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Section 1: Comparing Togo Model to Real Data 

To begin the evaluation of the fit of the global Togo model against Sokode, I imposed the model (using Sokode’s 

data) against the actual data of Togo. I did this for minimum temperature data, maximum temperature data, 

and rainfall data.  

 

 

Looking at this graph of the real minimum data graphed over the model, the model does a somewhat decent job 

of modeling the real data. The real data has several points that are pretty significantly lower than the model 

goes. As expected, the model is much smoother than the real data. The real data clearly has an increasing trend 

to it, and the model captures that aspect of it, which is important.  

 

 

The plot of the maximum real data graphed over the model looks better than the minimum temperature plot. 

The maximum data is increasing (although not as drastically as the minimum temperature) and the model 

captures that.  
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The graph of the real rainfall data graphed over the rainfall model does not look super great. The model does 

not capture the higher values of rainfall. As discussed in class, the model does predict some negative rainfall, but 

this is expected since we had so many values of 0 in our rainfall data.  

Section 1.1: Animated Visualization of the Model Versus Real Data 

The graphs above are helpful to some extent. But since there are so many data points, it can be hard to see what 

is really going on between the model and the real data. I created animated visualizations in Mathematica using 

the Manipulate command. The interactive visualizations are in the Mathematica file, if you’re interested in 

experimenting with them.  

For the minimum temperature, I think the model does the best job between the years 1981 and 1989. For the 

rest of the years, the model does a pretty good job, but I think 1981 – 1989 are the best years of the model. The 

graphs below shows the monthly minimum values for 1981, 1983, 1988, and 1989 against the minimum model 

for Sokode:  
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For the maximum temperature, the model does very well from 1961 to around 1984. Then, while it is still pretty 

good, it does a somewhat poorer job between 1985 and 1994. Then, around 1995, it begins to be closer to the 

real data again. Below is a sample of some of those years:  
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The rainfall model has certain years where the model does a really good job with the real data. But there are 

also some years where it is not very good. For the first couple years (1961 – 1963), the model does a pretty poor 

job with the data. After that, I think it does a pretty decent job (overall). I did not notice a run of years where the 

model did particularly bad or particularly well. There are some years where the model is pretty off, but that can 

be expected since rainfall varies a lot and is very unpredictable. Below is an example of a pretty poor fit and a 

pretty good fit:  

 

  

 

Section 2.0: Testing Togo Model Terms against Sokode Data 

Section 2.1: Minimum Model 

I used the terms from the global Togo model with the minimum Sokode Data to create a model to test how well 

the terms from the Global Model fit to the individual city of Sokode. After creating this, I got the following 

parameter table:  
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The terms that have a period of 1 year, 1/2 year, 1/3 year, and 20 years (for the 20 years period, only the cosine 

term is significant, but we would still keep both terms since the sine term is significant) are all significant. The 

linear (decimal year), latitude, longitude, elevation, and ENSO term are also significant. However, the SST and 

the sine and cosine terms that have a period of 13 years are not significant (their p-value is greater than .05). 

When we searched for significant periods for Sokode in the first evaluation, we did not find any periods greater 

than 7 years to be significant for minimum temperature so it is not too surprising that a period of 13 years was 

not significant for Sokode.  

The Parameter Confidence Intervals for the Minimum Model are below:  

 

 

The coefficients given by the Togo model were within the confidence intervals for the Cos[2π/(1/3)], Sin[2π/13], 

Cos[2π/20], and ENSO terms. There were some other terms that were very close though. For example, the 

coefficient for the Decimal Year term is .02739 and the confidence interval for that term is {.0291708, .0355703}. 

The SST term was also pretty close. The SST coefficient is .29451 and the confidence interval for SST is {-

.00622483, .231242}. I would like to see more coefficients within the confidence intervals. 

Parameter Table for Minimum Model 

Confidence Intervals for Minimum Model 
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The residuals for the minimum model look pretty good. You can detect some patterns in the residuals—you can 

see some sinusoidal behavior at the top of the graph and there are some upside down smiley faces at the 

bottom of the graph. The residuals are not completely independently and identically distributed. Also, we can 

see from the histogram that the residuals are not normal, which is concerning.  Overall, I am not too worried 

about these residuals, but there are some aspects that are cause for concern.  

 

 

 

 

The R-Squared value (using the Mathematica function) for this model is around .887. 

The “Our-Squared” value (using the formula given in class) for this model is around .761. This “Our-Squared” 

value is pretty decent. Of course, we would like it to be higher, but I think that the model does a decent job with 

the minimum data (overall).  

Note: The formula for “Our-Squared” is: 
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Section 2.2: Maximum Model  

Using the terms from the global Togo model with the maximum Sokode data, I created a model to test how well 

the terms from the global model fit to the individual city of Sokode. After creating this model, I got the following 

parameter table:  

 

 

The Sin and Cosine terms that have a period of 1 year, 1/2 year, 1/3  year (for the period of 1/3 year, the sine 

term is not significant but we would keep both terms since the cosine term is significant), 1/4 year, 13 year 

(except for the Cosine term, but since the Sine term is significant, we would keep both terms) are all significant. 

The linear term, elevation, SST, ENSO, latitude, longitude^2, and latitude^2 term are also significant (their p-

values are less than .05). The longitude and latitude*longitude terms are not significant (their p-values are 

greater than .05) which is concerning.  

The parameter confidence intervals for the maximum model for Sokode are:  

 

Parameter Table for Maximum Model 
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The coefficients given by the Togo model were within the confidence intervals for the Sin[2 π x], Sin[2 π x / 

(1/2)], Sin [ 2π x / (1/3)], Sin[2 π x / (1/4)], Cos [2 π x/ (1/4)], Sin [2 π x / 13], and Cos [2 π x / 13] terms. It was 

very close for the linear term—the coefficient was .01284 and the confidence interval was {.0162815, .0232453}. 

I am happy to see that so many of the coefficients from the Togo model were within the confidence intervals.  

The residuals for the maximum model have some smiley faces and some upside down smiley faces. Other than 

those patterns, the residuals look pretty randomly distributed (although not perfectly so). The histogram of the 

residuals are clearly not normally distributed, which is concerning.  
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The R-Squared value (calculated by Mathematica) is around .936 which is a high R-Squared value.  

The “Our-Squared” value (calculated by the formula given in class) is around .906 which is a high value. I am 

happy with this value.  

Section 2.3: Rainfall Model 

Using the terms from the global Togo rainfall model with the rainfall Sokode data, I created a model to test how 

well the terms from the global model fit to the individual city of Sokode. After creating this model, I got the 

following parameter table:  

 

 

The sine and cosine terms of 1 year, 1/2 year, and 1/3 year (except the Sine term but the Cosine term is 

significant so we would keep both terms) are all significant. The SST term is also significant. The constant term is 

not significant. The linear, latitude, latitude*longitude, latitude^2, longitude, longitude^2, longitude, longitude, 

longitude^2, elevation, minimum temperature, and ENSO terms are all not significant either. It is concerning 

that so many terms are not significant for the rainfall model.  

The parameter confidence intervals for the rainfall model are below:  

 

 

Parameter Table for Rainfall Model 

Confidence Intervals for Rainfall Model 
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The coefficients given by the global Togo model are within the confidence intervals for the linear (decimal 

years), SST, ENSO, maximum temperature, minimum temperature, Sin[2 π x], Cos [2 π x], Cos [2  π / (1/2)],        

Sin [2 π x / (1/4)], and the Cos [2 π x / (1/4)] terms. It is good that there are several coefficients within the 

confidence intervals, although I am concerned that none of the latitude or longitude coefficients were within the 

confidence intervals.  

The residuals for the rainfall model look somewhat randomly distributed. As with temperature residuals, I can 

detect some patterns, such as sinusoidal behavior and “smiley faces”. The histogram is not normal. The values 

on the histogram that are around -200 and -150 are very concerning.  

 

 

 

The R-Squared value (as calculated by Mathematica) is around .782.  

The “Our-Squared” value (calculated from the formula given in class) is around .722. While the “Our-Squared” is 

not as high as it was for temperature data, it is still pretty good. Of course, we would like a model that yields a 

higher value but I am not terribly upset by the “Our-Squared” that the model produced.  
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Section 3.0: Summary  

Sokode, the second largest city in Togo, is located approximately halfway between the Gulf of Guinea and the 

northernmost part of Togo and has an elevation of around 387 meters. The minimum model performs well for 

Sokode’s data and we detected no major fit problems. Sokode’s minimum temperature clearly has an upward 

trend which is accurately captured by the model—the model predicts a .032 degree increase in temperature for 

every year. The maximum model does a very good job of fitting Sokode’s data, as well as the data for the other 

cities in Togo. The maximum temperature in Sokode has an upward trend to it. The model predicts a .0197 

degree increase in temperature for every year. The rainfall model does not perform as well for Sokode as the 

temperature models did because of the variation in the rainfall data—there are numerous values of 0 mm as 

well as many values that are over 200 mm. Because of the wide variation and unpredictability in the rainfall 

data, the rainfall model suffered some fit problems for Sokode’s data. Even though the rainfall model did not fit 

the data as well as the temperature data did, we believe that the model still offers valuable insight. The model 

predicts a decrease in rainfall of around .2281 mm for every year.  


