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Rainfall and Temperature Change, Seattle, WA Case Study

Introduction:

I was interested in exploring a comment that NEAS made from a student project (Weather data: precipitation, cloud cover, humidity) that a good indicator of rainfall is the change in the temperature. I have lived in Seattle for two years now, and I wanted to test if that comment would hold for a city like Seattle which is more influenced by a maritime weather pattern where large temperature changes are less frequent than the weather on the East Coast. Seattle and other West Coast cities have a defined wet season in the winter and spring and a drier season in the summer and fall. 
Hypothesis:

The absolute value of the change in maximum (or average) daily temperatures is not a good indicator of rainfall for Seattle, WA. I will also explore other X variables including peak wind gust and cloud cover to see if these are more predictive of precipitation. 
Data: 

To perform this regression analysis, I obtained daily weather statistics from the Seattle-Tacoma, WA airport from the National Weather Service Local Climatology report: http://www.nws.noaa.gov/climate/index.php?wfo=sew. I obtained data from January 1, 2011 through December 31, 2011 and collected for each day, the maximum temperature, the average temperature, precipitation (inches), peak wind gust, and average sky cover (0 being clear and 10 being cloudy). I also calculated the absolute value of the maximum temperature change from the previous day and the absolute value of the average temperature change from the previous day. The daily weather statistics for Seattle are shown in the “Data” tab and a sample of the data is shown in Table 1. 
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Table 1: Sample weather data from Seattle-Tacoma, WA airport. 

Assumptions:

Before conducting a linear regression, the X variables of the absolute value of the maximum temperature change, absolute value of the average temperature change, peak wind, and cloud cover were analyzed to assure the assumptions of linear regression would hold or if transformations were in order. Table 2 shows a summary of the X variables, the upper hinge (75th percentile), median, lower hinge (25th percentile), and whether the variable is symmetric by using the equation:

(upper hinge – median) / (median – lower hinge). 
The max temperature departure has a symmetric distribution (= 1). However, the other X variables appear to need a transformation. The average temperature departure is = 2 indicating a positive skew and we will need to descend the ladders of power. Peak wind variable has a 1.6 also indicating a positive skew and we will have to descend the ladders of power as well. Lastly, cloud cover has a 0.5 indicating that we will need to ascend the ladders of power.  
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Table 2: X Variables and test of symmetry
Transformations

The first X variable to be transformed is the average temperature departure. Table 3 shows a summary of the transformations tested. The original symmetry of this data is a 2.0 indicating that a descent of the ladders of power for the transformation. Since we have 0 in the data, a ln transformation is not available. The closest transformation to 1 is using the (1/4th power) of the X variable. It yields a 1.19 symmetry so this variable is still slightly positively skewed. I will select the 1/4th power transformation. 
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Table 3: Average temperature transformation. 

The second X variable to be transformed is the peak wind. Table 4 shows a summary of the transformations tested. The original symmetry of this data is a 1.6 indicating a descent of the ladders of power for the transformation. The closest transformation to 1 is using the Ln (Peak Wind) which yields a symmetry of 1.19, slightly positively skewed. I will select the Ln X transformation. 
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Table 4: Peak wind speed transformation. 

The third X variable to be transformed is the cloud cover. Table 5 shows a summary of the transformations tested. The original symmetry of this data is a 0.5 indicating that an ascent of the ladders of power for the transformation. The closest transformation to 1 is using the X^4 power which yields a symmetry of 0.88, slightly negative skewed. I will select the X^4 transformation.
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Table 5: Cloud cover transformation. 

Variables for Regression Analysis
I have chosen the following variables for the regression analysis:

Y = Precipitation 

X1 = Maximum Temperature Departure from Previous Day 

X2 = Average Temperature Departure from Previous Day ^0.25 

X3 = Ln (Peak Wind Gust)

X4 = Cloud Cover^4

Regression Analysis Results

Analysis 1 – All variables
I will first use all four X variables to predict the amount of precipitation using the equation Y = X1X2X4X4. Using the Excel Regression Add-In (results in the “Regression_All Variables” Excel tab) I obtain the following results, shown in Table 6. The regression equation becomes

Y = -0.59 + (-.001)X1 + (0.031)X2 + 0.179X3 + 0.00003X4

The adjusted R^2 is 0.33 indicating that this model is doing a poor job predicting precipitation. The maximum temperature departure has the highest p-value and lowest t-value suggesting that this variable has little influence on precipitation. 
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Table 6: Regression Analysis output using all variables
Analysis 2 – All variables except Maximum Temperature Departure

Next, I will use all variables except maximum temperature departure from the previous day using the equation Y = X1X2X4. Using the Excel Regression Add-In (results in the “Reg_AllVariablesxMaxTemp” Excel tab) I obtain the following results, shown in Table 7. The regression equation becomes

Y = -0.59 + (0.027)X2 + 0.180X3 + 0.00003X4
The adjusted R^2 does not improve at all and is still at 0.33 indicating that this model is still doing a poor job predicting precipitation. The average temperature departure has the highest p-value and lowest t-value suggesting that this variable has little influence on precipitation. As a result of both Analysis 1 and 2, this suggests that temperature departures have very little influence on the amount of precipitation for Seattle. I will remove this variable from the regression analysis to see if we can obtain a better fit. 
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Table 7: Regression Analysis output using all variables except maximum temperature departure
Analysis 3 – All variables except Maximum Temperature Departure and Average Temperature Departure

Next, I will use all variables except maximum temperature departure and average temperature departure from the previous day using the equation Y = X1X2 Using the Excel Regression Add-In (results in the “Reg_AllxMaxandAvgTemp” Excel tab) I obtain the following results, shown in Table 8. The regression equation becomes

Y = -0.57 + 0.181X3 + 0.00003X4
The adjusted R^2 does not improve at all and is still at 0.33 indicating that this model is still doing a poor job predicting precipitation. 
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Table 8: Regression Analysis output using only peak wind and cloud cover.

Conclusion

Given Seattle’s more marine-influenced climate than cities on the East Coast, the temperature departure (either average or maximum) from the previous day is not a good indicator of precipitation amount. Peak wind and cloud cover are a better predictor of precipitation in Seattle than the daily temperature departure but these variables still are fairly poor in predicting precipitation. 
