AT 655: Objective Analysis in the Atmospheric Sciences
Homework 2: Temperature trends; the impact of ENSO on surface temperature.

Due March 8
Homework 2
1) Recent temperature trends.

Data required:

- Gridded surface temperature data from January 1958 to December 2008. Use data for all months.

a) Plot the global mean temperature time series from HW1. Calculate the linear trend in the time series in units K/decade.

b) Estimate the significance of the trend calculated in part a) using equations 1-5) from Santer et al., J. Geophys. Res. 105, 7337-7356, 2000. Rather than using Santer et al. Eq 6) to estimate the degrees of freedom, use instead the following:
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Where the notation is as per Santer et al: neff is the effective sample size, n is the total sample size and r1 is the lag-1 autocorrelation of e(t). Be sure to explain your work.

c) Prove that the method outlined in Eqs. 1-5 of Santer et al. (2000) is equivalent to estimating the significance of the trends using the correlation coefficient between the time axis and the temperature data.

d) Now examine the spatial pattern of recent trends in global mean temperature. To do this, calculate and plot the 1958-2008 trends in the temperature data (in units K/decade) as a function of grid point. You do not need to estimate significance for this part.

e) Discuss your results: is the recent warming in surface temperatures significant? Are certain regions of the globe warming more than others, or is the warming spatially amorphous?

2) The spatial pattern associated with variability in global mean temperature

As evident in the time series shown in part 1a), above, globally averaged temperatures exhibit a substantial amount of month-to-month variability. Use regression analysis to find the pattern of surface temperature anomalies that is most strongly related to variations in global mean temperature. The resulting pattern should be in units of K/std of global mean temperature. Provide a physical interpretation of your results.

3) Red noise
Generate three standardized red noise time series of length N =5000. Time series one (T1) should have a lag-one autocorrelation of r=0.1; T2 a lag-one autocorrelation of r=0.6; and T3 a lag-one autocorrelation of r=0.9. Plot each time series.

Assume the mean (0) and standard deviation (1) of the N =5000 time series represent the population values of these statistics. Determine the effect of persistence on the estimate of these statistics based on samples of size n=100. Here is one way to do this: 

For each time series T1, T2, and T3: 

1) draw a random sample consisting of 100 consecutive elements from the full time series. Calculate the mean and standard deviation of the sample, and save your value. 

2) repeat 1) 10,000 times. 

3) plot the histogram of the sampling distribution of the means and standard deviations found in 1) and 2), above. 

Discuss your results (~2-3 paragraphs). In the discussion, address the following:

Assuming the sample size is fixed, what is the impact of persistence on the distribution of sample means?  How does persistence impact the uncertainty of the sample mean? What is the impact of persistence on the estimate of the population standard deviation? How will ignoring persistence in two time series impact the significance of the correlation between the time series?
4) ENSO and global mean temperature trends. 

Data required: 

- Year-round, monthly-mean values of the ENSO index. 

- Year-round, monthly-mean values of global-mean temperature (from HW1). 

Determine the linear impact of ENSO on recent trends in global mean temperature. 

Here’s how to approach the analysis: 

a) Find the best fit of ENSO to global-mean temperature: 

- First, determine whether the best fit is for contemporaneous values of ENSO and global mean temperature, or if one time series leads the other. Plot the lag correlation coefficient between ENSO and global-mean temperatures for all lags between -12 months (ENSO preceding global-mean temperature) to +12 months (ENSO lagging global mean temperature) (note you will have to truncate the time series to calculate the lag correlations). What lag yields the best correlation between ENSO and global mean temperature? 

- On the basis of the relationship found above, determine the best fit between global mean temperatures and ENSO variability (i.e., find the regression coefficient between global mean temperature and the ENSO index, lagged as needed). 

b) Calculate the ENSO-residual global-mean time series. 

This is simply global-mean temperature, minus the fitted (and lagged, if necessary) ENSO time series.
c) Display all three time series: global mean temperature, the fitted (and lagged, if needed) ENSO time series, and the residual time series on the same plot. 

d) Now, determine whether ENSO has impacted the recent global warming: calculate the linear trend in the raw, ENSO-fitted, and residual global mean time series over the past 51 years. Use units of K/decade. 

In your write-up (~2-3 paragraphs), be sure to discuss:

- how you performed the analysis;

- if there is a lag between ENSO and global-mean temperature (and if so, why);

- what fraction of the month-to-month variability in global mean temperature is linearly related to ENSO (and why you think ENSO is such an important player in global-mean temperature);

- whether you think ENSO has contributed to the recent warming of the globe.
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