Exercise 1: Temperature Records
Is our climate changing?  How can we tell?  It can be difficult to identify climate variability and change and to determine their specific causes.  Moreover, the very way we collect data may influence the historic climate record.  Added to these difficulties, climate change often involves times scales extending beyond our written climate records, requiring scientists to develop proxy measures for past cli​mates.  This lab will focus on some of the meth​ods climatologists use to detect climate changes and some of the problems they have with their data.

Temperature Curves
With statistics, we can examine a time series (​i.e., how a particular climate variable changes over time).  One way of examining a time series is to break out its component parts.  Statistical analysis can reveal different aspects of the time series.  There may be a regular cycle present (Figure 16-1), an upward trend (Figure 16-2), or sudden changes (Figure 16-3). The goal of statistical analysis is to uncover a link between these components and the factors that may influence or force them, as the forcing factors themselves may exhibit similar cycles, trends, and sudden changes. The process is complicated because there usually is a random component (Figure 16​-4) to each time series.
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1. Name and explain any mechanisms that could produce cyclical climate fluctuations, a linear trend, or a sudden increase or decrease in temperature.

2. Figure 16-5 shows a sample temperature time series.  Can you visually detect any of the components discussed previously.  Label those you find.
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3. Examine the New Haven, Connecticut, annual temperature anomaly curve (Figure 16-6).  The data are plotted as °C deviations from the 1951-1970 mean.  Negative values show below-normal temperatures, positive values above-normal temperatures.  Comment on any patterns in the data such as cycles, gradual trends, or dramatic changes.
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4. Which century was generally warmer, the 19th or the 20th?

5. The bars in Figure 16-6 show the annual dust veil index, a proxy for volcanic activity.  The two largest spikes correspond to the eruptions of Mts. Tambora, Indonesia (1815), and Coseguina, Nicaragua (1835).  For how long and by how much does the New Haven temperature record respond to those events?

Figure 16-7 shows Northern Hemisphere tempera​ture estimates for the past millennium.  The values used to construct the figure were derived from tree rings, ice cores, coral, and a variety of other tech​niques.  They were compiled by P. D. Jones and M. E. Mann and were published in Reviews of Geophysics (2004).  Figure 16-8 shows estimates of three factors influencing the earth's radiation budget.  These radi​ative forcings can be viewed as increasing or decreas​ing radiation at the top of the atmosphere.
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[image: image5.emf]6. Using Figure 16-8, briefly describe changes in the solar forcing during the past 400 years.  Do you detect a relationship between this forcing factor and Northern Hemisphere temperatures? Explain.

7. Briefly describe changes in greenhouse gas forcing during the past 400 years. Describe the correlation between this forcing factor and the reconstructed Northern Hemisphere temperature estimates.

8. What does a positive forcing do to temperature?  Why?
9.  Explain why the aerosol forcing is negative and the greenhouse gas forcing is positive.
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10. Figure 16-9 shows the Northern Hemisphere instru​mental temperature from 1856 to 2000 (solid line) against that predicted by a computer model that con​siders radiative forcing estimates. In what ways does the computer model output match the instrumental record?  In what ways does it differ?

Table 16-1. Sample differences between urban and rural environments.
	Variable
	Urban Environment

Compared with Rural Environment

	Temperature
	0.5°-1.5°C higher

	Solar radiation
	15%-30% less

	Precipitation
	5%-15% more

	Wind speed
	25% lower


The Effect of Urbanization

Estimates of climatic variability and change dur​ing the past 150 years are primarily derived from the instrumental record (i.e., compiled from direct observations with instruments).  This record is more precise than indirect evidence, but it is not without problems.  Sites in Europe and North America are disproportionately rep​resented in the early part of the record and per​haps skew what we know about global climate.  The growth of cities during this period also cre​ates problems with the record, since urban cli​mates differ significantly from surrounding rural areas (Table 16-1).

11. Why would average temperature generally be high​er in the city than in surrounding rural areas?

12. Table 16-1 shows that regional-scale urban winds are generally lower than those in surrounding rural areas.  What do you think causes this?  By contrast, the microscale winds around buildings can be rela​tively fast.  Why?  How could low wind speeds con​tribute to the urban heat island?

Figure 16-11 shows a 65-year record of annual mean minimum temperature for the

Atlanta airport and Newnan, Georgia, located in a more rural setting approximately 45 km south​west of Atlanta.

13. Using Figure 16-11, develop an argument sup​porting the idea that over time Atlanta's tempera​ture has increasingly been influenced by an urban heat island.

14. How could urban heat islands influence our under​standing of temperature changes during the past 150 years?
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Data from a study in Orlando, Florida, show how a city can affect diurnal temperatures.  Figure 16-12 below compares the January 11 and 12 hourly temperatures at stations in Orlando's urban core with those from park loca​tions on the outskirts of the metropolitan area.

15. During what hours is the urban heat island most prominent? Why do you think it is more clearly defined during certain times of the day?
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