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Temperature and Precipitation: Overall Effect on the Water Level of Lake Travis
Introduction:

I live in Austin, Texas, where for the past several years, we have experienced regular droughts. The lack of rainfall during the summer of 2011 meant yet another drought for Austin and heavy water restrictions throughout the city. I would like to study the precise effect of rainfall and temperature on the water level of Lake Travis. By studying the water level of this large body of water, we can get an understanding of the drought status in the city as a whole.  
Hypothesis:

Precipitation by itself, while a key variable in the study of droughts, cannot accurately predict the water level of Lake Travis. For example, if Austin experiences a length of time without precipitation, a storm or shower may not be as effective. Also, a torrential downpour may not affect water levels as much as a steady rain. We could explore several factors in the development of a model to predict water level, but because of the lack of specific data available, we cannot accurately gauge each one. Historical precipitation, together with temperature can predict the water level of Lake Travis.    
Data: 

In order to prove my hypothesis, I gathered data on the historical water levels of Lake Travis, average precipitation (in inches), and average temperature (in degrees Fahrenheit) on a monthly basis. In addition to the average monthly water levels of Lake Travis, I obtained maximum and minimum lake levels for each month. I will study year 1998 through 2011. My source for the historical water levels of Lake Travis is http://www.lcra.org/water/conditions/historical.html, and for precipitation and temperature is http://www.srh.noaa.gov/images/ewx/aus/ausmontemp.pdf and http://www.srh.noaa.gov/images/ewx/aus/ausmonrain.pdf.
Below is a sample of my data:
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JAN 1998

680.37

2.86

54.1

680.95

678.82

FEB 1998

681.07

3.52

52.8

681.47

680.63

MAR 1998

683.32

2.33

58.1

688.08

680.73

APR 1998

681.53

1.49

64.5

682.73

681.14

MAY 1998

678.08

0.61

78.5

680.99

674.85

JUN 1998

670.89

0.97

86.5

674.63

666.85

JUL 1998

665.44

0.55

87.5

667.41

663.54

AUG 1998

663.61

3.33

84.2

666.28

662.46


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

Y = Water Level of Lake Travis 

X1 = Average Precipitation
X2 = Average Temperature 

Regression Analysis Results

Analysis 1 – Two variables on Water Level
I will use the two X variables to predict the level of Lake Travis using the equation Y = X1X2. Using the Excel Regression Add-In (results in the “Regression Reg-AvgWaterLvl” Excel tab) I obtain the following results. The regression equation becomes

Y = 677.11 + (0.568)X1 + (-0.153)X2
The adjusted R^2 is 0.0172 indicating that this model is doing a very poor job predicting water levels.  
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Multiple R 0.170213088

R Square 0.028972495

Adjusted R Square 0.017202465

Standard Error 14.14935333

Observations 168

ANOVA

df SS MS F Significance F

Regression 2 985.6245166 492.8122583 2.461548056 0.088430353

Residual 165 33033.69293 200.2041996

Total 167 34019.31744

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept 677.1068441 6.01075544 112.6492087 5.4919E-158 665.2389345 688.9747537 665.2389345 688.9747537

X Variable 1 0.567938969 0.449172113 1.264412798 0.207865032 -0.318926931 1.454804868 -0.318926931 1.454804868

X Variable 2 -0.152949148 0.084745506 -1.804805403 0.07292857 -0.320274539 0.014376244 -0.320274539 0.014376244
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Based on the regression output and the Line Fit Plots for both variables, I need to change my model. Instead of looking at the water level, I will measure the change in water level. This will be a better response variable since it shows the actual effect.
Analysis 2 – Two Variables on Change in Water Level
Next, I will use both variables and have Y be the change in water level. The equation is  Y = X1X2. Using the Excel Regression Add-In (results in the “Reg-ChangeInAvgWaterLvl” Excel tab) I obtain the following results. The regression equation becomes

Y = 8.257 + (0.747)X1 + (-0.154)X2
The adjusted R^2 improves to 0.312.  
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Regression Statistics

Multiple R

0.565788404

R Square

0.320116518

Adjusted R Square

0.311825256

Standard Error

3.993120688

Observations

167

ANOVA

df

SS

MS

F

Significance F

Regression

2

1231.238864

615.6194321

38.60890165

1.81814E-14

Residual

164

2614.982104

15.94501283

Total

166

3846.220968

Coefficients

Standard Error

t Stat

P-value

Lower 95%

Upper 95%

Lower 95.0%

Upper 95.0%

Intercept

8.25748896

1.703805338

4.846497879

2.89407E-06

4.893266472

11.62171145

4.893266472

11.62171145

X Variable 1

0.746960735

0.12676434

5.892514694

2.09973E-08

0.496660167

0.997261302

0.496660167

0.997261302

X Variable 2

-0.154485175

0.024001568

-6.436461726

1.29071E-09

-0.2018771

-0.107093249

-0.2018771

-0.107093249


This is a massive improvement, but it is still not a very good R^2 value. We will check the Line Fit Plots once more.
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We can remove outliers to try to improve the model. For example, during November 2000, Austin experienced a flood. The water level of Lake Travis rose almost 33 feet, which is double the next highest change. I will remove this outlier and other similar outliers from the data.
Analysis 3 – Two Variables on Change in Water Level – Remove Outliers
Next, I will use both variable to predict change in water level, removing five outliers, using the equation Y = X1X2 Using the Excel Regression Add-In (results in the “Reg-ChangeInAvgWaterLvl,Outlier” Excel tab) I obtain the following results. The regression equation becomes

Y = 6.682 + (0.544)X1 + (-0.132)X2
The adjusted R^2 improves again to 0.456, and while this is not a “good” model, it predicts the change in the water level of Lake Travis relatively well for only using two variables. By adding other variables, we could substantially improve the model. Because of data availability restraints, this would not be within the scope of this project. 
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Regression Statistics

Multiple R

0.680029486

R Square

0.462440102

Adjusted R Square

0.455678342

Standard Error

2.346599363

Observations

162

ANOVA

df

SS

MS

F

Significance F

Regression

2

753.1884421

376.5942211

68.39049616

3.70626E-22

Residual

159

875.5380427

5.506528571

Total

161

1628.726485

Coefficients

Standard Error

t Stat

P-value

Lower 95%

Upper 95%

Lower 95.0%

Upper 95.0%

Intercept

6.682481002

1.020532444

6.54803386

7.6597E-10

4.666933325

8.698028678

4.666933325

8.698028678

X Variable 1

0.544150234

0.075570029

7.200609034

2.25232E-11

0.394899715

0.693400752

0.394899715

0.693400752

X Variable 2

-0.131600858

0.014363298

-9.162300616

2.44985E-16

-0.159968318

-0.103233399

-0.159968318

-0.103233399
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Conclusion

My conclusion is that both precipitation and temperature (among other unmeasured factors) predict the change in water level of Lake Travis. Rainfall is the more intuitive measure and does seem to be better at predicting lake levels. The last analysis performed produced the better model, and the Line Fit Plot for variable one shows that it can predict Y much better than temperature.
