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A model can be used to make predictions. A model is called “empirical” if it is solely
based on data. For example, if we had measurements of crop yield, along with the total
amount of precipitation that fell during the growing season, we could make an empirical
model to predict crop yield, Y , given growing-season precipitation, P .

P =⇒ model =⇒ Y (1)

Here P is the independent variable (the information we would use to make a prediction) and
Y , what we want to know, is the dependent variable (because Y depends on P ). Compare
this to a “process-based” model that would try to replicate specific processes like root water-
uptake, photosynthesis, etc. that link yield to precipitation.

If the empirical model we create is a linear model, then mathematically (1) is written

Y = a× P + b (2)

where a is the slope and b is the y-intercept of the best-fit line relating measured values of
crop yield to growing-season precipitation.

The predictions of any model will have some uncertainty. Empirical models are only
as good as the data used to make the model, and can only be expected to make good
predictions in situations that closely resemble the situation in which the data were collected.
Process-based models can be more sophisticated, but that doesn’t always mean better.

Here is a procedure to develop an empirical model (and the uncertainty associated with
its predictions) in a spreadsheet like Excel.

1. Get the data needed to construct the model into Excel by simply opening the data file
in Excel, or typing in the data.

2. Insert a scatter-plot chart. Add axes labels.

3. Add a linear least-squares regression best-fit line. For example, in Excel select the
“Plot Area” of the chart and then click on “Add Chart Element.” Select “Trendline”
and then “Linear.” Right-click on the best-fit line and select “Format Trendline...”
Then click the buttons for “Display equation on chart” and “Display R-squared value
on chart.”
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4. Find the statistics associated with this best-fit line by using the LINEST function. In
Excel select a cell near your chart. Use the “Insert Function” command from the
“Formulas” tab or simply type in =LINEST(B3:B38,D3:D38,TRUE,TRUE) where in this
example the dependent variable (y-values) is in cells B3:B38 and the independent
variable (x-values) is in cells D3:D38. Type “Return” or “Enter.”

5. Now you will see either one of two things.

(a) A 5× 2 grid of statistical values.

(b) One value in the cell in which you placed the LINEST formula. This value is
the slope of your best-fit line. But there is more information about the best-fit
line that we want to use. To get this information, click and hold on the cell
containing the LINEST formula, and highlight a 5-row by 2-column area. Then
click in the formula bar (where you see =LINEST(B3:B38,D3:D38,TRUE,TRUE)),
move the cursor to the end of the command (to the right of the last parentheses),
and then type CTRL-SHIFT-ENTER (or CTRL-SHIFT-RETURN).

These cells have the following values.

slope of best-fit line y-intercept of best-fit line
uncertainty in slope uncertainty in y-intercept

square of the correlation coefficient uncertainty in output
F statistic degrees of freedom

sum of squares of regression sum of squares of residuals

6. Note that the equation of the best-fit line displayed in your chart matches the slope
and y-intercept displayed in the cells below your chart. If we relate this back to (2),
then a is the slope of the best-fit line and b is the y-intercept of the best-fit line. The
“square of the correlation coefficient” is exactly that: if R is the correlation coefficient
for the relationship between the independent and dependent variables, then the square
of the correlation coefficient is R2. The R2 value is another measure of the “goodness”
of fit of the best-fit line. It can be thought of as the percentage of the variation in the
dependent variable that is explained by the independent variable.

7. The “uncertainty in output” is the uncertainty in the output of the model. This is the
same uncertainty we have calculated earlier, the standard error. Use this uncertainty
and the following rules when using the equation of the best-fit line in (2) as an empirical
model. Calculate the output of the model and round the result so that it has the same
number of significant digits as the input. Multiply the standard error by 2 (to get 95%
confidence) and round up to the least significant digit of the output. For example, see
Figure 1. We can predict crop yield given growing-season precipitation. If P = 60̄0 mm
(which has two significant digits), then the mean value of expected crop yield would
be Y = 60̄0 × 1.871 + 2116 = 3200 kg ha−1. The uncertainty in the model output
is 644 kg ha−1. Multiply 644 by 2 and round up, the result is 1300. This gives a
prediction of Y = 3200± 1300 kg ha−1 for P = 60̄0 mm.
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Figure 1: Chart of soybean yield in kg ha−1 as a function of precipitation in mm, along with
the other information concerning the best-fit line as found by the function LINEST.
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