
Class #8  Wednesday 9 February 2011
What did we cover last time?
•Description & Inference 
•Robustness & Resistance
•Median & Quartiles
•Location, Spread and Symmetry (parallels from 
classical statistics: Mean, Standard Dev., Skewness)

•Location (Median, Trimean, Trimmed mean)
•Spread ( IQR, MAD, Trimmed variance)
•Symmetry (Yule-Kendall index)

• Graphical Techniques
•Stem and Leaf
•Box plot
•Histograms
•Cumulative Frequency Distributions
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2.2.3 Reexpression (Ref: Wilkes 3.4)

Transform data to:
• Reveal data features
• Adjust the distribution of data
• Variance stabilizing (reduce dependence of 
one variable on another)

1.Power Transformations
2.Standardization
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1. Power Transformations

Power Transformations 
• Use for unimodal data
• Make data more symmetric
• ‘Order statistics’ will have one-to-one 
correspondence
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2. Standardized Anomalies

Used to work with two types of data which have 
very different variability

• Example: Seasonality in data. Temperature 
variability is larger in winter than summer.  
•Example: Perform cluster analysis on 
Temperature and Precipitation data to 
determine climate divisions. 
• Example: North Atlantic Oscillation
• Standardize or Normalize of Anomalies to 
remove influence of location and spread.
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6http://www.cpc.ncep.noaa.gov/products/precip/CWlink/pna/season.JFM.nao.gif



2.2.4 EDA for Paired Data (Ref: Wilkes 3.5) 7



Scatter Plots
Pairs of data are plotted against each other. 
Useful to see relationship between variables. 
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Pearson (Ordinary) Correlation Coefficient

 Not Robust (possibly nonlinear relationships)
 Not Resistant since sensitive to outliers
 Properties (between -1 and 1, Square of 

coefficient explains proportion of variability, 
does not give physical causality)
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Spearman Rank Correlation 11

 More robust than Pearson’s correlation and it 
is calculated using ranked data. 

 Represents the strength of the monotone 
relationship (not linear relationship). 



Kendall Tau test 12

 More robust and resistant than Pearson’s 
correlation 

 Calculate by determining concordant and 
discordant pairs from all possible pairs of xi and 
yi, which is n(n-1)/2

 The pairs (3,8) and (7,83) are concordant, 
latter has both larger numbers. The pairs (3,83) 
and (7,8) are discordant. Identical pairs 
contribute half to both. 



Serial Correlation 13

 Measure of persistence in a time series! Very 
important in Meteorology for forecasting.

 Can also be calculated for greater lags



Autocorrelation Function 14

 The correlations at multiple lags put together 
constitutes the Autocorrelation function. 

 Autocovarience is an alternative way to 
display (construct by multiplying by variance). 
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FIG. 3. The 500-mb height correlations with the lag �2 SST SVD
expansion coefficient, based on intraseasonal data: (top) 500-mb
heights leading SST by 2 weeks, (middle) simultaneous, and (bottom)
500-mb heights lagging SST by 2 weeks. Contour interval � 0.2,
with negative contours dashed and the zero contour darkened. Dark
(light) shading indicates correlations �0.4 (��0.4).

Newfoundland and Ireland is associated with stronger
than normal surface westerly northwesterly winds.
These wind anomalies can cool the ocean mixed layer
via increased evaporation and sensible heat loss, as well
as by enhanced entrainment of cooler water from be-
neath the mixed layer (c.f. Battisti et al. 1995). Anal-
agous arguments can be made for the other SST ten-
dency centers in Fig. 6.
To verify the notion that surface fluxes may be in-

strumental in creating the SST tendency anomalies, we
performed SVD analysis upon the sum of the sensible
and latent heat fluxes from the NMC reanalysis dataset
and the SST tendency field. Previous studies (cf. Cayan
1992a; Battisti et al. 1995) have shown that the turbulent
fluxes dominate the net surface energy flux over the
extratropical oceans during winter. The first SVD mode,

shown in Fig. 7, explains 65% of the total covariance
squared and exhibits a 0.87 correlation coefficient be-
tween the expansion coefficients of the flux and SST
tendency patterns. As expected, the anomalous fluxes
of sensible and latent heat are collocated with the anom-
alous SST tendency centers, with areas of enhanced en-
ergy flux out of (into) the ocean corresponding to
regions of decreasing (increasing) SST. While the notion
that turbulent energy fluxes play a dominant role in
creating large-scale extratropical SST anomaly patterns
in winter is well known, the close spatial and temporal
correspondence between the fluxes and SST tendencies
on weekly timescales has not been demonstrated pre-
viously and is a testament to the quality of the datasets.
We compare the magnitudes of the observed SST ten-

dencies and those induced by the surface turbulent energy
fluxes in Fig. 8. The observed SST tendencies were ob-
tained by regressing the tendency fields upon the expan-
sion coefficient of the leading SVD pattern of SST ten-
dency shown in Fig. 7. Similarily, the flux-induced SST
tendencies were formed by regressing the sum of the
latent and sensible heat flux anomalies upon the SST
tendency expansion coefficient, and scaling them by the
factor (� Cp H), where � is the density of water, Cp the
heat capacity of water, and H is the observed climato-
logical mean mixed layer depth for November–March,
given by Levitus (1982). (The mixed layer depths are
provided on a monthly 1� � 1� grid: to form the predicted
SST tendencies, we interpolated both the mixed layer
depth and surface flux data onto a 2� � 2� grid.) Both
the observed and predicted SST tendencies have units of
degrees Celcius per day per unit departure of the SST
tendency expansion coefficient. Figure 8 shows there is
good agreement between the magnitudes of the large-
scale observed SST tendencies and those induced by the
latent and sensible heat fluxes over most of the North
Atlantic. (The predicted SST tendencies along the coast
of Greenland and in the Labrador Sea occur in regions
of high sea ice concentration and as such are probably
spurious.) For the North Atlantic as a whole, the ratio of
the observed to surface flux-induced SST tendency
anomalies is 1.3, as given by the sum of the absolute
value of the SST tendency at each oceanic grid point,
excluding the coast of Greenland and the Labrador Sea.
In the western Atlantic, the largest flux-induced SST

tendencies occur along the southeastern seaboard of the
United States, while the largest observed SST tendencies
are found farther north and east. One plausible expla-
nation for the displacement between the flux-induced and
observed SST tendencies is advection by the Gulf Stream.
We note that for an average surface velocity of 1 m s�1
(Stommel 1965) the Gulf Stream could advect the heat
input to the ocean mixed layer a distance of �1500 km
(e.g., from Cape Hatteras to south of Nova Scotia) in 2.5
weeks. Thus, the actual change in SST during a 4-week
period may occur substantially downstream of where the
heat is put in by the atmosphere.

Autocorrelation Plots 2-D 15

Deser and Timlin, 1998
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FIG. 3. The 500-mb height correlations with the lag �2 SST SVD
expansion coefficient, based on intraseasonal data: (top) 500-mb
heights leading SST by 2 weeks, (middle) simultaneous, and (bottom)
500-mb heights lagging SST by 2 weeks. Contour interval � 0.2,
with negative contours dashed and the zero contour darkened. Dark
(light) shading indicates correlations �0.4 (��0.4).

Newfoundland and Ireland is associated with stronger
than normal surface westerly northwesterly winds.
These wind anomalies can cool the ocean mixed layer
via increased evaporation and sensible heat loss, as well
as by enhanced entrainment of cooler water from be-
neath the mixed layer (c.f. Battisti et al. 1995). Anal-
agous arguments can be made for the other SST ten-
dency centers in Fig. 6.
To verify the notion that surface fluxes may be in-

strumental in creating the SST tendency anomalies, we
performed SVD analysis upon the sum of the sensible
and latent heat fluxes from the NMC reanalysis dataset
and the SST tendency field. Previous studies (cf. Cayan
1992a; Battisti et al. 1995) have shown that the turbulent
fluxes dominate the net surface energy flux over the
extratropical oceans during winter. The first SVD mode,

shown in Fig. 7, explains 65% of the total covariance
squared and exhibits a 0.87 correlation coefficient be-
tween the expansion coefficients of the flux and SST
tendency patterns. As expected, the anomalous fluxes
of sensible and latent heat are collocated with the anom-
alous SST tendency centers, with areas of enhanced en-
ergy flux out of (into) the ocean corresponding to
regions of decreasing (increasing) SST. While the notion
that turbulent energy fluxes play a dominant role in
creating large-scale extratropical SST anomaly patterns
in winter is well known, the close spatial and temporal
correspondence between the fluxes and SST tendencies
on weekly timescales has not been demonstrated pre-
viously and is a testament to the quality of the datasets.
We compare the magnitudes of the observed SST ten-

dencies and those induced by the surface turbulent energy
fluxes in Fig. 8. The observed SST tendencies were ob-
tained by regressing the tendency fields upon the expan-
sion coefficient of the leading SVD pattern of SST ten-
dency shown in Fig. 7. Similarily, the flux-induced SST
tendencies were formed by regressing the sum of the
latent and sensible heat flux anomalies upon the SST
tendency expansion coefficient, and scaling them by the
factor (� Cp H), where � is the density of water, Cp the
heat capacity of water, and H is the observed climato-
logical mean mixed layer depth for November–March,
given by Levitus (1982). (The mixed layer depths are
provided on a monthly 1� � 1� grid: to form the predicted
SST tendencies, we interpolated both the mixed layer
depth and surface flux data onto a 2� � 2� grid.) Both
the observed and predicted SST tendencies have units of
degrees Celcius per day per unit departure of the SST
tendency expansion coefficient. Figure 8 shows there is
good agreement between the magnitudes of the large-
scale observed SST tendencies and those induced by the
latent and sensible heat fluxes over most of the North
Atlantic. (The predicted SST tendencies along the coast
of Greenland and in the Labrador Sea occur in regions
of high sea ice concentration and as such are probably
spurious.) For the North Atlantic as a whole, the ratio of
the observed to surface flux-induced SST tendency
anomalies is 1.3, as given by the sum of the absolute
value of the SST tendency at each oceanic grid point,
excluding the coast of Greenland and the Labrador Sea.
In the western Atlantic, the largest flux-induced SST

tendencies occur along the southeastern seaboard of the
United States, while the largest observed SST tendencies
are found farther north and east. One plausible expla-
nation for the displacement between the flux-induced and
observed SST tendencies is advection by the Gulf Stream.
We note that for an average surface velocity of 1 m s�1
(Stommel 1965) the Gulf Stream could advect the heat
input to the ocean mixed layer a distance of �1500 km
(e.g., from Cape Hatteras to south of Nova Scotia) in 2.5
weeks. Thus, the actual change in SST during a 4-week
period may occur substantially downstream of where the
heat is put in by the atmosphere.

Useful to try to figure out 
sequence of events. 

 Ocean lead atmosphere in 
tropics while atmosphere 
leads in midlatitudes. 



Correlation Matrix 16

 Contains all possible combinations
 Properties of matrix
 Uses of matrix



Correlation Map 17

ENSO index 
correlated with 
temperature and 
precipitation 
around the world. 


