[image: image1.jpg]Science
&Plants

forSchools

v





Interviews with scientists: 

Drew Purves on computer modelling, ecology and climate change. 

Teaching Notes
Introduction and context
Drew Purves, Head of the Computational Ecology and Environmental Science Group at Microsoft Research in Cambridge, UK, discusses how his research can help us predict the effects of climate change on natural ecosystems, and develop strategies to address it.
Teacher summary
http://intobiology.org.uk/predicting-climate-change-ecology-computer-modelling/
Drew and his team build computer simulation models of plants, animals and whole ecosystems. To do this, the researchers think about what is going on in reality in a natural earth system, be it an individual plant or a whole forest, and how that can be encoded into a computer model so that system can be simulated in a computer.
A model is a mathematical description of something that occurs in reality. Nowadays mathematical models can be simulated in computers, allowing the manipulation of variables within the system to observe their possible effects. Fast computers and new statistical methods have allowed models of complex natural systems such as plants, animals and ecosystems to be developed.

In Drew’s lab, one of the over-arching concerns is the impact of climate change on ecosystems, be they boreal forests or arable fields. There is a relatively good understanding of the impact of carbon dioxide changes on temperature, but less understanding of the knock-on effects of climate change on natural ecosystems. Drew’s team are using the available data sources to code up models of ecosystems, like forests, then changing the climatic variables to try to estimate the potential impact of climate change within those model ecosystems.
One of the research group’s biggest projects has been a new model of the terrestrial carbon cycle. The model describes all the flows of carbon between the atmosphere, in the form of carbon dioxide, through photosynthesis into plants, into the soil and back out into the atmosphere. Previous models have shown that the carbon cycle was potentially very important for the future of climate change. The new model has greater plausibility than previous models because it makes use of all the sources of data available to Drew’s research group, making it consistent with everything we think we know about the real carbon cycle, but anchored against all the observations and data. The predictions of this model are still very uncertain, but the model has shown that it is possible to build predictive model of something as complex as the terrestrial carbon cycle.

There are several reasons for building models of natural systems. One is that it is a different way of aggregating what we’ve learnt about that system from the reductionist science, back together into a model of the whole. This allows us to see whether we think we approximately understand what’s going on or whether there are some important gaps that we haven’t thought about. So models can guide science.

Models can also give new insights into the behaviour, or perhaps the evolution, of a system. Finally, models can make useful predictions. These predictions might be about a geographical area, for example predicting how much a crop may yield in a place where it has never been grown before. It may be a prediction about the future, for example how a crop may respond to climate change. It may be a prediction about an intervention, for example allowing the impact of irrigation on the yield of a particular crop to be predicted.

Computer models provide a package that can be used by the people making the important decisions that are going to determine whether or not we all have a sustainable future.

Questions
1. What is a model?
A mathematical description of something that occurs in reality

2. Why are fast computers important in the development of models for natural systems like plants, animals or whole forests?

Natural systems are complex.

Variables can be manipulated to observe their effects on the complex system.
3. Explain the impact of carbon dioxide on climate change

Short wave radiation from the sun is transmitted through the gases in the earth’s atmosphere. This short wave radiation is absorbed by the earth’s surface and is re-radiated as long wave (heat/infra-red) radiation. Most infra-red radiation (heat) is transmitted by the gases in the atmosphere, but some gases in the atmosphere (called greenhouse gases) e.g. carbon dioxide, absorb the infra-red radiation and reflect it back to the earth’s surface, warming it up. This is called the greenhouse effect and without it the earth would have no liquid water. The increase in the concentration of atmospheric carbon dioxide that has been observed throughout the 20th and 21st centuries is associated with increases in global temperatures (the enhanced greenhouse effect) and changes to the earth’s climate.
4. Draw a diagram of the terrestrial carbon cycle.

5. Use your knowledge of the terrestrial carbon cycle, to suggest how it could act as a “significant brake” to climate change
The volume of carbon dioxide absorbed from the atmosphere through photosynthesis could equal the volume released into the atmosphere.

6. Use your knowledge of the terrestrial carbon cycle, to suggest how it could act as a “significant turbo charge” to climate change

The volume of carbon dioxide released into the atmosphere could exceed the volume absorbed through photosynthesis.
7. The new model of the terrestrial carbon cycle is described as “plausible”. Why?
It is consistent with everything that we think we know about the real carbon cycle, but at the same time it is anchored against all available observations and data
8. Give three reasons for building computer models of complex natural systems.

a.) So we can aggregating what we’ve learnt about that system from the reductionist science, back together into a model of the whole, allowing us to see whether we think we approximately understand what’s going on or whether there are some important gaps that we haven’t thought about. So models can guide science.

b.) To give new insights into the behaviour, or perhaps the evolution, of a system.

c.) To make useful predictions. These predictions might be about a geographical area, for example predicting how much a crop may yield in a place where it has never been grown before. It may be a prediction about the future, for example how a crop may respond to climate change. It may be a prediction about an intervention, for example allowing the impact of irrigation on the yield of a particular crop to be predicted.
9. Explain why computer models of complex natural systems are useful for “better decision making”?

Decision-makers are by-and-large not scientists so the computer models may provide them with “better” information upon-which to base their decisions.
10. What is meant by “a sustainable future”?
One where future generations can meet their own needs.
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