 234.5 Wm-2, whereas the longwave radiation is constant at approximately 243.0 Wm-2. This means that the Earth’s atmosphere is emitting approximately 8.5 Wm-2 more energy than it is receiving. The Earth’s atmosphere in the standard model should therefore be cooling down, but, as you can see in figure 8.1, the globally averaged surface temperature is pretty constant in phase 1. So where is all the energy coming from?

Question: Does heat need to pass into or out of the ocean in order to keep the atmosphere at a constant temperature in the standard model?

Answer: There must be a constant flow of heat from the model ocean into the atmosphere – the ocean heat flux. This energy is artificially introduced to the model system. In the real world, this energy flux is very, very small; much smaller than 8.5 Wm-2 – so the standard model does not do very well at conserving energy.


[image: image4]
Figure 3. Schematic showing the energy flows into the atmosphere. If the model atmosphere is in balance, then shortwave + longwave + ocean heat flux = 0.

So in phase 1, the model calculates what flux of heat into the ocean is required to take into account the extra 8.5 Wm-2 of energy that is lost out of the top of the atmosphere.  

Is the temperature constant in phase 1 of your experiment?  What is the difference between incoming and outgoing energy in your experiment – is your model atmosphere losing or gaining heat from the oceans? Does it do any better than the standard model at conserving energy? Do you think you have a particularly reflective model (with lots of clouds or ice)?

Phase 2

This is the control phase. This involves running the model for 15 years with the levels of CO2 in the model atmosphere kept constant at pre-industrial levels, 282ppm. Unlike phase 1, here the temperature of the ocean surface is allowed to vary, according to how much energy the ocean receives and emits. However, it is reasonable to assume that the amount of heat flowing into the oceans is the same as in phase 1, so the heat fluxes calculated in phase 1 are applied. Unless the atmosphere starts doing something very different, and the energy balance at the top of the atmosphere is changed, the temperature of the whole atmosphere should therefore stay the same. If this is the case, the globally averaged surface temperature should also be approximately constant and not change substantially from year to year or drift off to a very different temperature, and we say that the model is stable. The dates given to this phase are 1825-1840.

In figure 1, you can see that the standard experiment is stable in phase 2. However, on the left hand side of figure 5 you can see an experiment which was not stable. In this case, the model atmosphere has started behaving very differently in phase 2 to phase 1 (probably because of the particular combination of parameters in that model) and the heat fluxes calculated in phase 1 are not sufficient to keep the ocean temperature constant.

Is phase 2 stable in your experiment?  
Phase 3

In this phase the level of CO2 in the model atmosphere is doubled and then held constant. The model is run for a further 15 years. In a good model, the atmosphere should adjust to this change in forcing and eventually settle in a new stable, equilibrium state (which may be the same, warmer or cooler). The dates given to this phase are 2050-2065.

Do globally averaged surface temperatures increase or decrease in phase 3 of your experiment?
How Sensitive is Your Model?

By comparing the single and doubled CO2 steps, we can calculate the climate sensitivity of the models - this is the difference between the globally averaged surface temperature in the model with pre-industrial CO2 and in that with doubled CO2. This is a useful indicator of how a climate model behaves, although it is slightly artificial, as of course carbon dioxide values in the atmosphere do not remain constant for 15 years, but change continuously.
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Figure 4 Globally averaged surface temperature in the standard experiment. Phase 1 is shown by a blue line, phase 2 by a yellow line and phase 3 by a red line. The dotted red line shows the temperature the Earth settles or equilibriates at when carbon dioxide is doubled.

Figure 4 shows the surface temperature averaged over the whole of the surface of the Earth for the three phases of the experiment. In phases 1 and 2, although the globally averaged temperature is not completely constant, it is hovering around 13˚C. In phase 3, the globally averaged temperature initially rises rapidly, but then settles at just over 15.5˚C, about 2.5˚C warmer. This is the climate sensitivity of the standard experiment. It takes about 7 years to equilibriate to the new temperature after CO2 is doubled. 
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Figure 5. Globally averaged surface temperature in two different models. The model on the left hand side is not stable in phase 2, so it is not possible to calculate a climate sensitivity. The model on the right hand side is stable in the second phase, and will probably have a very large climate sensitivity, but it has not equilibriated by the end of the experiment and it is not immediately possible to see what temperature it might be tending towards.

Figure 5 shows some examples of experiments where it is less easy to calculate the climate sensitivity. All experiments – whether stable or not – give useful information back to the climateprediction.net scientists. 

If you have a printer attached to your computer, then print out a globally averaged surface temperature graph, similar to figure 5, for your model. You can do this from the SVI by selecting ‘print’ from the ‘file’ menu on the top bar of the SVI (to print it with a white background, you need to ‘save’ the graph as a .jpg and then print that). If you do not have a printer, you will have to work from the screen – trickier, but possible.

What is the globally averaged temperature in your model in phases 1 and 2? (If your model was not stable in phase 2, you will need to use a sample data set for this.)

Does your model reach a new equilibrium temperature in phase 3? 

If not, you can use the temperature at 2065 and the average temperature in the control phase to get a rough idea of the climate sensitivity in your model using the figure below.
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Figure 6. Graph to find an approximate value for the sensitivity of your experiment if the temperature in your run has not reached an equilibrium by 2065, but the control phase (2) was stable.

Now calculate a climate sensitivity for your experiment using either your globally averaged surface temperature graph, or figure 6, or one of the sample data sets.
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Figure 7. The global averaged temperature in all 3 phases of the first 25,000 models returned to climateprediction.net.  The colours indicate what proportion of the models gave what result. Most models followed curves in the red/ pink/ dark blue areas.

Figure 7 shows the climate response of the first 25,000 experiments returned to climateprediction.net. How does your result fit in with these?
In general, the larger the climate sensitivity of a model, the longer it takes to reach a new equilibrium temperature when CO2 is doubled.

How long does your model take to reach a new equilibrium temperature? Is that longer or shorter than the standard experiment?
Rain

How does the amount of precipitation change in your model when CO2 is doubled? As well as looking at the global mean precipitation, it would be interesting to see where in the world precipitation changes most.
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	On the right hand menu of the SVI, select ‘total precipitation’ and then click on the ‘global data’ box. You can now choose which areas on the Earth’s surface you average over. Change ‘Lon’ to -180 and ‘Lon degs.’ to 360. Change ‘Lat’ to 60 and ‘Lat degs.’ to 30. If you plot this, it will calculate the average rainfall in the North Polar region, i.e. all land North of 60˚N. 

Do the same with Lat=30  (Northern mid-latitudes between 30˚N and 60˚N) 

Lat = 0 (Northern tropics between the equator and 30˚N)

Lat = -30 (Southern tropics between the equator and 30˚S)

Lat= -60 (Southern mid-latitudes between 30˚S and 60˚S)

Lat = -90 (South Pole between 60˚S and 90˚S)

Does the precipitation change in the same way between phases 2 and 3 in all these regions, or do some get wetter and others get drier?
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