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Acid rain

occurs when emissions of sulfur dioxide (SO2) and oxides of
nitrogen (NOx) react in the atmosphere with water, oxygen, and
oxidants to form various acidic compounds. These compounds
then fall to the earth in either dry form (such as gas and particles)
or wet form (such as rain, snow, and fog).

Source: http://myecoproject.org/get-involved/pollution/acid-rain/www.ntnu.no Mette.Langaas@math.ntnu.no, TMA4267V2014



http://www.eoearth.org/view/article/149814/
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Acid rain in Norwegian lakes

Measured pH in Norwegian lakes explained by content of
— x1: SO4: sulfate (the salt of sulfuric acid),
— x2: N03: nitrate (the conjugate base of nitric acid),
— x3: Ca: calsium,
— x4: latent Al : aluminium,
— x5: organic substance,
— x6: area of lake,
— x7: position of lake (Telemark or Trøndelag),

pH is a measure of the acidity of alkalinity of water, expressed in
terms of its concentration of hydrogen ions. The pH scale ranges
from 0 to 14. A pH of 7 is considered to be neutral. Substances
with pH of less that 7 are acidic; substances with pH greater than 7
are basic.
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Questions about X

1. Why do we want to assume that the design matrix X has full
rank?

2. Can we find X�1?
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Multiple linear regression model

Yi = �1xi1 + �2xi2 + · · ·+ �pxip + "i , for i = 1, ..., n

Matrix formulation:

Y
(n⇥1)

= X
(n⇥p)

�
(p⇥1)

+ "
(n⇥1)

E(") = 0

(n⇥1)
and Cov(") = �2I

(n⇥1)

where

— � and �2 are unknown parameters and

— the design matrix X has i th row [xi1, xi2, ..., xip].
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Least squares estimation

— Y = X� + " with E(") = 0 and Cov(") = �2I .

— Let X has full rank p  n.

— The Least Squares Estimate (LSE) of � is given by

�̂ = (X T X )�1X T Y
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