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Lome Final Model Fit to City

Donna Odhiambo and | analyzed rainfall and temperature data for Lome, Togo. For the third
mini project we came up with a model to predict rainfall over time in Lome. We later used the modeling
team’s final model and applied it to our data to see how it fit and come away with conclusions. Our first
rainfall model was not extremely accurate, but we improved it upon using the new model developed by
the modeling team which included new factors such as the El Nino Southern Oscilations, longitude,

latitude, Sea surface temperature, and elevation.

Maximum Temperatures

2= maxData = Transpose[ {years, maxTemp}];
maxPlot = ListPlot [maxData, PlotStyle —+ Red] ;
Show [Plot [maxModel [decYear], {decYear, 1961, 2015}, PlotLabel » "Max Temps & Given Model™, Frame » True, FrameLabel » {"Years", "Temp”}], maxPlot]

Max Temps & Given Model

Temp

= calcMax = maxModel[=] & /@ years;
maxRes = calcMax - maxTemp;
ListPlot [maxRes, Filling + Axis, PlotLabel - "Residuals"]
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Min[calcMax]

42,4266

Max [maxTemp]

34.9

The given model for maximum temperatures completely overshoots all of the maximum data points for
Lome. The model for maximum temperatures gives the minimum temperature in the range 1961-2016
to be 42.4456 Degrees Celcius, while the maximum temperature in the actual dataset is 38 Degrees
Celcius.

Here are the result from our first attempt:

m = MonlineamodelFit[maxData, asin[2mx] + bCos[2mx] +cSin[4nx] +dCos[4mx] +eSin[6nx] + fCos[6mx] +gx +hlat+ i (21atlon) + 'jlatl +klon + 1lon® + melev, {a, by ¢, dy &, f, g hy iy 35 ky Ly m}y x]
ml["BestFitParameters"] // TableForm

mi["ParameterTable"] // Quiet

mi["ParameterConfidenceIntervals"] // MatrixForm // Quiet

Fittedfodel = _304257400355833x+1.57328 Cosf2 mrx] -0.370756 Cosld rr+] - 0.0004069 Coslf rr2q + 1.34853 Sin[2 7] - 0687535 Sinfd rrxq + 0.01 28698 Sinff 7

a-1.34853
b-1.57328

c - -8.687535
d - -8.379756
e - 0.0128698
 + -8.0984069
g-0.8355833
h - -8.674877
i--8.311113
j - -8.0687834
k= -6.29781
1+ -5.62875
m- -0.8142986
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Below, we can see that the trend of the model generally fits the data. The red data points for
temperature appear to be top heavy indicating that our temperatures are most likely rising as the model

suggests:
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Here are the residuals which look to be normally distributed:

rzo= calcMax = ml[ )] & /@ years;
maxRes = calcMax - maxTemp;
ListPlot [maxRes, Filling »+ Axis, PlotLabel -+ "Residuals™, AxesLabel » {“Fitted Value", "Residual"}]
Histogram[maxRes, PlotLabel + "Residuals™, AxeslLabel » {"Residual™, "Frequency™}]
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Next we observed minimum temperatures. Using the same model form with different coefficients

yielded a much better fit, however the parameter tied directly with decimal Year, g, and with elevation,



m, turned out to be insignificant. The residuals however seem random and have near normal
distribution about zero, more so than the residual outcomes for the maximum temperatures.
Incorporation of sine & cosine pairs with arguments of 8\[Pi]x and larger turned out to be insignificant.
The general trends are well captured by arguments of 2\[Pi]x, 4\[Pi]x, and 6\[Pi]x. Model is

demonstrated below:

Minimum Temperatures

1221= minData = Transpose[ {years, minTemp}];
minPlot = ListPlot [minData, PlotStyle - Red];
Show[Plot [minModel [decyear], {decYear, 1961, 2015}, PlotLabel » "Min Temps & Given Model", Frame - True, FrameLabel - {"Years", "Temp“}], minPlot]
Min Temps & Given Model
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= calcMin = minModel[#] & /@ years;
minRes = calcMin - minTemp;
ListPlot [minRes, Filling » Axis, Plotlabel —+ "Residuals"]

. Residuals .
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Max[calcMin]

4.816286

Min[minTemp]

19.2



m3 = NonlinearModelFit [minData, aSin[2x] + bCos[27x] + cSin[4mx] + dCos[4mx] +eSin[6xx] + FCos[67x] +gx +hlat+ i (21atlon) + jlat’ +klon + 1lon" + melev, {a, by ¢y d, &5 £, gy hy i, 35 ky 1, m}, %]
m3["BestFitParameters"] // TableForm

m3["ParameterTable™] // Quiet

m3["ParameterConfidenceIntervals™] // MatrixForm // Quiet

FittedModel  _67.7216+0.0459749 x +0.181852 Cos[2 1 -0.513443 Cosd rrx] ~0.210527 Cosf6 ] +0.861406 Sin[2 m ] - 0.0807043 Sin4 r1 ] ~0.144408 Sinff 3]

a - 2.861406
b @.181852
€ -0.0907043
d - -8.513443
e -0.144408
f -+ -0.210527
g ©.0459749
h = -1.15173
i--8.531567
j»-0.117523
k = -10.4187
1--9.61727
m— -0.0244386

Estimate  Standard Error t-Statistic P-Value
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Looking at the graph below, we get a glimpse of how well the model is predicting. Just by quickly
observing, we see that there are a a low percentage of data points outside of our model range so it

appears that the model would be suitable.
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Residuals:



calcMin =m3[#] & /@ years;

minRes = calcMin - minTemp;

ListPlot[minRes, Filling —+ Axis, PlotLabel + "Residuals™, AxesLabel -+ {"Fitted Value", "Residual"™}]
Histogram[minRes, PlotLabel + "Residuals™, AxesLabel » {"Residual”™, "Frequency”}]
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The parameter tied directly with decimal Year, g, and with elevation, m, turned out to be insignificant.
The residuals however seem random and have near normal distribution about zero, more so than the
residual outcomes for the maximum temperatures. Incorporation of sine & cosine pairs with arguments
of 8\[Pi]x and larger turned out to be insignificant. The general trends are well captured by arguments of

2\[Pi]x, 4\[Pi]x, and 6\[Pi]x.

Summary

The modeling group’s model, in general, fit our city well. Overall, it did a better job of capturing
the trends of minimum and maximum temperatures than we could come up with in our previous model.

| do think if we had more time to look at other potential factors such as wind patterns, local pollution



levels and other environmental hazards, we would be able to come up with an even more accurate
model. The final model had a wider range of variability and was able to capture and explain many of the
outliers we initially had. Also, most aspects of nature are nonlinear, so adding the complexity of
additional variables (ENSO, SST, longitude, latitude) opened up more potential for our predictions to be

precise and accurate.



