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INTRODUCTION

There is a growing consensus that global warming is real and it is responsible for the unusual weather around the world. For example in 2006, globally averaged land temperatures were +0.78°C (+1.40°F) and ocean temperatures +0.45°C (+0.81°F) above average, ranking 4th and 5th warmest, respectively on record.
However, global warming is complex in that it is not uniform in temperature increases around the world. Some areas may experience an increase in temperatures while some areas may actually experience cooler temperatures depending on other climate factors such as changes in ocean currents. 

In the recent warmth, the greatest climate changes have been over North America and Eurasia between 40°N and 70°N latitude. To put global warming in perspective, seven of the eight warmest years on record have occurred since 2001 and the 10 warmest years have all occurred since 1995.1Iowa City, Iowa, located at latitude of 41.67 °N, is within this range. In our research we first investigated whether there was an overall systemic temperature increase or decrease in Iowa City from 1936 to 2006, and then determined if there was systemic temperature increase or decrease in each of the four seasons, because with global warming, the seasons could tend to be extremes, meaning that the winter months were colder while the summer months were warmer.

METHODS

We gathered our monthly temperature data from the National Climatic Data Center through the website where the daily low temperature, average temperature, and high temperature, and monthly average temperature were readily available for a single location in Iowa City (COOP ID: 134101/ location: 41°37'N / 91°30'W). For this study we defined the winter season to be the months of January thru March, spring to be April thru June, summer to be the July thru September, and fall to be October through December. 

When observations on a variable are sequentially collected in time such as our temperature data, a correlation between actual and previous observations of the variable, called autocorrelation, can be expected and it needs to be evaluated for its presence because it violates the OLS assumption that the error terms are uncorrelated in regression lines. While it does not bias the OLS coefficient estimates, the standard errors tend to be underestimated (and the t-scores overestimated) when the autocorrelations of the errors at low lags are positive.
 Testing in SAS for autocorrelations was performed with the Durbin Watson statistics test.
Also, with time series data one of the key assumptions of the ordinary regression model is that the errors have the same variance throughout the sample. If not, the data are said to be heteroscedastic. Since ordinary least-squares regression assumes constant error variance, heteroscedasticity causes the OLS estimates to be inefficient. Producing models that take into account the changing variance can make more efficient use of the data. Also, heteroscedasticity can make the OLS forecast error variance inaccurate since the predicted forecast variance is based on the average variance instead of the variability at the end of the series.
 Testing for heteroscedasticity in SAS was performed with the ARCH test.
For our data sets that need both autocorrelation and heteroscedasticity corrections, we can utilize the generalized autoregressive conditional heteroscedasticity (GARCH, Bollerslev (1986)) model
 :
1. Estimate the best fitting AR(q) model 
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2. Compute and plot the autocorrelations of ε2 by 
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However, for the basic statistics class level that we are in, we performed the GARCH model test in SAS for comparison purposes only to see how well our own model fits.
We utilized time series model for our statistical analysis.  Specifically, we incorporated trend and seasonality variables into our regression model. The equation takes the form of  


Yt  = β0 + β1t+ β2 sin(2πt/4)+ β3 cos(2πt /4), where t= time.
RESULTS

Figure 1 below is a time plot of seasonal mean for Iowa City from 1931 to 2006 for the four seasons plotted together.
[image: image3.emf]Mean Seasonal Temperatures for Iowa City, Iowa from 1936-2006.
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Figure 2 below is a time plot of seasonal mean for Iowa City from 1931 to 2006 plotted separately.
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Figure 1. Time series plot of mean seasonal temperatures for Iowa City, Iowa from 1931 to 2006.

SAS code for all the seasonal data. 
There are four variables and 304 observations. Note: time=1931=winter, time=1931.25=spring, time=1931.5=summer, time=1931.75=fall.
data seasons;

input time temperature;

cosvar=cos((2*3.141592654*time)/4);

sinvar=sin((2*3.141592654*time)/4);

datalines;

1931
33.6

1931.25
61.0

1931.5
74.0

1931.75
46.9

1932
29.9

…

2006.75
43.5

;

run;

Watson Durbin Statistics 

The DW tests indicate that the seasonal data contains negative autocorrelation at lag 1 and positive autocorrelation at lag 4.
proc autoreg data=seasons;

model temperature = time cosvar sinvar/ dw=4 dwprob; 

run;

                         Durbin-Watson Statistics

                 Order            DW    Pr < DW    Pr > DW

                   1          1.9835     0.3785     0.6215

                   2          3.8496     1.0000     <.0001
                   3          1.9299     0.2798     0.7202

                   4          0.1069     <.0001     1.0000

NOTE: Pr<DW is the p-value for testing positive autocorrelation, and Pr>DW

      is the p-value for testing negative autocorrelation.

SAS output with correction for autocorrelation
When autocorrelation is not corrected for, SAS produced an OLS with R-square = 0.0006. With autocorrelation correction R-Square increased significantly to R-square = 0.9647.

proc autoreg data=seasons;

model temperature = time cosvar sinvar / nlag=(2 4);

run;

                         The AUTOREG Procedure

                     Dependent Variable    temperature

                     Ordinary Least Squares Estimates

      SSE                 85920.9341    DFE                      292

      MSE                  294.24977    Root MSE            17.15371

      SBC                 2541.33675    AIC               2526.57532

      Regress R-Square        0.0006    Total R-Square        0.0006
      Durbin-Watson           1.9835

                                        Standard                 Approx

    Variable        DF     Estimate        Error    t Value    Pr > |t|

    Intercept        1      18.7403      89.5280       0.21      0.8343

    time             1       0.0165       0.0455       0.36      0.7175
    cosvar           1      -0.0759       1.4079      -0.05      0.9570

    sinvar           1      -0.2487       1.4134      -0.18      0.8605

                       Estimates of Autocorrelations

   Lag Covariance  Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

     0      290.3     1.000000 |                    |********************|

     1     2.2027     0.007588 |                    |                    |

     2     -283.2    -0.975478 |********************|                    |

     3     2.2380     0.007710 |                    |                    |

     4      281.7     0.970311 |                    |******************* |

                        Preliminary MSE     11.9543

                  Estimates of Autoregressive Parameters

                                          Standard

               Lag     Coefficient           Error    t Value

                 2        0.597832        0.054143      11.04

                 4       -0.387139        0.054143      -7.15


               Expected

                             Autocorrelations

                             Lag     Autocorr

                               0       1.0000

                               1       0.0000

                               2      -0.9755

                               3       0.0000

                               4       0.9703

                          Yule-Walker Estimates
      SSE                  3036.8812    DFE                      290

      MSE                   10.47200    Root MSE             3.23605

      SBC                 1572.93897    AIC               1550.79682

      Regress R-Square        0.0651    Total R-Square        0.9647
      Durbin-Watson           1.5387

                                        Standard                 Approx

    Variable        DF     Estimate        Error    t Value    Pr > |t|

    Intercept        1      -9.3160      13.9900      -0.67      0.5060

    time               1       0.0306     0.007103       4.30      <.0001
    cosvar           1      -0.0348       0.1879      -0.19      0.8533

    sinvar            1      -0.2402       0.1889      -1.27      0.2046

                                 Expected

                             Autocorrelations

                             Lag     Autocorr

                               0       1.0000

                               1       0.0000

                               2      -0.9755

                               3       0.0000

                               4       0.9703

The time series model:  Yt  = -9.3160 + 0.0306t - 0.2402sin(2πt/4) - 0.0348 cos(2πt /4) where t= time.

ARCH test for heteroscedasticity
The Q statistics indicates heteroscedasticity with the seasonal data. Correction is needed for both autocorrelation and heteroscedasticity.
proc autoreg data=seasons;

model temperature = time cosvar sinvar / nlag=(2 4) archtest dwprob;

output out=r r=yresid;

run;


    The AUTOREG Procedure

                     Dependent Variable    temperature

                   Q and LM Tests for ARCH Disturbances

          Order             Q    Pr > Q            LM    Pr > LM

            1        153.0495    <.0001      153.2639     <.0001

            2        305.2171    <.0001      179.2814     <.0001

            3        466.8801    <.0001      193.3099     <.0001

            4        653.1709    <.0001      210.6475     <.0001

            5        812.2902    <.0001      212.5693     <.0001

            6        964.6130    <.0001      213.0971     <.0001

            7       1116.6803    <.0001      213.1729     <.0001

            8       1289.2160    <.0001      214.9776     <.0001

            9       1439.0461    <.0001      215.0316     <.0001

           10      1583.5563    <.0001      215.0325     <.0001

           11      1738.7371    <.0001      215.7191     <.0001

           12      1920.7363    <.0001      220.1114     <.0001

The Q statistics test for changes in variance across time using lag windows ranging from 1 through 12. The p-values for the test statistics are given. These tests strongly indicate heteroscedasticity, with p < 0.0001 for all lag windows. The Lagrange multiplier (LM) tests also indicate heteroscedasticity. These tests can also help determine the order of the ARCH model appropriate for modeling the heteroscedasticity, assuming that the changing variance follows an autoregressive conditional heteroscedasticity model.

GARCH Modeling
proc autoreg data=seasons;

model temperature = time cosvar sinvar/ nlag=(2 4) garch=(q=1,p=1) maxit=50;

output out=out cev=vhat; 

run;

                             GARCH Estimates

       SSE               3338.32762    Observations             285

       MSE                 11.71343    Uncond Var         11.152536

       Log Likelihood    -745.59644    Total R-Square        0.9612
       SBC               1542.06529    AIC               1509.19289

       Normality Test       34.3634    Pr > ChiSq            <.0001

                                        Standard                 Approx

    Variable        DF     Estimate        Error    t Value    Pr > |t|

    Intercept        1     -18.7230      17.9014      -1.05      0.2956
    time               1       0.0353     0.009087       3.88      0.0001
    cosvar            1      -0.0252       0.2091      -0.12      0.9039

    sinvar             1      -0.1934       0.2097      -0.92      0.3564

    AR2               1       0.4713       0.0547       8.62      <.0001

    AR4               1      -0.5196       0.0542      -9.59      <.0001

    ARCH0         1       3.1712       3.7857       0.84      0.4022

    ARCH1         1       0.1025       0.0542       1.89      0.0584

GARCH1      1       0.6131       0.3803       1.61      0.1069

______________________________________________________________________
Calculations for the four seasons 
The SAS codes used for spring, summer, and fall are the same codes that are used for winter.  Replace the winter data sets with the appropriate season for analysis. There are two variables and approximately 76 observations for each season. In some years there were missing data denoted by “.”.
Winter Seasons
The winter season SAS indicates positive autocorrelation for lag 1 and no heteroscedasticity.

data winter;

input time temperature;

datalines;

1931
33.6

1932
29.9

1933
31.9

…

2006
35.3

;

run;

proc autoreg data=winter;

model temperature=time/dw=4 dwprob;

run;

                  Durbin-Watson Statistics

                 Order            DW    Pr < DW    Pr > DW

                   1          1.6332     0.0446     0.9554
                   2          1.8218     0.2236     0.7764

                   3          1.6174     0.0642     0.9358

                   4          1.8058     0.2805     0.7195

NOTE: Pr<DW is the p-value for testing positive autocorrelation, and Pr>DW is the p-value for testing negative autocorrelation.

proc autoreg data=winter;

model temperature = time/nlag=1 archtest dwprob;

output out=r r=yresid;

run;

        Q and LM Tests for ARCH Disturbances

          Order             Q    Pr > Q            LM    Pr > LM

            1          0.6469    0.4212        0.8661     0.3520

            2          0.7881    0.6743        0.9032     0.6366

            3          1.1214    0.7719        1.1980     0.7535

            4          3.1002    0.5412        2.8462     0.5839

            5          4.6269    0.4631        5.0794     0.4063

            6          5.6596    0.4624        6.8028     0.3395

            7          8.5572    0.2860        9.8569     0.1968

            8          9.7446    0.2834       10.2553     0.2476

            9          9.7637    0.3700       10.2555     0.3302

           10         9.8875    0.4504       10.8699     0.3677

           11       11.3693    0.4129      10.8721     0.4540

           12       13.0369    0.3664      12.7016     0.3911
SAS output for winter season with correction for autocorrelation
proc autoreg data=winter;


model temperature = time/ nlag=(1);




              
               run;

The AUTOREG Procedure

Dependent Variable    temperature

Ordinary Least Squares Estimates

SSE                 995.737613    DFE                       70

MSE                   14.22482    Root MSE             3.77158

SBC                 402.011353    AIC               397.458021

Regress R-Square        0.0459    Total R-Square        0.0459
Durbin-Watson           1.6332

Standard                 Approx

Variable        DF     Estimate        Error    t Value    Pr > |t|

Intercept        1     -43.6583      39.6827      -1.10      0.2750

time               1       0.0370       0.0201          1.84      0.0706
Estimates of Autocorrelations

Lag Covariance  Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

0    13.8297     1.000000 |                    |********************|

1     2.1224     0.153468 |                    |***                 |

Preliminary MSE     13.5040

Estimates of Autoregressive Parameters
Standard

Lag     Coefficient           Error    t Value

1       -0.153468        0.118960      -1.29

Yule-Walker Estimates

SSE                 970.805115    DFE                       69

MSE                   14.06964    Root MSE             3.75095

SBC                 404.509909    AIC                397.67991

Regress R-Square        0.0332    Total R-Square        0.0698
Durbin-Watson           1.9451

The AUTOREG Procedure

Standard                 Approx

Variable        DF     Estimate        Error    t Value    Pr > |t|

Intercept        1     -41.8416      46.1770      -0.91      0.3680
time             1       0.0361       0.0234       1.54           0.1284
Spring Seasons


No autocorrelation or heteroscedasticity is detected so we can just use the OLS estimates.

  The AUTOREG Procedure

                     Dependent Variable    temperature

                     Ordinary Least Squares Estimates

      SSE                 283.761309    DFE                       73

      MSE                    3.88714    Root MSE             1.97158

      SBC                 321.274154    AIC               316.639178

      Regress R-Square        0.1853    Total R-Square        0.1853
                         Durbin-Watson Statistics

                 Order            DW    Pr < DW    Pr > DW

                   1          1.7575     0.1193     0.8807

                   2          2.1756     0.7780     0.2220

                   3          2.1052     0.7186     0.2814

                   4          2.2269     0.8911     0.1089

NOTE: Pr<DW is the p-value for testing positive autocorrelation, and Pr>DW

      is the p-value for testing negative autocorrelation.

                                        Standard                 Approx

    Variable        DF     Estimate        Error    t Value    Pr > |t|

    Intercept        1     -22.1194      20.5939      -1.07      0.2863

    time             1       0.0426       0.0105       4.07      0.0001


                   Q and LM Tests for ARCH Disturbances

          Order             Q    Pr > Q            LM    Pr > LM

            1          0.0988    0.7533        0.1203     0.7287

            2          1.8372    0.3991        1.6853     0.4306

            3          4.1604    0.2447        3.5012     0.3206

            4          4.1616    0.3846        3.6039     0.4623

            5          4.1897    0.5224        4.4802     0.4825

            6          4.6340    0.5915        4.4815     0.6118

            7          4.8373    0.6798        5.6035     0.5867

            8          5.4458    0.7090        6.9269     0.5445

            9          6.2496    0.7147        8.5754     0.4774

           10         11.0811    0.3512       10.6112     0.3886

           11         13.1356    0.2846       10.7003     0.4687

           12         15.2941    0.2257       13.7011     0.3202

Summer Seasons
There are positive autocorrelations at lag 1,2,3 and no heteroscedasticity.
                         Durbin-Watson Statistics

                 Order            DW    Pr < DW    Pr > DW

                   1          1.4177     0.0032     0.9968

                   2          1.5730     0.0294     0.9706

                   3          1.5383     0.0270     0.9730

                   4          1.6891     0.1297     0.8703

NOTE: Pr<DW is the p-value for testing positive autocorrelation, and Pr>DW

      is the p-value for testing negative autocorrelation.
                   Q and LM Tests for ARCH Disturbances

          Order             Q    Pr > Q            LM    Pr > LM

            1          0.1663    0.6834        0.2585     0.6112

            2          3.2256    0.1993        3.4798     0.1755

            3          3.5597    0.3131        4.1694     0.2437

            4          3.6567    0.4544        4.1912     0.3807

            5          7.9010    0.1618        7.1639     0.2087

            6          8.8832    0.1803        8.3958     0.2105

            7          9.6765    0.2077        8.8003     0.2673

            8         10.5807    0.2266       11.4220     0.1789

            9         10.5810    0.3055       12.3528     0.1941

           10        10.7202    0.3797       15.0421     0.1305

           11        10.7202    0.4670       15.0440     0.1805

           12        11.1429    0.5167       15.1360     0.2341
Linear regression correction for autocorrelation using the stepwise with autoregression.

proc autoreg data=summer;

model temperature = time / nlag=5 backstep;

run;

    The AUTOREG Procedure

                     Dependent Variable    temperature

                     Ordinary Least Squares Estimates

      SSE                 255.624634    DFE                       74

      MSE                    3.45439    Root MSE             1.85860

      SBC                 316.526357    AIC                311.86489

      Regress R-Square        0.1124    Total R-Square        0.1124
      Durbin-Watson           1.4177

                                        Standard                 Approx

    Variable        DF     Estimate        Error    t Value    Pr > |t|

    Intercept        1      13.1902      19.1318       0.69      0.4927

    time             1       0.0297     0.009718       3.06      0.0031
                       Estimates of Autocorrelations

   Lag Covariance  Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

     0     3.3635     1.000000 |                    |********************|

     1     0.8985     0.267142 |                    |*****               |

     2     0.6253     0.185921 |                    |****                |

     3     0.6034     0.179397 |                    |****                |

     4     0.3295     0.097969 |                    |**                  |

     5     0.6676     0.198478 |                    |****                |

                          Backward Elimination of

                           Autoregressive Terms

                 Lag      Estimate    t Value    Pr > |t|

                   4      0.021603       0.18      0.8598

                   2     -0.077786      -0.64      0.5213

                   3     -0.107310      -0.93      0.3561

                   5     -0.173976      -1.55      0.1256

                        Preliminary MSE      3.1234

  Estimates of Autoregressive Parameters

                                          Standard

               Lag     Coefficient           Error    t Value

                 1       -0.267142        0.112788      -2.37

                          Yule-Walker Estimates

      SSE                  236.44709    DFE                       73

      MSE                    3.23900    Root MSE             1.79972

      SBC                 315.004222    AIC               308.012022

      Regress R-Square        0.0633    Total R-Square        0.1790
      Durbin-Watson           2.0081

                                        Standard                 Approx

    Variable        DF     Estimate        Error    t Value    Pr > |t|

    Intercept        1      16.4107      24.9194       0.66      0.5123

    time             1       0.0281       0.0127       2.22      0.0294
_____________________________________________________________
Fall Seasons
Durbin Watson test indicates no significant autocorrelation at alpha=0.05 and no heteroscedasticity with the ARCH test, but there is some negative autocorrelation at lag 1 at a lower alpha. Since the OLS regression line produced total R-Square = 0.0247 only, a regression was performed with correction for comparison. After correction total R-Square increased slightly to R-Square = 0.0857

                         Durbin-Watson Statistics

                 Order            DW    Pr < DW    Pr > DW

                   1          2.3900     0.9415     0.0585
                   2          2.0163     0.5280     0.4720

                   3          1.8866     0.3580     0.6420

                   4          1.8926     0.4148     0.5852

NOTE: Pr<DW is the p-value for testing positive autocorrelation, and Pr>DW

      is the p-value for testing negative autocorrelation.

proc autoreg data=fall;

model temperature = time /nlag=1 archtest dwprob;

output out=r r=yresid;run;


   The AUTOREG Procedure

                     Dependent Variable    temperature


                     Ordinary Least Squares Estimates
      SSE                 515.360796    DFE                       71

      MSE                    7.25860    Root MSE             2.69418

      SBC                 358.417713    AIC               353.836794

      Regress R-Square        0.0247    Total R-Square        0.0247
      Durbin-Watson           2.3900    Pr < DW               0.9415

      Pr > DW                 0.0585

NOTE: Pr<DW is the p-value for testing positive autocorrelation, and Pr>DW

      is the p-value for testing negative autocorrelation.

             Q and LM Tests for ARCH Disturbances

          Order             Q    Pr > Q            LM    Pr > LM

            1          0.5683    0.4509        0.1084     0.7420

            2          0.7864    0.6749        0.9105     0.6343

            3          1.6098    0.6572        2.2859     0.5152

            4          1.6738    0.7955        2.2890     0.6828

            5          2.2826    0.8088        4.0151     0.5472

            6          2.5664    0.8610        4.0723     0.6669

            7          2.5887    0.9203        4.5287     0.7173

            8          3.3738    0.9088        6.3338     0.6099

            9          4.2141    0.8968        6.8482     0.6529

           10         4.7399    0.9079        6.8720     0.7375

           11         4.9862    0.9318        7.7365     0.7367

           12         6.0545    0.9133        8.6385     0.7335

                                        Standard                 Approx

    Variable        DF     Estimate        Error    t Value    Pr > |t|

    Intercept        1       2.6877      28.2068       0.10      0.9244

    time               1       0.0192       0.0143       1.34      0.1846
                       Estimates of Autocorrelations

   Lag Covariance  Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

     0     7.0597     1.000000 |                    |********************|

     1    -1.6691    -0.236429 |               *****|                    |

                        Preliminary MSE      6.6651

                  Estimates of Autoregressive Parameters
                                          Standard

               Lag     Coefficient           Error    t Value

                 1        0.236429        0.116134       2.04

                          Yule-Walker Estimates

      SSE                   483.1323    DFE                       70

      MSE                    6.90189    Root MSE             2.62714

      SBC                 358.109108    AIC               351.237729

      Regress R-Square        0.0432    Total R-Square        0.0857
      Durbin-Watson           1.9850    Pr < DW               0.4548

      Pr > DW                 0.5452

NOTE: Pr<DW is the p-value for testing positive autocorrelation, and Pr>DW

      is the p-value for testing negative autocorrelation.

                                                       Standard                 Approx

    Variable        DF     Estimate        Error    t Value    Pr > |t|

Intercept         1       0.5198      22.4736       0.02      0.9816

 time               1       0.0203       0.0114       1.78      0.0799
SUMMARY AND INTERPRETATION

1. Based on the Durbin-Watson Statistics, there are negative autocorrelation at lag=1 and positive autocorrelation at lag=4 for our combined seasonal data analysis. If corrections for autocorrelation was not performed, SAS output shows that the linear regression line would have total R-square =0.0006. This implies that the linear model produced is not a good fit for our data. After correcting for the autocorrelation total R-square =0.9647, which suggest that now our time series model provides a good fit and explanation to our data.
2. Our combined seasonal data also indicated heteroscedasticity. The GARCH model produced a linear model that was comparable to our model. Total R-Square for the GARCH model is 0.9612 compared to Total R-Square = 0.9647 for our model. As the SAS output illustrates, the coefficients for the variables differs slightly for the slope and intercept, but both model has a P-value of less than or equal to 0.0001 for the slope. Given that the test stat values are large and the p-values are small, there is strong evidence against the null hypothesis that the coefficient of “time” is zero, favoring our alternative hypothesis that this coefficient is not zero. In our case, the positive coefficient of 0.0306 for “time” from our model indicates that overall there has been systemic warming in Iowa City from 1936 to 2006.
3. SAS indicates positive autocorrelation for the winter seasons at lag = 1 and no heteroscedasticity. Even with corrections for autocorrelation, we were only able to obtained a regression line with total R-square=0.0698. This model does not fit our data well. The positive slope coefficient (0.0698) indicates a systemic warming increase trend, but with a p-value of p=0.1284 we can not reject the null hypothesis: there is no warming trend in the winter seasons. 
4. For the spring season, no autocorrelation or heteroscedasticity are detected so we can just use the OLS estimates. Although, total R-square only equaled 0.1853, the positive slope coefficient of 0.0426 is significant with p-value=0.0001. This indicates strong evidence against the null hypothesis that the coefficient of “time” is zero, favoring our alternative hypothesis that this coefficient is not zero. This means that most likely there was a systemic increase in temperature during the spring seasons. 
5. The summer season data has positive autocorrelations at lag 1, 2, and 3 and no heteroscedasticity. With corrections, total R-square increased from 0.1124 to 0.1790. The regression line analysis is still a bad fit for the data, but the positive slope coefficient of 0.0281 is significant with a p-value of p=0.0294.  This gives good evidence that the summer seasons has systemically increased in temperature.
6. Regression analysis with the fall data produced a very weak positive linear relationship with R-square=0.0857. Also, the p-value (0.0799) for the positive slope coefficient (0.0203) is only somewhat significant so we can not reject the null hypothesis. The fall seasons has not systemically increased or decreased in temperature.      
In summary, based on the time series statistical analysis of our combined seasonal data, the coefficient of the slope (0.0306) is positive and statistically significant. Therefore, there is evidence that temperatures in Iowa City have generally increased during the time course between 1931 and 2006.  Within the seasons, there is evidence that the spring and summer seasonal average temperature have generally increased as well, while there are no significant evidence to suggest that the fall and winter seasons have changed. A good time series model for the seasonal temperatures of Iowa City, Iowa for the years 1936-2006 is: 

Yt  = -9.3160 + 0.0306t - 0.2402sin(2πt/4) - 0.0348 cos(2πt /4) where t= time
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